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(57) ABSTRACT 

The present invention relates to inhibitors of 11-6 hydroxyl 
steroid dehydrogenase type 1, antagonists of the mineralo 
corticoid receptor (MR), and pharmaceutical compositions 
thereof. The compounds of the invention can be useful in the 
treatment of various diseases associated With expression or 
activity of 11-6 hydroxyl steroid dehydrogenase type 1 
and/or diseases associated With aldosterone excess. 
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AMIDO COMPOUNDS AND THEIR USE AS 
PHARMACEUTICALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t ofU.S. Ser. No. 
60/569,273, ?led May 7, 2004; Ser. No. 60/602,051, ?led 
Aug. 17,2004; Ser. No. 60/602,791, ?ledAug. 19, 2004; and 
Ser. No. 60/638,803, ?led Dec. 22, 2004, the disclosures of 
each of Which are incorporated herein by reference in their 
entireties. 

FIELD OF THE INVENTION 

[0002] The present invention relates to modulators of 11-6 
hydroxyl steroid dehydrogenase type 1 (11[3HSD1) and/or 
mineralocorticoid receptor (MR), compositions thereof and 
methods of using the same. 

BACKGROUND OF THE INVENTION 

[0003] Glucocor‘ticoids are steroid hormones that regulate 
fat metabolism, function and distribution. In vertebrates, 
glucocorticoids also have profound and diverse physiologi 
cal effects on development, neurobiology, in?ammation, 
blood pressure, metabolism and programmed cell death. In 
humans, the primary endogenously-produced glucocorticoid 
is cortisol. Cortisol is synthesiZed in the Zona fasciculate of 
the adrenal cortex under the control of a short-terrn neu 
roendocrine feedback circuit called the hypothalamic-pitu 
itary-adrenal (HPA) axis. Adrenal production of cortisol 
proceeds under the control of adrenocorticotrophic hormone 
(ACTH), a factor produced and secreted by the anterior 
pituitary. Production of ACTH in the anterior pituitary is 
itself highly regulated, driven by corticotropin releasing 
hormone (CRH) produced by the paraventricular nucleus of 
the hypothalamus. The HPA axis maintains circulating cor 
tisol concentrations Within restricted limits, With forWard 
drive at the diurnal maximum or during periods of stress, 
and is rapidly attenuated by a negative feedback loop 
resulting from the ability of cortisol to suppress ACTH 
production in the anterior pituitary and CRH production in 
the hypothalamus. 

[0004] Aldosterone is another hormone produced by the 
adrenal cortex; aldosterone regulates sodium and potassium 
homeostasis. Fifty years ago, a role for aldosterone excess in 
human disease Was reported in a description of the syndrome 
of primary aldosteronism (Conn, (1955), J. Lab. Clin. Med. 
45: 6-17). It is noW clear that elevated levels of aldosterone 
are associated With deleterious effects on the heart and 
kidneys, and are a major contributing factor to morbidity and 
mortality in both heart failure and hypertension. 

[0005] TWo members of the nuclear hormone receptor 
superfamily, glucocorticoid receptor (GR) and mineralocor 
ticoid receptor (MR), mediate cortisol function in vivo, 
While the primary intracellular receptor for aldosterone is the 
MR. These receptors are also referred to as ‘ligand-depen 
dent transcription factors,’ because their functionality is 
dependent on the receptor being bound to its ligand (for 
example, cortisol); upon ligand-binding these receptors 
directly modulate transcription via DNA-binding Zinc ?nger 
domains and transcriptional activation domains. 

[0006] Historically, the major determinants of glucocorti 
coid action Were attributed to three primary factors: 1) 
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circulating levels of glucocorticoid (driven primarily by the 
HPA axis), 2) protein binding of glucocorticoids in circula 
tion, and 3) intracellular receptor density inside target tis 
sues. Recently, a fourth determinant of glucocorticoid func 
tion Was identi?ed: tissue-speci?c pre-receptor metabolism 
by glucocorticoid-activating and -inactivating enZymes. 
These 11-beta-hydroxysteroid dehydrogenase (11-[3-HSD) 
enZymes act as pre-receptor control enZymes that modulate 
activation of the GR and MR by regulation of glucocorticoid 
hormones. To date, tWo distinct isoZymes of 11-beta-HSD 
have been cloned and characterized: 11[3HSD1 (also knoWn 
as 11-beta-HSD type 1, 11betaHSD1, HSD11B1, HDL, and 
HSD11L) and 11[3HSD2. 11[3HSD1 and 11[3HSD2 catalyZe 
the interconversion of hormonally active cortisol (corticos 
terone in rodents) and inactive cortisone (11-dehydrocorti 
costerone in rodents). 11[3HSD1 is Widely distributed in rat 
and human tissues; expression of the enZyme and corre 
sponding mRNA have been detected in lung, testis, and most 
abundantly in liver and adipose tissue. 11[3HSD1 catalyZes 
both 11-beta-dehydrogenation and the reverse 11-oxoreduc 
tion reaction, although 11[3HSD1 acts predominantly as a 
NADPH-dependent oxoreductase in intact cells and tissues, 
catalyZing the activation of cortisol from inert cortisone 
(LoW et al. (1994) J. Mol. Endocrin. 13: 167-174) and has 
been reported to regulate glucocorticoid access to the GR. 
Conversely, 11[3HSD2 expression is found mainly in min 
eralocorticoid target tissues such as kidney, placenta, colon 
and salivary gland, acts as an NAD-dependent dehydroge 
nase catalyZing the inactivation of cortisol to cortisone 
(Albiston et al. (1994) Mol. Cell. Endocrin. 105: R11-R17), 
and has been found to protect the MR from glucocorticoid 
excess, such as high levels of receptor-active cortisol (Blum, 
et al., (2003) Prog. Nucl. Acid Res. Mol. Biol. 75:173-216). 
[0007] In vitro, the MR binds cortisol and aldosterone 
With equal af?nity. The tissue speci?city of aldosterone 
activity, hoWever, is conferred by the expression of 
11[3HSD2 (Funder et al. (1988), Science 242: 583-585). The 
inactivation of cortisol to cortisone by 11[3HSD2 at the site 
of the MR enables aldosterone to bind to this receptor in 
vivo. The binding of aldosterone to the MR results in 
dissociation of the ligand-activated MR from a multiprotein 
complex containing chaperone proteins, translocation of the 
MR into the nucleus, and its binding to hormone response 
elements in regulatory regions of target gene promoters. 
Within the distal nephron of the kidney, induction of serum 
and glucocorticoid inducible kinase-1 (sgk-1) expression 
leads to the absorption of Na+ ions and Water through the 
epithelial sodium channel, as Well as potassium excretion 
With subsequent volume expansion and hypertension (Bhar 
gava et al., (2001), Endo 142: 1587-1594). 
[0008] In humans, elevated aldosterone concentrations are 
associated With endothelial dysfunction, myocardial infarc 
tion, left ventricular atrophy, and death. In attempts to 
modulate these ill effects, multiple intervention strategies 
have been adopted to control aldosterone overactivity and 
attenuate the resultant hypertension and its associated car 
diovascular consequences. Inhibition of angiotensin-con 
verting enZyme (ACE) and blockade of the angiotensin type 
1 receptor (AT1R) are tWo strategies that directly impact the 
rennin-angiotensin-aldosterone system (RAAS). HoWever, 
although ACE inhibition and AT1R antagonism initially 
reduce aldosterone concentrations, circulating concentra 
tions of this hormone return to baseline levels With chronic 
therapy (knoWn as ‘aldosterone escape’). Importantly, co 
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administration of the MR antagonist Spironolactone or 
Eplerenone directly blocks the deleterious effects of this 
escape mechanism and dramatically reduces patient mortal 
ity (Pitt et al., NeW England J. Med. (1999), 341: 709-719; 
Pitt et al., NeW England J. Med. (2003), 348: 1309-1321). 
Therefore, MR antagonism may be an important treatment 
strategy for many patients With hypertension and cardiovas 
cular disease, particularly those hypertensive patients at risk 
for target-organ damage. 
[0009] Mutations in either of the genes encoding the 
11-beta-HSD enZymes are associated With human pathol 
ogy. For example, 11[3HSD2 is expressed in aldosterone 
sensitive tissues such as the distal nephron, salivary gland, 
and colonic mucosa Where its cortisol dehydrogenase activ 
ity serves to protect the intrinsically non-selective MR from 
illicit occupation by cortisol (Edwards et al. (1988) Lancet 
2: 986-989). Individuals With mutations in 11[3HSD2 are 
de?cient in this cortisol-inactivation activity and, as a result, 
present With a syndrome of apparent mineralocorticoid 
excess (also referred to as ‘SAME’) characterized by hyper 
tension, hypokalemia, and sodium retention (Wilson et al. 
(1998) Proc. Natl. Acad. Sci. 95: 10200-10205). Likewise, 
mutations in 11[3HSD1, a primary regulator of tissue-spe 
ci?c glucocorticoid bioavailability, and in the gene encoding 
a co-localiZed NADPH-generating enZyme, hexose 6-phos 
phate dehydrogenase (H6PD), can result in cortisone reduc 
tase de?ciency (CRD), in Which activation of cortisone to 
cortisol does not occur, resulting in adrenocorticotropin 
mediated androgen excess. CRD patients excrete virtually 
all glucocorticoids as cortisone metabolites (tetrahydrocor 
tisone) With loW or absent cortisol metabolites (tetrahydro 
cortisols). When challenged With oral cortisone, CRD 
patients exhibit abnormally loW plasma cortisol concentra 
tions. These individuals present With ACTH-mediated 
androgen excess (hirsutism, menstrual irregularity, hyperan 
drogenism), a phenotype resembling polycystic ovary syn 
drome (PCOS) (Draper et al. (2003) Nat. Genet. 34: 434 
439). 
[0010] The importance of the HPA axis in controlling 
glucocorticoid excursions is evident from the fact that 
disruption of homeostasis in the HPA axis by either excess 
or de?cient secretion or action results in Cushing’s syn 
drome or Addison’s disease, respectively (Miller and Chrou 
sos (2001) Endocrinology and Metabolism, eds. Felig and 
Frohman (McGraW-Hill, NeW York), 4th Ed.: 387-524). 
Patients With Cushing’s syndrome (a rare disease character 
iZed by systemic glucocorticoid excess originating from the 
adrenal or pituitary tumors) or receiving glucocorticoid 
therapy develop reversible visceral fat obesity. Interestingly, 
the phenotype of Cushing’s syndrome patients closely 
resembles that of Reaven’s metabolic syndrome (also knoWn 
as Syndrome X or insulin resistance syndrome) the symp 
toms of Which include visceral obesity, glucose intolerance, 
insulin resistance, hypertension, type 2 diabetes and hyper 
lipidemia (Reaven (1993) Ann. Rev. Med. 44: 121-131). 
HoWever, the role of glucocorticoids in prevalent forms of 
human obesity has remained obscure because circulating 
glucocorticoid concentrations are not elevated in the major 
ity of metabolic syndrome patients. In fact, glucocorticoid 
action on target tissue depends not only on circulating levels 
but also on intracellular concentration, locally enhanced 
action of glucocorticoids in adipose tissue and skeletal 
muscle has been demonstrated in metabolic syndrome. Evi 
dence has accumulated that enZyme activity of 11[3HSD1, 
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Which regenerates active glucocorticoids from inactive 
forms and plays a central role in regulating intracellular 
glucocorticoid concentration, is commonly elevated in fat 
depots from obese individuals. This suggests a role for local 
glucocorticoid reactivation in obesity and metabolic syn 
drome. 

[0011] Given the ability of 11[3HSD1 to regenerate corti 
sol from inert circulating cortisone, considerable attention 
has been given to its role in the ampli?cation of glucocor 
ticoid function. 11[3HSD1 is expressed in many key GR-rich 
tissues, including tissues of considerable metabolic impor 
tance such as liver, adipose, and skeletal muscle, and, as 
such, has been postulated to aid in the tissue-speci?c poten 
tiation of glucocorticoid-mediated antagonism of insulin 
function. Considering a) the phenotypic similarity betWeen 
glucocorticoid excess (Cushing’s syndrome) and the meta 
bolic syndrome With normal circulating glucocorticoids in 
the latter, as Well as b) the ability of 11[3HSD1 to generate 
active cortisol from inactive cortisone in a tissue-speci?c 
manner, it has been suggested that central obesity and the 
associated metabolic complications in syndrome X result 
from increased activity of 11[3HSD1 Within adipose tissue, 
resulting in ‘Cushing’s disease of the omentum’ (Buj alska et 
al. (1997) Lancet 349: 1210-1213). Indeed, 11[3HSD1 has 
been shoWn to be upregulated in adipose tissue of obese 
rodents and humans (Livingstone et al. (2000) Endocrinol 
ogy 131: 560-563; Rask et al. (2001) J. Clin. Endocrinol. 
Metab. 86: 1418-1421; Lindsay et al. (2003) J. Clin. Endo 
crinol. Metab. 88: 2738-2744; Wake et al. (2003) J. Clin. 
Endocrinol. Metab. 88: 3983-3988). 

[0012] Additional support for this notion has come from 
studies in mouse transgenic models. Adipose-speci?c over 
expression of 11[3HSD1 under the control of the aP2 pro 
moter in mouse produces a phenotype remarkably reminis 
cent of human metabolic syndrome (MasuZaki et al. (2001) 
Science 294: 2166-2170; MasuZaki et al. (2003) J. Clinical 
Invest. 112: 83-90). Importantly, this phenotype occurs 
Without an increase in total circulating corticosterone, but 
rather is driven by a local production of corticosterone 
Within the adipose depots. The increased activity of 
11[3HSD1 in these mice (2-3 fold) is very similar to that 
observed in human obesity (Rask et al. (2001) J. Clin. 
Endocrinol. Metab. 86: 1418-1421). This suggests that local 
11[3HSD1-mediated conversion of inert glucocorticoid to 
active glucocorticoid can have profound in?uences Whole 
body insulin sensitivity. 

[0013] Based on this data, it Would be predicted that the 
loss of 11[3HSD1 Would lead to an increase in insulin 
sensitivity and glucose tolerance due to a tissue-speci?c 
de?ciency in active glucocorticoid levels. This is, in fact, the 
case as shoWn in studies With 11[3HSD1-de?cient mice 
produced by homologous recombination (Kotelevstev et al. 
(1997) Proc. Natl. Acad. Sci. 94: 14924-14929; Morton et al. 
(2001) J. Biol. Chem. 276: 41293-41300; Morton et al. 
(2004) Diabetes 53: 931-938). These mice are completely 
devoid of 11-keto reductase activity, con?rming that 
11[3HSD1 encodes the only activity capable of generating 
active corticosterone from inert 11-dehydrocorticosterone. 
11[3HSD1-de?cient mice are resistant to diet- and stress 
induced hyperglycemia, exhibit attenuated induction of 
hepatic gluconeogenic enzymes (PEPCK, G6P), shoW 
increased insulin sensitivity Within adipose, and have an 
improved lipid pro?le (decreased triglycerides and increased 
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cardio-protective HDL). Additionally, these animals show 
resistance to high fat diet-induced obesity. Taken together, 
these transgenic mouse studies con?rm a role for local 
reactivation of glucocorticoids in controlling hepatic and 
peripheral insulin sensitivity, and suggest that inhibition of 
11[3HSD1 activity may prove bene?cial in treating a number 
of glucocorticoid-related disorders, including obesity, insu 
lin resistance, hyperglycemia, and hyperlipidemia. 

[0014] Data in support of this hypothesis has been pub 
lished. Recently, it Was reported that 11[3HSD1 plays a role 
in the pathogenesis of central obesity and the appearance of 
the metabolic syndrome in humans. Increased expression of 
the 11[3HSD1 gene is associated With metabolic abnormali 
ties in obese Women and that increased expression of this 
gene is suspected to contribute to the increased local con 
version of cortisone to cortisol in adipose tissue of obese 
individuals (Engeli, et al., (2004) Obes. Res. 12: 9-17). 

[0015] A neW class of 11[3HSD1 inhibitors, the arylsul 
fonamidothiaZoles, Was shoWn to improve hepatic insulin 
sensitivity and reduce blood glucose levels in hyperglycemic 
strains of mice (Barf et al. (2002) J. Med. Chem. 45: 
3813-3815; Alberts et al. Endocrinology (2003) 144: 4755 
4762). Furthermore, it Was recently reported that selective 
inhibitors of 11[3HSD1 can ameliorate severe hyperglycemia 
in genetically diabetic obese mice. Thus, 11[3HSD1 is a 
promising pharmaceutical target for the treatment of the 
Metabolic Syndrome (MasuZaki, et al., (2003) Curr. Drug 
Targets Immune Endocr. Metabol. Disord. 3: 255-62). 

A. Obesity and Metabolic Syndrome 

[0016] As described above, multiple lines of evidence 
suggest that inhibition of 11[3HSD1 activity can be effective 
in combating obesity and/or aspects of the metabolic syn 
drome cluster, including glucose intolerance, insulin resis 
tance, hyperglycemia, hypertension, and/or hyperlipidemia. 
Glucocorticoids are knoWn antagonists of insulin action, and 
reductions in local glucocorticoid levels by inhibition of 
intracellular cortisone to cortisol conversion should increase 
hepatic and/or peripheral insulin sensitivity and potentially 
reduce visceral adiposity. As described above, 11[3HSD1 
knockout mice are resistant to hyperglycemia, exhibit 
attenuated induction of key hepatic gluconeogenic enZymes, 
shoW markedly increased insulin sensitivity Within adipose, 
and have an improved lipid pro?le. Additionally, these 
animals shoW resistance to high fat diet-induced obesity 
(Kotelevstev et al. (1997) Proc. Natl. Acad. Sci. 94: 14924 
14929; Morton et al. (2001) J. Biol. Chem. 276: 41293 
41300; Morton et al. (2004) Diabetes 53: 931-938). Thus, 
inhibition of 11[3HSD1 is predicted to have multiple ben 
e?cial effects in the liver, adipose, and/or skeletal muscle, 
particularly related to alleviation of component(s) of the 
metabolic syndrome and/or obesity. 

B. Pancreatic Function 

[0017] Glucocorticoids are knoWn to inhibit the glucose 
stimulated secretion of insulin from pancreatic beta-cells 
(Billaudel and Sutter (1979) Horm. Metab. Res. 11: 555 
560). In both Cushing’s syndrome and diabetic Zucker fa/fa 
rats, glucose-stimulated insulin secretion is markedly 
reduced (OgaWa et al. (1992) J. Clin. Invest. 90: 497-504). 
11[3HSD1 mRNA and activity has been reported in the 
pancreatic islet cells of ob/ob mice and inhibition of this 
activity With carbenoxolone, an 11[3HSD1 inhibitor, 
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improves glucose-stimulated insulin release (Davani et al. 
(2000) J. Biol. Chem. 275: 34841-34844). Thus, inhibition 
of 11[3HSD1 is predicted to have bene?cial effects on the 
pancreas, including the enhancement of glucose-stimulated 
insulin release. 

C. Cognition and Dementia 

[0018] Mild cognitive impairment is a common feature of 
aging that may be ultimately related to the progression of 
dementia. In both aged animals and humans, inter-individual 
differences in general cognitive function have been linked to 
variability in the long-term exposure to glucocorticoids 
(Lupien et al. (1998) Nat. Neurosci. 1: 69-73). Further, 
dysregulation of the HPA axis resulting in chronic exposure 
to glucocorticoid excess in certain brain subregions has been 
proposed to contribute to the decline of cognitive function 
(McEWen and Sapolsky (1995) Curr. Opin. Neurobiol. 5: 
205-216). 11[3HSD1 is abundant in the brain, and is 
expressed in multiple subregions including the hippocam 
pus, frontal cortex, and cerebellum (Sandeep et al. (2004) 
Proc. Natl. Acad. Sci. Early Edition: 1-6). Treatment of 
primary hippocampal cells With the 11[3HSD1 inhibitor 
carbenoxolone protects the cells from glucocorticoid-medi 
ated exacerbation of excitatory amino acid neurotoxicity 
(Rajan et al. (1996) J. Neurosci. 16: 65-70). Additionally, 
11[3HSD1-de?cient mice are protected from glucocorticoid 
associated hippocampal dysfunction that is associated With 
aging (Yau et al. (2001) Proc. Natl. Acad. Sci. 98: 4716 
4721). In tWo randomized, double-blind, placebo-controlled 
crossover studies, administration of carbenoxolone 
improved verbal ?uency and verbal memory (Sandeep et al. 
(2004) Proc. Natl. Acad. Sci. Early Edition: 1-6). Thus, 
inhibition of 11[3HSD1 is predicted to reduce exposure to 
glucocorticoids in the brain and protect against deleterious 
glucocorticoid effects on neuronal function, including cog 
nitive impairment, dementia, and/or depression. 

D. Intra-ocular Pressure 

[0019] Glucocorticoids can be used topically and systemi 
cally for a Wide range of conditions in clinical ophthalmol 
ogy. One particular complication With these treatment regi 
mens is corticosteroid-induced glaucoma. This pathology is 
characterized by a signi?cant increase in intra-ocular pres 
sure (IOP). In its most advanced and untreated form, IOP 
can lead to partial visual ?eld loss and eventually blindness. 
IOP is produced by the relationship betWeen aqueous 
humour production and drainage. Aqueous humour produc 
tion occurs in the non-pigmented epithelial cells (NPE) and 
its drainage is through the cells of the trabecular meshWork. 
11[3HSD1 has been localiZed to NPE cells (Stokes et al. 
(2000) Invest. Ophthalmol. Vis. Sci. 41: 1629-1683; RauZ et 
al. (2001) Invest. Ophthalmol. Vis. Sci. 42: 2037-2042) and 
its function is likely relevant to the ampli?cation of gluco 
corticoid activity Within these cells. This notion has been 
con?rmed by the observation that free cortisol concentration 
greatly exceeds that of cortisone in the aqueous humour 
(14:1 ratio). The functional signi?cance of 11[3HSD1 in the 
eye has been evaluated using the inhibitor carbenoxolone in 
healthy volunteers (RauZ et al. (2001) Invest. Ophthalmol. 
Vis. Sci. 42: 2037-2042). After seven days of carbenoxolone 
treatment, IOP Was reduced by 18%. Thus, inhibition of 
11[3HSD1 in the eye is predicted to reduce local glucocor 
ticoid concentrations and IOP, producing bene?cial effects 
in the management of glaucoma and other visual disorders. 
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E. Hypertension 

[0020] Adipocyte-derived hypertensive substances such 
as leptin and angiotensinogen have been proposed to be 
involved in the pathogenesis of obesity-related hypertension 
(MatsuZaWa et al. (1 999) Ann. N.Y. Acad. Sci. 892: 146-154; 
Wajchenberg (2000) Endocr. Rev. 21: 697-738). Leptin, 
Which is secreted in excess in aP2-11[3HSD1 transgenic 
mice (MasuZaki et al. (2003) J. Clinical Invest. 112: 83-90), 
can activate various sympathetic nervous system pathWays, 
including those that regulate blood pressure (MatsuZaWa et 
al. (1999) Ann. N.Y. Acad. Sci. 892: 146-154). Additionally, 
the renin-angiotensin system (RAS) has been shoWn to be a 
major determinant of blood pressure (Walker et al. (1979) 
Hypertension 1: 287-291). Angiotensinogen, Which is pro 
duced in liver and adipose tissue, is the key substrate for 
renin and drives RAS activation. Plasma angiotensinogen 
levels are markedly elevated in aP2-11[3HSD1 transgenic 
mice, as are angiotensin II and aldosterone (MasuZaki et al. 
(2003) J. Clinical Invest. 112: 83-90). These forces likely 
drive the elevated blood pressure observed in aP2-11[3HSD1 
transgenic mice. Treatment of these mice With loW doses of 
an angiotensin II receptor antagonist abolishes this hyper 
tension (MasuZaki et al. (2003) J. Clinical Invest. 112: 
83-90). This data illustrates the importance of local gluco 
corticoid reactivation in adipose tissue and liver, and sug 
gests that hypertension may be caused or exacerbated by 
11[3HSD1 activity. Thus, inhibition of 11[3HSD1 and reduc 
tion in adipose and/or hepatic glucocorticoid levels is pre 
dicted to have bene?cial effects on hypertension and hyper 
tension-related cardiovascular disorders. 

F. Bone Disease 

[0021] Glucocorticoids can have adverse effects on skel 
etal tissues. Continued exposure to even moderate gluco 
corticoid doses can result in osteoporosis (Cannalis (1996) J. 
Clin. Endocrinol. Metab. 81: 3441-3447) and increased risk 
for fractures. Experiments in vitro con?rm the deleterious 
effects of glucocorticoids on both bone-resorbing cells (also 
knoWn as osteoclasts) and bone forming cells (osteoblasts). 
11[3HSD1 has been shoWn to be present in cultures of human 
primary osteoblasts as Well as cells from adult bone, likely 
a mixture of osteoclasts and osteoblasts (Cooper et al. (2000) 
Bone 27: 375-381), and the 11[3HSD1 inhibitor carbenox 
olone has been shoWn to attenuate the negative effects of 
glucocorticoids on bone nodule formation (BelloWs et al. 
(1998) Bone 23: 119-125). Thus, inhibition of 11[3HSD1 is 
predicted to decrease the local glucocorticoid concentration 
Within osteoblasts and osteoclasts, producing bene?cial 
effects in various forms of bone disease, including 
osteoporosis. 

[0022] Small molecule inhibitors of 11[3HSD1 are cur 
rently being developed to treat or prevent 11[3HSD1-related 
diseases such as those described above. For example, certain 
amide-based inhibitors are reported in WO 2004/089470, 
WO 2004/089896, WO 2004/056745, and WO 2004/ 
0653 5 1 . 

[0023] Antagonists of 11[3HSD1 have been evaluated in 
human clinical trials (Kurukulasuriya, et al., (2003) Curr. 
Med. Chem. 10: 123-53). 

[0024] In light of the experimental data indicating a role 
for 11[3HSD1 in glucocorticoid-related disorders, metabolic 
syndrome, hypertension, obesity, insulin resistance, hyper 
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glycemia, hyperlipidemia, type 2 diabetes, androgen excess 
(hirsutism, menstrual irregularity, hyperandrogenism) and 
polycystic ovary syndrome (PCOS), therapeutic agents 
aimed at augmentation or suppression of these metabolic 
pathWays, by modulating glucocorticoid signal transduction 
at the level of 11[3HSD1 are desirable. 

[0025] Furthermore, because the MR binds to aldosterone 
(its natural ligand) and cortisol With equal af?nities, com 
pounds that are designed to interact With the active site of 

11[3HSD1 (Which binds to cortisone/cortisol) may also inter 
act With the MR and act as antagonists. Because the MR is 

implicated in heart failure, hypertension, and related 
pathologies including atherosclerosis, arteriosclerosis, coro 
nary artery disease, thrombosis, angina, peripheral vascular 
disease, vascular Wall damage, and stroke, MR antagonists 
are desirable and may also be useful in treating complex 
cardiovascular, renal, and in?ammatory pathologies includ 
ing disorders of lipid metabolism including dyslipidemia or 
hyperlipoproteinaemia, diabetic dyslipidemia, mixed dys 
lipidemia, hypercholesterolemia, hypertriglyceridemia, as 
Well as those associated With type 1 diabetes, type 2 diabe 
tes, obesity, metabolic syndrome, and insulin resistance, and 
general aldosterone-related target-organ damage. 

[0026] As evidenced herein, there is a continuing need for 
neW and improved drugs that target 11[3HSD1 and/or MR. 
The compounds, compositions and methods described 
herein help meet this and other needs. 

SUMMARY OF THE INVENTION 

[0027] The present invention provides, inter alia, com 
pounds of Formulas I, II, III, IV, Va, Vb, VI, VII, and VIII: 

3 

R1 R2 G1 

N G2 
Cy 

O 
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-continued 

or pharmaceutically acceptable salts or prodrugs thereof, 
wherein constituent members are de?ned herein. 

[0028] The present invention further provides composi 
tions comprising compounds of the invention and a phar 
maceutically acceptable carrier. 

[0029] The present invention further provides methods of 
modulating ll [3HSD1 or MR by contacting the ll[3HSDl or 
MR With a compound of the invention. 

[0030] The present invention further provides methods of 
treating diseases associated With activity or expression of 
llBHSDl or MR. 
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DETAILED DESCRIPTION 

[0031] The present invention provides, inter alia, com 
pounds of Formula I: 

or pharmaceutically acceptable salts or prodrugs thereof, 
Wherein: 

[0032] Cy is aryl, heteroaryl, cycloalkyl or heterocy 
cloalkyl, each optionally substituted by l, 2, 3, 4 or S-Wi 
XiY-Z; 
[0033] R1 and R2 together With the C atom to Which they 
are attached form a 3-, 4-, 5-, 6- or 7-membered cycloalkyl 
group or a 3-, 4-, 5-, 6- or 7-membered heterocycloalkyl 
group, each optionally substituted by l, 2 or 3 R5; 
[0034] R3 and R4 together With the N atom to Which they 
are attached form a 4-15 membered heterocycloalkyl group 
optionally substituted by l, 2, 3, or 4-W'iX'iY'-Z'; 
[0035] R5 is halo, Cl_6 alkyl, C2_6 alkenyl, C2_6 alkynyl, 
Cl4 haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, 
CN, N02, oRa, sRa, C(O)Rb, C(O)NR°Rd, c(o)oRa, 
OC(O)Rb, OC(O)NR°Rd, NRCRd, NR°C(O)Rd, NRC 
c(o)oRa, S(O)Rb, S(O)NR°Rd, S(O)2Rb, or S(O)2NR°Rd; 
[0036] W, W' and W" are each, independently, absent, C1_6 
alkylenyl, Cl_6 alkenylenyl, C2_6 alkynylenyl, O, S, NR6, 
CO, CS, COO, CONRe, OCONRe, SO, SO2, SONRe, or 
NReCONRf, Wherein said Cl_6 alkylenyl, C2_6 alkenylenyl, 
C276 alkynylenyl are each optionally substituted by l, 2 or 3 
halo, OH, C1_4 alkoxy, C1_4 haloalkoxy, amino, C1_4 alky 
lamino or C2_8 dialkylamino; 

[0037] X, X‘ and X" are each, independently, absent, C1_8 
alkylenyl, C2_8 alkenylenyl, C2_8 alkynylenyl, aryl, 
cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl, 
cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, ary 
lalkenyl, cycloalkylalkenyl, heteroarylalkenyl, heterocy 
cloalkylalkenyl, arylalkynyl, cycloalkylalkynyl, heteroary 
lalkynyl, heterocycloalkylalkynyl, each of Which is 
optionally substituted by one or more halo, CN, NO2, OH, 
C1_4 alkoxy, C1_4 haloalkoxy, amino, C1_4 alkylamino or C2_8 
dialkylamino; 
[0038] Y, Y' and Y" are each, independently, absent, Cl_6 
alkylenyl, C2_6 alkenylenyl, C2_6 alkynylenyl, O, S, NR6, 
CO, CS, COO, CONRe, OCONRe, SO, SO2, SONRe, or 
NReCONRf, Wherein said C1_6 alkylenyl, C2_6 alkenylenyl, 
C276 alkynylenyl are each optionally substituted by l, 2 or 3 
halo, OH, C1_4 alkoxy, C1_4 haloalkoxy, amino, C1_4 alky 
lamino or C2_8 dialkylamino; 

[0039] Z, Z' and Z" are each, independently, H, halo, CN, 
NO2, OH, Cl_4 alkoxy, Cl_4 haloalkoxy, amino, Cl_4 alky 
lamino or C2_8 dialkylamino, C1_6 alkyl, C2_6 alkenyl, C2_6 
alkynyl, aryl, cycloalkyl, heteroaryl or heterocycloalkyl, 
Wherein said C1_6 alkyl, C2_6 alkenyl, C2_6 alkynyl, aryl, 
cycloalkyl, heteroaryl or heterocycloalkyl is optionally sub 
stituted by l, 2 or 3 halo, C1_6 alkyl, C2_6 alkenyl, C2_6 
alkynyl, C1_4 haloalkyl, aryl, cycloalkyl, heteroaryl, hetero 
cycloalkyl, CN, NO2, ORa, SRa, C(O)Rb, C(O)NR°Rd, 
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[0040] wherein tWo iWiXiY-Z attached to the same 
atom optionally form a 3-20 membered cycloalkyl or het 
erocycloalkyl group optionally substituted by l, 2 or 3 
iWIIiXHiYH_ZH; 
[0041] Wherein tWo iW'iX'iYKZ' attached to the 
same atom optionally form a 3-20 membered cycloalkyl or 
heterocycloalkyl group optionally substituted by l, 2 or 3 
iWIIiXIIiYII_ZH; 

[0042] Wherein iWiXiY-Z is other than H; 

[0043] Wherein iW'iX'iYKZ' is other than H; 

[0044] Wherein iW"iX"iY"-Z" is other than H; 

[0045] Ra is H, C1_6 alkyl, C1_6 haloalkyl, C2_6 alkenyl, 
(Cl?6 alkoxy)-Cl_6 alkyl, C2_6 alkynyl, aryl, cycloalkyl, het 
eroaryl or heterocycloalkyl; 

[0046] Rb is H, Cl_6 alkyl, Cl_6 haloalkyl, C2_6 alkenyl, 
C276 alkynyl, aryl, cycloalkyl, heteroaryl or heterocycloalkyl; 

[0047] RC and R“1 are each, independently, H, Cl_6 alkyl, 
Cl’6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl, cycloalkyl, 
arylalkyl, or cycloalkylalkyl; 

[0048] or RC and R“1 together With the N atom to Which 
they are attached form a 4-, 5-, 6- or 7-membered hetero 
cycloalkyl group; and 

[0049] Re and Rf are each, independently, H, Cl_6 alkyl, 
Cl’6 haloalkyl, C2_6 alkenyl, C2_6 alkynyl, aryl, cycloalkyl, 
arylalkyl, or cycloalkylalkyl; 

[0050] or R6 and Rf together With the N atom to Which they 
are attached form a 4-, 5-, 6- or 7-membered heterocy 
cloalkyl group. 

[0051] In some embodiments, When R3 and R4 together 
With the N-atom to Which they are attached form piperidinyl, 
the piperidinyl is unsubstituted or substituted by other than: 

[0052] Wherein: 

[0053] V is cH2cH2, CH=CH, or cH2o; and 

[0054] R is H, halo or Cl_5 alkyl. 

[0055] In some embodiments, When R3 and R4 together 
With the N-atom to Which they are attached form piperaZi 
nyl, the Cy is substituted by at least one iWiXiY-Z. 

[0056] In some embodiments, Cy is aryl or heteroaryl, 
each optionally substituted by l, 2, 3, 4 or 5 iWiXiY-Z. 

[0057] In some embodiments, Cy is aryl optionally sub 
stituted by l, 2, 3, 4 or 5 iWiXiY-Z. 
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[0058] In some embodiments, Cy is aryl optionally sub 
stituted by l, 2 or 3 halo, C1_4 alkyl, C1_4 alkoxy, C1_4 
haloalkyl, or C1_4 haloalkoxy. 

[0059] In some embodiments, Cy is phenyl optionally 
substituted by l, 2 or 3 halo, Cl_4 alkyl, C1_4 alkoxy, C1_4 
haloalkyl, or C1_4 haloalkoxy. 

[0060] In some embodiments, R1 and R2 together With the 
C atom to Which they are attached form a 3-, 4-, 5-, 6- or 
7-membered cycloalkyl group. 

[0061] In some embodiments, R1 and R2 together With the 
C atom to Which they are attached form a cyclopropyl group. 

[0062] In some embodiments, R3 and R4 together With the 
N atom to Which they are attached form a 4-7 membered 
heterocycloalkyl group optionally substituted by l, 2, 3, or 
4 iW'iX'iYKZ'. 

[0063] In some embodiments, R3 and R4 together With the 
N atom to Which they are attached form a piperidinyl or 
pyrrolidinyl group, each optionally substituted by l, 2, 3, or 
4 iW'iX'iYKZ'. 

[0064] In some embodiments, R3 and R4 together With the 
N atom to Which they are attached form a piperidinyl or 
pyrrolidinyl group, each substituted by 2, 3, or 4 -W' 
X'iYKZ'; Wherein tWo iW'iX'iYKZ' are attached to the 
same atom and optionally form a 3-20 membered cycloalkyl 
or heterocycloalkyl group optionally substituted by l, 2 or 3 
iWIIiXIIiYII_ZH' 

[0065] In some embodiments, iWiXiY-Z is halo, 
cyano, Cl_4 cyanoalkyl, nitro, Cl_8 alkyl, C2_8 alkenyl, C1_8 
haloalkyl, C 1_ 4alkylthio, C 1_ 4haloalkylthio, C L8 alkoxy, C2_8 
alkenyloxy, C1_4 haloalkoxy, OH, (Cl_4 alkoxy)-Cl_4alkyl, 
amino, C1_4 alkylamino, C2_8 dialkylamino, OC(O)NR°Rd, 

cycloalkenyloxy, heterocycloalkyloxy, arylalkyloxy, het 
eroarylalkyloxy, cycloalkylalkyloxy, heterocycloalkylalky 
loxy, heteroaryloxyalkyl, aryloxyalkyl, aryl, heteroaryl, 
cycloalkyl, heterocycloalkyl, arylalkyl, arylalkenyl, aryla 
lkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalky 
nyl, cycloalkylalkyl, or heterocycloalkylalkyl; 

[0066] Wherein each of said Cl_8 alkyl, C2_8 alkenyl, Cl_8 
haloalkyl, C1_4 alkylthio, C1_4 haloalkylthio, C1_8 alkoxy, 
aryloxy, heteroaryloxy, arylalkyloxy, heteroarylalkyloxy, 
heteroaryloxyalkyl, aryloxy, heteroaryloxy, cycloalkyloxy, 
cycloalkenyloxy, heterocycloalkyloxy, arylalkyloxy, het 
eroarylalkyloxy, cycloalkylalkyloxy, heterocycloalkylalky 
loxy, heteroaryloxyalkyl, aryloxyalkyl, aryl, heteroaryl, 
cycloalkyl, heterocycloalkyl, arylalkyl, arylalkenyl, aryla 
lkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalky 
nyl, cycloalkylalkyl, or heterocycloalkylalkyl is optionally 
substituted by l, 2, or 3 halo, cyano, nitro, hydroxyl-(Cl_6 
alkyl), aminoalkyl, dialkylaminoalkyl, C1_4 alkyl, Cl_4 
haloalkyl, Cl_4cyanoalkyl, Cl_4alkoxy, Cl_4haloalkoxy, OH, 
ORa, (Cl_4alkoxy)-Cl_4 alkyl, amino, C1_4 alkylamino, C2_8 
dialkylamino, C(O)NR°Rd, C(O)ORa, C(O)Ra, (cyclocalky 
lalkyl)-C(O)i, NR°C(O)Rd, NR°C(O)ORa, NR°S(O)2Rd, 
C(S)NR°Rd, S(O)2Rd, SRd, (Cl_4 alkyl)sulfonyl, arylsulfo 
nyl, aryl optionally substituted by halo, heteroaryl, 
cycloalkylalkyl, cycloalkyl, or heterocycloalkyl. 
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wherein: 

[0087] V is CH2CH2, CH=CH, or CHZO; and 

[0088] R is H, halo or Cl_5 alkyl. 

[0089] In some embodiments, When U is NH, Cy is 
substituted by at least one iWiXiY-Z. 

[0090] In some embodiments, r is 1, 2, 3 or 4. 

[0091] In some embodiments, r is 2, 3 or 4. 

[0092] In some embodiments, U is CH2. 

[0093] In some embodiments, tWo iW'iX'iYKZ' 
attached to the same atom form a 3-20 membered cycloalkyl 

or heterocycloalkyl group optionally substituted by 1, 2 or 3 
iW"iX"iY"-Z". 

[0094] The present invention further provides compounds 
of Formula IV: 

or pharmaceutically acceptable salts or prodrugs thereof, 
Wherein constituent Variables are de?ned hereinaboVe: 

[0095] G1 and G2 together With the carbon atom to Which 
they are attached form a 3-20 membered cycloalkyl or 

heterocycloalkyl group optional substituted by 1, 2 or 3 

iW"iX"iY"-Z".; and 

[0096] V is 0, 1 or 2. 

[0097] In some embodiments, V is 0. 

[0098] In some embodiments, V is 1. 

[0099] In some embodiments, G1 and G2 together With the 
carbon atom to Which they are attached form a 9-14 mem 

bered cycloalkyl or heterocycloalkyl group optional substi 
tuted by 1, 2 or 3 iW"iX"iY"-". 

[0100] In some embodiments, iW"iX"iY"-Z" is halo, 
cyano, Cl_4 cyanoalkyl, nitro, C1_4 nitroalkyl, C1_4 alkyl, 
Cl’4 haloalkyl, Cl_4 alkoxy, Cl_4 haloalkoxy, OH, (Cl_4 
alkoxy)-Cl_4 alkyl, amino, Cl_4 alkylamino, C2_8 dialky 
lamino, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, ary 
lalkyl, heteroarylalkyl, cycloalkylalkyl, or heterocycloalky 
lalkyl. 
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[0101] The present inVention further proVides compounds 
of Formula Va or Vb: 

O 
Vb 

O 

or pharmaceutically acceptable salts or prodrugs thereof, 
Wherein constituent Variables are de?ned herein aboVe: 

[0102] ring B is a fused 5 or 6-membered aryl or het 
eroaryl group; 

[0103] Q1 is o, s, NH, CH2, co, cs, so, so,, OCH2, 
SCH2, NHCH2, CH2CH2, CH=CH, COCH2, CONH, coo, 
SOCH2, SONH, so2cH2, or so2NH, 

[0104] Q2 is o, s, NH, CH2, co, cs, so, so,, OCH2, 
SCH2, NHCH2, CH2CH2, CH=CH, COCH2, CONH, coo, 
SOCH2, SONH, so2cH2, or so2NH, 

[0105] 

[0106] 

[0107] 

[0108] 

[0109] 

[0110] In some embodiments, Q1 and Q2 are selected to 
form a 1-, 2-, or 3- atom spacer. In further embodiments, Q1 
and Q2 When bonded together form a spacer group haVing 
other than an O40 or OiS ring-forming bond. 

qisOorl; 

Vis0,1or2; 

ris0,lor2; 

sis 0,1or2; and 

the sum ofr ands is 0, 1 or 2. 

[0111] In some embodiments, Q1 is O, S, NH, CH2 or CO, 
Wherein each of said NH and CH2 is optionally substituted 
by iWIIiXIIiYII_ZH' 

[0112] In some embodiments, Q1 is O, NH, CH2 or CO, 
Wherein each of said NH and CH2 is optionally substituted 
by iWIIiXIIiYII_ZH' 

[0113] In some embodiments, Q2 is O, S, NH, CH2, CO, 
or $02, Wherein each of said NH and CH2 is optionally 
substituted by iW"iX"iY"-Z". 

[0114] In some embodiments, one of Q1 and Q2 is O and 
the other is CO or CONH, Wherein said CONH is optionally 
substituted by iW"iX"iY"-Z". 
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[0115] In some embodiments, one of Q1 and Q2 is CO and 
the other is O, NH, or CH2, and Wherein each of said NH and 
CH2 is optionally substituted by iW"iX"iY"-Z". 

[0116] In some embodiments, one of Q1 and Q2 is CH2 and 
the other is O, S, NH, or CH2, and Wherein each of said NH 
and CH2 is optionally substituted by iW"iX"iY"-Z". 

[0117] 
[0118] In some embodiments, the compound has Formula 
Va Wherein one of Q1 and Q2 is CO and the other is O, NH, 
or CH2, and Wherein each of said NH and CH2 is optionally 
substituted by iW"iX"iY"-Z". 

[0119] In some embodiments, the compound has Formula 
Va Wherein one of Q1 and Q2 is CH2 and the other is O, S, 
NH, or CH2, and Wherein each of said NH and CH2 is 
optionally substituted by iW"iX"iY"-Z". 

[0120] In some embodiments, the compound has Formula 
Vb Wherein one of Q1 and Q2 is CO. 

In some embodiments, one of Q1 and Q2 is CO. 

[0121] In some embodiments, the compound has Formula 
Va. 

[0122] In some embodiments, the compound has Formula 
Vb. 

[0123] In some embodiments, ring B is phenyl or pyridyl. 

[0124] In some embodiments, ring B is phenyl. 

[0125] In some embodiments, r is O. 

[0126] In some embodiments, r is 0 or 1. 

[0127] In some embodiments, s is 0 or 1. 

[0128] The present invention further provides compounds 
of Formula VI: 

pharmaceutically acceptable salt forms and prodrugs 
thereof, Wherein constituent variables are de?ned herein 
above, and Q3 and Q4 are each, independently, CH or N. 

[0129] In some embodiments, Q3 is CH optionally substi 
tuted by iW"iX"iY"-Z". 

[0130] 
[0131] In some embodiments, Q4 is CH optionally substi 
tuted by iW"iX"iY"-Z". 

[0132] In some embodiments, Q4 is N. 

[0133] In some embodiments, Q3 is CH and Q4 is CH, 
each optionally substituted by iW"iX"iY"-Z". 

[0134] In some embodiments, Q3 is CH and Q4 is N, 
Wherein said O3 is optionally substituted by iW"iX"i 
YII_ZII~ 

In some embodiments, Q3 is N. 
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[0135] In some embodiments, Q3 is N and Q4 is CH 
optionally substituted by iW"iX"iY"-Z". 

[0136] In some embodiments, Q1 is O, NH, CH2 or CO, 
Wherein each of said NH and CH2 is optionally substituted 
by iWIIiXIIiYH_ZII' 

[0137] In some embodiments, Q2 is O, S, NH, CH2, CO, 
or SO2, Wherein each of said NH and CH2 is optionally 
substituted by iW"iX"iY"-Z". 

[0138] In some embodiments, one of Q1 and Q2 is CO and 
the other is O, NH, or CH2, Wherein each of said NH and 
CH2 is optionally substituted by iW"iX"iY"-Z". 

[0139] In some embodiments, one ofQl and Q2 is CH2 and 
the other is O, S, NH, or CH2, Wherein each of said NH and 
CH2 is optionally substituted by iW"iX"iY"-Z". 

[0140] In some embodiments, one of Q1 and Q2 is O and 
the other is CO or CONH, Wherein said CONH is optionally 
substituted by iW"iX"iY"-Z". 

[0141] 
[0142] 

In some embodiments, r is 0 or 1. 

In some embodiments, s is 0 or 1. 

[0143] The present invention further provides compounds 
of Formula VII: 

pharmaceutically acceptable salts and prodrugs thereof, 
Wherein constituent variables are de?ned hereinabove. 

[0144] The present invention further provides compounds 
of having Formula VIII: 

VII 

pharmaceutically acceptable salts and prodrugs thereof, 
Wherein constituent variables are de?ned hereinabove. 

[0145] In some embodiments, Q1 is O, NH, CH2 or CO, 
Wherein each of said NH and CH2 is optionally substituted 
by iWIIiXIIiYII_ZH' 

[0146] In some embodiments, Q2 is O, S, NH, CH2, CO, 
or SO2, Wherein each of said NH and CH2 is optionally 
substituted by iW"iX"iY"-Z". 

[0147] In some embodiments, one of Q1 and Q2 is CO and 
the other is O, NH, or CH2, Wherein each of said NH and 
CH2 is optionally substituted by iW"iX"iY"-Z". 
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[0148] In some embodiments, one of Q1 and Q2 is CH2 and 
the other is O, S, NH, or CH2, Wherein each of said NH and 
CH2 is optionally substituted by iW"iX"iY"-Z". 

[0149] In some embodiments, one of Q1 and Q2 is O and 
the other is CO or CONH, Wherein said CONH is optionally 
substituted by iW"iX"iY"-Z". 

[0150] In some embodiments, Q3 is CH optionally substi 
tuted by iW"iX"iY"-Z". 

[0151] 
[0152] In some embodiments, Q4 is CH optionally substi 
tuted by iW"iX"iY"-Z". 

[0153] 
[0154] 
[0155] 
[0156] At various places in the present speci?cation, sub 
stituents of compounds of the invention are disclosed in 
groups or in ranges. It is speci?cally intended that the 
invention include each and every individual subcombination 
of the members of such groups and ranges. For example, the 
term “C1_6 alkyl” is speci?cally intended to individually 
disclose methyl, ethyl, C3 alkyl, C4 alkyl, C5 alkyl, and C6 
alkyl. 
[0157] For compounds of the invention in Which a variable 
appears more than once, each variable can be a different 
moiety selected from the Markush group de?ning the vari 
able. For example, Where a structure is described having tWo 
R groups that are simultaneously present on the same 
compound; the tWo R groups can represent different moi 
eties selected from the Markush group de?ned for R. In 
another example, When an optionally multiple substituent is 
designated in the form: 

In some embodiments, Q3 is N. 

In some embodiments, Q4 is N. 

In some embodiments, r is 0 or 1. 

In some embodiments, s is 0 or 1. 

(Rk 
/ 

then it is understood that substituent R can occur s number 
of times on the ring, and R can be a different moiety at each 
occurrence. Further, in the above example, should the vari 
able Q be de?ned to include hydrogens, such as When Q is 
said to be CH2, NH, etc., any ?oating substituent such as R 
in the above example, can replace a hydrogen of the Q 
variable as Well as a hydrogen in any other non-variable 
component of the ring. 

[0158] It is further intended that the compounds of the 
invention are stable. As used herein “stable” refers to a 
compound that is suf?ciently robust to survive isolation to a 
useful degree of purity from a reaction mixture, and pref 
erably capable of formulation into an ef?cacious therapeutic 
agent. 

[0159] It is further appreciated that certain features of the 
invention, Which are, for clarity, described in the context of 
separate embodiments, can also be provided in combination 
in a single embodiment. Conversely, various features of the 
invention Which are, for brevity, described in the context of 
a single embodiment, can also be provided separately or in 
any suitable subcombination. 
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[0160] As used herein, the term “alkyl” is meant to refer 
to a saturated hydrocarbon group Which is straight-chained 
or branched. Example alkyl groups include methyl (Me), 
ethyl (Et), propyl (e.g., n-propyl and isopropyl), butyl (e.g., 
n-butyl, isobutyl, t-butyl), pentyl (e.g., n-pentyl, isopentyl, 
neopentyl), and the like. An alkyl group can contain from 1 
to about 20, from 2 to about 20, from 1 to about 10, from 1 
to about 8, from 1 to about 6, from 1 to about 4, or from 1 
to about 3 carbon atoms. The term “alkylenyl” refers to a 
divalent alkyl linking group. 

[0161] As used herein, “alkenyl” refers to an alkyl group 
having one or more double carbon-carbon bonds. Example 
alkenyl groups include ethenyl, propenyl, cyclohexenyl, and 
the like. The term “alkenylenyl” refers to a divalent linking 
alkenyl group. An example Cl alkenylenyl is 4CH=. 

[0162] As used herein, “alkynyl” refers to an alkyl group 
having one or more triple carbon-carbon bonds. Example 
alkynyl groups include ethynyl, propynyl, and the like. The 
term “alkynylenyl” refers to a divalent linking alkynyl 
group. 

[0163] As used herein, “haloalkyl” refers to an alkyl group 
having one or more halogen substituents. Example haloalkyl 
groups include CF3, C2135, CHF2, CCl3, CHCl2, C2Cl5, and 
the like. 

[0164] As used herein, “aryl” refers to monocyclic or 
polycyclic (e.g., having 2, 3 or 4 fused rings) aromatic 
hydrocarbons such as, for example, phenyl, naphthyl, 
anthracenyl, phenanthrenyl, indanyl, indenyl, and the like. 
In some embodiments, aryl groups have from 6 to about 20 
carbon atoms. 

[0165] As used herein, “cycloalkyl” refers to non-aromatic 
cyclic hydrocarbons including cycliZed alkyl, alkenyl, and 
alkynyl groups. Cycloalkyl groups can include mono- or 
polycyclic (e.g., having 2, 3 or 4 fused rings) ring systems 
as Well as 2-ring, 3-ring, 4-ring spiro system (e.g., having 8 
to 20 ring-forming atoms). Example cycloalkyl groups 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl, 
cycloheptatrienyl, norbomyl, norpinyl, norcamyl, adaman 
tyl, and the like. Also included in the de?nition of cycloalkyl 
are moieties that have one or more aromatic rings fused (i.e., 
having a bond in common With) to the cycloalkyl ring, for 
example, benZo, pryido or thieno derivatives of pentane, 
pentene, hexane, and the like. Carbon atoms of the 
cycloalkyl group can be optionally oxidiZed, e. g. bear an 
oxo or sul?ldo group to form CO or CS. 

[0166] As used herein, “heteroaryl” groups refer to an 
aromatic heterocycle having at least one heteroatom ring 
member such as sulfur, oxygen, or nitrogen. Heteroaryl 
groups include monocyclic and polycyclic (e.g., having 2, 3 
or 4 fused rings) systems. Examples of heteroaryl groups 
include Without limitation, pyridyl, N-oxopyridyl, pyrimidi 
nyl, pyraZinyl, pyridaZinyl, triaZinyl, furyl, quinolyl, iso 
quinolyl, thienyl, imidaZolyl, thiaZolyl, indolyl, pyrryl, 
oxaZolyl, benZofuryl, benZothienyl, benZthiaZolyl, isox 
aZolyl, pyraZolyl, triaZolyl, tetraZolyl, indaZolyl, 1,2,4-thia 
diaZolyl, isothiaZolyl, benZothienyl, purinyl, carbaZolyl, 
benZimidaZolyl, indolinyl, and the like. In some embodi 
ments, the heteroaryl group has from 1 to about 20 carbon 
atoms, and in further embodiments from about 3 to about 20 
carbon atoms. In some embodiments, the heteroaryl group 
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contains 3 to about 14, 3 to about 7, or 5 to 6 ring-forming 
atoms. In some embodiments, the heteroaryl group has 1 to 
about 4, 1 to about 3, or 1 to 2 heteroatoms. 

[0167] As used herein, “heterocycloalkyl” refers to non 
aromatic heterocycles including cycliZed alkyl, alkenyl, and 
alkynyl groups Where one or more of the ring-forming 
carbon atoms is replaced by a heteroatom such as an O, N, 
or S atom. Also included in the de?nition of heterocy 
cloalkyl are moieties that have one or more aromatic rings 
fused (i.e., having a bond in common With) to the nonaro 
matic heterocyclic ring, for example phthalimidyl, naphthal 
imidyl, and benZo derivatives of heterocycles such as 
indolene and isoindolene groups. Heterocycloalkyl groups 
can be mono- or polycyclic (e.g., having 2, 3, 4 or more 
fused rings or having a 2-ring, 3-ring, 4-ring spiro system 
(e.g., having 8 to 20 ring-forming atoms)). Heteroatoms or 
carbon atoms of the heterocycloalkyl group can be option 
ally oxidiZed, e. g., bearing one or tWo oxo or sul?ldo groups 
to form SO, S02, CO, NO, etc. In some embodiments, the 
heterocycloalkyl group has from 1 to about 20 carbon atoms, 
and in further embodiments from about 3 to about 20 carbon 
atoms. In some embodiments, the heterocycloalkyl group 
contains 3 to about 14, 3 to about 7, or 5 to 6 ring-forming 
atoms. In some embodiments, the heterocycloalkyl group 
has 1 to about 4, 1 to about 3, or 1 to 2 heteroatoms. In some 
embodiments, the heterocycloalkyl group contains 0 to 3 
double bonds. In some embodiments, the heterocycloalkyl 
group contains 0 to 2 triple bonds. Example “heterocy 
cloalkyl” groups include morpholino, thiomorpholino, pip 
eraZinyl, tetrahydrofuranyl, tetrahydrothienyl, 2,3-dihy 
drobenZofuryl, 1,3 -benZodioxole, benZo-1,4-dioxane, 
piperidinyl, pyrrolidinyl, isoxaZolidinyl, isothiaZolidinyl, 
pyraZolidinyl, oxaZolidinyl, thiaZolidinyl, imidaZolidinyl, as 
Well as radicals of 3H-isobenZofuran-1-one, 1,3-dihydro 
isobenZofuran, 2,3-dihydro-benZo[d]isothiaZole 1,1-diox 
ide, and the like. 

[0168] As used herein, “halo” or “halogen” includes 
?uoro, chloro, bromo, and iodo. 

[0169] As used herein, “alkoxy” refers to an 4O-alkyl 
group. Example alkoxy groups include methoxy, ethoxy, 
propoxy (e.g., n-propoxy and isopropoxy), t-butoxy, and the 
like. 

[0170] As used here, “haloalkoxy” refers to an *0 
haloalkyl group. An example haloalkoxy group is OCF3. 

[0171] As used herein, “arylalkyl” refers to alkyl substi 
tuted by aryl and “cycloalkylalkyl” refers to alkyl substi 
tuted by cycloalkyl. An example arylalkyl group is benZyl. 

[0172] As used herein, “amino” refers to NH2. 

[0173] As used herein, “alkylamino” refers to an amino 
group substituted by an alkyl group. 

[0174] As used herein, “dialkylamino” refers to an amino 
group substituted by tWo alkyl groups. 

[0175] The compounds described herein can be asymmet 
ric (e.g., having one or more stereocenters). All stereoiso 
mers, such as enantiomers and diastereomers, are intended 
unless otherWise indicated. Compounds of the present 
invention that contain asymmetrically substituted carbon 
atoms can be isolated in optically active or racemic forms. 
Methods on hoW to prepare optically active forms from 
optically active starting materials are knoWn in the art, such 
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as by resolution of racemic mixtures or by stereoselective 
synthesis. Many geometric isomers of ole?ns, C=N double 
bonds, and the like can also be present in the compounds 
described herein, and all such stable isomers are contem 
plated in the present invention. Cis and trans geometric 
isomers of the compounds of the present invention are 
described and may be isolated as a mixture of isomers or as 
separated isomeric forms. 

[0176] Resolution of racemic mixtures of compounds can 
be carried out by any of numerous methods knoWn in the art. 
An example method includes fractional recrystalliZaion 
using a “chiral resolving acid” Which is an optically active, 
salt-forming organic acid. Suitable resolving agents for 
fractional recrystallization methods are, for example, opti 
cally active acids, such as the D and L forms of tartaric acid, 
diacetyltartaric acid, dibenZoyltartaric acid, mandelic acid, 
malic acid, lactic acid or the various optically active cam 
phorsulfonic acids such as [3-camphorsulfonic acid. Other 
resolving agents suitable for fractional crystallization meth 
ods include stereoisomerically pure forms of ot-methylben 
Zylamine (e.g., S and R forms, or diastereomerically pure 
forms), 2-phenylglycinol, norephedrine, ephedrine, N-me 
thylephedrine, cyclohexylethylamine, 1,2-diaminocyclo 
hexane, and the like. 

[0177] Resolution of racemic mixtures can also be carried 
out by elution on a column packed With an optically active 
resolving agent (e.g., dinitrobenZoylphenylglycine). Suit 
able elution solvent composition can be determined by one 
skilled in the art. 

[0178] Compounds of the invention also include tauto 
meric forms, such as keto-enol tautomers. 

[0179] Compounds of the invention can also include all 
isotopes of atoms occurring in the intermediates or ?nal 
compounds. Isotopes include those atoms having the same 
atomic number but different mass numbers. For example, 
isotopes of hydrogen include tritium and deuterium. 

[0180] The phrase “pharmaceutically acceptable” is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms Which are, Within the 
scope of sound medical judgement, suitable for use in 
contact With the tissues of human beings and animals 
Without excessive toxicity, irritation, allergic response, or 
other problem or complication, commensurate With a rea 
sonable bene?t/risk ratio. 

[0181] The present invention also includes pharmaceuti 
cally acceptable salts of the compounds described herein. As 
used herein, “pharmaceutically acceptable salts” refers to 
derivatives of the disclosed compounds Wherein the parent 
compound is modi?ed by converting an existing acid or base 
moiety to its salt form. Examples of pharmaceutically 
acceptable salts include, but are not limited to, mineral or 
organic acid salts of basic residues such as amines; alkali or 
organic salts of acidic residues such as carboxylic acids; and 
the like. The pharmaceutically acceptable salts of the present 
invention include the conventional non-toxic salts or the 
quaternary ammonium salts of the parent compound formed, 
for example, from non-toxic inorganic or organic acids. The 
pharmaceutically acceptable salts of the present invention 
can be synthesiZed from the parent compound Which con 
tains a basic or acidic moiety by conventional chemical 
methods. Generally, such salts can be prepared by reacting 
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the free acid or base forms of these compounds With a 
stoichiometric amount of the appropriate base or acid in 
Water or in an organic solvent, or in a mixture of the tWo; 
generally, nonaqueous media like ether, ethyl acetate, etha 
nol, isopropanol, or acetonitrile are preferred. Lists of suit 
able salts are found in Remington ’s Pharmaceutical Sci 
ences, 17th ed., Mack Publishing Company, Easton, Pa., 
1985, p. 1418 and Journal ofPharmaceutical Science, 66, 2 
(1977), each of Which is incorporated herein by reference in 
its entirety. 

[0182] The present invention also includes prodrugs of the 
compounds described herein. As used herein, “prodrugs” 
refer to any covalently bonded carriers Which release the 
active parent drug When administered to a mammalian 
subject. Prodrugs can be prepared by modifying functional 
groups present in the compounds in such a Way that the 
modi?cations are cleaved, either in routine manipulation or 
in vivo, to the parent compounds. Prodrugs include com 
pounds Wherein hydroxyl, amino, sulfhydryl, or carboxyl 
groups are bonded to any group that, When administered to 
a mammalian subject, cleaves to form a free hydroxyl, 
amino, sulfhydryl, or carboxyl group respectively. Examples 
of prodrugs include, but are not limited to, acetate, formate 
and benZoate derivatives of alcohol and amine functional 
groups in the compounds of the invention. Preparation and 
use of prodrugs is discussed in T. Higuchi and V. Stella, 
“Pro-drugs as Novel Delivery Systems,” Vol. 14 of the 
A.C.S. Symposium Series, and in Bioreversible Carriers in 
Drug Design, ed. Edward B. Roche, American Pharmaceu 
tical Association and Pergamon Press, 1987, both of Which 
are hereby incorporated by reference in their entirety. 

Synthesis 

[0183] The novel compounds of the present invention can 
be prepared in a variety of Ways knoWn to one skilled in the 
art of organic synthesis. The compounds of the present 
invention can be synthesiZed using the methods as herein 
after described beloW, together With synthetic methods 
knoWn in the art of synthetic organic chemistry or variations 
thereon as appreciated by those skilled in the art. 

[0184] The compounds of this invention can be prepared 
from readily available starting materials using the folloWing 
general methods and procedures. It Will be appreciated that 
Where typical or preferred process conditions (i.e., reaction 
temperatures, times, mole ratios of reactants, solvents, pres 
sures, etc.) are given; other process conditions can also be 
used unless otherWise stated. Optimum reaction conditions 
may vary With the particular reactants or solvent used, but 
such conditions can be determined by one skilled in the art 
by routine optimiZation procedures. 

[0185] The processes described herein can be monitored 
according to any suitable method knoWn in the art. For 
example, product formation can be monitored by spectro 
scopic means, such as nuclear magnetic resonance spectros 
copy (e.g., 1H or 13C) infrared spectroscopy, spectropho 
tometry (e.g., UV-visible), or mass spectrometry, or by 
chromatography such as high performance liquid chro 
matograpy (HPLC) or thin layer chromatography. 

[0186] Preparation of compounds can involve the protec 
tion and deprotection of various chemical groups. The need 
for protection and deprotection, and the selection of appro 
priate protecting groups can be readily determined by one 
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skilled in the art. The chemistry of protecting groups can be 
found, for example, in Greene, et al., Protective Groups in 
Organic Synthesis, 2d. Ed., Wiley & Sons, 1991, Which is 
incorporated herein by reference in its entirety. 

[0187] The reactions of the processes described herein can 
be carried out in suitable solvents Which can be readily 
selected by one of skill in the art of organic synthesis. 
Suitable solvents can be substantially nonreactive With the 

starting materials (reactants), the intermediates, or products 
at the temperatures at Which the reactions are carried out, 
i.e., temperatures Which can range from the solvent’s freeZ 
ing temperature to the solvent’ s boiling temperature. A given 
reaction can be carried out in one solvent or a mixture of 

more than one solvent. Depending on the particular reaction 
step, suitable solvents for a particular reaction step can be 
selected. 

[0188] The compounds described herein can be asymmet 
ric (e.g., having one or more stereocenters). All stereoiso 
mers, such as enantiomers and diastereomers, are intended 
unless otherWise indicated. Compounds of the present 
invention that contain asymmetrically substituted carbon 
atoms can be isolated in optically active or racemic forms. 

Methods on hoW to prepare optically active forms from 
optically active starting materials are knoWn in the art, such 
as by resolution of racemic mixtures or by stereoselective 
synthesis. 

[0189] Resolution of racemic mixtures of compounds can 
be carried out by any of numerous methods knoWn in the art. 
An example method includes fractional recrystalliZaion 
using a “chiral resolving acid” Which is an optically active, 
salt-forming organic acid. Suitable resolving agents for 
fractional recrystallization methods are, for example, opti 
cally active acids, such as the D and L forms of tartaric acid, 
diacetyltartaric acid, dibenZoyltartaric acid, mandelic acid, 
malic acid, lactic acid or the various optically active cam 
phorsulfonic acids. Resolution of racemic mixtures can also 
be carried out by elution on a column packed With an 
optically active resolving agent (e.g., dinitrobenZoylphe 
nylglycine). Suitable elution solvent composition can be 
determined by one skilled in the art. 

[0190] The compounds of the invention can be prepared, 
for example, using the reaction pathWays and techniques as 
described beloW. 

[0191] A series of cycloalkylcarboxmides of formula 2 can 
be prepared by the method outlined in Scheme 1. The 
carboxylic acids 1 can be coupled to an amine using cou 
pling reagents such as BOP to provide the desired product 2. 

Schemel 

R1 R2 
R3R4NH 

OH .—> 
Cy BOP, rPrzNEt, cnzcl2 

o 
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-continued 
R1 R2 R3 

N Cy)$‘/ \R4 
0 

2 

[0192] A series of cycloalkylcarboxylic acids formula 3 
can be prepared by the method outlined in Scheme 2. 
Mono-alkylation of alpha-substituted methyl 4 With an alky 
lenedihalide such as ethylene bromide, 1,3-dibromopropane, 
and l,4-dibromobutane provides mono-alkylated product 5, 
folloWed by treatment With either 1) sodium hydride in 
DMSO or DMF or 2) LDA in THF provides the cycloalky 
lcarboxylic acid esters 6. Hydrolysis of 6 gives the corre 
sponding acid 3. 

Schemel 

0 

4 

Cy 

OMe w, 
Br 146 

o 

5 

)H; LiOH, MeOH, H2O )H 
OMe — Cy Cy 

O o 

6 3 

[0193] Alternatively, a series of cycloalkylcarboxylic 
acids of formula 7 can be prepared from the corresponding 
nitrile as expli?ed in Scheme 3. Alpha-substituted acetoni 
trile 8 can be treated With potassium hydroxide and alky 
lenedihalides such as 1,3-dibromopropane to provide sub 
stituted cycloalkylcarbonitriles 10, Which is then folloWed 
by hydrolysis to afford the desired cycloalkylcarboxylic acid 
7. 

Schemel 

KOH 

201.6 CN 

Cy CN 

8 

KOH 
— 

Ethylene glycol Cy Cy 
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[0194] A series of 3-substituted pyrrolidines l0 and 11 can 
be prepared by the method outlined in Scheme 4 (Rx can be, 
for example, alkyl or cycloalkyl). Compound 12 can be 
treated With organolithium or Grignard reagent to provide 
alcohol 13. The Boc protecting group of 13 can be removed 
by treating With TFA to give 3-substituted pyrrolidine 10. 
Alternatively, 13 can be treated With HCl to provide the 
alkene 14, followed by the dehydrogenation to give 3-sub 
stituted pyrrolidine ll. 

SchemeA 

R"MgBr/LiRX 
4> 

THF or Ether 

12 

O TFA OH 
—> 

BOC_ N RX CHZCIZ/HZO HN RX 

l3 10 

OH 
HCl 

Boc — N RX —> 

13 

RX RX 

9/ H2, Pd/C HN I ' 

14 

[0195] A series of 3-substituted pyrrolidines lla can be 
prepared by the method outlined in Scheme 5 (Ar can be, for 
example, aryl or heteroaryl). Palladium catalyZed Heck 
coupling reaction of alkene 15 With arylbromides or het 
eroarylbromides, folloWed by hydrogenation directly pro 
vides the desired 3-substituted pyrrolindine lla (Ho, C. et al 
Tetrahedron Lell. 2004, 45, 4113). 

Schemei 

Ar 

mg 
112. 

[0196] A series of 3-hydroxyl, 4-substituted pyrrolidines 
16 can be prepared by the method outlined in Scheme 6 (Ar 
can be, for example, aryl or heteroaryl; X can be halo). 
Alkene 15 can be reacted With MCPBA to provide the 
epoxide 17, followed by treatment With organolithium and 
LeWis acid, such as Al(Me)3, to give the desired 3-hydroxyl, 
4-substituted pyrrolindine l6. 
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Schemej 

1, MCPBA, 0112012 
—> 

2, ArLi/ArMgX, AlMe3 

15 

Ar Ar 

H2 
CbZ—N —> HN 

Pd/C 

OH OH 

17 16 

[0197] A series of di-substituted pyrrolidines or pip 
eridines 18 are prepared by the method outlined in Scheme 
7 (Ar is, for example, aryl or heteroaryl; n is 1 or 2 and m 
is 1 or 2). Ketone 19 can be treated With a Wittig reagent to 
provide vinyl compound 20, followed by reacting With 
ArZCuLi to provide the addition product 21. The CbZ 
protecting group of 21 can be removed by hydrogenation to 
provide the desired disubstituted pyrrolidine or disubstituted 
piperidine 18. 

Schemel 

O 
Wittig Rxn 

CbZ—N 
)m 

19 

COZMe 

Ar CuLi n / 2 

CbZ—N 

20 

COZMe 

n H2, Pd/C 
—> 

CbZ—N Ar 

21 

COZMe 

n 

HN Ar 
)m 

18 

[0198] A series of compounds 22 can be prepared by the 
method outlined in Scheme 8 (Ar is, for example, aryl or 
heteroaryl; and NRiRii is, for example, amine, alkylamine, 
dialkylamine and derivatives thereof). The carboxylicacid 1 
can be coupled With an amino alcohol using BOP or other 
amide bond formation reagents to provide the coupled 
product 23. The hydroxyl group of the coupled product 23 
can be alkylated With 2-bromoacetate to give compound 24 
and the tert-butyl group of 24 can be removed by treatment 
With TFA, folloWed by a standard coupling reaction With a 
variety amines to give compounds 22. 
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Schemej 

OH 

HN Ar 
OH —> 

BOP, iPrZNEt, 0112012 

)1. 
Cy 

O 

1 

) OH 
14 NaH 

N AI BICHZCOZ‘Bu 
Cy 

o 

23 

o 

) on )< 1*6 O 
N Ar 

Cy 

O 

1, TFA 

2, BOP, NHRiRii 

24 

O 

) 0% . .. l4 NRrRu 
N Ar 

Cy 

O 

22 

[0199] According to Scheme 9 (Ar is, for example, aryl or 
heteroaryl), the hydroxyl group of 23 can be alkylated With 
protected 2-amino ethyl bromide to give compound 25. The 
protecting group of 25 can be removed by TFA. The 
resulting free amino group of compound 26 can be con 
verted into a variety analogs 27 by methods knoWn to those 
skilled in the art. 

SchemeQ 

) OH NaH 
126 —> 

N Ar BrCHZCHZNHBOc 

Cy 

o 

23 

o 
)H; \/\NHBOC TFA 

N Ar ’ 

Cy 

o 

25 

) O\/\ li6 NH; 
N Ar —> 

Cy 

o 

26 
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-continued 
0 Riii )Hs \/\ N/ 

N Ar | _ 
Cy RlV 

O 

27 

[0200] A series of compounds 28 can be prepared by the 
method outlined in Scheme 10. Compound 29 can be treated 
With alkyldihalides such as l,2-dibromoethane or a similar 
reagent to give the desired cycloalkyl product 30. Both 
benZyl (Bn) groups of 30 can be removed by hydrogenation 
to give the deprotected compound 31. Treatment With cyclic 
amines NHR3R4 can provide amides of formula 32. The free 
hydroxyl group of 32 can be converted to a variety ether 
analogs 28 by methods knoWn to those skilled in the art such 
as by substitution reactions employing base (e.g., NaH) and 
electrophile (RX Where R is alkyl, cycloalkyl, etc. and X is 
halo or other leaving group). 

Schemell) 

O 

Q/\'( \ Bn B11 0 
\O 

29 

)146 
O 
\ Bn 

0 
\O 

30 

)146 
OH 

O 
HO 

32 

NaH 

RX, NaH 
—> 

28 

[0201] A series of compounds 33 can be prepared by the 
method outlined in Scheme 11 (Ar is, for example, aryl or 
heteroaryl or derivatives thereof). The free hydroxyl group 
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of 32 can be protected to yield 34, Which then can undergo 
Pd catalyZed coupling to provide compounds 33. 

Schemell 

>146 
3 4 

NR R (TDZO 

O 
H0 

32 

>146 

NR3R4 ArB(OH)2 

Pd(OAc)2 
O 

TfO 

34 

>146 

NR3R4 

0 
AI 

33 

[0202] A series of compounds 35 can be prepared by the 
method outlined in Scheme 12 (Ar can be, for example, aryl 
or heteroaryl or derivatives thereof). The free phenol group 
of 32 can be coupled With ArB(OH)2 directly to provide the 
aryl or heteroaryl ether coupling product 35 (Bolm, C. et al. 
J. Org. Chem. 2005, 70, 2346). 

H0 

32 

35 

[0203] A series of 4-heterocyclo-substituted ether com 
pounds 36 and 37 can be prepared by the method outlined in 
Scheme 13 (G is, e.g., O, NBoc, NMe, etc.). The free phenol 
of 32 can be treated With a variety of heterocycloalkylalkyl 
tri?ates or heterocycloalkylalkyl halides to provide 4-het 
erocycloalkyl-substituted ether compounds 36 and 37, 
respectively. 
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Schemell 

TfO G >146 

>146 G NR3R4 

NR3R4 NaH 
0 

O 

HO O 36 

32 

(\G >146 
B /\/N NR3R4 
T_, G 

K2CO3, DMF @ N O \/\O 
37 

[0204] Spiro-pyrrolidines 56 can be prepared according to 
Scheme 14. Halogen metal exchange between aryl iodide 54 _cominued 
and isopropylmagnesium bromide followed by reaction With 0 O O O 
N-Boc-3-oXo-pyrrolidine provides spiro-lactone 55 Which 
upon acidic cleavage of the Boc group yields the desired BOON H+ HN 
pyrrolidine 56. / —' / 

N N 

Schemelél \ / \ / 
O 

58 59 

[0206] Spiro-pyrrolidine 64 can be prepared according to 
O i-PrMgBr E00 the method outlined in Scheme 16. 
\ —> —> 

Schemel? 

l O 

54 B O 
O O 002 

O O \ EtZN 
BocN Ht HN N 

—> H 

60 

NBoc B 0C1 
55 56 t‘ u 

\ EtZN 
N 

[0205] Spiro-pyrrolidines 59 can be prepared according to H 
Scheme 15. Ortho-lithiation of carboxylic acid 57, folloWed 61 
by reaction of the resulting organolithium With N-Boc-3 
oXo-pyrrolidine yields spiro-lactone 58, Which upon acidic Cl NBOC 
cleavage of the Boc group provides the desired pyrrolidine \ NaOH 
59. MeOH 

Schemeli N 

62 O 

NBoc NH. 

\ TFA 
. N 

n-BuLi Boc 
/ OH —> —> / OM O 
N LTMP N 6 N 

H 

O 63 64 

57 
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[0207] A series of aromatic piperaZine intermediates 69 
can be prepared according to Scheme 17 (X is e.g., Cl, Br, 
I, OTf, etc.; R' is, e.g., H, F, Cl, Me, CF3, OCF3, etc.; R" is, 
e.g., CO2R, CN, C(O)Nk3R4, etc.; R is e.g., alkyl, 
cycloalkyl, etc.; and J is, e.g., CH or N) by reacting 
Boc-piperaZine 65 With a variety of boronic acids 66 under 
the catalysis of copper (ll) acetate (Combs, A. P.; Tadesse, 
S.; Rafalski, M.; Haque, T. S.; Lam, P. Y. S. J. Comb. Chem. 
2002, 4, 179) or With a variety of aryl or heteroaryl halides 
67 using BuchWald/HartWig conditions (Louie, J; HartWig, 
J. F. Tetrahedron Lett. 1995, 36, 3609 & Bolm, C. et al. J. 
Org. Chem. 2005, 70, 2346.). Aromatic piperaZine interme 
diates 69 can also be prepared through classical ring closure 
of appropriately substituted anilines and bis-(2-chloroethy 
l)amine hydrochloride in the presence of base (E. Mishani, 
et. al. Tetrahedron Lett. 1996, 37, 319), or through direct 
nucleophilic aromatic substitution of the piperaZine (S. M. 
DankWardt, et al., Tetrahedron Lett. 1995, 36, 4923). After 
removal of the Boc group With TFA, the secondary amine 69 
can be coupled With sulfonyl chlorides, acyl chlorides, 
carboxylic acids, alkyl halides, or undergo reductive ami 
nation by using procedures knoWn to those skilled in the art. 

Schemell 

RV >146 

\ RH 

(HO)2B J 

66 

Cu(OAc)2, TEA 
CHZClZ 

Boc 

I R >146 
N 

K j \ N / 
H X J 

—> 

Pd(dppi), dppf, t-BuOK 
PhMe, re?ux 

RV >146 

\ RH 
I TFA 

—> 

/ 
N J 

K) Boc/ 
68 

RV >146 

l \ RH 

/ 
N J 

69 
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[0208] Amines can be coupled to the pyridyl halide 67 in 
the absence of a palladium catalyst by heating the tWo 
reagents in DMSO as outlined in Scheme 18 Q( is, e.g., Cl, 
Br, etc.; R' is, e.g., H, F, Cl, Me, CF3, OCF3, etc.; R" is, e.g., 
CO2R, CN, C(O)NR3R4, etc.; R is, e.g., alkyl, cycloalkyl, 
etc.; R* and R** are independently, e.g., H, alkyl, 
cycloalkyl, etc.; von Geldem, Thomas W. et al. Biorg. & 
Med. Chem. Lett. 2005, 15, 195). 

[0209] A series of aryl tetrahydropyridines 73 can be 
prepared by ?rst converting the tert-butoxycarbonyl-piperid 
4-one 71 to the corresponding enol tri?ate 74 using LDA and 
N-phenyltri?uoromethanesulfonamide according to Scheme 
19 (M is Li, Na, MgBr; X is, e.g., Cl, Br, I, OTf, etc.; R' is, 
e.g., H, F, Cl, Me, CF3, OCF3, etc.; R" is, e.g., COZR, CN, 
C(O)NR3R4, etc.; R is, e.g., alkyl, cycloalkyl, etc.; J is CH 
or N). The enol tri?ate can then be used directly in a 
SuZuki-type coupling reaction With a variety of aromatic 
boronic acids 66 to produce the aryl- or heteroaryl-tetrahy 
dropyridines 76 (M. G. Bursavich, D. H. Rich, Org. Lett. 
2001, 3, 2625). Alternatively, the enol tri?ate can be con 
verted to the corresponding enol boronic ester 75 or acid via 

palladium mediated coupling and then subsequently coupled 
With an aryl halide through a SuZuki-type reaction. 

[0210] After removal of the Boc group of compound 76 
With TFA, the secondary amine 73 can be coupled With 
sulfonyl chlorides, acyl chlorides, carboxylic acids, alkyl 
halides, or undego reductive amination by using procedures 
knoWn to those skilled in the art. 

[0211] Aromatic tetrahydropyridines 73 can also be pre 
pared through alternative methods knoWn by those skilled in 
the art of organic synthesis, such as direct nucleophilic 
addition of an aryl or heteroaryl anion 72 to a piperidone 71 
folloWed by dehydration and deprotection of the resultant 
alcohol compound. 
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SchemeJQ 

1) RV )li6 

\ RH 
Boc M 

@9 / 
N J 

72 

2) TFA 

O 

71 73 

RV )li6 

\ R” 

Boo Boo / 

I1] I11 (HO)2B J 
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PhNTfZ 

O OTf 
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O O 
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O/ \O 
R, 

PdClzdppf )1’6 
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/ 
X J 

67 

B00 

l 
N 

Q 
B 

75 

[0212] A series of aromatic piperidine derivatives 78 can 
be prepared according to Scheme 20 Q( is, e.g., Cl, Br, I, 
OTf, etc.; R' is, e.g., H, F, Cl, Me, CF3, OCF3, etc.; R" is, 
e.g., CO2R, CN, C(O)NR3R4, etc.; R is, e.g., alkyl, 
cycloalkyl, etc.; J is CH or N) by catalytic hydrogenation of 
the above formed aryl- or heteroaryl-tetrahydropyridines 73 

or by coupling 4-bromopyridine With an aromatic boronic 
acid 66 in the presence of a palladium catalyst folloWed by 
hydrogenation. The resulting secondary amine 78 can then 
be coupled With sulfonyl chlorides, acyl chlorides, carboxy 
lic acids, alkyl halides, or undego reductive amination by 
using procedures knoWn to those skilled in the art. 
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[0213] In addition to using the BuckWald/HartWig condi 
tions described above to form the CiN bond, copper (I) 
mediated coupling reactions can be used When the amine is 

0t to an sp2 carbon such as in the case of a pyrraZole, 

oXaZolidin-2-one, 2-oxo-pyrrolidine, imidaZole, indaZole, 
1H-benZimidaZole, pyrid-2-one, t-butyl carbamate, etc. 
according to Scheme 21 (X is, e.g., Cl, Br, I, OTf, etc.; Q is 
O, S or CH2; R' is, e.g., H, F, Cl, Me, CF3, OCF3, etc.; R" 

SchemeZZ 

Y“ 
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is, e.g., COZR, CN, C(O)NR3R4, etc.; R is, e.g alkyl, 
cycloalkyl, etc.; J is CH or N; R* and R** are independently 

H, alkyl, cycloalkyl, etc.); Woolven, James M. et al. J. Med. 
Chem. 2003, 46, 4428). 

[0214] A series of piperidinyl, 1,2,3,6-tetrahydropyridinyl, 
and piperaZinyl derivatives 82-85 can be prepared by sul 
fonylation 82, acylation 83, alkylation 84 or reductive 
amination 85 of the secondary amine 81 as outlined beloW 

in Scheme 22 (R" is, e.g., COZR, CN, C(O)NR3R4, etc.; R 
is, e.g., alkyl, cycloalkyl, etc.; Q is N or CH; Raa, Rbb, R“, 
R01“1 are, for example, alkyl, cycloalkyl, aryl, heterocy 
cloalkyl, heteroaryl, heterocylcoalkyl and derivatives 
thereof). 

or RbbC(O)OH, BOP, 
NMM, DMF 

m OYNQ 
c5003, R°°CH7 ‘Mono, NaCNBH3 








































































































































































































