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The present invention provides compounds of formula (I): 
wherein A, R', R., RX, and Zare defined herein, which are 
potassium channel inhibitors. The invention further provides 
pharmaceutical compositions comprising the compounds of 
formula (I) and their use in therapy, in particular in treatment 
of diseases or conditions that are mediated by Kir3.1 and/or 
K3.4 or any heteromultimers thereof, or that require inhibi 
tion of K3.1 and/or K3.4 or any heteromultimers thereof. 

(I) 
R1 R, 
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THIENO (2,3 - C) PYRAZOLES FOR USE AS 
POTASSIUM CHANNEL INHIBITORS 

TECHNICAL FIELD 

0001. The present invention relates to compounds of for 
mula (I) which are potassium channel inhibitors. Pharmaceu 
tical compositions comprising the compounds, their use in 
therapy and methods of treatment employing the compounds 
are also provided. 

BACKGROUND ART 

0002 Ion channels are proteins that span the lipid bilayer 
of the cell membrane and provide an aqueous pathway 
through which specific ions such as Na', K", Ca" and C1 can 
pass (Hille et al., 1999). Potassium channels represent the 
largest and most diverse Sub-group of ion channels and they 
play a central role in regulating the membrane potential, cell 
Volume, signal transduction controlling cellular excitability 
(Armstrong & Hille, 1998). Potassium channels have been 
categorized into gene families based on their amino acid 
sequence and their biophysical properties (for nomenclature 
see (Gutman et al., 2003) and http://www.iuphar-db.org/DA 
TABASE/ReceptorFamiliesForward?type=IC). 
0003 Compounds which modulate potassium channels 
have multiple therapeutic applications in a number of areas/ 
disorders including cardiovascular, neuronal, renal, meta 
bolic, endocrine, auditory, pain, respiratory, immunological, 
inflammation, gastrointestinal, reproduction, cancer and cell 
proliferation, (for reviews see (Ehrlich, 2008; Wulff & 
Zhorov, 2008; Kobayashi & Ikeda, 2006; Mathie & Veale, 
2007: Wulff et al., 2009; Camerino et al., 2008: Shieh et al., 
2000; Ford et al., 2002; Geibel, 2005). More specifically 
potassium channels such as those formed by Kir3.X, Kv4.X. 
Kir2.X. Kiró.X, Kv11.x, Kv7.X. K. K. and Kv1.x along 
with their ancillary subunit are involved in the repolarisation 
phase of the action potential in cardiac myocytes (Tamargo et 
al., 2004). These potassium channels subtypes have been 
associated with cardiovascular diseases and disorders includ 
ing atrial arrhythmias, Ventricular arrhythmias, cardiomyopa 
thy, hypertrophy long QT syndrome, short QT syndrome, 
Brugada syndrome; and all of which can cause cardiac failure 
and fatality (Marban, 2002; Novelli et al., 2010; Tamargo et 
al., 2004). 
0004 Inwardly rectifying potassium channels are mem 
bers of a large superfamily comprised of Kir1.x to Kir7.x. The 
Kir3.x subfamily are G-protein coupled inwardly rectifying 
potassium ion channels comprised of 4 mammalian Subunit 
members Kir3.1 to Kir3.4. These subunits form homo- or 
hetero-tetrameric ion channels involved in potassium flux 
across the membrane. Kir3.X ion channels are expressed in 
the cardiovascular system (Kir3.1 and Kir3.4), central ner 
vous system (Kir3.1, Kir3.2, Kir3.3>Kir3.4), gastrointestinal 
tract (Kir3.1 and Kir3.2) and have been implicated in a num 
ber of disease areas including cardiac arrhythmias, pain, Par 
kinson's disease, Down's Syndrome, epilepsy/seizure, addic 
tion, depression and ataxia (Luscher & Slesinger, 2010; 
Tamargo et al., 2004) The human G-protein coupled 
inwardly-rectifying potassium channel Subunits Kir3.1 and 
Kir3.4 are predominantly expressed in the Supraventricular 
regions (including atria, nodal tissue, pulmonary sleeve) and 
conduction system of the heart and are believed to offer 
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therapeutic opportunities for the management of atrial fibril 
lation for several different reasons (see review of (Ehrlich, 
2008): 

(1) Kir3.1/3.4 Underlies IKACh: 
0005. There is evidence that a tetrameric assembly of 
Kir3.1 and/or Kir3.4 subunits underlies the cardiac ace 
tylcholine/adenosine activated inwardly-rectifying 
potassium current (hereto referred to as IKACh) in the 
heart due to similar biophysical (Krapivinsky et al., 
1995; Duprat et al., 1995; Corey & CLAPHAM, 1998: 
Corey et al., 1998) and pharmacological (Jin & Lu, 
1998: Jin et al., 1999: Jin & Lu, 1999: Drici et al., 2000; 
Cha et al., 2006; Dobrev et al., 2005; Voigt et al., 2010b) 
properties (for review see (Hibino et al., 2010; Belar 
dinelli et al., 1995)). 

(2) IKACh is Involved in AF: 
0006. The Kir3.1 subunit cannot form a functional 
homotetramer or cannot traffic to the membrane (Phil 
ipson et al., 1995; Hedin et al., 1996; Woodward et al., 
1997) and as such genetic knockout of Kir3.4 gene in the 
mouse results in the lack of a functional IKACh in the 
atria (Wickman et al., 1998). This genetic ablation of 
IKACh results in resistance to atrial fibrillation (Kovoor 
et al., 2001). These data support the notion of an assem 
bly of Kir3.1/3.4 and the importance of IKACh in the 
initiation and Sustaining of AF. Furthermore, single 
nucleotide polymorphisms of Kir3.4 gene have been 
correlated with paroxysmallone AF in a Chinese popu 
lation (Zhang et al., 2009). However, no function has 
been ascribed to these polymorphisms. 

(3) IKACh is an Atrial-Specific Target: 
0007 High levels of Kir3.1 and Kir3.4 gene expression 
(Gaborit et al., 2007b) and large IKACh are found in 
both the left and right human atria (Dobrev et al., 2001; 
Dobrev et al., 2005; Voigt et al., 2010b: Wettwer et al., 
2004; Bosch et al., 1999; Voigt et al., 2010a). This con 
trasts with the human ventricle, where mRNA (Gaborit 
et al., 2007b) and current expression are considerable 
smaller, and the number of cells expressing IKACh and 
the ACh sensitivity is small compared to the atria 
(Koumi & Wasserstrom, 1994: Koumi et al., 1994). In 
conjunction with a lower density of parasympathetic 
innervations (Kent et al., 1974), this argues against a 
functional role of I, in human Ventricles (Brodde & 
Michel, 1999; Belardinelli et al., 1995). This is further 
supported by the lack of effect of selective IKACh 
inhibitors onventricular repolarisation in invitro (Chaet 
al., 2006) and in vivo dog studies (Hashimoto et al., 
2006: Hashimoto et al., 2008; Machida et al., 2011). The 
predominant expression of IKACh in the atria cf. the 
Ventricle provides a mechanism to modulate atrial repo 
larisation without interfering with ventricular repolari 
sation and potentially inducing fatal ventricular arrhyth 
mia (Hashimoto et al., 2006). 

(4) Constitutive-Activation of IKACh in Chronic AF: 
0008. The carbachol-induced IKACh recorded from 
atrial myocytes from patients with chronic AF is smaller 
than those from patients in sinus rhythm, a phenomenon 
initially thought to be due to decreased Kir3.4 mRNA 
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and protein levels (Bosch et al., 1999; Brundel et al., 
2001a; Brundelet al., 2001b: Dobrev et al., 2001). How 
ever, it was later demonstrated that the blunted response 
to carbachol is due to IKACh being constitutively active 
in the absence of agonist (Dobrev et al., 2005). Similar 
observations have also been reported in the atria and 
pulmonary vein in the tachypaced-dog model of AF 
(Cha et al., 2006; Ehrlich et al., 2004; Voigt et al., 2008: 
Makary et al., 2011). Ionic remodeling (for review see 
(Schotten et al., 2011; Workman et al., 2008), including 
the constitutive activation of IKACh, contributes to the 
shortening of action potential duration observed in 
chronic AF human patients (Dobrev et al., 2001; Dobrev 
et al., 2005; Bosch et al., 1999: Wettwer et al., 2004) and 
tachypaced dog atrial myocytes (Ehrlich et al., 2004; 
Ehrlich et al., 2007: Cha et al., 2006), which, in turn, 
causes a reduction in the atrial effective refractory 
period (Brundel et al., 2002b: Brundel et al., 2002a: 
Workman et al., 2008) predisposing to the generation of 
arrhythmias. In addition, the heterogeneous distribution 
(Gaboritet al., 2007a; Lomax et al., 2003: Sarmastet al., 
2003; Voigt et al., 2010b) of constitutively active IKACh 
(Dobrev et al., 2005; Cha et al., 2006; Ehrlich et al., 
2004) across the atria is expected to increase the disper 
sion of atrial repolarization/refractoriness (Liu & Nattel, 
1997; Kabell et al., 1994; Schauerte et al., 2000; Chiou 
et al., 1997) and in turn increase Vulnerability to tran 
sient atrial arrhythmias (Liu & Nattel, 1997; Kabell et 
al., 1994). Pharmacological studies have shown that 
selective inhibition of IKACh has as a more pronounced 
prolonging effect on action potential duration in the 
remodeled dog atria (Cha et al., 2006; Ehrlich et al., 
2007). Prolonging the action potential duration by inhib 
iting IKACh or the constitutive IKACh could present 
safer pharmacological interventions for protecting 
against atrial arrhythmias such as chronic atrial fibrilla 
tion and atrial flutter compared to traditional class III 
antiarrhythmics by prolonging the atrial refractory 
period while leaving ventricular refractoriness unaltered 
(Cha et al., 2006; Tanaka & Hashimoto, 2007; Hash 
imoto et al., 2007; Machida et al., 2011). 
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fibrillation and flutter in in vivo canine models (Na 
gasawa et al., 2002; Tanaka & Hashimoto, 2007). From 
the same chemical class, both NIP-151 and NTC-801 are 
highly selective IKACh inhibitors and have been shown 
to be effective in terminating AF in the vagal-induced 
and aconitine-induced canine models of AF (Hashimoto 
et al., 2008; Machida et al., 2011). The latter, NTC-801, 
has also been shown to prevent the induction of AF in an 
atrial-tachypacing dog model of persistent AF (AT-AF) 
(Machida et al., 2011) in which the atria exhibit electri 
cal remodeling akin to chronic AF in man (Cha et al., 
2006; Ehrlich et al., 2004; Voigt et al., 2008: Makary et 
al., 2011). The selective IKACh inhibitor peptide ter 
tiapin (Jin & Lu, 1998; Drici et al., 2000) has also been 
shown to be effective in terminating AF in both vagal 
induced and acontine-induced canine models of AF 
(Hashimoto et al., 2006). None of the agents were shown 
to affect ventricular repolarisation (QTc or VERP) at 
therapeutically relevant doses. These data support the 
utility of IKACh inhibitors for the cardioversion and 
prevention of recurrence of supraventricular arrhyth 
mias such as AF and atrial flutter without effecting ven 
tricular function. A combination of anti-arrhythmics 
with other ion channel modulating drugs may also pro 
vide greater (synergistic) benefit in the treatment of 
atrial arrhythmias as shown for the non-selective anti 
arrhythmics drugs amiodarone/dronedarone and 
ranolozine (Burashnikov et al., 2010; Sicouri et al., 
2009) and the combination of the IKr inhibitor sotalol 
with an IKur inhibitor BMS-394136 (Sun et al., 2010). 
As such, the combination of a selective IKACh inhibitor 
with other ion channel or ion exchanger modulating 
drugs could provide added clinical benefit. 

(6) IKACh Inhibition in Stroke Prevention in AF: 

0010 Atrial fibrillation is associated with a 5-fold 
increased risk for stroke and in the United States 
approximately 15% to 25% of all strokes can be attrib 
uted to AF (Steinberg, 2004). Regardless of the approach 
to arrhythmias treatment (rate, rhythm, ablation), the 
prevention of thromboembolism is a cornerstone of 
clinical treatment of atrial arrhythmias. Constitutive 
activation of IKACh has been reported to contribute to 
the contractile deficit associated with AF in the tachy 

(5) IKACh Inhibitors in AF: 
0009 Class III antiarrhythmics have been widely 
reported as a preferred method for treating cardiac 
arrhythmias (Colatsky et al., 1990). Traditional and 
novel class III antiarrhythmic potassium channel block 
ers have been reported to have a mechanism of action 
that includes the direct modulation of Kir3.1/3.4 or 
IKACh. The known antiarrhythmics dronedarone (Al 
tomare et al., 2000: Guillemare et al., 2000), amiodarone 
(Watanabe et al., 1996; Guillemare et al., 2000), pro 
pafenone (Voigt et al., 2010a) and flecainide (Voigt et al., 
2010a), ibutilide (Borchard et al., 2005) quinidine (Ku 
rachi et al., 1987; Hara & Kizaki, 2002), Verapamil 
(Hibino et al., 2010), AVE0118 (Gögelein et al., 2004; 
Voigt et al., 2010a) NIP-142 (Matsuda et al., 2006; 
Hashimoto et al., 2007; Tanaka & Hashimoto, 2007), 
NIP-151 (Hashimoto et al., 2008), NTC-801 (Machida 
et al., 2011) have all been reported as potassium channel 
blockers of Kir3.1/3.4 or IKACh in atrial myocytes. A 
benzopyran derivative, NIP-142, preferentially blocks 
Kir3.1/3.4 with selectivity over other cardiac channels, 
prolongs theatrial refractory period and terminates atrial 

paced-atrial dog model of AF Inhibition of IKACh could 
be a novel target to prevent hypocontractility-related 
thrombo-embolic complications (Koo et al., 2010). 
IKACh inhibitors alone or in combination with other 
anti-platelet or anti-coagulant therapies may significant 
reduce the risk of stroke and thromboembolism in AF. 

(7) Role of Autonomic System in AF: 

(0.011 Clinical (Coumel, 1994; Columel, 1996: Pappone 
et al., 2004; Tan et al., 2006; Yamashita et al., 1997: 
Huang et al., 1998) and experimental (Liu & Nattel, 
1997: Ogawa et al., 2007: Sharifov et al., 2004; Jay 
achandran et al., 2000; Scherlag et al., 2005; Horikawa 
Tanami et al., 2007; Poet al., 2006) observations high 
light the importance of the autonomic nervous system 
and in particular parasymthpathetic/vagal activation in 
AF. The electrophysiologic substrate of AF is often 
latent until Vagal activation which is Sufficient to induce 
and maintain AF via IKACh activation. IKACh inhibi 
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tors are expected to be effective in the treatment of 
paroxysmal AF with a neurogenic (vagal) component. 

(8) Autonomic System in the Initiation of AF: 
0012) Ectopic activity arising from the pulmonary veins 
and sleeves (PV) has been shown to play a prominent 
role in the initiation and maintenance of AF (Haissa 
guerre et al., 1998: Pappone et al., 2000). Pulmonary 
vein isolation is a procedure used frequently to eliminate 
the triggers arising from the pulmonary veins. Electrical 
activity, originating from PV sleeves following para 
sympathetic and/or sympathetic stimulation, has been 
proposed as a potential trigger in the initiation of AF 
(Burashnikov & Antzelevitch, 2006: Patterson et al., 
2005; Patterson et al., 2006; Wongcharoen et al., 2007: 
Lo et al., 2007). Studies in animal models have shown an 
increase in the time-dependent IKACh in the pulmonary 
sleeve of the ATAF dog (Ehrlich et al., 2004). Auto 
nomic nerve stimulation reduces PV-sleeve action 
potential duration and causes triggered PV firing that is 
Suppressed by muscarinic cholinergic receptor blockade 
(Patterson et al., 2005). Fibrillatory cycle length short 
ening in response to Vagal stimulation points to ACh 
effects on PV drivers (Takahashi et al., 2006). Thus, 
inhibition of IKACH could remove vagally enhanced 
PV drivers that initiate and maintain AF. 

(9) Autonomic Nervous System in Atrial Remodeling: 
0013 Auto-antibodies to the muscarinic M2 receptor 
have been shown to increase expression of Kir3.1 and 
Kir3.4 mRNA and Kir3.4 protein in the rabbit heart, 
resulting in both electrical and structural remodeling 
creating a substrate for AF (Hong et al., 2009). Increased 
Vagal-nerve activity has been shown to promote atrial 
electrical remodeling in atrial tachypaced dogs; this 
effect was partially revered by atropine and fully 
reversed by a combination of cholinergic block and a 
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Vagal stimulation increases AV-ERP (ALANIS et al., 
1958: ALANIS et al., 1959), prolongs atrial conduction 
time (Martin, 1977) and produces a negative dromotro 
pic effect. Selective inhibition of IKACh with tertiapin 
has been shown to inhibit the dromotropic and blunts the 
chronotropic effects of ACh on the heart and relieve AV 
block (Drici et al., 2000). The abundance of Kir3.1 and 
Kir3.4, is reported to be equal in the sinus node and atrial 
muscle (Tellez et al., 2006). Activation of IKACh causes 
decreased spontaneous activity, hyperpolarization of the 
maximum diastolic potential, and a decrease in the dias 
tolic depolarization rate of the SA node contributing to 
the negative chronotropic effect of ACh (Dobrzynski et 
al., 2007; Han & Bolter, 2011; Rodriguez-Martinez et 
al., 2011). Atrial fibrillation is associated with structure 
and ionic remodelling in theatria (for review see (Schot 
ten et al., 2011; Workman et al., 2008) and damage to the 
SAN (Thery et al., 1977). Clinical studies have shown 
that sick sinus syndrome is frequently associated with 
AF and atrial flutter (Ferrer, 1968: Gomes et al., 1981). 
Sinoatrial node dysfunction is a heterogeneous disorder 
of unknown etiology characterized by a variety of 
Supraventricular arrhythmias with symptoms of persis 
tent bradycardia, tachycardia, Syncope, palpitations, and 
dizziness. The mechanism underlying the abnormal 
rhythm is incompletely understood. However, atropine, 
a muscarinic antagonist, is used in the treatment of sick 
sinus syndrome. However, side-effects preclude its long 
term use (1973). Taken together, these data highlight 
both the presence and functional importance of IKACh 
in the SAN and AVN and indicate the potential of an 
IKACh inhibitor to modulate AV conduction in setting 
of hypervagotony or early inferior myocardial infarc 
tions (Drici et al., 2000) and provide a novel mechanism 
in the treatment of sinus node dysfunction. 

vasoactive intestinal polypeptide (VIP) antagonist f Ski. Inhibitors and Prevention of 
(Yang et al., 2011). Clinical studies have also shown that OOCOT1S 

thetic block teth f parasympauneuc block may promote une recovery Irom 0016 Current approaches to the prevention of throm 
AERP shortening associated with rapid atrial pacing 
(Miyauchi et al., 2004). Although the mechanism that 
underlies these observations is not fully elucidated, inhi 
bition of IKACH alone or in combination with other 
agents could prevent or reverse atrial remodeling asso 
ciated with AF. 

boembolism include the use of anti-platelet therapy (e.g. 
aspirin) or anticoagulation therapy including the use 
vitamin Kantagonist warfarin, and oral agents, includ 
ing direct thrombin inhibitors such as dabigatran, 
Ximelagatran and factor Xa inhibitors such as apixaban, 
rivaroxaban, and edoxaban, betrixaban andYM150 (for 0014 Beyond use in the treatment of atrial arrhythmias, 

Kir3.1/3.4 inhibitors may have utility in a number of other 
indications: 

review see (Ezekowitz et al., 2010)). Damaged blood 
vessels, red blood cells and platelets release ADP and 
induce platelet aggregation. Pathological thrombosis 
formation can lead to vascular occlusion, resulting in 1) IKACh and Sinoatrial and Atri tricular Nod (1) al 1Oa1a a 1OW1CU a TNOC ischemic insults. The platelet ADP receptor designated 

Function: 

0015 Acetylcholine (ACh) is an important neuromodu 
lator of cardiac function that is released upon stimula 
tion of the vagus nerve. Negative chronotropic and dro 
motropic effects are cardiovascular features associated 
with ACh release upon parasympathetic stimulation. In 
the mammalian heart, cholinergic parasympathetic 
fibres are extensively distributed to the sinus node, to the 
atria and to theatrioventricular (AV) node. Vagal stimu 
lation produces a negative chronotropic and dromotro 
pic effect on the heart and can induce or predispose to 
atrial arrhythmias due to shortening of the atrial ERP. 

P2Y 12, the target of the antithrombotic agents like clo 
pidogrel, activates Kir3.X channels via Gi/o proteins 
(Hollopeter et al., 2001). Human platelets have been 
shown to express both Kir3.1 and Kir3.4 protein by 
Western blot (Shankar et al., 2004). Kir3.1/3.4 inhibi 
tors, such as SCH23390 and ethoSuximide, can inhibit 
ADP- and thrombin-mediated platelet aggregation 
(Shankar et al., 2004; Kobayashi et al., 2009). Therefore, 
Kir3.1/3.4 inhibitors may be effective for preventing 
thrombosis and thromboembolic diseases including 
stroke, myocardial infarction and peripheral vascular 
diseases (Kobayashi & Ikeda, 2006). 
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(3) Kir3.4 and Pancreatic Function: 
0017 Although predominantly expressed in the heart 
Kir3.4 has been cloned from the human pancreas (Chan 
et al., 1996) and has been detected in C, B, 8 cells of the 
mouse pancreas (Yoshimoto et al., 1999; Ferrer et al., 
1995; Iwanir & Reuveny, 2008). Electrophysiological 
studies have shown that Somatostatin and C2-adreno 
ceptor agonists activate sulfonylurea-insensitive K" 
channels by a G protein-dependent mechanisms, and 
thereby inhibit activity of Kir3.4-expressing B-cells 
(Rorsman et al., 1991), (Yoshimoto et al., 1999), sug 
gesting that activation of Kir3 channels may inhibit insu 
lin secretion. Additionally, Somatostatin released from 6 
cells activates Kir3 channels in glucagon-expressing C. 
cells (Yoshimoto et al., 1999). The adrenaline-induced 
hyperpolarisation of mouse pancreatic cells has been 
shown to be a tertiapin-sensitive inwardly-rectifying 
potassium current (Iwanir & Reuveny, 2008). Therefore, 
pancreatic Kir3.4 channels may be related to control of 
pancreatic hormone secretion and have utility in the 
treatment of diabetes mellitus alone or in combination 
with Sulfonylureas and other oral agents (Kobayashi & 
Ikeda, 2006). 

(4) Kir3.1/3.4 in the Central Nervous System: 
0018. In addition to expression in the heart, Kir3.1 and 
Kir3.4 mRNA have been detected in the parts of the 
brain (Wickman et al., 2000; Mark & Herlitze, 2000; 
Hibino et al., 2010). A number of psychotropic and 
antidepressant drugs have been shown to inhibit the 
Kir3.1/3.4 channels including paroxetine (Kobayashi et 
al., 2006), fluoxetine (Kobayashi et al., 2003), reboxet 
ine (Kobayashi et al., 2010), atomoxetine (Kobayashi et 
al., 2010), mipramine, desipramine, amitriptyline, 
nortriptyline, clomipramine, maprotiline, citalopram 
(Kobayashi et al., 2004), and ethosuximide (Kobayashi 
et al., 2009). This suggests that the Kir3.xinhibition may 
underlie some of the therapeutic effects related to the 
CNS. As such, Kir3.1/3.4 inhibits may have utility in the 
treatment of neurological and neuropsychiatric disor 
ders diseases including pain, depression, anxiety, atten 
tion-deficit/hyperactivity disorder, and epilepsy. 

(5) Kir3.1/3.4 and Pituitary Function: 

(0019 Kir3.1 and Kir3.4 have been detected in the pitu 
itary cells of the rat (Gregerson et al., 2001; Wulfsen et 
al., 2000) where they potentially play a critical role in 
excitation-secretion coupling. As such, Kir?.1/3.4 
inhibitors could be used to modulate neuro-endocrine 
function and the secretion of pituitary hormones. How 
ever, corroborative data in man is currently lacking. 

(6) Kir3.1/3.4 and Cancer: 

0020. In addition, other reports have cloned Kir3.1 and 
Kir3.4 from human breast cancer cell line (Wagner et al., 
2010) and suggest they may be involved in cellular sig 
naling and cancer (Dhar & Plummer, III, 2006: Plum 
mer, III et al., 2004). Although additional data are 
required to establish a causal link, targeting Kir3.1/3.4 
could be useful in the treatment of breast cancer. 

0021 Nissan Chemical Industries have reported a series of 
Substituted benzopyrians as atrial-specific antiarrythmics. 
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0022. In WO 01/21610 Nissan discloses a series of ben 
Zopyran derivatives which are claimed to increase the func 
tional refractory period in an ex vivo preparation of guinea pig 
atrial tissue with potential use as atrial-specific antiarryth 

1CS 

0023. In WO 02/064581, WO 03/000675 and WO 2005/ 
080368 Nissan discloses a series of 4-amino substituted ben 
Zopyran derivatives which are claimed to selectively prolong 
the atrial refractory period in an in vivo dog model of Vagal 
induced atrial fibrillation with potential use as atrial-specific 
antiarrythmics. 
0024. In WO 2008/0004262 Nissan discloses a series of 
fused tricyclic benzopyran derivatives which are claimed to 
selectively prolong the atrial refractory period in an in vivo 
dog model of vagal-induced atrial fibrillation with potential 
use as atrial-specific antiarrythmics. 
0025. The above Nissan patents do not specify a biological 
target, but in subsequent publications (Hashimoto et al., 2008) 
compounds of these documents have been disclosed as block 
ers of the Kir3.1/3.4 channel and the IKACh cardiac current. 

0026 WO 2010/0331271 discloses a series of derivatives 
of the flavone acacetin which are claimed interalia as block 
ers of the cardiac acetylcholine-activated current (IKACh) 
with potential use as atrial-specific antiarrythmics. 
0027. In WO 2009/104819 Otsuka Pharmaceuticals dis 
closes a series of benzodiazepine derivatives which are 
claimed as blockers of the Kir3.1/3.4 channel with potential 
use as atrial-specific antiarrythmics. 
0028. Thienopyrazoles have been shown to have activity 
against Voltage-gated and ligand-gated ion channels. 
0029 Akritopolou-Zanze et al (2006) disclose a series of 
thieno 2.3-cpyrazoles as Sub-micromaolar inhibitors of 
KDR kinase. 

0030 Brotherton-Pleiss etal (2010) and the related patent 
application US2007/0037974 disclose a series of thieno 2,3- 
cpyrazoles as potent and selective analogues of the P2X3 
receptor and identify a lead compound RO-85 from this 
series. 
0031 WO2011/058766 (Raqualia Pharmaceuticals) dis 
closes a series of aryl carboxamides, including a thieno 2,3- 
cpyrazole as blockers of TTX-sensitive sodium channels for 
the treatment of neuropathic pain. 
0032. Thienopyrazoles, thienooxazoles and thienopyr 
roles have been shown to have activity against other biologi 
cal targets and disease areas. 
0033 Binder et al (1987) disclose a series of thieno,2,3- 
cloxazoles as analogues of the anticonvulsant AD-810, which 
were inactive in a mouse electroshock assay. 
0034) EP1775298 (Daiichi Asubio Pharma) discloses a 
series of thieno2.3-cpyrazoles as inhibitors of PDE7 for the 
treatment of immunological disorders. 
0035 WO2005/026984 (Aventis) discloses a series of 
thieno 2.3-cpyrazoles, which exhibit anticancer properties 
via inhibition of certain kinases. 

0036 US2011/0152243 (Abbott) discloses a series of sub 
stituted thienopyrroles with kinase inhibitory activity for the 
treatment of cancer. 

0037 US2005/074922 (Pharmacia) discloses a series of 
thieno 2.3-cpyrazoles with inhibitory activity against 
Aurora kinase for the treatment of cancer. 

0038 WO2011/006066 (Ironwood Pharmaceuticals) dis 
closes a series of thieno 2,3-bipyrroles as agonists of the 
cannabinoid receptor. 
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DISCLOSURE OF THE INVENTION 

0039. A first aspect of the invention provides a compound 
of formula (I) 

(I) 
R1 R, 

-(OOx 
A. Z 

or a pharmaceutically acceptable derivative thereof, wherein: 
0040 A is O or S: 
0041 X is selected from N, O, CR, and NR; 
0042 Z is selected from N, O, CR, and NR: 
10043) R' is selected from H, optionally substituted 

alkyl, optionally Substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

0044) R is selected from H, halo, —CN, trifluoromethyl, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
NRR, NRC(O)R’, NRS(O).R7, S(O)NR'R'', 

—CONRR, COR', optionally substituted oxazolinyl, 
- SR", S(O)R'' and S(O).R'': 

0045 R, is selected from H, halo, —CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, optionally Substituted heterocycloalkoxy, 
NRC(O)R7, NRS(O).R7, S(O)NR'R'', 
CONRR, COR7, NRR, C=C-J, option 

ally substituted cycloalkyl-J and —(NR'R')-J; 
I0046) Each of R, and R is independently selected 
from H. halo. —CN, trifluoromethyl, optionally substi 
tuted alkyl, optionally Substituted alkoxy, optionally 
substituted heterocycloalkoxy, optionally substituted 
heterocycloalkylalkyl, - NRC(O)R’, NRS(O)R’, 
—S(O)NR'R, CONRR, optionally substituted 
-alkylene-CONRR, COR7, SOR7, NR'R'', 
—C=C-J, optionally substituted cycloalkyl-J and 
(NRR)-J; 

I0047. Each of R, and Risindependently selected from 
H. —CN, trifluoromethyl, optionally substituted alkyl, 
optionally substituted heterocycloalkylalkyl, —S(O) 
NRR, CONRR, optionally substituted -alkylene 
CONRR, COR7, C(O)R’, SOR", C=C-J, and 
optionally substituted cycloalkyl-J; 

I0048 provided that at least one of R. R. and R is 
present as —C=C-J, optionally substituted 
cycloalkyl-J or —(NRR)-J, or at least one of R, and 
R is present as -C=C-J or optionally substituted 
cycloalkyl-J; 

I0049 wherein R and Rare linked to forman option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene. —NR ,-O-, or—S(O)-; 

0050. J is selected from Hand —(CR'R'' )-L-M-W. 
wherein 

0051 q is 0, 1 or 2: 
0052 L is - O - or - N(G)-; and 
0053 G is selected from hydrogen, optionally substi 
tuted alkyl and optionally substituted cycloalkyl: 

0054 M is (CR'R'') : 
0055 t is 0, 1, 2 or 3: 
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0056 Wis selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland-NRR, 

0057 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally substituted C-alkylene, and 

0.058 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-3alkylene. —NR , —O , 
or —S(O)—; 

0059 alternatively, when L= N(G)-, L, G, M and W 
may be linked to form an optionally substituted hetero 
cycloalkyl, an optionally Substituted heterocycloalk 
enyl, or an optionally Substituted heteroaryl; 

0060 Z is 0, 1 or 2: 
0061 R and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl: 

0062 R and R7 are, at each instance, independently 
selected from H and optionally substituted alkyl, or are 
linked to form an optionally substituted heterocy 
cloalkyl: 

I0063 R and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

I0064) R' and R'' are, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

I0065 R'' and R' are, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O; and 

0066) R' is optionally substituted alkyl, 
0067 wherein the optional substitutents are indepen 
dently selected from halo, trihalomethyl, trihaloethyl, 
trihalomethoxy, trihaloethoxy, OH, - NO. —CN, 
—COH, -COC-alkyl, -SOH, -SOC-alkyl, 
—SOC-alkyl, —NHSOC-alkyl, —NC 
6alkylSOC-alkyl, -SONH2. —SONHC-alkyl, 
- SON(Calkyl), -NHSONH, -NHSONHC 
6alkyl, —NHSON(Calkyl). —NC-alkylSONH2, 
—NCalkylSONHC alkyl, - NCalkylSON 
(Calkyl). —C(=O)H, —C(=O)Calkyl, - NHC 
(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O) 
NH = C(=O)NHC-alkyl, —C(=O)N(Calkyl). 
NHC(=O)NH, -NHC(=O)NHCalkyl, NHC 

(=O)N(Calkyl). —NC-alkylC(=O)NH2, NC. 
6alkylC(=O)NHC alkyl, - NCalkylC(=O)N(C. 
6alkyl), —C(=NH)NH2. —C(=NH)NHC-alkyl, 
—C(=NH)N(Calkyl). —C(=NCalkyl)NH, 
—C(=NCalkyl)NHC alkyl, —C(=NC-alkyl)N 
(Cigalkyl). —C-galkyl, -Ca-cycloalkyl, -Caghet 
erocycloalkyl, 2-imidazolidinon-3-yl, 1-C alkyl-2- 
imidazolidinon-3-yl, CalkylCheterocycloalkyl, 
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aryl, haloaryl, Calkoxyaryl, —Calkylene 
NHSOC-alkyl, —Calkylene-NC-alkylSOCl. 
6alkyl, -Calkylene-SONH2, —Calkylene 
SONHC alkyl, —Calkylene-SON(Calkyl). 
—Z'H, —Z-C-alkyl, -Calkylene-Z'H, -Z'- 
C-cycloalkyl, or —C(=O)NHC alkylene-ZTH 
wherein Z is independently O, S, NH or N(Calkyl). 

0068. In one embodiment, A is S and Z is N. In a further 
embodiment, A is S and Z is NR. In a further embodiment, 
X is N. In a further embodiment, R' is phenyl. In a further 
embodiment, R is selected from H. trifluoromethyl, substi 
tuted alkyl, optionally substituted alkoxy, NRR, NRC 
(O)R7, S(O)NR'R, CONRR, COR7, optionally 
substituted oxazolinyl, - SR'', -S(O)R'' and -S(O).R''. 
Inafurther embodiment, R, is selected from trifluoromethyl, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted heterocycloalkoxy, NRC(O)R’. 
NRS(O).R7, S(O)NR'R, CONRR, COR7, 

—NRR, optionally substituted cycloalkyl-J and 
—(NR'R'')-J. In a further embodiment, R is selected from 
H. —CN, trifluoromethyl, optionally substituted alkyl, 
optionally substituted heterocycloalkylalkyl, —S(O) 
NRR, CONRR, optionally substituted -alkylene 
CONRR, COR7, -C(O)R’, -SOR", and optionally 
substituted cycloalkyl-J. In a further embodiment, R is 
selected from H, optionally substituted alkyl, —C(O)R’, and 
—SOR". In a further embodiment, R, is-(NR'R')-J and J 
is —(CR'R'')q-L-M-W. Inafurther embodiment, q is 0 or 1. 
In a further embodiment, q is 1. In a further embodiment, t is 
0, 1 or 2. In a further embodiment, t is 2. In a further embodi 
ment, L is O, or, in an alternative embodiment, L is —N(G)-. 
Inafurther embodiment, RandR' are, at eachinstance, H. 
In a further embodiment, W is optionally substituted hetero 
cycloalkyl. 
0069. A second aspect of the invention provides a phar 
maceutical composition comprising at least one compound of 
formula (I) and, optionally, one or more pharmaceutically 
acceptable excipients. 
0070 A third aspect of the invention provides a compound 
of formula (I) or a composition comprising at least one com 
pound of formula (I) for use in therapy. 
0071. A fourth aspect of the invention provides a method 
for the treatment of a disease or condition that is mediated by 
K3.1 and/or K3.4 or any heteromultimers thereof, or that 
requires inhibition of K3.1 and/or K3.4 or any heteromul 
timers thereof, comprising administering to a Subject an 
effective amount of at least one compound of formula (I) or 
composition comprising at least one compound of formula 
(I). 
0072 A fifth aspect of the invention provides a compound 
of formula (I) or a composition comprising at least one com 
pound of formula (I) for use in a method for the treatment of 
a disease or condition that is mediated by K.3.1 and/or K3.4 
or any heteromultimers thereof, or that requires inhibition of 
K3.1 and/or K3.4 or any heteromultimers thereof, com 
prising administering to a subject an effective amount of at 
least one compound of formula (I) or composition comprising 
at least one compound of formula (I). 
0073. A sixth aspect of the invention provides the use of a 
compound of formula (I) for the manufacture of a medica 
ment for use in the treatment of a disease or condition that is 
mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof. 
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0074 As discussed above, inhibition of K3.1 and/or 
K3.4 (or heteromultimers thereof) has implications in: 

0075 the diagnosis and treatment of cardiovascular dis 
eases, such as atrial fibrillation (AF), atrial flutter (AFL), 
atrioventricular (AV) dysfunction and sinoatrial node 
(SAN) dysfunction; 

0.076 the prevention of recurrence of supraventriclar 
arrhythmias including AF and AFL: 

0.077 the maintenance of sinus rhythm: 
0078 the termination and cardioversion of supraventri 
clar arrhythmias; 

0079 the treatment of sinus node dysfunction; 
0080 the treatment of AV node dysfunction, including 
AV block; 

0081 the treatment of conduction dysfunction; 
0082 the prevention or reversal of atrial structural and 
ionic remodeling; 

0.083 the prevention of thrombosis, thromboembolism 
and thromboembolic diseases, such as stroke, myocar 
dial infarction, and peripheral vascular diseases; 

0084 the improvement of cardiac contractility; 
0085 the treatment of metabolic diseases, such as dia 
betes mellitus; 

0.086 the modulation of neuro-endocrine function: 
0.087 the modulation of the secretion of pituitary hor 
mones; 

0088 the treatment of neurological and neuropsychiat 
ric disorders. Such as pain, depression, anxiety, attention 
deficit/hyperactivity disorder and epilepsy; and 

0089 the treatment of cancer, such as breast cancer. 

DETAILED DESCRIPTION OF THE INVENTION 

0090. At various places in the present specification, sub 
stituents of compounds of the invention are disclosed in 
groups or in ranges. It is specifically intended that the inven 
tion include each and every individual subcombination of the 
members of Such groups and ranges. For example, the term 
“C. alkyl is specifically intended to individually disclose 
methyl, ethyl, C alkyl, C alkyl, Cs alkyl, and C alkyl. 
0091 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 defining the vari 
able. For example, where a structure is described having two 
R groups that are simultaneously present on the same com 
pound; the two R groups can represent different moieties 
selected from the Markush group defined for R. 
0092. 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. 

0093. However, combinations of features are permissible 
only if such combinations result in stable compounds. Com 
pounds of the invention are typically stable and isolatable at 
room temperature and pressure. A 'stable' compound is Suf 
ficiently robust to survive isolation to a useful degree of purity 
from a reaction mixture, and formulation into an efficacious 
therapeutic agent. 
0094. As is clear from formula (I), the core ring system of 
the claimed compounds, which contains A, X and Z, is aro 
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matic. Therefore, combinations of X and Z that result in 
non-aromatic rings are not covered by formula (I). Specifi 
cally: 

0095 if X is N or CR, then Z is not N or CR, and 
0096 if X is O or NR, then Z is not O or NR. 

0097. In one embodiment, A is S. In another embodiment, 
A is O. 
0098. In one embodiment, Z is O and X is N. In another 
embodiment, Z is N and X is NR,. In another embodiment, 
Z is NR and X is N. 
0099. In a specific embodiment, A is S. Z is NRand X is 
N, i.e. the compounds are thienopyrazoles. 
0100. In one embodiment, at least one of R. RandR, 

is present as optionally substituted cycloalkyl-J or 
—(NR'R')-J, and/or at least one of R, and R is present as 
optionally substituted cycloalkyl-J. In another embodiment, 
at least one of R. R., and R, is present as —(NR'R')-J, 
and/or at least one of R, and R is present as optionally 
substituted cycloalkyl-J. In another embodiment, at least one 
of R. R. and Rn is present as —(NR'R')-J. 
I0101. In one embodiment, R, is selected from H, halo, 
—CN, trifluoromethyl, optionally substituted alkyl, option 
ally substituted alkoxy, NRC(O)R’, NRS(O)R’, 
S(O)NR'R, CONRR, COR7, NRR, 

—C=C-J, optionally substituted cycloalkyl-J and 
—(NR'R'')-J. In another embodiment, R, is selected from 
trifluoromethyl, optionally substituted alkyl, optionally sub 
stituted alkoxy, optionally Substituted heterocycloalkoxy, 
NRC(O)R7, NRS(O).R7, S(O)NR'R'', 

—CONRR, COR7, NRR, optionally substituted 
cycloalkyl-Jand—(NR'R')-J. In another embodiment, R, is 
selected from H. —(NRR)-J, optionally substituted 
cycloalkyl-J and -C=C-J. In another embodiment, R, is 
selected from —(NRR)-J, and -C=C-J. In another 
embodiment, R, is selected from —(NR'R')-J, and option 
ally substituted cycloalkyl-J. In another embodiment, R, is 
—(NR'R')-J. In another embodiment, R, is —(NR'R')-J 
and J is (CR'R'')-L-M-W. 
0102) In one embodiment, each of R, and R is inde 
pendently selected from H. halo. —CN, trifluoromethyl, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
NRC(O)R7, NRS(O).R7, S(O)NR'R', 
CONRR, COR7, SOR", NR'R'', C=C-J, 

optionally substituted cycloalkyl-J and —(NR'R')-J. In 
another embodiment, each of R, and R, is independently 
selected from H, halo. —CN, trifluoromethyl, optionally sub 
stituted alkyl, optionally Substituted alkoxy, optionally Sub 
stituted heterocycloalkoxy, optionally substituted heterocy 
cloalkylalkyl, - NRC(O)R’, NRS(O)R’, S(O) 
NRR, CONRR, optionally substituted -alkylene 
CONRR, COR7, SOR7, NR'R'', optionally 
substituted cycloalkyl-J and —(NR'R')-J. In another 
embodiment, each of R, and R, is independently selected 
from H. halo. —CN, trifluoromethyl, optionally substituted 
alkoxy, optionally Substituted heterocycloalkoxy, optionally 
substituted heterocycloalkylalkyl, - NRC(O)R’, NRS 
(O).R.—S(O)NR'R, CONRR, optionally substituted 
-alkylene-CONRR, COR7, SOR7, NR'R'', 
—C=C-J, optionally substituted cycloalkyl-J and 
—(NR'R')-J. In another embodiment, each of R, and R, 
is independently selected from H, -NR'R'', -C=C-J, 
optionally substituted cycloalkyl-J and —(NR'R')-J. In one 
embodiment, each of R, and Rn is independently selected 
from H, -NR'R'', -C=C-J and -(NR'R')-J. In another 
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embodiment, R, and Rn, are H. In another embodiment, 
R, and R, are independently selected from -C=C-J, 
optionally substituted cycloalkyl-J and —(NR'R'')-J. In 
another embodiment, R, and Rare selected from option 
ally substituted cycloalkyl-J and —(NR'R')-J. In another 
embodiment, R, and R, are —(NR'R')-J. 
(0103) In one embodiment, each of R, and R is inde 
pendently selected from H. —CN, trifluoromethyl, optionally 
substituted alkyl, -S(O)NR'R, CONRR, COR", 
—C(O)R’, -SO.R.", -C=C-J, and optionally substituted 
cycloalkyl-J In another embodiment, each of R, and R is 
independently selected from H. —CN, trifluoromethyl, 
optionally substituted alkyl, optionally substituted heterocy 
cloalkylalkyl, -S(O)NR'R, CONRR, optionally sub 
stituted -alkylene-CONRR, COR", C(O)R’, 
—SO.R. and optionally substituted cycloalkyl-J. In another 
embodiment, each of R, and R is independently selected 
from H. —CN, trifluoromethyl, optionally substituted hetero 
cycloalkylalkyl, -S(O)NR'R, CONRR, optionally 
substituted -alkylene-CONRR, -COR7, C(O)R’, 
—SOR". —C=C-J, and optionally substituted cycloalkyl-J. 
In another embodiment, each of R, and R is indepen 
dently selected from H. —C=C-J, and optionally substituted 
cycloalkyl-J. In one embodiment, each of R, and R is 
independently selected from H, and —C=C-J. In another 
embodiment, R, and R are independently selected from 
—C=C-J, and optionally substituted cycloalkyl-J. In another 
embodiment, each of R, and R is independently selected 
from H, optionally substituted alkyl, -C(O)R’, and 
—SO.R. In another embodiment, R is selected from H, 
optionally substituted alkyl, —C(O)R’, and —SOR". 
I0104. In one embodiment, R' is selected from optionally 
Substituted alkyl, optionally Substituted cycloalkyl, option 
ally substituted aryl, and optionally substituted heteroaryl In 
another embodiment, R' is selected from optionally substi 
tuted alkyl, optionally substituted heteroaryl and optionally 
substituted aryl. In another embodiment, R' is selected from 
optionally substituted alkyl and optionally substituted aryl. In 
another embodiment, R' is selected from optionally substi 
tuted heteroaryl and optionally substituted aryl. In another 
embodiment, R' is selected from optionally substituted alkyl 
and optionally substituted phenyl. In another embodiment, R' 
is selected from optionally substituted methyl, optionally 
Substituted ethyl, optionally Substituted i-propyl, and option 
ally substituted phenyl. In another embodiment, R' is selected 
from methyl, ethyl, i-propyl, and phenyl, wherein phenyl is 
optionally substituted by one or more of halo, NO and 
—SON(Calkyl). In another embodiment, R is selected 
from methyl, ethyl, i-propyl, and phenyl, wherein phenyl is 
optionally substituted by one or more of F, NO, and 
—SO.NMe. In another embodiment, R' is optionally sub 
stituted phenyl. In another embodiment, R' is phenyl. In 
another embodiment, R' is substituted phenyl. In another 
embodiment, R' is selected from methyl, ethyl and i-propyl. 
In embodiments in which R" is substituted phenyl, it may be 
substituted at the 2-, 3-, 4-, 5- and/or 6-position(s). In one 
embodiment, R' is 2-substituted phenyl and in a further 
embodiment, the 2-substituent is methoxy. 
0105 R is selected from H, halo, —CN, trifluoromethyl, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
NRR, NRC(O)R7, NRS(O).R7, S(O)NR'R'', 

- CONRR, and – COR7. In one embodiment, R is 
selected from halo. —CN, trifluoromethyl, optionally substi 
tuted alkyl, optionally substituted alkoxy, NRR, NRC 
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(O)R7, NRS(O).R', S(O)NR'R, CONRR, 
—COR7, optionally substituted oxazolinyl, - SR", S(O) 
R'' and S(O).R''. In another embodiment, R is selected 
from H. halo. —CN, trifluoromethyl, optionally substituted 
alkyl, optionally substituted alkoxy, NRR, NRC(O) 
R7, S(O)NR'R, CONRR, COR7, optionally sub 
stituted oxazolinyl, -SR'', -S(O)R'' and -S(O).R''. In 
another embodiment, R is selected from H, trifluoromethyl, 
substituted alkyl, optionally substituted alkoxy, NRR, 
NRC(O)R’, S(O)NR'R, CONRR, COR7, 

optionally substituted oxazolinyl, - SR'', S(O)R'' and 
—S(O).R''. In another embodiment, R is selected from H, 
halo, CN, optionally substituted alkyl, - NRR, NRC 
(O)R’, and –CONRR. In another embodiment, R is 
selected from H. halo. —CN, optionally substituted methyl, 
ethyl, and i-propyl, - NRR, NRC(O)R’, and 
—CONR'R''. In another embodiment, R is selected from H, 
bromo, CN, methyl, ethyl, i-propyl, - NRR, NRC 
(O)R’, and –CONRR. In another embodiment, R is 
selected from H, -NRC(O)R’, and – CONR'R''. In 
another embodiment, R is selected from Hand-CONRR. 
In another embodiment, R is H. In one embodiment, option 
ally substituted oxazolinyl is optionally substituted 2-ox 
aZolinyl. 
0106. In a specific embodiment, R' is phenyl and R is H. 
I0107 R and Rare linked to form an optionally substi 
tuted 4 to 7 membered heterocycloalkyl ring, which is option 
ally bridged by a bond, optionally substituted C-alkylene, 
—NR , -O-, or -S(O)-. J may be attached to any 
atom on the ring or, if present, the bridge. In one embodiment, 
NR'R' forms an optionally bridged, optionally substituted 
heterocycloalkyl selected from the group consisting of aze 
tidinyl, pyrrolidinyl, piperidinyl, morpholinyl, tetrahydro-1, 
3-oxazinyl, piperazinyl, hexahydropyrimidinyl, 14-thiaza 
nyl, azepanyl, 1,4-oxaazepanyl, 1,4-thieazepanyl and 1,4- 
diazepanyl. In one embodiment, NR'R' forms an optionally 
bridged, optionally substituted ring of formula (II): 

C, 
olo 

wherein 
n is 0, 1 or 2; 

(II) 

D is selected from —CH2—, —CHJ-, - O - N(H)—and 
—N(J)-. 
0108. In one embodiment, D is selected from —CHJ- and 
—N(J)-. In one embodiment, n is 0 or 1. In one embodiment, 
n is 1. In another embodiment, n is 0. 
0109. In one embodiment, NR'R' is optionally bridged by 
bond, —CH2—, —CH - or —CHJ-. In another embodi 
ment, NR'R' is optionally bridged by bond, —CH or 
—CHJ-. In another embodiment, NR'R' is bridged by bond, 
—CH2—, —CH - or —CHJ-. In another embodiment, 
NR'R' is bridged by bond, —CH or —CHJ-. In another 
embodiment, NR'R' is not bridged. 
I0110. In one embodiment, NR'R' is selected from option 
ally substituted pyrrolidinyl, optionally substituted piperidi 
nyl, optionally substituted morpholinyl, optionally Substi 
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tuted piperazinyl, optionally Substituted azabicyclohexanyl. 
optionally substituted azabicycloheptanyl, and optionally 
Substituted azabicyclooctanyl. In another embodiment, 
NR'R' is selected from optionally substituted pyrrolidinyl, 
optionally substituted piperidinyl, optionally substituted 
morpholinyl, optionally substituted piperazinyl, optionally 
substituted azabicyclo[3.1.0 hexanyl, optionally substituted 
aZabicyclo2.2.1]heptanyl, and optionally substituted azabi 
cyclo[3.2.1]octanyl. In another embodiment, NR'R' is 
selected from optionally substituted pyrrolidinyl, optionally 
substituted piperidinyl, optionally substituted morpholinyl, 
optionally substituted piperazinyl, optionally Substituted 
3-azabicyclo[3.1.0 hexanyl, optionally substituted 2-azabi 
cyclo2.2.1]heptanyl, and optionally Substituted 8-azabicy 
clo[3.2.1]octanyl. In another embodiment, NR'R' is selected 
from optionally substituted pyrrolidinyl, piperidinyl, mor 
pholinyl, piperazinyl, and 3-azabicyclo3.1.0 hexanyl. In 
another embodiment, NR'R' is selected from pyrrolidinyl, 
piperidinyl, piperazinyl, and 3-azabicyclo3.1.0 hexanyl. In 
another embodiment, NR'R' is selected from pyrrolidinyl, 
piperidinyl, and piperazinyl. In another embodiment, NR'R'' 
is selected from pyrrolidinyl and piperidinyl. In one embodi 
ment, NR'R' is pyrrolidinyl. In another embodiment, NR'R'' 
is piperidinyl. 
0111 J may be attached to any atom on the ring or, if 
present, the bridge. In one embodiment, NR'R' is pyrrolidi 
nyl and J is present at the 3-position. In another embodiment, 
NR'R' is piperidinyl and J is present at the 4-position. 
0112. In one embodiment, J is -(CR'R'')-L-M-W. In 
another embodiment, J is H. In another embodiment, if more 
than one J group is present, then, in at least one instance J is 
present as —(CR'R'' )-L-M-W. 
0113. In one embodiment, q is 0 or 1. In one embodiment, 
q is 1 or 2. In another embodiment, q is 0 or 2. In another 
embodiment, q is 0. In another embodiment, q is 1. In another 
embodiment, q is 2. In another embodiment, q is 1 or 2 and 
R'' and R' are independently selected from Hand alkyl. In 
another embodiment, q is 1 or 2 and R'' and R' are both H. 
In another embodiment, q is 1 and R'' and R' are both H. 
0114. In one embodiment, L is O. In another embodiment, 
L is —N(G)-. 
0.115. In one embodiment, L is —N(G)- and L. G. Mand 
W may be linked to form an optionally substituted heterocy 
cloalkyl. In one embodiment, L is N(G)- and L. G. Mand 
W are linked to form an optionally substituted heterocy 
cloalkyl. In another embodiment, L is —N(G)- and L. G. M 
and W are linked to form optionally substituted azetidinyl, 
optionally substituted pyrrolidinyl, optionally substituted 
piperidinyl or optionally substituted morpholinyl. In another 
embodiment, L is —N(G)- and L. G. M and W are linked to 
form aZetidinyl, pyrrolidinyl, piperidinyl or morpholinyl, 
wherein each of pyrrolidinyl, piperidinyl and morpholinyl is 
optionally Substituted by one or more groups selected from 
halo, trihalomethyl, -OH, -Calkyl, —O—Calkyl, 
—N(Calkyl). —Calkylene-OH, aryl, haloaryl. 
—C(=O)NH2 and —Cheterocycloalkyl. In another 
embodiment, L is —N(G)- and L. G. M and W are linked to 
form pyrrolidinyl, piperidinyl or morpholinyl substituted by 
one or more groups selected from pyrrolidinyl, -OH, - F. 
-Me, —OMe, —CHOH, -CF, NMe, phenyl, F-phenyl, 
CONH. 

0116. In one embodiment, G is selected from hydrogen, 
and optionally substituted alkyl. In another embodiment, G is 
selected from H, optionally substituted methyl and optionally 
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substituted ethyl. In another embodiment, G is selected from 
H. methyl and ethyl, wherein ethyl is optionally substituted 
by —OH or —O Calkyl. In another embodiment, G is 
selected from H. methyl and ethyl, wherein ethyl is optionally 
substituted by —OH or —O-Me. In another embodiment, G 
is selected from H and methyl. 
0117. In one embodiment, t is 0, 1 or 2. In another embodi 
ment, t is 0. In another embodiment, t is 1. In another embodi 
ment, t is 2. In another embodiment, t is 3. In another embodi 
ment, M is selected from bond, -(CH2)— —(CH) , 
—(CH) , -cycloalkyl-, -CHOH-CH , —CH2— 
CHOH , —CH2—C(alkyl)-, —(CH)—C(=O)—, 
—C(=O)—(CH)—. In another embodiment, M is selected 
from bond, —(CH)— —(CH) , —(CH) , -cyclo 
pentyl-, -CHOH-CH , —CH2—C(Me)-,-(CH)—C 
(=O)—. In another embodiment, M is selected from bond, 
(CH2)— —(CH2) - and —(CH2). 

0118. In one embodiment, W is selected from the group 
consisting of Substituted alkyl, alkoxy, alkenyl, cycloalkyl, 
optionally substituted heterocycloalkyl, aryl, heteroaryl. In 
another embodiment, W is selected from substituted alkyl, 
alkoxy, cyclopropyl, cyclobutyl, optionally Substituted pyr 
rolidinyl, optionally substituted piperidinyl, optionally sub 
stituted piperazinyl, optionally Substituted morpholinyl, tet 
rahydrofuran, furan, thiophene, phenyl, and pyridine. In 
another embodiment, W is selected from alkyl substituted by 
one or more groups selected from halo, —OH, -NH2, and 
—N(Calkyl), alkoxy, cyclopropyl, cyclobutyl, pyrrolidi 
nyl, piperidinyl, piperazinyl, morpholinyl, tetrahydrofuran, 
furan, thiophene, phenyl, and pyridine, wherein each of pyr 
rolidinyl, piperidinyl, piperazinyl, and morpholinyl is option 
ally Substituted by one or more groups selected from halo, 
Calkyl, —C(=O)Calkyl, -COC-alkyl, —N(C. 
6alkyl), NHC(=O)Calkyl, —C(=O)NH2, and—O. In 
another embodiment, W is selected from alkyl substituted by 
one or more groups selected from —F. —OH, -NH2, and 
—N(Me), alkoxy, cyclopropyl, cyclobutyl, pyrrolidinyl, 
piperidinyl, piperazinyl, morpholinyl, tetrahydrofuran, furan, 
thiophene, phenyl, and pyridine, wherein each of pyrrolidi 
nyl, piperidinyl, piperazinyl, and morpholinyl is optionally 
substituted by one or more groups selected from —F, -Me, 
-Et, -iPr, C(=O)Ne, -CO,t}Bu, -NHC(=O)Ne, 
—C(=O)NH2, and —O. In another embodiment, W is 
selected from cyclopropyl, cyclobutyl, pyrrolidinyl, and pip 
eridinyl, wherein each of pyrrolidinyl and piperidinyl is 
optionally substituted by one of-Me, -Et and -iPr. In another 
embodiment, W is selected from pyrrolidinyl, and piperidi 
nyl, wherein each of pyrrolidinyl and piperidinyl is optionally 
substituted by one of-Me, -Etand-iPr. In one embodiment, W 
is 1-methylpyrrolidin-2-yl. 
0119. In one embodiment, Z is 0. In another embodiment, 
Z is 1. In another embodiment, Z is 2. 
0120 In one embodiment, Rand Rare, at each instance, 
independently selected from H and optionally substituted 
alkyl, or are linked to form an optionally substituted hetero 
cycloalkyl. In another embodiment, R and Rare, at each 
instance, independently selected from H., optionally Substi 
tuted methyl, optionally substituted ethyl, optionally substi 
tuted i-propyl, and optionally Substituted pyrrolidinyl. In 
another embodiment, R and Rare, at each instance, inde 
pendently selected from H. methyl, ethyl, i-propyl, and pyr 
rolidinyl optionally substituted by —O. 
0121 R and R7 are, at each instance, independently 
selected from H and optionally substituted alkyl, or, in the 
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groups - NRC(O)R’, NRS(O).R7, may be linked to 
form an optionally substituted heterocycloalkyl. 
I0122) In one embodiment, Ris, at eachinstance, indepen 
dently selected from H and optionally substituted alkyl. In 
another embodiment, R is H. 
(0123. In one embodiment, Ris, at eachinstance, indepen 
dently selected from Hand optionally substituted alkyl. In 
another embodiment, R is alkyl. In another embodiment, R' 
is methyl. 
(0.124. In one embodiment, Rand Rare, at each instance, 
independently selected from optionally substituted alkyl, 
optionally substituted aryl, optionally substituted heteroaryl, 
and optionally substituted cycloalkyl. In another embodi 
ment, Rand Rare, at each instance, independently selected 
from optionally substituted alkyl, and optionally substituted 
cycloalkyl. In another embodiment, Rand Rare, at each 
instance, independently selected from optionally Substituted 
aryl, optionally Substituted heteroaryl, and optionally Substi 
tuted cycloalkyl. 
(0.125. In one embodiment, R'' and R'' are, at each 
instance, independently selected from H., optionally Substi 
tuted alkyl, optionally substituted aryl, optionally substituted 
heteroaryl, and optionally Substituted cycloalkyl. In another 
embodiment, R'' andR'' are, at eachinstance, independently 
selected from H., optionally substituted alkyl, and optionally 
substituted cycloalkyl. In another embodiment, R'' and R' 
are, at each instance, independently selected from H., option 
ally substituted methyl, optionally substituted ethyl, and 
optionally substituted i-propyl. In another embodiment, R' 
and R'' are, at each instance, independently selected from 
optionally substituted methyl, optionally substituted ethyl, 
and optionally substituted i-propyl. In another embodiment, 
R'' and R'' are, at eachinstance, independently selected from 
H. methyl, ethyl, and i-propyl, wherein each of methyl, ethyl, 
and i-propyl is optionally substituted by one or more of 
—OH, -O-C-alkyl, -Cecycloalkyl, —Cheterocy 
cloalkyland-C(=O)NH2. In another embodiment, R'' and 
R'' are, at each instance, independently selected from H. 
methyl, ethyl, and i-propyl, wherein each of methyl, ethyl, 
and i-propyl is optionally substituted by one or more of 
—OH, -OMe, cyclopropyl pyrrolidinyl and —C(=O)NH2. 
In another embodiment, R'' and R'' are, at each instance, 
independently selected from H. methyl, ethyl, and i-propyl. 
wherein each of methyl, ethyl, and i-propyl is substituted by 
one or more of —OH, -OMe, cyclopropyl pyrrolidinyl and 
—C(=O)NH2. In one embodiment, R' is H. 
I0126. In one embodiment, R'' is H and R' is, at each 
instance, independently selected from hydroxy, and option 
ally substituted alkyl, or R'' and R' are linked to form an 
optionally Substituted cycloalkyl ring, or together form =O. 
In another embodiment, R'' and R' are, at each instance, 
independently selected from H., hydroxy, and optionally sub 
stituted alkyl. In another embodiment, R'' and R' are, at 
each instance, independently selected from H., hydroxy, 
optionally substituted methyl, and optionally substituted 
ethyl. In another embodiment, R'' and R' are, at each 
instance, H. 
I0127. In one embodiment, R'' is alkyl. In another embodi 
ment, R'' is methyl. 

Specific Embodiments 
0128. In one embodiment, 

0129. A is O or S; 
0.130 X is selected from N, O, CR, and NR: 
0131 Z is selected from N, O, CR, and NR: 

wherein if X is CR, then Z is not CR: 
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(0132) R' is selected from H, optionally substituted 
alkyl, optionally Substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

(0.133 R’ is selected from H, halo, CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, NRR, NRC(O)R7, NRS(O) 
R7, S(O)NR'R, CONRR, COR7; 

10134) R, is selected from H, halo, —CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, NRC(O)R’, NRS(O)R’, S(O) 
NRR, CONRR, COR7, NRR, C=C- 

J, optionally substituted cycloalkyl-J and —(NR'R')-J; 
I0135) Each of R, and R, is independently selected 
from H. halo. —CN, trifluoromethyl, optionally substi 
tuted alkyl, optionally substituted alkoxy, NRC(O) 
R7, NRS(O).R7, S(O)NR'R, CONRR, 
—COR7, -SOR", NR'R''-C=C-J, optionally 
substituted cycloalkyl-J and —(NR'R')-J; 

I0136. Each of R, and R is independently selected 
from H. —CN, trifluoromethyl, optionally substituted 
alkyl, S(O)NR'R, CONRR, COR7, C(O) 
R", -SOR" -C=C-J, and optionally substituted 
cycloalkyl-J; 

I0137 provided that at least one of R. R. and R is 
present as —C=C-J, optionally substituted 
cycloalkyl-J or —(NRR)-J, or at least one of R, and 
R is present as -C=C-J or optionally substituted 
cycloalkyl-J; 

I0138 wherein Rand Rare linked to forman option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene. —NR ,-O-, or—S(O)-; 

0.139. J is selected from Hand —(CR'R'' )-L-M-W. 
wherein 

(O140 q is 0, 1 or 2: 
0141 L is —O— or N(G)-; and 
0.142 G is selected from hydrogen and optionally sub 
stituted alkyl: 

0.143 M is (CR'R'') : 
0144 t is 0, 1, 2 or 3: 
0145 W is selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland - NRR, 

0146 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally substituted C-alkylene, and 

0147 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-3alkylene. —NR , —O , 
or —S(O)—; 

alternatively, when L= N(G)-, L. G. MandW may be linked 
to forman optionally Substituted heterocycloalkyl, an option 
ally substituted heterocycloalkenyl, or an optionally substi 
tuted heteroaryl; 

0148 Z is 0, 1 or 2: 
I0149 R and Rare, at each instance, independently 

selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl; 
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I0150 R is, at each instance, independently selected 
from H and optionally substituted alkyl: 

I0151) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

0152 R and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally Substituted cycloalkyl; and 

I0153 R'' and R'' are, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally Substituted cycloalkyl; and 

0154) R'' and R' are, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O. 

0.155 wherein the optional substituents are indepen 
dently selected from halo, trihalomethyl, trihaloethyl, 
—OH, - NO. —CN, —COH, -COC-alkyl, 
—SOH, —SOC-alkyl, —SOC-alkyl, 
—NHSOC-alkyl, -SONH, SONHC alkyl, 
—SON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, NCalkylC(=O)Calkyl, 
—O. —N(Calkyl). —C(=O)NH2. —C(=O) 
NHC alkyl, —C(=O)N(Calkyl). —Calkyl, 
—Cecycloalkyl, —Cheterocycloalkyl, aryl, 
haloaryl, -ZTI, —Z Calkyl, -Calkylene-ZTI 
or—Z C-cycloalkyl, wherein Z is independently O, 
S, NH or N(Calkyl). 

0156. In one embodiment, 
O157 A is S; 
0158 X is N: 
0159) Z is NR; 
(0160 R' is selected from H., optionally substituted 

alkyl, optionally substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

(0161 R is selected from H, halo, CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, NRR, NRC(O)R7, NRS(O) 
R7, S(O)NR'R, CONRR, COR7, 
optionally substituted oxazolinyl, - SR", S(O)R'' 
and—S(O).R'': 

(0162 R, is selected from H, halo, —CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, optionally Substituted heterocycloalkoxy, 
NRC(O)R7, NRS(O).R7, S(O)NR'R, 
CONRR, COR7, NRR, C=C-J, option 

ally substituted cycloalkyl-J and —(NR'R')-J; 
(0163 R is selected from H, CN, trifluoromethyl, 

optionally substituted alkyl, optionally substituted het 
erocycloalkylalkyl, -S(O)NR'R, CONRR, 
optionally substituted -alkylene-CONRR, CO.R.", 
—C(O)R’, -SO.R. -C=C-J, and optionally substi 
tuted cycloalkyl-J; 

(0164) provided that R, is present as -C=C-J, option 
ally substituted cycloalkyl-J or —(NR'R')-J, or R is 
present as —C=C-J or optionally substituted 
cycloalkyl-J; 

(0165 wherein R* and Rare linked to form an option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene, -NR , -O-, or—S(O)-; 

(0166 J is selected from Hand —(CR'R'') -L-M-W. 
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wherein 
(0167 q is 0, 1 or 2: 
0168 L is —O— or N(G)-; and 
0169 G is selected from hydrogen, optionally substi 
tuted alkyl and optionally substituted cycloalkyl: 

(0170 M is (CR'R') : 
(0171 t is 0, 1, 2 or 3: 
0172 Wis selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland—NRR, 

(0173 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally substituted C-alkylene, and 

0.174 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-alkylene. —NR , —O , 
or —S(O) ; alternatively, when L= N(G)- L. G. M 
and W may be linked to form an optionally substituted 
heterocycloalkyl, an optionally Substituted heterocy 
cloalkenyl, or an optionally Substituted heteroaryl; 

(0175 Z is 0, 1 or 2: 
(0176) R' and Rare, at each instance, independently 

selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl; 

(0177) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

(0178) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

(0179 R and R are, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

0180 R'' and Rare, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O; and 

(0181) R' is optionally substituted alkyl, 
wherein the optional substitutents are independently selected 
from halo, trihalomethyl, trihaloethyl, trihalomethoxy, triha 
loethoxy, —OH, - NO. —CN, COH, -COC-alkyl, 
—SOH, -SOC-alkyl, - SOC-alkyl, —NHSOC, 
6alkyl, —NC-alkylSOC-alkyl, —SONH2, 
—SONHC alkyl, -SON(Calkyl). —NHSONH2, 
—NHSONHC-alkyl, —NHSON(Calkyl). —NC. 
6alkylSONH, NCalkylSONHC alkyl, NC. 
6alkylSON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O)NH2, 
—C(=O)NHC alkyl, —C(=O)N(Calkyl), NHC 
(=O)NH, -NHC(=O)NHC-alkyl, - NHC(=O)N(C. 
6alkyl), NC-alkylC(=O)NH2. —NCalkylC(=O) 
NHC alkyl, —NC-alkylC(=O)N(Calkyl). 
—C(=NH)NH2, C(=NH)NHC alkyl, -C(=NH)N 
(Calkyl). —C(=NCalkyl)NH2. —C(=NC-alkyl) 
NHC alkyl, -C(=NCalkyl)N(Calkyl), —C. 
6alkyl, —Cecycloalkyl, —Cheterocycloalkyl, 
2-imidazolidinon-3-yl, 1-C alkyl-2-imidazolidinon-3-yl, 
CalkylCheterocycloalkyl, aryl, haloaryl, 
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Calkoxyaryl, -Z'H, -Z Coalkyl, -C-alkylene 
ZTH, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
Z'H wherein Z is independently O, S, NH or N(Calkyl). 
0182. In one embodiment, 

0183) A is S; 
0184 X is N: 
0185 Z is NR; 
0186) R' is selected from H, optionally substituted 
alkyl, optionally substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

0187 R’ is selected from H, trifluoromethyl, substi 
tuted alkyl, optionally substituted alkoxy, NRR, 
NRC(O)R’, S(O)NR'R'', CONRR, 

—CO.R., optionally substituted oxazolinyl, -SR'', 
S(O)R and S(O).R'': 

0188 R, is selected from H, halo, —CN, trifluorom 
ethyl, optionally substituted alkyl, optionally substi 
tuted alkoxy, optionally Substituted heterocycloalkoxy, 
NRC(O)R7, NRS(O).R7, S(O)NR'R, 
CONRR, COR7, NRR, C=C-J, option 

ally substituted cycloalkyl-J and —(NR'R')-J; 
(0189 R is selected from H, CN, trifluoromethyl, 

optionally substituted alkyl, optionally substituted het 
erocycloalkylalkyl, -S(O)NR'R, CONRR, 
optionally substituted -alkylene-CONRR, CO.R.", 
—C(O)R’, -SO.R. -C=C-J, and optionally substi 
tuted cycloalkyl-J; 

(0190 provided that R, is present as -C=C-J, option 
ally substituted cycloalkyl-J or -(NR'R')-J, or R is 
present as —C=C-J or optionally substituted 
cycloalkyl-J; 

(0191) wherein R* and Rare linked to form an option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene, -NR , -O-, or—S(O)-; 

(0192 J is selected from Hand —(CR'R'') -L-M-W. 
wherein 

(0193 q is 0, 1 or 2: 
0194 L is —O— or N(G)-; and 
0.195 G is selected from hydrogen, optionally substi 
tuted alkyl and optionally substituted cycloalkyl: 

(0196) M is (CR'R') : 
0.197 t is 0, 1, 2 or 3: 
0198 W is selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland—NRR, 

(0199 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally Substituted C-alkylene, and 

0200 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-3alkylene. —NR , —O , 
or —S(O) ; alternatively, when L= N(G)-, L. G. M 
and W may be linked to form an optionally substituted 
heterocycloalkyl, an optionally Substituted heterocy 
cloalkenyl, or an optionally Substituted heteroaryl; 

0201 Z is 0, 1 or 2: 
(0202) R' and Rare, at each instance, independently 

selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
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optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl; 

(0203) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

(0204) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

0205 R and R are, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

(0206 R'' and R' are, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O; and 

0207 R'' is optionally substituted alkyl, 
wherein the optional substitutents are independently selected 
from halo, trihalomethyl, trihaloethyl, trihalomethoxy, triha 
loethoxy, —OH, - NO. —CN, COH, -COC-alkyl, 
—SOH, -SOC-alkyl, - SOC-alkyl, —NHSOC, 
6alkyl, —NC-alkylSOC-alkyl, —SONH, 
—SONHC alkyl, -SON(Calkyl). —NHSONH2, 
—NHSONHC-alkyl, —NHSON(Calkyl). —NC. 
6alkylSONH2, NCalkylSONHC-alkyl, - NC. 
6alkylSON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O)NH2, 
—C(=O)NHC-alkyl, —C(=O)N(Calkyl). - NHC 
(=O)NH, -NHC(=O)NHC alkyl, -NHC(=O)N(C. 
6alkyl), NC-alkylC(=O)NH2. —NCalkylC(=O) 
NHC alkyl, —NC-alkylC(=O)N(Calkyl). 
—C(=NH)NH2, C(=NH)NHC alkyl, -C(=NH)N 
(Calkyl). —C(=NCalkyl)NH2. —C(=NC-alkyl) 
NHC alkyl, -C(=NCalkyl)N(Calkyl), —C. 
6alkyl, —C-cycloalkyl, —Cheterocycloalkyl, 
2-imidazolidinon-3-yl, 1-C alkyl-2-imidazolidinon-3-yl, 
CalkylCheterocycloalkyl, aryl, haloaryl, 
Calkoxyaryl, -Z'H, —Z C-alkyl, -Calkylene 
Z'H, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
ZTH wherein Z is independently O, S, NH or N(Calkyl). 
0208. In one embodiment, 
0209 A is S; 
0210 X is N: 
0211 Z is NR: 
(0212) R' is selected from H, optionally substituted 

alkyl, optionally Substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

0213 R’ is selected from H, trifluoromethyl, substi 
tuted alkyl, optionally substituted alkoxy, NR'R''. 
NRC(O)R’, S(O)NR'R'', CONRR, 

—COR", optionally substituted oxazolinyl, - SR'', 
S(O)R'' and S(O).R'': 

0214) R, is selected from trifluoromethyl, optionally 
Substituted alkyl, optionally Substituted alkoxy, option 
ally substituted heterocycloalkoxy, NRC(O)R’. 
NRS(O).R7, S(O)NR'R, CONRR, 

—COR". NRR, optionally substituted 
cycloalkyl-J and —(NR'R')-J; 

0215 R is selected from H, -CN, trifluoromethyl, 
optionally substituted alkyl, optionally substituted het 
erocycloalkylalkyl, -S(O)NR'R, CONRR, 
optionally substituted -alkylene-CONRR, CO.R.", 
—C(O)R’, SOR", and optionally substituted 
cycloalkyl-J; 
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0216) provided that R, is present as optionally substi 
tuted cycloalkyl-J or —(NR'R')-J, or R is present as 
optionally substituted cycloalkyl-J; 

0217 wherein R* and Rare linked to form an option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene, -NR , -O-, or—S(O)-; 

0218 J is selected from Hand —(CR'R'') -L-M-W. 
wherein 

0219 q is 0 or 1: 
0220 L is —O— or N(G)-; and 
0221 G is selected from hydrogen, optionally substi 
tuted alkyl and optionally substituted cycloalkyl: 

0222 Mis-(CR'R') : 
0223 t is 0, 1 or 2: 
0224 W is selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland-NRR, 

0225 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally Substituted C-alkylene, and 

0226 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-3alkylene. —NR , —O , 
or —S(O) ; alternatively, when L= N(G)-, L. G. M 
and W may be linked to form an optionally substituted 
heterocycloalkyl, an optionally Substituted heterocy 
cloalkenyl, or an optionally Substituted heteroaryl; 

0227 Z is 0, 1 or 2: 
0228) R' and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl: 

0229 R is, at each instance, independently selected 
from H and optionally substituted alkyl: 

0230) R' is, at each instance, independently selected 
from H and optionally substituted alkyl: 

0231) R' and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

0232) R' and R' are, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O; and 

0233 R'' is optionally substituted alkyl, 
wherein the optional substitutents are independently selected 
from halo, trihalomethyl, trihaloethyl, trihalomethoxy, triha 
loethoxy, —OH, - NO. —CN, —CO.H. —COC-alkyl, 
—SOH, -SOC-alkyl, —SOC-alkyl, - NHSOC, 
6alkyl, —NC-alkylSOC-alkyl, —SONH2, 
—SONHC alkyl, -SON(Calkyl). —NHSONH2, 
—NHSONHC alkyl, - NHSON(Calkyl). - NC. 
6alkylSONH2, NCalkylSONHC-alkyl, —NC 
6alkylSON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O)NH2, 
—C(=O)NHC alkyl, —C(=O)N(Calkyl), NHC 
(=O)NH, -NHC(=O)NHC-alkyl, - NHC(=O)N(C. 
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6alkyl), NC-alkylC(=O)NH2. —NCalkylC(=O) 
NHC alkyl, —NC-alkylC(=O)N(Calkyl). 
—C(=NH)NH2, C(=NH)NHC alkyl, -C(=NH)N 
(Calkyl). —C(=NCalkyl)NH2. —C(=NC-alkyl) 
NHC alkyl, -C(=NCalkyl)N(Calkyl), —C. 
6alkyl, —C-cycloalkyl, —Cheterocycloalkyl, 
2-imidazolidinon-3-yl, 1-C alkyl-2-imidazolidinon-3-yl, 
CalkylCheterocycloalkyl, aryl, haloaryl, 
Calkoxyaryl, -Z'H, —Z Calkyl, -Calkylene 
Z'H, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
ZTH wherein Z is independently O, S, NH or N(Calkyl). 
0234. In one embodiment, 
0235 A is S; 
0236 X is N: 
0237 Z is NR: 
0238) R' is selected from H., optionally substituted 
alkyl, optionally Substituted cycloalkyl, optionally Sub 
stituted aryl, and optionally substituted heteroaryl; 

0239 R is selected from H, trifluoromethyl, substi 
tuted alkyl, optionally substituted alkoxy, NR'R''. 
NRC(O)R’, S(O)NR'R'', CONRR, 

—CO.R., optionally substituted oxazolinyl, - SR'', 
S(O)R'' and S(O).R'': 

0240 R, is-(NRR)-J; 
0241 R is selected from H. —CN, trifluoromethyl, 
optionally substituted alkyl, optionally substituted het 
erocycloalkylalkyl, -S(O)NR'R, CONRR, 
optionally substituted -alkylene-CONRR, COR". 
—C(O)R’, -SOR", and optionally substituted 
cycloalkyl-J; 

(0242 wherein R* and Rare linked to form an option 
ally substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally sub 
stituted C2alkylene. —NR ,-O-, or—S(O)-; 

(0243) J is selected from Hand —(CR'R'')-L-M-W, 
wherein 

0244 q is 0 or 1: 
0245 L is —O— or N(G)-; and 
0246 G is selected from hydrogen, optionally substi 
tuted alkyl and optionally substituted cycloalkyl: 

0247 Mis-(CR'R') : 
0248 t is 0, 1 or 2: 
0249 Wis selected from the group consisting of option 
ally substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland—NRR, 

(0250 wherein when W is optionally substituted 
cycloalkyl it may optionally be bridged by a bond or 
optionally substituted C-alkylene, and 

0251 wherein when W is optionally substituted hetero 
cycloalkyl it may optionally be bridged by a bond, 
optionally substituted C-alkylene. —NR , —O , 
or —S(O) ; alternatively, when L= N(G)- L. G. M 
and W may be linked to form an optionally substituted 
heterocycloalkyl, an optionally Substituted heterocy 
cloalkenyl, or an optionally Substituted heteroaryl; 

0252) 
0253) R' and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 

Z is 0, 1 or 2; 
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substituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to form 
an optionally substituted heterocycloalkyl: 

0254 R is, at each instance, independently selected 
from H and optionally substituted alkyl: 

0255 R7 is, at each instance, independently selected 
from H and optionally substituted alkyl: 

(0256 R and Rare, at each instance, independently 
selected from H., optionally substituted alkyl, optionally 
substituted aryl, optionally substituted heterocy 
cloalkyl, optionally Substituted heteroaryl, and option 
ally substituted cycloalkyl: 

(0257) R' and R' are, at each instance, independently 
selected from H., hydroxy, and optionally substituted 
alkyl, or may be linked to forman optionally substituted 
cycloalkyl ring, or may together form =O; and 

0258 R'' is optionally substituted alkyl, 
wherein the optional substitutents are independently selected 
from halo, trihalomethyl, trihaloethyl, trihalomethoxy, triha 
loethoxy, —OH, - NO. —CN, —CO.H. —COC-alkyl, 
—SOH, -SOC-alkyl, -SOC-alkyl, - NHSOC, 
6alkyl, —NC-alkylSOC-alkyl, —SONH2, 
—SONHC alkyl, -SON(Calkyl). —NHSONH2, 
—NHSONHC alkyl, - NHSON(Calkyl). - NC. 
6alkylSONH, -NC-alkylSONHC alkyl, NC. 
6alkylSON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O)NH2, 
—C(=O)NHC alkyl, —C(=O)N(Calkyl), NHC 
(=O)NH, -NHC(=O)NHC alkyl, -NHC(=O)N(C. 
6alkyl), NC-alkylC(=O)NH2. —NCalkylC(=O) 
NHC alkyl, —NC-alkylC(=O)N(Calkyl). 
- C(-NH)NH –C(=NH)NHC alkyl, -C(=NH)N 
(Calkyl). —C(=NCalkyl)NH2. —C(=NC-alkyl) 
NHC alkyl, -C(=NC-alkyl)N(Calkyl), —C. 
6alkyl, —C-cycloalkyl, —Cheterocycloalkyl, 
2-imidazolidinon-3-yl, 1-C alkyl-2-imidazolidinon-3-yl. 
CalkylCheterocycloalkyl, aryl, haloaryl, 
Calkoxyaryl, -Z'H, —Z Calkyl, -Calkylene 
Z'H, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
Z'H wherein Z is independently O, S, NH or N(Calkyl). 
0259 In one embodiment: 

A is S; 

X is N: 

Z is NR; 

0260) R' is selected from optionally substituted alkyl and 
optionally substituted phenyl: 
R’ is selected from H., halo. —CN, optionally substituted 
alkyl, NRR, NRC(O)R’, and CONRR: 
R, is selected from H. —(NR'R')-J, optionally substituted 
cycloalkyl-J and —C=C-J; 
R is selected from H., optionally substituted alkyl, —C(O) 
R", and -SOR: 
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Alkyl, Alkylene, Alkenyl, Alkynyl, Cycloalkyl Etc. 
0295) The terms “alkyl”, “alkylene”, “alkenyl', or “alky 
nyl' are used herein to refer to both straight and branched 
chain acyclic forms. Cyclic analogues thereof are referred to 
as cycloalkyl, etc. 
0296. The term “alkyl includes monovalent, straight or 
branched, saturated, acyclic hydrocarbyl groups. Alkyl may 
be Coalkyl, or Calkyl, or Calkyl. Examples include 
methyl, ethyl, n-propyl, i-propyl. n-butyl, S-butyl, t-butyl, 
n-pentyl, and S-pentyl. 
0297. The term “cycloalkyl includes monovalent, satu 
rated, cyclic hydrocarbyl groups. Cycloalkyl may be Cocy 
cloalkyl, or Cecycloalkyl. Examples include cyclopropyl. 
cyclobutyl, cyclopentyl and cyclohexyl. A cycloalkyl may 
optionally be “bridged', which occurs when ring carbon 
atoms are further linked by a bond, or by one or more carbon 
atoms. Typical bridges are one or two carbon atoms, e.g. 
methylene or ethylene groups. When a ring is bridged, the 
Substituents recited for the ring may also be present on the 
bridge. 
0298. The term “alkoxy' means alkyl-O . Examples 
include methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, 
S-butoxy, t-butoxy, n-pentoxy, and S-pentoxy. 
0299 The term “alkenyl' includes monovalent, straight or 
branched, unsaturated, acyclic hydrocarbyl groups having at 
least one carbon-carbon double bond at any point along the 
carbon chain and, optionally, no carbon-carbon triple bonds. 
Alkenyl may be Coalkenyl, or Calkenyl, or Calkenyl. 
Examples include ethenyl and propenyl. 
0300. The term “cycloalkenyl includes monovalent, par 

tially unsaturated, cyclic hydrocarbyl groups having at least 
one carbon-carbon double bond and, optionally, no carbon 
carbon triple bonds. Cycloalkenyl may be Cocycloalkenyl, 
or Csocycloalkenyl. Examples include cyclohexenyl and 
benzocyclohexyl. 
0301 The term “alkynyl' includes monovalent, straight or 
branched, unsaturated, acyclic hydrocarbyl groups having at 
least one carbon-carbon triple bond at any point along the 
carbon chain and, optionally, no carbon-carbon double 
bonds. Alkynyl may be Coalkynyl, or C-alkynyl, or 
Calkynyl. Examples include ethynyl and propynyl. 
0302) The term “alkylene' includes divalent, straight or 
branched, Saturated, acyclic hydrocarbyl groups. Alkylene 
may be Coalkylene, or Calkylene, or Calkylene, such 
as methylene, ethylene, n-propylene, i-propylene or t-buty 
lene groups. 
0303. The term “alkenylene' includes divalent, straight or 
branched, unsaturated, acyclic hydrocarbyl groups having at 
least one carbon-carbon double bond and, optionally, no car 
bon-carbon triple bonds. Alkenylene may be Coalk 
enylene, or C2-galkenylene, or C2-alkenylene. 

Heteroalkyl Etc. 
0304. The term "heteroalkyl includes alkyl groups in 
which up to three carbonatoms, or up to two carbon atoms, or 
one carbon atom, are each replaced independently by O. 
S(O) (z=0, 1 or 2) or N, provided at least one of the alkyl 
carbon atoms remains. The heteroalkyl group may be 
C-linked or hetero-linked, i.e. it may be linked to the remain 
der of the molecule through a carbon atom or through O. 
S(O) or N. 
0305. The term “heterocycloalkyl” includes cycloalkyl 
groups in which up to three carbonatoms, or up to two carbon 
atoms, or one carbon atom, are each replaced independently 
by O. S(O) or N, provided at least one of the cycloalkyl 
carbon atoms remains. Examples of heterocycloalkyl groups 
include oxiranyl, thiaranyl, aziridinyl, oxetanyl, thiatanyl. 
aZetidinyl, tetrahydrofuranyl, tetrahydrothiophenyl, pyrro 
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lidinyl, tetrahydropyranyl, tetrahydrothiopyranyl, piperidi 
nyl, 1,4-dioxanyl, 1,4-oxathianyl, morpholinyl, tetrahydro-1, 
3-oxazinyl, 1,4-dithianyl. piperazinyl, 
hexahydropyrimidinyl, 1,4-thiazanyl, oxepanyl, thiepanyl. 
aZepanyl, 1,4-dioxepanyl, 1,4-oxathiepanyl, 1,4-oxaaZepa 
nyl, 1,4-dithiepanyl, 1,4-thieazepanyl and 1,4-diazepanyl. 
The heterocycloalkyl group may be C-linked or N-linked, i.e. 
it may be linked to the remainder of the molecule through a 
carbon atom or through a nitrogen atom. A heterocycloalkyl 
may optionally be “bridged', which occurs when ring carbon 
or nitrogenatoms are further linked by a bond or one or more 
atoms (e.g. C, O, N, or S). Typical bridges include, but are not 
limited to, one carbon atom, two carbon atoms, one nitrogen 
atom, two nitrogen atoms, and a carbon-nitrogen group. 
When a ring is bridged, the substituents recited for the ring 
may also be present on the bridge. A cycloalkyl bridged by 
one or more atoms including a heteroatom (i.e. O, N, or S) 
may be viewed as a heterocycloalkyl with a carbon bridge. 
Examples of bridged heterocycloalkyl groups include azabi 
cyclohexanyl, (e.g. 3-azabicyclo3.1.0 hexanyl), azabicyclo 
heptanyl (e.g. 2-azabicyclo[2.2.1]heptanyl), azabicycloocta 
nyl (e.g. 8-azabicyclo3.2.1]octanyl), and 2-oxa-5- 
aZabicyclo2.2.1]heptane (or 5-aza-2-oxabicyclo[2.2.1 
heptane). The values given herein in terms such as “4 to 7 
membered heterocycloalkyl ring refer specifically to the 
number of atoms present in the ring; any “bridging atoms are 
counted separately. 
0306 The term "heteroalkenyl' includes alkenyl groups 
in which up to three carbonatoms, or up to two carbonatoms, 
or one carbon atom, are each replaced independently by O. 
S(O) or N, provided at least one of the alkenyl carbonatoms 
remains. The heteroalkenyl group may be C-linked or hetero 
linked, i.e. it may be linked to the remainder of the molecule 
through a carbon atom or through O. S(O) or N. 
0307 The term "heterocycloalkenyl' includes cycloalk 
enyl groups in which up to three carbon atoms, or up to two 
carbon atoms, or one carbon atom, are each replaced inde 
pendently by O, S(O) or N, provided at least one of the 
cycloalkenyl carbon atoms remains. Examples of heterocy 
cloalkenyl groups include 3,4-dihydro-2H-pyranyl, 5-6-di 
hydro-2H-pyranyl, 2H-pyranyl, 1,2,3,4-tetrahydropyridinyl 
and 1,2,5,6-tetrahydropyridinyl. The heterocycloalkenyl 
group may be C-linked or N-linked, i.e. it may be linked to the 
remainder of the molecule through a carbon atom or through 
a nitrogen atom. 
0308 The term "heteroalkynyl' includes alkynyl groups 
in which up to three carbonatoms, or up to two carbonatoms, 
or one carbon atom, are each replaced independently by O. 
S(O) or N, provided at least one of the alkynyl carbon atoms 
remains. The heteroalkynyl group may be C-linked or hetero 
linked, i.e. it may be linked to the remainder of the molecule 
through a carbon atom or through O. S(O) or N. 
0309 The term "heteroalkylene' includes alkylene groups 
in which up to three carbonatoms, or up to two carbonatoms, 
or one carbon atom, are each replaced independently by O. 
S(O) or N, provided at least one of the alkylene carbonatoms 
remains. 
0310. The term "heteroalkenylene' includes alkenylene 
groups in which up to three carbonatoms, or up to two carbon 
atoms, or one carbon atom, are each replaced independently 
by O. S(O) or N, provided at least one of the alkenylene 
carbon atoms remains. 
0311. The term "heterocycloalkoxy' means heterocy 
cloalkyl-O-. 
0312 The term "heterocycloalkylalkyl means alkyl sub 
stituted with a heterocycloalkyl group. 
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Aryl 

0313 The term “aryl' includes monovalent, aromatic, 
cyclic hydrocarbyl groups, such as phenyl or naphthyl (e.g. 
1-naphthyl or 2-naphthyl). In general, the aryl groups may be 
monocyclic or polycyclic fused ring aromatic groups. Pre 
ferred aryl groups are C-Caryl. 
0314. Other examples of aryl groups are monovalent 
derivatives of aceanthrylene, acenaphthylene, acephenan 
thrylene, anthracene, aZulene, chrysene, coronene, fluoran 
thene, fluorene, as-indacene, S-indacene, indene, naphtha 
lene, ovalene, perylene, phenalene, phenanthrene, picene, 
pleiadene, pyrene, pyranthrene and rubicene. 
0315. The term “arylalkyl means alkyl substituted with 
an aryl group, e.g. benzyl. 

Heteroaryl 

0316 The term "heteroaryl' includes monovalent, het 
eroaromatic, cyclic hydrocarbyl groups additionally contain 
ing one or more heteroatoms independently selected from O. 
S, N and NRY, where RY is selected from H, alkyl (e.g. 
Calkyl) and cycloalkyl (e.g. Cecycloalkyl). In general, 
the heteroaryl groups are monocyclic or polycyclic (e.g. bicy 
clic) fused ring heteroaromatic groups. A heteroaryl groups 
may contain 5-13 ring members (preferably 5-10 members) 
and 1, 2, 3 or 4 ring heteroatoms independently selected from 
O, S, N and NR', or may be a 5, 6, 9 or 10 membered, e.g. 
5-membered monocyclic, 6-membered monocyclic, 9-mem 
bered fused-ring bicyclic or 10-membered fused-ring bicy 
clic. 

0317 Monocyclic heteroaromatic groups include het 
eroaromatic groups containing 5-6 ring members and 1, 2, 3 
or 4 heteroatoms selected from O, S, N or NRY. 
0318. Examples of 5-membered monocyclic heteroaryl 
groups are pyrrolyl, furanyl, thiophenyl, pyrazolyl, imida 
Zolyl, isoxazolyl, oxazolyl, isothiazolyl, thiazolyl, 1.2.3 tria 
Zolyl, 1.2.4 triazolyl, 1.2.3 oxadiazolyl, 1.2.4 oxadiazolyl, 
1.2.5 oxadiazolyl, 1.3.4 oxadiazolyl, 1.3.4 thiadiazolyl, 
pyridyl, pyrimidinyl, pyridaZinyl, pyrazinyl, 1.3.5 triazinyl, 
1.2.4 triazinyl, 1.2.3 triazinyl and tetrazolyl. 
0319. Examples of 6-membered monocyclic heteroaryl 
groups are pyridinyl, pyridazinyl, pyrimidinyl and pyrazinyl. 
0320 Bicyclic heteroaromatic groups include fused-ring 
heteroaromatic groups containing 9-13 ring members and 1. 
2, 3, 4 or more heteroatoms selected from O, S, Nor NR'. 
0321 Examples of 9-membered fused-ring bicyclic het 
eroaryl groups are benzofuranyl, benzothiophenyl, indolyl, 
benzimidazolyl, indazolyl, benzotriazolyl pyrrolo2,3-bpy 
ridinyl, pyrrolo2.3-cpyridinyl, pyrrolo3.2-cpyridinyl, 
pyrrolo3.2-bipyridinyl, imidazo[4,5-b]pyridinyl, imidazo 
4.5-cpyridinyl, pyrazolo 4.3-dpyridinyl, pyrazolo 4.3-c 
pyridinyl, pyrazolo3.4-cpyridinyl, pyrazolo 3,4-bipyridi 
nyl, isoindolyl, indazolyl, purinyl, indolininyl, imidazol-2- 
apyridinyl, imidazo 1.5-alpyridinyl, pyrazolo 1.2-a 
pyridinyl, pyrrolo 1.2-bipyridazinyl and imidazol-2-c 
pyrimidinyl. 
0322 Examples of 10-membered fused-ring bicyclic het 
eroaryl groups are quinolinyl, isoquinolinyl, cinnolinyl, 
quinazolinyl, quinoxalinyl, phthalazinyl, 1.6-naphthyridinyl, 
17-naphthyridinyl, 1.8-naphthyridinyl, 1.5-naphthyridinyl, 
2,6-naphthyridinyl, 2.7-naphthyridinyl, pyrido3.2-dpyrim 
idinyl, pyrido4.3-dipyrimidinyl, pyrido3,4-dipyrimidinyl, 
pyrido 2,3-dipyrimidinyl, pyrido 2,3-bipyrazinyl, pyrido3. 
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4-bipyrazinyl, pyrimido5,4-dipyrimidinyl, pyrazino 2,3-b 
pyrazinyl and pyrimido-4,5-dipyrimidinyl. 
0323. The term "heteroarylalkyl means alkyl substituted 
with a heteroaryl group. 

General 

0324 Unless indicated explicitly otherwise, where com 
binations of groups are referred to herein as one moiety, e.g. 
arylalkyl, the last mentioned group contains the atom by 
which the moiety is attached to the rest of the molecule. 
0325 Where reference is made to a carbon atom of an 
alkyl group or other group being replaced by O. S(O) or N. 
what is intended is that: 

is replaced by 

—CH= is replaced by —N=; 
=C His replaced by =N; or 
—CH2—is replaced by -O-, -S(O) or NR' . 
0326 By way of clarification, in relation to the above 
mentioned heteroatom containing groups (such as het 
eroalkyl etc.), where a numerical of carbonatoms is given, for 
instance Cheteroalkyl, what is intended is a group based on 
Calkyl in which one of more of the 3-6 chain carbonatoms 
is replaced by O. S(O) or N. Accordingly, a Cheteroalkyl 
group, for example, will contain less than 3-6 chain carbon 
atOmS. 

Substitution 

0327 Groups of the compounds of the invention (e.g. 
alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, 
alkylene, alkenylene, heteroalkyl, heterocycloalkyl, het 
eroalkenyl, heterocycloalkenyl, heteroalkynyl, heteroalky 
lene, heteroalkenylene, heterocycloalkoxy, heterocycloalky 
lalkyl, aryl, arylalkyl, arylheteroalkyl, heteroaryl, 
heteroarylalkyl or heteroarylheteroalkyl groups etc.) may be 
substituted or unsubstituted. Typically, substitution involves 
the notional replacement of one or more hydrogenatoms on a 
designated atom (e.g. a carbonatom or a nitrogenatom) with 
one or more Substituent groups (provided that the designated 
atom’s normal Valency is not exceeded), or two hydrogen 
atoms in the case of substitution by —O. Alternatively, in the 
case of bivalent substituent groups such as Calkylene 
dioxy, Substitution involves the notional replacement of a 
hydrogenatom on a designated atom and a hydrogenatom on 
an adjacent atom with the Substituent group. 
0328. Where an “optionally substituted group is indeed 
substituted, there will generally be 1 to 5 substituents on the 
group, or 1 to 3 Substituents, or 1 or 2 substituents, or 1 
substituent. The substituents are independently selected from 
halo, trihalomethyl, trihaloethyl, trihalomethoxy, trihaloet 
hoxy, —OH, - NO. —CN, —CO.H. —COC-alkyl, 
—SOH, -SOC-alkyl, —SOC-alkyl, - NHSOC, 
6alkyl, —NC-alkylSOC-alkyl, —SONH2, 
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—SONHC alkyl, -SON(Calkyl). —NHSONH2, 
—NHSONHC alkyl, - NHSON(Calkyl). - NC. 
6alkylSONH2, NCalkylSONHC-alkyl, - NC. 
6alkylSON(Calkyl). —C(=O)H, —C(=O)Calkyl, 
—NHC(=O)Calkyl, —NC-alkylC(=O)Calkyl, 
Calkylenedioxy, =O. —N(Calkyl), —C(=O)NH2, 
—C(=O)NHC alkyl, —C(=O)N(Calkyl), NHC 
(=O)NH, -NHC(=O)NHC-alkyl, - NHC(=O)N(C. 
6alkyl), NC-alkylC(=O)NH2. —NCalkylC(=O) 
NHC alkyl, —NC-alkylC(=O)N(Calkyl). 
—C(=NH)NH2, C(=NH)NHC alkyl, -C(=NH)N 
(Calkyl), —C(=NC-alkyl)NH2. —C(=NC-alkyl) 
NHC alkyl, —C(=NCalkyl)N(Calkyl), —C. 
6alkyl, —Cecycloalkyl, —Cheterocycloalkyl, 
2-imidazolidinon-3-yl, 1-C alkyl-2-imidazolidinon-3-yl, 
CalkylCheterocycloalkyl, aryl, haloaryl, 
Calkoxyaryl, —Calkylene-NHSOC-alkyl, —C. 
6alkylene-NHSOH, —Calkylene-NC-alkylSOH, 
—Calkylene-NC-alkylSOC-alkyl, —Calkylene 
SONH2, —Calkylene-SONHC-alkyl, -Calkylene 
SO.N(C-alkyl). -Z'H, —Z—C-alkyl, -C-alkylene 
Z'H, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
ZTH wherein Z is independently O, S, NH or N(Calkyl). 
“Calkyl and “Calkylene' in the above substituents may 
optionally be replaced by “Cheteroalkyl” and "Chet 
eroalkylene' respectively. 

0329. In one embodiment, the substituents are indepen 
dently selected from halo, trihalomethyl, trihaloethyl, triha 
lomethoxy, trihaloethoxy, —OH, - NO. —CN, COH, 
—COC-alkyl, -SOH, -SOC-alkyl, -SOC-alkyl, 
—NHSOC-alkyl, —NC-alkylSOC-alkyl, 
—SONH, SONHC-alkyl, -SON(Calkyl). 
—NHSONH, -NHSONHCalkyl, - NHSON(C. 
6alkyl). - NCalkylSONH, -NC-alkylSONHC 
6alkyl, - NCalkylSON(Calkyl), —C(=O)H, 
—C(=O)Calkyl, - NHC(=O)Calkyl, - NCalkylC 
(=O)Calkyl, Calkylenedioxy, =O. —N(Calkyl). 
—C(=O)NH –C(=O)NHC alkyl, -C(=O)N(C. 
6alkyl), -NHC(=O)NH, -NHC(=O)NHC-alkyl, 
—NHC(=O)N(Calkyl). —NC-alkylC(=O)NH2, 
—NCalkylC(=O)NHC-alkyl, - NCalkylC(=O)N 
(Calkyl). —C(=NH)NH2. —C(=NH)NHC alkyl, 
—C(=NH)N(Calkyl). —C(=NCalkyl)NH, 
—C(=NC-alkyl)NHC alkyl, —C(=NCalkyl)N(C. 
6alkyl), —Calkyl, -Cecycloalkyl, —Cheterocy 
cloalkyl, 2-imidazolidinon-3-yl. 1-C alkyl-2-imidazolidi 
non-3-yl, CalkylCheterocycloalkyl, aryl, haloaryl, 
Calkoxyaryl, -Z'H, —Z Calkyl, -Calkylene 
Z'H, —Z C-cycloalkyl, or —C(=O)NHC alkylene 
ZTH wherein Z is independently O, S, NH or N(Calkyl). 
“Calkyl and “Calkylene' in the above substituents may 
optionally be replaced by “Cheteroalkyl and “Chet 
eroalkylene' respectively. 

0330. In another embodiment, the substituents are inde 
pendently selected from halo, trihalomethyl, trihaloethyl, 
OH, - NO. —CN, —COH, -COC-alkyl, -SOH, 

—SOC-alkyl, -SOC-alkyl, -NHSOC-alkyl, 
—SONH, SONHC-alkyl, -SON(Calkyl). 
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lene-Z'H or —Z C-cycloalkyl, wherein Z is 
independently O, S, NH or N(Calkyl). 
0331 Where a group has at least 2 positions which may be 
substituted, the group may be substituted by both ends of an 
alkylene or heteroalkylene chain to form a cyclic moiety. 
0332 The molecular weight of the compounds of the 
invention may, optionally, be less than 1000 g/mole, or less 
than 950 g/mole, or less than 900 g/mole, or less than 850 
g/mole, or less than 800 g/mole, or less than 750 g/mole, or 
less than 700 g/mole, or less than 650 g/mole, or less than 600 
g/mole, or less than 550 g/mole, or less than 500 g/mole. 
0333. The compounds of the invention may include any 
isotopes of the atoms comprised in the compounds. Examples 
include Hand H, and 'C and ''C. 

Pharmaceutically Acceptable Derivatives 
0334. The term “pharmaceutically acceptable derivative' 
includes any pharmaceutically acceptable salt, Solvate, 
hydrate or prodrug of a compound of the invention. In one 
embodiment, the pharmaceutically acceptable derivatives are 
pharmaceutically acceptable salts, Solvates or hydrates of a 
compound of the invention. 
0335 The term “pharmaceutically acceptable' is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms which are, within the 
Scope of sound medical judgment, Suitable for use in contact 
with the tissues of human beings and animals without exces 
sive toxicity, irritation, allergic response, or other problem or 
complication, commensurate with a reasonable benefit/risk 
ratio. 

Pharmaceutically Acceptable Salts 

0336. The term “pharmaceutically acceptable salt 
includes a derivative of a compound of the invention that is a 
salt prepared from pharmaceutically acceptable non-toxic 
acids or bases including inorganic or organic acids and bases. 
0337 Compounds of the invention which contain basic, 
e.g. amino, groups are capable of forming pharmaceutically 
acceptable salts with acids. Pharmaceutically acceptable acid 
addition salts of the compounds of the invention may include, 
but are not limited to, those of inorganic acids such as hydro 
halic acids (e.g. hydrochloric, hydrobromic and hydroiodic 
acid), Sulfuric acid, Sulfamic acid, nitric acid, and phosphoric 
acid. Pharmaceutically acceptable acid addition salts of the 
compounds of the invention may include, but are not limited 
to, those of organic acids Such as aliphatic, aromatic, car 
boxylic and Sulfonic classes of organic acids, examples of 
which include: aliphatic monocarboxylic acids Such as for 
mic acid, acetic acid, propionic acid or butyric acid; aliphatic 
hydroxy acids such as lactic acid, citric acid, tartaric acid or 
malic acid; dicarboxylic acids Such as oxalic acid, maleic 
acid, hydroxymaleic acid, fumaric acid or Succinic acid; aro 
matic carboxylic acids such as benzoic acid, p-chlorobenzoic 
acid, 2-acetoxybenzoic acid, phenylacetic acid, diphenylace 
tic acid or triphenylacetic acid; aromatic hydroxyl acids Such 
as o-hydroxybenzoic acid, p-hydroxybenzoic acid, 1-hydrox 
ynaphthalene-2-carboxylic acid or 3 hydroxynaphthalene-2- 
carboxylic acid; and Sulfonic acids such as methanesulfonic 
acid, ethanesulfonic acid, ethanedisulfonic acid, isethionic 
acid, benzenesulfonic acid, toluenesulfonic acid. Other phar 
maceutically acceptable acid addition salts of the compounds 
of the invention include, but are not limited to, those of 
ascorbic acid, glycolic acid, glucuronic acid, furoic acid, 
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glutamic acid, anthranilic acid, Salicylic acid, mandelic acid, 
embonic (pamoic) acid, pantothenic acid, Stearic acid, Sulfa 
nilic acid, algenic acid, and galacturonic acid. Compounds of 
the invention which contain acidic, e.g. carboxyl, groups are 
capable of forming pharmaceutically acceptable salts with 
bases. In one embodiment, pharmaceutically acceptable basic 
salts of the compounds of the invention include, but are not 
limited to, metal salts such as alkali metal or alkaline earth 
metal salts (e.g. sodium, potassium, magnesium or calcium 
salts) and Zinc or aluminium salts. In one embodiment, phar 
maceutically acceptable basic salts of the compounds of the 
invention include, but are not limited to, salts formed with 
ammonia or pharmaceutically acceptable organic amines or 
heterocyclic bases such as ethanolamines (e.g. diethanola 
mine), benzylamines, N-methyl-glucamine, amino acids (e.g. 
lysine) or pyridine. 
0338 Hemisalts of acids and bases may also be formed, 
e.g. hemisulphate salts. 
0339) Pharmaceutically acceptable salts of compounds of 
the invention may be prepared by methods well-known in the 
art. For instance, such salts can be prepared by reacting the 
free acid or base forms of these compounds with a stoichio 
metric amount of the appropriate base or acid in water or in an 
organic solvent, or in a mixture of the two. Generally, non 
aqueous media like ether, ethyl acetate, ethanol, isopropanol, 
oracetonitrile are preferred. For a review of pharmaceutically 
acceptable salts, see Stahl and Wermuth, Handbook of Phar 
maceutical Salts: Properties, Selection and Use (Wiley-VCH, 
Weinheim, Germany, 2002). 

Solvates & Hydrates 

0340. The compounds of the invention may exist in both 
unsolvated and solvated forms. The term "solvate” includes 
molecular complexes (e.g. crystals) comprising a compound 
of the invention and one or more pharmaceutically acceptable 
Solvent molecules such as water or Calcohols, e.g. ethanol. 
The term “hydrate” means a “solvate” where the solvent is 
Water. 

Prodrugs 

0341 The invention includes prodrugs of the compounds 
of the invention. Prodrugs are derivatives of compounds of 
the invention (which may have little or no pharmacological 
activity themselves), which can, when administered in vivo, 
be converted into compounds of the invention. 
0342 Prodrugs can, for example, be produced by replac 
ing functionalities present in the compounds of the invention 
with appropriate moieties which are metabolized in vivo to 
form a compound of the invention. The design of prodrugs is 
well-known in the art, as discussed in Bundgaard, Design of 
Prodrugs 1985 (Elsevier), The Practice of Medicinal Chem 
istry 2003, 2nd Ed, 561-585 and Leinweber, Drug Metab. 
Res. 1987, 18: 379. 
0343 Examples of prodrugs of compounds of the inven 
tion are esters and amides of the compounds of the invention. 
For example, where the compound of the invention contains a 
carboxylic acid group (-COOH), the hydrogen atom of the 
carboxylic acid group may be replaced to form an ester (e.g. 
the hydrogen atom may be replaced by —Calkyl). Where 
the compound of the invention contains an alcohol group 
(—OH), the hydrogen atom of the alcohol group may be 
replaced in order to formanester (e.g. the hydrogenatom may 
be replaced by —C(O)Calkyl. Where the compound of the 
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invention contains a primary or secondary amino group, one 
or more hydrogenatoms of the amino group may be replaced 
in order to form an amide (e.g. one or more hydrogen atoms 
may be replaced by —C(O)Calkyl). 

Amorphous & Crystalline Forms 
0344) The compounds of the invention may exist in solid 
states from amorphous through to crystalline forms. Amor 
phous’ refers to a solid form of a molecule, atom, and/or ions 
that is not crystalline. Different crystalline forms (“polymor 
phs’) have the same chemical composition but different spa 
tial arrangements of the molecules, atoms, and/or ions form 
ing the crystal. All such solid forms are included within the 
invention. 

Purity 
0345 The compounds of the invention may, subsequent to 
their preparation, be isolated and purified to obtain a compo 
sition containing an amount by weight equal to or greater than 
99% of said compound (“substantially pure' compound), 
which is then used or formulated as described herein. 

Isomeric Forms 

0346 Compounds of the invention may exist in one or 
more geometrical, optical, enantiomeric, diastereomeric and 
tautomeric forms, including but not limited to cis- and trans 
forms, E- and Z-forms, R-. S- and meso-forms, keto-, and 
enol-forms. All such isomeric forms are included within the 
invention. The isomeric forms may be in isomerically pure or 
enriched form (e.g. one enantiomer may be present in excess, 
also known as a scalemic mixture), as well as in mixtures of 
isomers (e.g. racemic or diastereomeric mixtures). 
0347 If one enantiomer is present in a greater amount that 

its corresponding enantiomer, the enantiomeric excess may 
be expressed as a percentage of the whole. For instance, a 98:2 
mixture of one enantiomer to another has a 96% enantiomeric 
excess of the first enantiomer. The enantiomeric excess may 
be at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 
up to 100% (i.e. enantiomerically pure, up to the detection 
limit of purity). 
0348. The invention therefore provides: 

0349 stereoisomeric mixtures of compounds of the 
invention; 

0350 a diastereomerically enriched or diastereomeri 
cally pure isomer of a compound of the invention; or 

0351 an enantiomerically enriched or enantiomerically 
pure isomer of a compound of the invention. 

0352. The processes for preparation can utilize racemates, 
enantiomers, or diastereomers as starting materials. Where 
appropriate, isomers can be prepared by the application or 
adaptation of known methods (e.g. asymmetric synthesis). 
When diastereomeric or enantiomeric products are prepared, 
they can be separated by conventional methods for example, 
chromatographic or fractional crystallization. 

Isotopic Labeling 
0353. The invention includes pharmaceutically acceptable 
isotopically-labelled compounds of the invention wherein 
one or more atoms are replaced by atoms having the same 
atomic number, but an atomic mass or mass number different 
from the atomic mass or mass number usually found in 
nature. 
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0354 Examples of isotopes suitable for inclusion in the 
compounds of the invention include isotopes of hydrogen, 
such as Hand H. carbon, such as 'C, 'Cand C. chlorine, 
such as Cl, fluorine, such as 'F, iodine, such as 'I and 
'I, nitrogen, such as 'N and 'N, oxygen, such as "O, O 
and O, phosphorus, such as P. and sulphur, such as S. 
Certain isotopically-labelled compounds of the invention, for 
example, those incorporating a radioactive isotope, are useful 
in drug and/or substrate tissue distribution studies. The radio 
active isotopes H and C are particularly useful for this 
purpose in view of their ease of incorporation and ready 
means of detection. Substitution with heavier isotopes such as 
*H may afford certain therapeutic advantages resulting from 
greater metabolic stability, for example, increase in vivo half 
life or reduced dosage requirements, and hence may be pre 
ferred in some circumstances. 
0355 Substitution with positron emitting isotopes, such as 
'''C, F, 'O and 'N, can be useful in Positron Emission 
Topography (PET) studies for examining substrate receptor 
Occupancy. 
0356. Isotopically-labelled compounds of the invention 
can generally be prepared by conventional techniques known 
to those skilled in the art or by processes analogous to those 
described herein using an appropriate isotopically-labelled 
reagent in place of the non-labelled reagent previously 
employed. 

Treatment of Diseases and Conditions 

0357 Compounds of the invention are inhibitors of K3.1 
and/or K3.4. 
0358. The invention provides a compound of the invention 
for use in therapy. The invention further provides a pharma 
ceutical composition comprising a compound of the inven 
tion in combination with a pharmaceutically acceptable 
excipient. 
0359. The invention further provides a method for the 
treatment of a disease or condition mediated by K.3.1 and/or 
K3.4 or any heteromultimers thereof, or that requires inhi 
bition of K3.1 and/or K3.4 or any heteromultimers thereof, 
comprising the step of administering a therapeutically effec 
tive amount of a compound of the invention to a patient. The 
invention also provides the use of a compound of the inven 
tion for the manufacture of a medicament for the treatment of 
a disease or condition mediated by K.3.1 and/or K3.4 or any 
heteromultimers thereof, or that requires inhibition of K3.1 
and/or K3.4 or any heteromultimers thereof. The invention 
also provides a compound of the invention for use in a method 
for the treatment of a disease or condition mediated by K.3.1 
and/or K3.4 or any heteromultimers thereof, or that requires 
inhibition of K3.1 and/or K3.4 or any heteromultimers 
thereof. 
0360 Preferred compounds of the invention have an ICso 
in the Kir3.1/3.4 Electrophysiology Method (described 
below) of ~100M,<10 uM,<3 uM,<1 uM,<100 nM, or <10 
nM. 

Diseases and Conditions Mediated by K.3.1 and/or K3.4 or 
Heteromultimers Thereof/Requiring Inhibition of K3.1 and/ 
or K3.4 or Heteromultimers Thereof 
0361. The invention is useful for the treatment of a disease 
or condition mediated by K.3.1 and/or K3.4 or any hetero 
multimers thereof, or that requires inhibition of K3.1 and/or 
K3.4 or any heteromultimers thereof. In particular, the het 
eromultimer may be the heterotetramer K3.1/3.4. The 
invention therefore has use in: 
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0362 the treatment of cardiovascular diseases, such as 
atrial fibrillation (AF), atrial flutter (AFL), atrioven 
tricular (AV) dysfunction and sinoatrial node (SAN) 
dysfunction; 

0363 the prevention of recurrence of supraventriclar 
arrhythmias including AF and AFL: 

0364 the maintenance of sinus rhythm: 
0365 the termination and cardioversion of supraventri 
clar arrhythmias; 

0366 the treatment of sinus node dysfunction; 
0367 the treatment of AV node dysfunction, including 
AV block; 

0368 the treatment of conduction dysfunction; 
0369 the prevention or reversal of atrial structural and 
ionic remodeling; 

0370 the prevention of thrombosis, thromboembolism 
and thromboembolic diseases, such as stroke, myocar 
dial infarction, and peripheral vascular diseases; 

0371 the improvement of cardiac contractility; 
0372 the treatment of metabolic diseases, such as dia 
betes mellitus; 

0373 the modulation of neuro-endocrine function: 
0374 the modulation of the secretion of pituitary hor 
mones; 

0375 the treatment of neurological and neuropsychiat 
ric disorders, such as pain, depression, anxiety, attention 
deficit/hyperactivity disorder and epilepsy; and 

0376 the treatment of cancer, such as breast cancer. 

Therapeutic Definitions 

0377 As used herein, “treatment” includes curative, 
modulative (i.e. arresting the development of a disease state) 
and prophylactic treatment. As used herein, a “patient’ means 
an animal. Such as a mammal, such as a human, in need of 
treatment. 

0378. The amount of the compound of the invention 
administered should be a therapeutically effective amount 
where the compound orderivative is used for the treatment of 
a disease or condition, or its modulation, and a prophylacti 
cally effective amount where the compound or derivative is 
used for the prevention of a disease or condition. 
0379 The term “therapeutically effective amount” used 
herein refers to the amount of compound needed to treat or 
ameliorate a targeted disease or condition. The term “prophy 
lactically effective amount’ used herein refers to the amount 
of compound needed to prevent a targeted disease or condi 
tion. The exact dosage will generally be dependent on the 
patient's status at the time of administration. Factors that may 
be taken into consideration when determining dosage include 
the severity of the disease state in the patient, the general 
health of the patient, the age, weight, gender, diet, time, 
frequency and route of administration, drug combinations, 
reaction sensitivities and the patients tolerance or response to 
therapy. The precise amount can be determined by routine 
experimentation, but may ultimately lie with the judgement 
of the clinician. Generally, an effective dose will be from 0.01 
mg/kg/day (mass of drug compared to mass of patient) to 
1000 mg/kg/day, e.g. 1 mg/kg/day to 100 mg/kg/day. 
0380 Compounds of the invention may be administered in 
a single daily dose, or the total daily dosage may be admin 
istered in divided doses of two, three, or four times daily. The 
daily oral dosage of the active ingredient may be between 3 
and 600 mg either administered once daily or individed doses 
administered twice daily. Alternatively, the active ingredient 
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may be administered in doses of 10-20 mgadministered twice 
daily or 40 to 100 mg administered once daily. Alternatively, 
the active ingredient may be administered a dose of 12.5 mg 
twice a day or 75 mg once a day. Alternatively, the active 
ingredient may be administered in doses of 3, 10, 30, 100, 
300, and 600 mg administered either once or twice a day. 
Compositions may be administered individually to a patient 
or may be administered in combination with other agents, 
drugs or hormones. 

Administration & Formulation 

General 

0381 For pharmaceutical use, the compounds of the 
invention may be administered as a medicament by enteral or 
parenteral routes, including intravenous, intramuscular, Sub 
cutaneous, transdermal, airway (aerosol), oral, intranasal, 
rectal, vaginal and topical (including buccal and Sublingual) 
administration. The compounds of the invention should be 
assessed for their biopharmaceutical properties, such as solu 
bility and Solution stability (across pH), permeability, etc., in 
order to select the most appropriate dosage form and route of 
administration for treatment of the proposed indication. 
0382. The compounds of the invention may be adminis 
tered as crystalline or amorphous products. The compounds 
of the invention may be administered alone or in combination 
with one or more other compounds of the invention or in 
combination with one or more other drugs (or as any combi 
nation thereof). Generally, they will be administered as a 
formulation in association with one or more pharmaceutically 
acceptable excipients. The term “excipient includes any 
ingredient other than the compound(s) of the invention which 
may impart either a functional (e.g. drug release rate control 
ling) and/or a non-functional (e.g. processing aid or diluent) 
characteristic to the formulations. The choice of excipient 
will to a large extent depend on factors such as the particular 
mode of administration, the effect of the excipient on solu 
bility and stability, and the nature of the dosage form. 
0383 Typical pharmaceutically acceptable excipients 
include: 

0384 diluents, e.g. lactose, dextrose, Sucrose, mannitol, 
Sorbitol, cellulose and/or glycine; 

0385 lubricants, e.g. silica, talcum, stearic acid, its 
magnesium or calcium salt and/or polyethyleneglycol, 

0386 binders, e.g. magnesium aluminum silicate, 
starch paste, gelatin, tragacanth, methylcellulose, 
Sodium carboxymethylcellulose and/or polyvinylpyr 
rolidone; 

0387 disintegrants, e.g. starches, agar, alginic acid or 
its Sodium salt, or effervescent mixtures; and/or 

0388 absorbants, colorants, flavors and/or sweeteners. 
0389. A thorough discussion of pharmaceutically accept 
able excipients is available in Gennaro, Remington: The Sci 
ence and Practice of Pharmacy 2000, 20th edition (ISBN: 
06833.06472). 
0390 Accordingly, the present invention provides a phar 
maceutical composition comprising a compound of the 
invention and a pharmaceutically acceptable excipient. 
0391 Compounds of the invention can also be adminis 
tered in the form of liposome delivery systems, such as Small 
unilamellar vesicles, large unilamellar vesicles, and multila 
mellar vesicles. Liposomes can be formed from a variety of 
phospholipids, Such as cholesterol, Stearylamine, or phos 
phatidylcholines. 
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0392 Compounds of the invention may also be coupled 
with soluble polymers as targetable drug carriers. Such poly 
mers can include polyvinylpyrrolidone, pyran copolymer, 
polyhydroxypropylmethacrylamide-phenol, polyhydroxy 
ethylaspartamidephenol, or polyethyleneoxide-polylysine 
substituted with palmitoyl residues. Furthermore, the com 
pounds of the present invention may be coupled to a class of 
biodegradable polymers useful in achieving controlled 
release of a drug, for example, polylactic acid, polyglycolic 
acid, copolymers of polylactic and polyglycolic acid, poly 
epsilon caprolactone, polyhydroxybutyric acid, polyorthoe 
sters, polyacetals, polydihydropyrians, polycyanoacylates, 
and crosslinked or amphipathic block copolymers of hydro 
gels. 
0393 Dosage forms (pharmaceutical compositions) may 
contain from about 1 milligram to about 500 milligrams of 
active ingredient per dosage unit. In these pharmaceutical 
compositions the active ingredient will typically be present in 
an amount of about 0.5-95% by weight based on the total 
weight of the composition. 

Oral Administration 

0394 The compounds of the invention may be adminis 
tered orally. Oral administration may involve Swallowing, so 
that the compound enters the gastrointestinal tract, and/or 
buccal, lingual, or Sublingual administration by which the 
compound enters the blood stream directly from the mouth. 
0395. Formulations suitable for oral administration 
include solid plugs, Solid microparticulates, semi-solid and 
liquid (including multiple phases or dispersed systems) Such 
as tablets; soft or hard capsules containing multi- or nano 
particulates, liquids (e.g. aqueous solutions, or solutions in a 
digestible oil. Such as soybean oil, cottonseed oil or olive oil), 
emulsions or powders; lozenges (including liquid-filled); 
chews; gels; fast dispersing dosage forms; powders; granules; 
films; ovules; sprays; and buccal/mucoadhesive patches. 
0396 Formulations suitable for oral administration may 
also be designed to deliver the compounds of the invention in 
an immediate release manner or in a rate-sustaining manner, 
wherein the release profile can be delayed, pulsed, controlled, 
Sustained, or delayed and Sustained or modified in Such a 
manner which optimises the therapeutic efficacy of the said 
compounds. Means to deliver compounds in a rate-sustaining 
manner are known in the art and include slow release poly 
mers that can be formulated with the said compounds to 
control their release. 
0397 Examples of rate-sustaining polymers include 
degradable and non-degradable polymers that can be used to 
release the said compounds by diffusion or a combination of 
diffusion and polymer erosion. Examples of rate-sustaining 
polymers include hydroxypropyl methylcellulose, hydrox 
ypropyl cellulose, methyl cellulose, ethyl cellulose, sodium 
carboxymethyl cellulose, polyvinyl alcohol, polyvinyl pyr 
rolidone, Xanthum gum, polymethacrylates, polyethylene 
oxide and polyethylene glycol. 
0398. Liquid (including multiple phases and dispersed 
systems) formulations include emulsions, Suspensions, solu 
tions, syrups, tinctures and elixirs. Such formulations may be 
presented as fillers in Soft or hard capsules (made, for 
example, from gelatin or hydroxypropylmethylcellulose) and 
typically comprise a carrier, for example, water, ethanol, 
polyethylene glycol, propylene glycol, methylcellulose, or a 
Suitable oil, and one or more emulsifying agents and/or Sus 
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pending agents. Liquid formulations may also be prepared by 
the reconstitution of a solid, for example, from a Sachet. 
0399. The compounds of the invention may also be used in 
fast-dissolving, fast-disintegrating dosage forms such as 
those described in Liang and Chen, Expert Opinion in Thera 
peutic Patents 2001, 11(6): 981-986. 
0400. The formulation of tablets is discussed in H. Lieber 
man and L. Lachman, Pharmaceutical Dosage Forms: Tablets 
1980, vol. 1 (Marcel Dekker, New York). 

Parenteral Administration 

04.01 The compounds of the invention can be adminis 
tered parenterally. 
0402. The compounds of the invention may be adminis 
tered directly into the blood stream, into Subcutaneous tissue, 
into muscle, or into an internal organ. Suitable means for 
administration include intravenous, intraarterial, intraperito 
neal, intrathecal, intraventricular, intraurethral, intrasternal, 
intracranial, intramuscular, intrasynovial and Subcutaneous. 
Suitable devices for administration include needle (including 
microneedle) injectors, needle-free injectors and infusion 
techniques. 
0403 Parenteral formulations are typically aqueous or 
oily solutions and may include, as carriers, water, a Suitable 
oil, Saline, aqueous dextrose (glucose) and related Sugar Solu 
tions, and/or glycols such as propylene glycolor polyethylene 
glycols. Where the solution is aqueous, excipients such as 
Sugars (including but restricted to glucose, mannitol, Sorbitol, 
etc.) salts, carbohydrates and buffering agents (preferably to 
a pH of from 3 to 9), but, for some applications, they may be 
more Suitably formulated as a sterile non-aqueous Solution or 
as a dried form to be used in conjunction with a suitable 
vehicle such as sterile, pyrogen-free water (WFI). 
04.04 Solutions for parenteral administration may contain 
a water-soluble salt of the active ingredient, suitable stabiliz 
ing agents, and if necessary, buffer Substances. Antioxidizing 
agents such as sodium bisulfite, sodium sulfite, or ascorbic 
acid, either alone or combined, are Suitable stabilizing agents. 
Also used are citric acid and its salts and sodium EDTA. In 
addition, parenteral solutions can contain preservatives. Such 
as benzalkonium chloride, methyl- or propylparaben, and 
chlorobutanol. 
04.05 Parenteral formulations may include implants 
derived from degradable polymers such as polyesters (i.e. 
polylactic acid, polylactide, polylactide-co-glycolide, poly 
capro-lactone, polyhydroxybutyrate), polyorthoesters and 
polyanhydrides. These formulations may be administered via 
Surgical incision into the Subcutaneous tissue, muscular tissue 
or directly into specific organs. 
0406. The preparation of parenteral formulations under 
sterile conditions, for example, by lyophilisation, may readily 
be accomplished using standard pharmaceutical techniques 
well known to those skilled in the art. 
0407. The solubility of compounds of the invention used 
in the preparation of parenteral Solutions may be increased by 
the use of appropriate formulation techniques, such as the 
incorporation of co-solvents and/or solubility-enhancing 
agents such as Surfactants, micelle structures and cyclodex 
trins. 

Inhalation & Intranasal Administration 

0408. The compounds of the invention can be adminis 
tered intranasally or by inhalation, typically in the form of a 
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dry powder (either alone, as a mixture, for example, in a dry 
blend with lactose, or as a mixed component particle, for 
example, mixed with phospholipids, such as phosphatidyl 
choline) from a dry powder inhaler, as an aerosol spray from 
a pressurised container, pump, spray, atomiser (preferably an 
atomiser using electrohydrodynamics to produce a fine mist), 
or nebuliser, with or without the use of a suitable propellant, 
such as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluo 
ropropane, or as nasal drops. For intranasal use, the powder 
may comprise a bioadhesive agent, for example, chitosan or 
cyclodextrin. 
04.09. The pressurised container, pump, spray, atomizer, or 
nebuliser contains a solution or Suspension of the compound 
(s) of the invention comprising, for example, ethanol, aque 
ous ethanol, or a suitable alternative agent for dispersing, 
solubilising, or extending release of the active, a propellant(s) 
as solvent and an optional Surfactant, such as Sorbitan tri 
oleate, oleic acid, or an oligolactic acid. 
0410 Prior to use in a dry powder or suspension formula 
tion, the drug product is micronised to a size Suitable for 
delivery by inhalation (typically less than 5 microns). This 
may be achieved by any appropriate comminuting method, 
Such as spiral jet milling, fluid bed jet milling, Supercritical 
fluid processing to form nanoparticles, high pressure 
homogenisation, or spray drying. 
0411 Capsules (made, for example, from gelatin or 
hydroxypropylmethylcellulose), blisters and cartridges for 
use in an inhaler or insufflator may be formulated to contain 
a powder mix of the compound of the invention, a suitable 
powder base Such as lactose or starch and a performance 
modifier Such as 1 leucine, mannitol, or magnesium Stearate. 
The lactose may be anhydrous or in the form of the monohy 
drate, preferably the latter. Other suitable excipients include 
dextran, glucose, maltose, Sorbitol. Xylitol, fructose, Sucrose 
and trehalose. 

0412 Formulations for inhaled/intranasal administration 
may be formulated to be immediate and/or modified release 
using, for example, PGLA. Modified release formulations 
include delayed-, Sustained-, pulsed-, controlled-, targeted 
and programmed release. 

Transdermal Administration 

0413 Suitable formulations for transdermal application 
include a therapeutically effective amount of a compound of 
the invention with carrier. Advantageous carriers include 
absorbable pharmacologically acceptable solvents to assist 
passage through the skin of the host. 
0414 Characteristically, transdermal devices are in the 
form of a bandage comprising a backing member, a reservoir 
containing the compound optionally with carriers, optionally 
a rate controlling barrier to deliver the compound of the skin 
of the host at a controlled and predetermined rate over a 
prolonged period of time, and means to secure the device to 
the skin. 

Combination Therapy 

0415. A compound of the invention may be administered 
alone, or may be administered in combination with another 
therapeutic agent (i.e. a differentagent to the compound of the 
invention). The compound of the invention and the other 
therapeutic agent may be administered in a therapeutically 
effective amount. 
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0416) The compound of the present invention may be 
administered either simultaneously with, or before or after, 
the other therapeutic agent. The compound of the present 
invention and the other therapeutic agent may be adminis 
tered separately, by the same or different route of administra 
tion, or together in the same pharmaceutical composition. 
0417. In one embodiment, the invention provides a prod 
uct comprising a compound of the invention and another 
therapeutic agent as a combined preparation for simulta 
neous, separate or sequential use in therapy. In one embodi 
ment, the therapy is the treatment of a disease or condition 
mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof. Products provided as a com 
bined preparation include a composition comprising the com 
pound of the invention and the other therapeutic agent 
together in the same pharmaceutical composition, or the com 
pound of the invention and the other therapeutic agent in 
separate form, e.g. in the form of a kit. 
0418. The invention provides a pharmaceutical composi 
tion comprising a compound of the invention and another 
therapeutic agent. Optionally, the pharmaceutical composi 
tion may comprise a pharmaceutically acceptable excipient, 
as described above in “Administration & Formulation'. 
0419. The invention provides a kit comprising two or more 
separate pharmaceutical compositions, at least one of which 
contains a compound the invention. The kit may comprise 
means for separately retaining said compositions, such as a 
container, divided bottle, or divided foil packet. An example 
of Such a kit is a blister pack, as typically used for the pack 
aging of tablets, capsules and the like. 
0420. The kit of the invention may be used for administer 
ing different dosage forms, for example, oral and parenteral, 
for administering the separate compositions at different dos 
age intervals, or for titrating the separate compositions 
againstone another. To assist compliance, the kit of the inven 
tion typically comprises directions for administration. 
0421. In the combination therapies of the invention, the 
compound of the invention and the other therapeutic agent 
may be manufactured and/or formulated by the same or dif 
ferent manufacturers. Moreover, the compound of the inven 
tion and the other therapeutic may be brought together into a 
combination therapy: (i) prior to release of the combination 
product to physicians (e.g. in the case of a kit comprising the 
compound of the invention and the other therapeutic agent); 
(ii) by the physician themselves (or under the guidance of the 
physician) shortly before administration; (iii) in the patient 
themselves, e.g. during sequential administration of the com 
pound of the invention and the other therapeutic agent. 
0422 The compound of the invention and the other thera 
peutic agent may be combined in a single dosage unit. 
Optionally, they may be formulated such that although the 
active ingredients are combined in a single dosage unit, the 
physical contact between the active ingredients is minimized. 
For example, one active ingredient may be enteric coated. By 
enteric coating one of the active ingredients, it is possible not 
only to minimize the contact between the combined active 
ingredients, but also, it is possible to control the release of one 
of these components in the gastrointestinal tract such that one 
of these components is not released in the stomach but rather 
is released in the intestines. One of the active ingredients may 
also be coated with a material which effects a sustained 
release throughout the gastrointestinal tract and also serves to 
minimize physical contact between the combined active 
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ingredients. Furthermore, the Sustained-released component 
can be additionally enteric coated such that the release of this 
component occurs only in the intestine. Still another approach 
can involve the formulation of a combination product in 
which the one component is coated with a Sustained and/or 
enteric release polymer, and the other component is also 
coated with a polymer Such as a low viscosity grade of 
hydroxypropyl methylcellulose (HPMC) or other appropriate 
materials as known in the art, in order to further separate the 
active components. The polymer coating serves to form an 
additional barrier to interaction with the other component. 
0423. Accordingly, the invention provides the use of a 
compound of the invention in the manufacture of a medica 
ment for treating a disease or condition mediated by K.3.1 
and/or K3.4 or any heteromultimers thereof, or that requires 
inhibition of K3.1 and/or K3.4 or any heteromultimers 
thereof, wherein the medicament is prepared for administra 
tion with another therapeutic agent. The invention also pro 
vides the use of another therapeutic agent in the manufacture 
of medicament for treating a disease or condition mediated by 
K3.1 and/or K3.4 or any heteromultimers thereof, or that 
requires inhibition of K3.1 and/or K3.4 or any heteromul 
timers thereof, wherein the medicament is prepared for 
administration with a compound of the invention. 
0424 The invention also provides a compound of the 
invention for use in a method of treating a disease or condition 
mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof, wherein the compound of the 
invention is prepared for administration with another thera 
peutic agent. The invention also provides another therapeutic 
agent for use in a method of treating a disease or condition 
mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof, wherein the other therapeutic 
agent is prepared for administration with a compound of the 
invention. The invention also provides a compound of the 
invention for use in a method of treating a disease or condition 
mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof, wherein the compound of the 
invention is administered with another therapeutic agent. The 
invention also provides another therapeutic agent for use in a 
method of treating a disease or condition mediated by Kir3.1 
and/or Kir3.4 or any heteromultimers thereof, or that requires 
inhibition of K3.1 and/or K3.4 or any heteromultimers 
thereof, wherein the other therapeutic agent is administered 
with a compound of the invention. 
0425 The invention also provides the use of a compound 
of the invention in the manufacture of a medicament for 
treating a disease or condition mediated by K.3.1 and/or 
K3.4 or any heteromultimers thereof, or that requires inhi 
bition of K3.1 and/or K3.4 or any heteromultimers thereof, 
wherein the patient has previously (e.g. within 24 hours) been 
treated with another therapeutic agent. The invention also 
provides the use of another therapeutic agent in the manufac 
ture of a medicament for treating a disease or condition medi 
ated by Kir3.1 and/or Kir3.4 or any heteromultimers thereof, 
or that requires inhibition of K3.1 and/or K3.4 or any 
heteromultimers thereof, wherein the patient has previously 
(e.g. within 24 hours) been treated with a compound of the 
invention. 
0426 In one embodiment, the other therapeutic agent is 
selected from other antiarrythmic agents, such as Vaughan 
Williams class I, class II, class III, or class IV agents, or from 
other cardiovascular agents. 
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Synthesis 
0427 Compounds of formula (I) may be prepared by con 
ventional routes, for example those set out in Schemes 1 to 5 
shown below. 

SCHEME1 

RI 
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0428 Compounds of formula (vii) may be prepared as reducing agent such as diisobutyllithium aluminium hydride. 
shown in scheme 1 from compounds of formula (vi) via a 
cyclisation in the presence of base such as potassium carbon 
ate. Compounds of formula (vi) may be prepared via reaction 
of compounds of formula (v) with compounds of formula 
(viii). Compounds of formula (V) may be prepared from com 
pounds of formula (iv) by chlorination with a suitable reagent 
such as N-Chlorosuccinimide or oxone/HC1. Compounds of 
formula (iv) may be prepared from compounds of formula 
(iii) via reaction with hydroxylamine or hydroxylamine 
hydrochloride. Compounds of formula (iii) may be prepared 
from compounds of formula (ii) via reduction using a suitable 

Alternatively, the reaction may be accomplished in two stages 
with full reduction of the alkyl ester to the alcohol using a 
suitable reducing agent such as lithium borohydride followed 
by oxidation to the aldehyde using a Suitable oxidising agent 
Such as manganese dioxide or pyridinium chlorochromate. 
Compounds of formula (ii) may be prepared from compounds 
of formula (i) via a Sandmeyer-type reaction using a suitable 
diazotizing agent Such as t-butylnitrite and copper (II) bro 
mide. Compounds of formula (i) are known compounds or 
may be prepared by standard published methods familiar to 
those skilled in the art. 
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-continued 

0429 
pared as shown in scheme 2 from compounds of formula (XX) 
via attack of an electrophile (xxi) (L*-R/L*-R, where L* 
is a suitable leaving group) on the nitrogen. Compounds of 

Compounds of formula (XXii) or (XXiii) may be pre 

formula (XX) may be prepared by removal of a suitable pro 
tecting group (PG). Suitable protecting groups include tolu 
enesulfonyl. Compounds of formula (XiX) may be prepared 
by a cyclisation of compounds of formula (Xviii) in the pres 
ence of base Such as potassium carbonate. Compounds of 
formula (Xviii) may be prepared via reaction of compounds of 
formula (xvi) with compounds of formula (xvii). Compounds 
of formula (Xvii) are known compounds or may be prepared 
by standard published methods familiar to those skilled in the 
art, or may be prepared as shown in Scheme 5. Compounds of 
formula (Xvi) may be prepared by chlorination of compounds 
of formula (XV) with a chlorinating agent Such as thionyl 
chloride. Compounds of formula (XV) may be prepared via 

Alkyl-O 
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W W 
M M 
\ V 
L L 

? ? D. D. 

C. C. 
N N 

R1 3 

N N 21 -' i 

\ { ( )- 
A. Yi, R2 A. 

(XXii) (xxiii) 

reaction of compounds of formula (xiii) with hydrazines of 
formula (xiv). Compounds of formula (xiv) are known com 
pounds or may be prepared by standard published methods 
familiar to those skilled in the art. Compounds of formula 
(xiii) may be prepared from compounds of formula (xii) by 
chlorination with a suitable reagent such as thionyl chloride 
or oxalyl chloride. Compounds of formula (xii) may be pre 
pared from compounds of formula (xi) using standard meth 
ods familiar to those skilled in the art. Alternatively they may 
be commercially available. Compounds of formula (xi) may 
be prepared from compounds of formula (x) via a Sandmeyer 
type reaction using a suitable diazotizing agent Such as t-bu 
tylnitrite and copper(II) bromide. Alternatively they may be 
commercially available. Compounds of formula (x) are 
known compounds or may be prepared by standard published 
methods familiar to those skilled in the art. Alternatively they 
may be commercially available. 

SCHEME3 

Alkyl-O Alkyl-O 

3- ) - ), 
(xxiv) (XXv) (xxvi) 
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-continued 
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0430 Compounds of formula (xxxiii) or (xxxiv) may be 
prepared as shown in Scheme 3 from compounds of formula 
(xxxii) via attack of an electrophile (xxi) (L*-R,/L*-R, 
where L* is a suitable leaving group Such as chloro) on the 
nitrogen. Compounds of formula (XXXii) may be prepared by 
removal of a suitable protecting group (PG) from compounds 

of formula (XXXi). Suitable protecting groups include tolu 
enesulfonyl. Compounds of formula (XXXi) may be prepared 
by a cyclisation of compounds of formula (XXX) in the pres 
ence of a basic mixture such as potassium carbonate and 
copper (I) iodide. In this step Br may be replaced by R* 
(where R*-H) under the reaction conditions. Alternatively 
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Br may be replaced by R* in any of the subsequent steps. 
Example reactions include cyanation with Zinc cyanide 
catalysed by palladium, hydrogenation and no reaction. R* 
may be further transformed in Subsequent steps, for example 
hydrolysis of nitrile to carboxylic acid or ester followed by 
amide formation or decarboxylation. Compounds of formula 
(XXX) may be prepared via reaction of compounds of formula 
(XXiX) with compounds of formula (Xvii). Compounds of 
formula (Xvii) are known compounds or may be prepared by 
standard published methods familiar to those skilled in the 
art, or may be prepared as shown in Scheme 5. Compounds of 
formula (XXiX) may be prepared by chlorination of com 
pounds of formula (XXViii) with a chlorinating agent such as 
thionyl chloride. Compounds of formula (xxviii) may be pre 
pared via reaction of compounds of formula (xxvii) with 
hydrazines of formula (xiv). Compounds of formula (xiv) are 
known compounds or may be prepared by standard published 
methods familiar to those skilled in the art. Compounds of 
formula (XXVii) may be prepared from compounds of formula 
(XXvi) by chlorination with a Suitable reagent Such as thionyl 
chloride or oxalyl chloride. Compounds of formula (xxvi) 
may be prepared from compounds of formula (XXV) using 
standard methods familiar to those skilled in the art. Alterna 
tively they may be commercially available. Compounds of 
formula (XXV) may be prepared from compounds of formula 
(XXiv) via a Sandmeyer-type reaction using a suitable diazo 
tizing agent such as t-butylnitrite and copper (II) bromide. 
Alternatively they may be commercially available. Com 
pounds of formula (XXiv) are known compounds or may be 
prepared by standard published methods familiar to those 
skilled in the art. Alternatively they may be commercially 
available. 
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-continued 
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0431 Compounds of formula (xxxix) may be prepared as 
shown in Scheme 4 from compounds of formula (XXXVii) and 
primary or secondary amines of formula (XXXViii) by reduc 
tive amination catalysed by dibutyltin dichloride followed by 
treatment with base. Compounds of formula (XXXVii) may be 
prepared from compounds of formula (XXXVi) by oxidation 
with a suitable oxidising agent such as Dess Martin Periodi 
nane. Compounds of formula (XXXVi) may be prepared by a 
cyclisation of compounds of formula (XXXV) in the presence 
of a basic mixture Such as potassium carbonate and copper(I) 
iodide. Compounds of formula (XXXV) may be prepared by 
reaction of compounds of formula (XXix) with compounds of 
formula (XXXiv). Compounds of formula (XXXiv) are known 
or may be commercially available. Compounds of formula 
(XXiX) may be prepared according to Scheme 3. 
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0432 Compounds of formula (xvii) may be prepared as 
shown in Scheme 5 from compounds of formula (xlii) by 
removal of a suitable protecting group (PG) using standard 
methods. Suitable protecting groups include tertbutoxycar 
bonyl and benzyloxycarbonyl. Compounds of formula (xlii) 
may be prepared by reaction of compounds of formula (x1) 
with alkylating agents of formula (xli) (where L* is a suitable 
leaving group). Compounds of formula (xli) are commer 
cially available. Compounds of formula (xl) are commer 
cially available or may be prepared by standard methods. 

General 

0433. The term “comprising encompasses “including as 
well as "consisting e.g. a composition “comprising X may 
consist exclusively of X or may include Something additional 
e.g. X--Y. 
0434. The word “substantially' does not exclude “com 
pletely” e.g. a composition which is “substantially free” from 
Y may be completely free from Y. Where necessary, the word 
“substantially” may be omitted from the definition of the 
invention. 
0435 The term “about in relation to a numerical value X 
means, for example, x+10%. 

MODES FOR CARRYING OUT THE INVENTION 

Experimental Section 
0436. Many of the starting materials referred to in the 
reactions described below are available from commercial 
sources or can be made by methods cited in the literature 
references. 

Analytical Methods 
0437 
methods: 
0438 AGILENT 6110/1200 LCMS system 
0439 Solvent: H.O-0.1% HCOH:MeCN-0.05% 
HCOH:HO-0.1% HCOH), 10-95% gradient 3 min, 95% 
3-5 min, 5.5-5.8 min 95%-20% gradient; 6 min 5%; Column: 
Phenomenex Gemini 50x4.6 mm i.d., 3 micronC18 reverse 
phase: Flow rate: 0.75 mL/min. UV detection 220/254 nm, 
MS Electrospray (+ve and -ve mode). 
0440 Preparative HPLC purification was conducted in the 
following manner: 
0441 Solvent: MeCN-0.05% HCOH: H.O-0.1% 
HCOH), 5-95% gradient 12 min, 95% 3 min: Waters 
X-Bridge 100x19mm i.d., C18 reverse phase: Flow rate: 16 
mL/min unless otherwise indicated. 
0442 HPLC: Agilent HPLC with Waters XBridge C18, 5 
um, 100 mmx19 mm i.d. column and a flow rate of 16 
ml/minute. With two G 1361A prep pumps, a G.2258A duel 

HPLC analysis was conducted using the following 
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loop auto sampler, a G 1315 diode array detector and a 
G3064B prep fraction collector. Analysed by ChemStation 3. 
Solvents, (acidic method) water with 0.01% formic acid and 
acetonitrile with 0.05% formic acid or (basic method) water 
with 0.1% ammonia and acetonitrile. 

Method a: 

Time minutes 

O 12 15 15.5 

Acetonitrile concentration% 5 95 95 5 

Method b: 

Time minutes 

O 1.5 13.5 14 15 1S.S 16 

Acetonitrile concentration% S 40 65 98 98 5 5 

Method c: 

Time minutes 

O 1.5 14 14.5 15 15.5 

Acetonitrile concentration% 5 50 75 95 95 5 

Method d: 

Time minutes 

O 1.5 14 14.5 15 15.5 

Acetonitrile concentration% 5 50 65 95 95 5 

Methode: 

Time minutes 

O 11 12 15 15 

Acetonitrile concentration% 5 35 95 95 5 

Method f: 

Time minutes 

O 1.5 12 15 15.5 

Acetonitrile concentration% 5 50 95 95 5 

Method g: 

Time minutes 

O 11 11.5 14.5 15 

Acetonitrile concentration% 5 55 95 95 5 

0443 HPLC: Agilent HPLC with Phenomenex Gemini 
NX, 5um, 100 mmx30 mm i.d. column and a flow rate of 40 
ml/minute. With two G 1361A prep pumps, a G.2258A duel 
loop auto sampler, a G 1315 diode array detector and a 
G3064B prep fraction collector. Analysed by ChemStation 3. 
Solvents, (acidic method) water with 0.01% formic acid and 
acetonitrile with 0.05% formic acid or (basic method) water 
with 0.1% ammonia and acetonitrile. 
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Method 1: 

Time minutes 

O 12 15 15.5 

Acetonitrile concentration% 5 95 95 5 

Method 2: 

Time minutes 

O 1.5 13.5 14 15 1S.S 16 

Acetonitrile concentration% S 40 65 98 98 5 5 

Method 3: 

Time minutes 

O 1.5 14 14.5 15 15.5 

Acetonitrile concentration% 5 50 75 95 95 5 

Method 4: 

Time minutes 

O 1.5 14 14.5 15 15.5 

Acetonitrile concentration% 5 50 65 95 95 5 

Method 5: 

Time minutes 

O 11 12 15 15 

Acetonitrile concentration% 5 35 95 95 5 

Method 6: 

Time minutes 

O 1.5 12 15 15.5 

Acetonitrile concentration% 5 50 95 95 5 

Method 7: 

Time minutes 

O 11 11.5 14.5 15 

Acetonitrile concentration% 5 55 95 95 5 

0444 Proton and carbon NMR were acquired on a Bruker 
Advance 300 at 300 and 75 mHz respectively. 

Intermediate 1: tert-butyl 
3-hydroxy-8-azabicyclo[3.2.1]octane-8-carboxylate 

0445 For a preparation, see WO2007/063071. 

Intermediate 2: benzyl 
3-(hydroxymethyl)pyrrolidine-1-carboxylate 

0446. Pyrrolidin-3-ylmethanol (1.613 g, 15.95 mmol; 
Atlantic Research) and triethylamine (4.49 mL, 31.89 mmol) 
were stirred in dichloromethane at 0° C. Benzyl chlorofor 
mate (4.00 mL. 23.92 mmol) was added and the reaction 
allowed to warm to room temperature over 1 hour. The reac 
tion mixture was diluted with DCM, washed with water, dried 
over Sodium sulfate and concentrated at reduced pressure to 
afford the title compound (4.59 g). H NMR (CDC1): 8=1. 
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41-1.60 (1H, m), 1.62-1.80 (1H, m), 1.95-2.09 (1H, m), 2.35 
2.52(1H, m), 3.14-3.25 (1H, m), 3.37-3.70 (4H, m), 5.12 (2H, 
s), 7.28-7.40 (5H, m). 

Intermediate 3: tert-butyl 4-(2-pyrrolidin-1-ylethoxy) 
piperidine-1-carboxylate 

0447. To a stirred mixture of tert-butyl 4-(hydroxymethyl) 
piperidine-1-carboxylate (7.54g, 35.0 mmol: Apollo), TBAB 
(1.13 g, 3.5 mmol) and 1-(2-chloroethyl)pyrrolidine hydro 
chloride (12.00 g, 70.0 mmol; Alfa Aesar) in toluene (60 mL) 
was added 10 Maqueous sodium hydroxide solution (60 mL). 
The resulting mixture was heated at 80° C. for 16 h. The 
reaction mixture was diluted with EtOAc (100 mL) and the 
organic phase separated. The aqueous phase was extracted 
with EtOAc (2x50 mL) and the combined organic phases 
were washed with brine (20 mL), separated, dried (magne 
sium sulfate), filtered and concentrated under reduced pres 
Sure to give an orange oil (14.77 g). The impure product was 
purified by flash column chromatography (silica gel, SNAP 
100 g, gradient elution: DCM to 10% MeOH/DCM) to give 
the title compound as a yellow oil (8.31 g, 26.6 mmol, 76%). 
m/z. M+HIf 313.1. Retention time 3.52 min (LCMS method 
+ve 10 min). 
0448. The following intermediates 4 to 8 were prepared by 
a similar procedure to that used for intermediate 3 from the 
appropriate alcohol. 

Inter 
mediate Name 

4 tert-butyl 5-(2-pyrrollidin-1-ylethoxy)- 
2-azabicyclo2.2.1]heptane-2- 
carboxylate 

5 tert-butyl 3-(2-pyrrollidin-1-ylethoxy)- 
8-azabicyclo[3.2.1]octane-8- 
carboxylate 

6 tert-butyl 3-(2-pyrrollidin-1- 
ylethoxymethyl)piperidine-1- 
carboxylate 

7 benzyl 3-(2-pyrrollidin-1- 
ylethoxymethyl)-8- 
azabicyclo3.2.1]octane-8-carboxylate 

8 benzyl 3-(2-pyrrollidin-1- 
ylethoxymethyl)pyrrollidine-1- 
carboxylate 

Characterisation 

m/z. M+H 311.2. 
Retention time 0.81 min 
(LCMS method + 
ve 6 min) 
H NMR (CDC1) 8 = 1.46 
(9H, s), 1.74-2.11 (12H, 
m), 2.55-2.78 (6H, m), 
3.52-3.65 (3H, m), 
4.04-4.25 (2H, m). 
m/z. M+H 313.2. 
Retention time 2.88 min 
(LCMS method + ve 
6 min). 
m/z. M+H 373.2. 
Retention time 3.00 min 
(LCMS method + ve 
6 min). 
m/z. M+H 333.2. 
Retention time 2.98 min 
(LCMS method + ve 
6 min) 

Intermediate 9: 
4-(2-pyrrolidin-1-ylethoxymethyl)piperidine 

0449 To a stirred mixture of tert-butyl 4-(2-pyrrolidin-1- 
ylethoxymethyl)piperidine-1-carboxylate (8.31 g, 26.5 
mmol; may be prepared as described in intermediate 3) in 
dichloromethane (60 mL) was cautiously added neat trifluo 
roacetic acid (30 mL) and the resulting mixture stirred at 
room temperature for 2 h. The reaction mixture was diluted 
with dichloromethane (30 mL) and water (30 mL) and the pH 
adjusted 12 using 10 M aqueous NaOH. The organic phase 
was separated and the aqueous phase extracted with DCM 
(3x50 mL). The combined organic phases were washed with 
brine (20 ml), separated, dried (magnesium sulfate), filtered 
and concentrated under reduced pressure to give the title 
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compound as a viscous orange/dark yellow oil (4.79 g, 22.6 
mmol, 85%). m/z. M+H" 213.1. Retention time 0.58 min 
(LCMS method +ve 10 min). 
0450. The following intermediates 10 to 12 were prepared 
by a similar procedure to that used for intermediate 9 from the 
appropriate tert-butoxycarbonyl-protected amine. 

Inter 
mediate Name Characterisation 

10 5-(2-pyrrollidin-1- 
ylethoxy)-2- 
aZabicyclo2.2.1]heptane 

11 3-(2-pyrrollidin-1- 
ylethoxy)-8- 
aZabicyclo3.2.1]octane 

12 3-(2-pyrrollidin-1- m/z. M+H 213.2. Retention time 
ylethoxymethyl)piperidine 0.54 min (LCMS method + ve 6 min). 

m/z. M+H 211.2. Retention time 
0.55 min (LCMS method + ve 6 min). 

m/z. M+H 225.1. Retention time 
0.56 min (LCMS method + ve 6 min). 

Intermediate 13: 3-(2-pyrrolidin-1-ylethoxymethyl)- 
8-azabicyclo[3.2.1]octane 

0451 Benzyl 3-(2-pyrrolidin-1-ylethoxymethyl)-8- 
aZabicyclo3.2.1]octane-8-carboxylate (1.2 g, 3.2 mmol; 
may be prepared as described in intermediate 7) and 10% 
palladium on carbon (0.12 g, 1.1276 mmol) were stirred in 
ethanol (20 mL) under an atmosphere of hydrogen overnight. 
The reaction mixture was filtered through Celite, washing the 
catalyst with ethanol. The filtrate was concentrated at reduced 
pressure to afford the title compound (0.792 g). m/z. M+HIf 
239.2. Retention time 0.56 min (LCMS method +ve 6 min). 

Intermediate 

16 ethyl 2,5-dibromo-4-(4-fluorophenyl) 
thiophene-3-carboxylate 

Intermediate 
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0452. The following intermediate 14 was prepared by a 
similar procedure to that used for intermediate 13 from the 
appropriate benzyloxycarbonyl-protected amine. 

Intermediate Name Characterisation 

14 1-2-(pyrrollidin-3-ylmethoxy) 
ethylpyrrollidine 

m/z. M+H 199.2. 
Retention time 0.83 min 

(LCMS method +ve 6 min). 

Intermediate 15: ethyl 
2,5-dibromo-4-phenyl-thiophene-3-carboxylate 

0453 To a stirred solution of copper (II) bromide (1.4 
equiv., 84.92 mmol) in ACN (200 mL, 3830 mmol) at 0°C. 
was slowly added tert-butyl nitrite (1.15 equiv., 69.75 mmol). 
The reaction was stirred at 0°C. for 15 minutes before ethyl 
2-amino-4-phenyl-thiophene-3-carboxylate (15 g, 60.66 
mmol; Fluorochem) was added portionwise. The reaction 
mixture was allowed to warm to room temperature and stirred 
overnight. The reaction was partitioned between 2M HCl 
(200 mL) and ethyl acetate (200 mL) and further extracted 
with ethyl acetate (2x100 mL). The combined organics were 
dried over sodium sulfate and concentrated in vacuo. The 
residue was purified by dry flash column chromatography 
using silica and hexane: ethyl acetate 0-20% as eluent. The 
pure fractions were combined and concentrated to give the 
title compound (7.587 g, 40%). "H NMR (CDC1) 6–0.98 
(3H, t), 4.08 (2H, q), 7.21-7.27 (2H, m), 7.36-7.45 (3H, m). 
Retention time 5.20 min (LCMS method +ve 6 min). 
0454. The following intermediate 16 was prepared by a 
similar procedure to that used for intermediate 15 from the 
appropriate thiophene compound. 

Name Characterisation 

H NMR (CDC1) 8 = 1.04 (3H, t), 4.12 
(2H, q), 7.08 - 7.14 (2H, m), 7.21 - 7.27 (2H, m). 

Retention time 5.08 min 
(LCMS method +ve 6 min). 

Intermediate 17: 
2,5-dibromo-4-phenyl-thiophene-3-carboxylic acid 

0455 Ethyl 2,5-dibromo-4-phenyl-thiophene-3-carboxy 
late (3.5g, 11 mmol; may be prepared as described in inter 
mediate 15) and potassium hydroxide (1.3g, 22 mmol) were 
stirred in ethanol/water (10 mL/10 mL) at 50° C. for 3 hours. 
The reaction mixture was acidified to pH7, extracted into 
DCM, dried over sodium sulfate and concentrated at reduced 
pressure to afford the title compound (3.35 g). m/z. M+HIf 
362.7. Retention time 4.60 min (LCMS method +ve 6 min). 
0456. The following intermediate 18 was prepared by a 
similar procedure to that used for intermediate 17 from the 
appropriate ester. 

Name Characterisation 

2,5-dibromo-4-(4-fluorophenyl) Retention time 4.57 min (LCMS 
thiophene-3-carboxylic acid method +ve 6 min) 
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Intermediate 19: 
2,5-dibromo-4-phenyl-thiophene-3-carbonyl chloride 

0457 2,5-Dibromo-4-phenyl-thiophene-3-carboxylic 
acid (3.5g, 9.7 mmol; may be prepared as described in inter 
mediate 17) was stirred in DCM (25 mL) with a drop of NMP. 
Thionyl chloride (1.3 g, 0.78 mL, 11 mmol) was added and 
the reaction heated to reflux for 2 hours. The solvent was 
removed at reduced pressure to afford the title compound 
(3.32 g). Retention time 5.30 min (LCMS method +ve 6 min). 
0458. The following intermediate 20 was prepared by a 
similar procedure to that used for intermediate 19 from the 
appropriate carboxylic acid. 

Intermediate Name Characterisation 

2O 2,5-dibromo-4-(4- 
fluorophenyl)thiophene-3- 

carbonyl chloride 

H NMR (CDC1) 
8 = 7.12-7.18 

(2H, m), 7.26-7.30 (2H, m). 

Intermediate 

22 

23 

Intermediate Name 

25 

26 
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Intermediate 21: 2,5-dibromo-4-phenyl-N'-(p-tolyl 
sulfonyl)thiophene-3-carbohydrazide 

0459 2,5-Dibromo-4-phenyl-thiophene-3-carbonyl chlo 
ride (3.32 g, 8.73 mmol; may be prepared as described in 
intermediate 19) and 4-methylbenzenesulfonohydrazide 
(3.25 g, 17.5 mmol) were heated to 100°C. intoluene (50 mL) 
for 2 hours. The reaction mixture was allowed to cool to room 

temperature and the suspension filtered. The solid was slur 
ried with 1N HCl and the suspension filtered. The solid was 
washed with water and dried in vacuo at 40°C. overnight to 
afford the title compound (5.32 g). m/z. M+H fiš30.9. Reten 
tion time 4.39 min (LCMS method +ve 6 min). 

0460) 
by a similar procedure to that used for intermediate 21 from 

The following intermediates 22 to 23 were prepared 

the appropriate acid chlorides and hydrazides. 

Name Characterisation 

2,5-dibromo-4-(4-fluorophenyl)- m/z. M+H 548.7. Retention time 4.40 
N'-(p-tolylsulfonyl)thiophene-3- min (LCMS method +ve 6 min). 

carbohydrazide 

N'-(benzenesulfonyl)-2,5- m/z. M+H 516.7. Retention time 4.38 
dibromo-4-phenyl-thiophene-3- min (LCMS method +ve 6 min). 

carbohydrazide 

Intermediate 24: (3Z)-2,5-dibromo-4-phenyl-N-(p- 
tolylsulfonyl)thiophene-3-carbohydrazonoyl chloride 

0461) 2,5-Dibromo-4-phenyl-N'-(p-tolylsulfonyl) 
thiophene-3-carbohydrazide (5.32 g, 10.0 mmol; may be pre 
pared as described in intermediate 21) was heated to 80°C. in 
thionyl chloride (7.18 g. 4.40 mL, 60.2 mmol) for 1 hour. The 
reaction mixture was allowed to cool to room temperature. 
Hexane (50 mL) was added and the resulting precipitate 
filtered off and dried in vacuo at 40°C. overnight (title com 
pound; 3.8 g). m/z. M+H 552.8. Retention time 4.41 min 
(LCMS method +ve 6 min). 
0462. The following intermediates 25 to 26 were prepared 
by a similar procedure to that used for intermediate 24 from 
the appropriate carbohydrazides. 

Characterisation 

(3Z)-2,5-dibromo-4-(4- 
fluorophenyl)-N-(p- 

m/z. M+H 570.7. Retention time 
4.42 min (LCMS method +ve 6 min). 

tolylsulfonyl)thiophene-3- 
carbohydrazonoyl chloride 

(3Z)-N-(benzenesulfonyl)-2,5- m/z. M+H 538.7. Retention time 
dibromo-4-phenyl-thiophene-3- 4.39 min (LCMS method +ve 6 min). 

carbohydrazonoyl chloride 
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Intermediate 27: N—(Z)-(2,5-dibromo-4-phenyl-3- 
thienyl)-4-(2-pyrrolidin-1-ylethoxymethyl)-1-pip 
eridylmethyleneamino-4-methyl-benzenesulfona 

mide 

0463 (3Z)-2,5-dibromo-4-phenyl-N-(p-tolylsulfonyl) 
thiophene-3-carbohydrazonoyl chloride (2 g, 3.645 mmol; 
may be prepared as described in intermediate 24) was stirred 
in THF (30 mL) at room temperature. DABCO (0.8178 g, 
0.802 mL, 7.290 mmol) and 4-(2-pyrrolidin-1-ylethoxym 
ethyl)piperidine (1.161 g, 5.467 mmol; may be prepared as 
described in intermediate 9) were added and the reaction 
stirred overnight at room temperature. The reaction mixture 
was diluted with DCM (100 mL), washed with water (100 
mL), dried over sodium sulfate and concentrated to afford the 
title compound (1.4 g). m/z. M/2+H 363.0. Retention time 
3.35 min (LCMS method +ve 6 min). 
0464. The following intermediates 28 to 35 were prepared 
by a similar procedure to that used for intermediate 27 from 
the appropriate carbohydrazonoyl chlorides and amines. 

33 
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180°C. in the microwave for 1 hour. The reaction mixture was 
diluted with ethyl acetate (50 mL) and filtered through celite. 
The filtrate was washed with water (50 mL), dried over 
Na2SO4 and concentrated at reduced pressure. The resulting 
residue was purified by flash chromatography, eluting with a 
gradient of DCM-93/7/0.7 DCM/MeOH/NHOH to afford 
the title compound (264 mg). m/z. M+H 565.2. Retention 
time 3.42 min (LCMS method +ve 6 min). 

Intermediate 37: 5-bromo-4-phenyl-1-(p-tolylsulfo 
nyl)-3-5-(2-pyrrolidin-1-ylethoxy)-2-azabicyclo[2. 

2.1]heptan-2-ylthieno 2.3-cpyrazole 
0466 N—(Z)-(2,5-dibromo-4-phenyl-3-thienyl)-5-(2- 
pyrrolidin-1-ylethoxy)-2-azabicyclo2.2.1]heptan-2-ylme 
thyleneamino-4-methyl-benzenesulfonamide (3 g, 4.152 
mmol; may be prepared as described in intermediate 28), 
copper(I) iodide (0.0141 mL, 0.4152 mmol), potassium car 
bonate (1.148g, 8.303 mmol) were heated to 100° C. in the 
microwave for 15 mins. The reaction mixture was diluted 

Intermediate Name Characterisation 

28 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 722.7. 
5-(2-pyrrollidin-1-ylethoxy)-2- Retention time 4.39 min 
azabicyclo2.2.1]heptan-2- (LCMS method +ve 6 min). 

yl)methyleneamino-4-methyl 
benzenesulfonamide 

29 N-(Z)-2,5-dibromo-4-(4-fluorophenyl)-3- m/z. M+H 741.0. 
thienyl-5-(2-pyrrollidin-1-ylethoxy)-2- Retention time 3.30 min 

azabicyclo[2.2.1]heptan-2- (LCMS method +ve 6 min). 
yl)methyleneamino-4-methyl 

benzenesulfonamide 
30 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 750.9. 

3-(2-pyrrollidin-1-ylethoxymethyl)-8- Retention time 3.36 min 
azabicyclo3.2.1]octan-8- (LCMS method +ve 6 min) 

yl)methyleneamino-4-methyl 
benzenesulfonamide 

31 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 737.0. 
3-(2-pyrrollidin-1-ylethoxy)-8- Retention time 0.81 min 
azabicyclo3.2.1]octan-8- (LCMS method +ve 6 min) 

yl)methyleneamino-4-methyl 
benzenesulfonamide 

32 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 725.0. 
3-(2-pyrrollidin-1-ylethoxymethyl)-1- Retention time 3.53 min 

piperidylmethyleneamino-4-methyl- (LCMS method +ve 6 min) 
benzenesulfonamide 

33 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 710.9. 
3-(2-pyrrollidin-1- Retention time 3.36 min 

ylethoxymethyl)pyrrollidin-1- (LCMS method +ve 6 min) 
yl)methyleneamino-4-methyl 

benzenesulfonamide 
34 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 710.9. 

4-(2-pyrrollidin-1-ylethoxymethyl)-1- Retention time 3.35 min 
piperidylmethyleneamino (LCMS method +ve 6 min) 

benzenesulfonamide 
35 N-(Z)-(2,5-dibromo-4-phenyl-3-thienyl)- m/z. M+H 625.8. 

(3-hydroxy-8-azabicyclo[3.2.1]octan-8- Retention time 6.50 min 
yl)methyleneaminobenzenesulfonamide (LCMS method +ve 10 min) 

Intermediate 36: 4-phenyl-1-(p-tolylsulfonyl)-3-4- 
(2-pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno 

2,3-cpyrazole 

0465 N—(Z)-(2,5-dibromo-4-phenyl-3-thienyl)-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidylmethylene 
amino-4-methyl-benzenesulfonamide (1.37 g, 1.89 mmol; 
may be prepared as described in intermediate 27), copper(I) 
iodide (0.0360 g, 0.00641 mL, 0.189 mmol), potassium car 
bonate (0.523 g, 3.78 mmol) in NMP (2 mL) were heated to 

with ethyl acetate and filtered through Celite. The filtrate was 
washed with water, dried over sodium sulfate and concen 
trated at reduced pressure. The resulting residue was purified 
by flash chromatography, eluting with a gradient of DCM-93/ 
3/0.3 DCM/MeOH/NHOH to afford the target compound 
(1.354g), m/z. M+H" 641.1/643.1. Retention time 0.83 min 
(LCMS method +ve 6 min). 
0467. The following intermediates 38 to 44 were prepared 
by a similar procedure to that used for intermediate 37 from 
the appropriate Sulfonamide-amidines. 
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Intermediate Name Characterisation 

38 5-bromo-4-(4-fluorophenyl)-1-(p- mzM+H 659.0660.9. 
tolylsulfonyl)-3-(5-(2-pyrrollidin-1- Retention time 3.54 min 

ylethoxy)-2-azabicyclo2.2.1]heptan-2- (LCMS method +ve 6 min) 
ylthieno2,3-cpyrazole 

39 5-bromo-4-phenyl-1-(p-tolylsulfonyl)-3-3- m/z. M+H 669.0/671.0. 
(2-pyrrollidin-1-ylethoxymethyl)-8- Retention time 3.60 min 

azabicyclo[3.2.1]octan-8-yl-thieno 2,3- (LCMS method +ve 6 min) 
cpyrazole 

40 5-bromo-4-phenyl-1-(p-tolylsulfonyl)-3-3- m/z. M+H 655.1/657.1. 
(2-pyrrollidin-1-ylethoxy)-8- Retention time 3.27 min 

azabicyclo[3.2.1]octan-8-yl-thieno 2,3- (LCMS method +ve 6 min) 
cpyrazole 

41 5-bromo-4-phenyl-1-(p-tolylsulfonyl)-3-3- m/z. M+H 643.1/645.1. 
(2-pyrrollidin-1-ylethoxymethyl)-1- Retention time 3.91 min 
piperidylthieno 2,3-cpyrazole (LCMS method +ve 6 min) 

42 5-bromo-4-phenyl-1-(p-tolylsulfonyl)-3-3- m/z. M+H 629.07631.0. 
(2-pyrrollidin-1-ylethoxymethyl) Retention time 3.54 min 

pyrrollidin-1-ylthieno2,3-cpyrazole (LCMS method +ve 6 min) 
43 1-(benzenesulfonyl)-5-bromo-4-phenyl-3- m/z. M+H 629.07631.0. 

4-(2-pyrrollidin-1-ylethoxymethyl)-1- Retention time 3.54 min 
piperidylthieno 2,3-cpyrazole (LCMS method +ve 10 min) 

44 8-1-(benzenesulfonyl)-5-bromo-4-phenyl- m/z. M+H 543.9/545.9. 
thieno2,3-cpyrazol-3-yl-8- Retention time 5.06 min 
azabicyclo3.2.1]octan-3-ol (LCMS method +ve 6 min) 

Intermediate 45: 8-1-(benzenesulfonyl)-5-bromo-4- 
phenyl-thieno 2.3-cpyrazol-3-yl)-8-azabicyclo[3.2. 

1 octan-3-one 
0468. To a stirred solution of 8-1-(benzenesulfonyl)-5- 
bromo-4-phenyl-thieno2.3-cpyrazol-3-yl-8-azabicyclo3. 
2.1]octan-3-ol (980 mg, 1.800 mmol; may be prepared as 
described in intermediate 44) in dichloromethane (30 mL) at 
room temperature was added Dess-Martin Periodinane (1.3 
equiv. 2.340 mmol) in one portion and the reaction stirred 
over the weekend. The reaction was filtered and the filtrate 
washed with water and brine, dried over sodium sulfate, fil 
tered and concentrated in vacuo to yield the title compound 
(960 mg), m/z. M+H 541.9/543.9. Retention time 5.14 min 
(LCMS method +ve 6 min). 

Intermediate 46: 1-(benzenesulfonyl)-4-phenyl-3-4- 
(2-pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno 

2,3-cpyrazole-5-carbonitrile 
0469. In a sealed microwave tube nitrogen was bubbled 
through a stirred solution of 1-(benzenesulfonyl)-5-bromo-4- 
phenyl-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1-piperidyl 
thieno2.3-cpyrazole (6.00 g, 9.530 mmol; may be prepared 
as described in intermediate 43), Zinc cyanide (1.287g, 10.96 
mmol), and diphenylphosphino ferrocene (0.545 g, 0.953 
mmol) in DMF (30 mL) for 30 minutes at room temperature. 
To the stirred reaction was added tris(dibenzylideneacetone) 
dipalladium (0.436 g., 0.477 mmol), the vessel sealed and 
heated in a microwave reactor at 140°C. for 60 minutes. The 
reaction was diluted with ethyl acetate (200 mL) and water 
(200 mL), the organic layer washed with brine, dried over 
Sodium Sulphate, filtered and concentrated under reduced 
pressure. The material was passed through a pad of silica 
eluting with DCM: methanol (0-20%) as eluent and concen 
trated to give the named product (5.01 g, 1%). m/z. M+H" 
576.1. Retention time 3.42 min (LCMS method +ve 6 min). 

Intermediate 47: 5-bromo-4-phenyl-3-4-(2-pyrroli 
din-1-ylethoxymethyl)-1-piperidyl)-1H-thieno2.3-c. 

pyrazole 
0470 The title compound was made in a similar manner to 
the preparation of compound 1, replacing 4-phenyl-1-(p- 

tolylsulfonyl)-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1-pip 
eridylthieno 2.3-cpyrazole with 1-(benzenesulfonyl)-5- 
bromo-4-phenyl-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1- 
piperidylthieno 2.3-cpyrazole (may be prepared as 
described in intermediate 43). m/z. M+H" 489.0/491.0. 
Retention time 3.30 min (LCMS method +ve 6 min). 

Intermediate 48: 5-bromo-1-methylsulfonyl-4-phe 
nyl-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1-pip 

eridylthieno 2.3-cpyrazole 

0471. The title compound was made in a similar manner to 
the preparation of compound 13, replacing 4-phenyl-3-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidyl-1H-thieno 2.3-c. 
pyrazole with 5-bromo-4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidyl-1H-thieno2.3-cpyrazole 
(may be prepared as described in intermediate 47), and acetyl 
chloride with methanesulfonyl chloride. m/z. M+H 566.9/ 
569.0. Retention time 3.38 min (LCMS method +ve 6 min). 

Intermediate 49: 1-methyl-4-phenyl-3-4-(2-pyrroli 
din-1-ylethoxymethyl)-1-piperidylthieno 2.3-c. 

pyrazole-5-carbonitrile 

0472. To a stirred solution of 4-phenyl-3-4-(2-pyrrolidin 
1-ylethoxymethyl)-1-piperidyl)-1H-thieno2.3-cpyrazole 
5-carbonitrile (140 mg, 0.3214 mmol; may be prepared as 
described in compound 3) in THF (10 mL, 123 mmol) at room 
temperature was added potassium tert-butoxide (1.15 equiv., 
0.3696 mmol) in one portion and the reaction stirred for 15 
mins. The reaction was cooled to -30°C. and methyl iodide 
was added, 1 equivalent initially, followed by a second 
equivalent after 1 hr. The reaction was stirred for 2 hr at room 
temperature. The reaction was diluted with water and ethyl 
acetate, washed with brine, dried over sodium sulfate, filtered 
and concentrated to give the title compound (110 mg). m/z. 
M+HIf 450.1. Retention time 3.27 min (LCMS method +ve 
6 min). 
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Intermediate 50: 1-methyl-4-phenyl-3-4-(2-pyrroli 
din-1-ylethoxymethyl)-1-piperidylthieno2.3-c. 

pyrazole-5-carboxylic acid 
0473 1-Methyl-4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidylthieno2.3-cpyrazole-5-car 
bonitrile (110 mg, 0.2447 mmol; may be prepared as 
described in intermediate 49), 2M sodium hydroxide (2 mL) 
and methanol (3 mL) were placed in a microwave vial and 
heated at 125° C. for 2 hours, and then for 20 mins at 110° C. 
The methanol was removed under reduced pressure and the 
reaction neutralised with sulfuric acid. The reaction was 
diluted with water and DCM, extracted with DCM and the 
layers separated. The aqueous layer was passed through a 103 
catch and release cartridge eluting with MeOH to give the title 
compound (18 mg). m/z. M+H 469.1. Retention time 3.93 
min (LCMS method +ve 6 min). 

Intermediate 51: 4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidyl)-1H-thieno2.3-cpyra 

Zole-5-carboxylic acid 
0474. A mixture of 1-(benzenesulfonyl)-4-phenyl-3-4- 
(2-pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno2.3-c. 
pyrazole-5-carbonitrile (0.500 g, 0.8685 mmol; may be pre 
pared as described in intermediate 46), lithium hydroxide 
(0.365g, 8.685 mmol), methanol (5 mL) and water (5 mL) 
were placed in a microwave vial and heated at 130° C. for 3 
hours. The methanol was removed under reduced pressure 

Compound 

2 

and the reaction acidified to pH 4 with sulfuric acid. The 
reaction was further diluted with water and DCM, extracted 
with CHCl:IPA 3:1 and the layers separated. The organic 
layer was dried over sodium sulfate, filtered and concentrated 
in vacuo. The crude product was purified by prep chromatog 
raphy using acidic eluent and concentrated to afford the title 
compound (0.170 g., 43%). m/z. M+H 454.1. Retention 
time 2.86 min (LCMS method +ve 6 min). 

Intermediate 52: methyl 4-phenyl-3-4-(2-pyrrolidin 
1-ylethoxymethyl)-1-piperidyl)-1H-thieno2.3-c. 

pyrazole-5-carboxylate 

0475. A mixture of 4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidyl-1H-thieno2.3-cpyrazole-5- 
carboxylic acid (0.120 g, 0.264 mmol; may be prepared as 
described in intermediate 51), methanol (3 mL) and sulphuric 
acid (1 mL) were placed in a microwave vial and heated at 
100° C. for 2 hours. The methanol was removed under 
reduced pressure and the reaction poured into Saturated bicar 

5-bromo-4-phenyl-3-(5-(2-pyrrollidin-1- 
ylethoxy)-2-azabicyclo2.2.1]heptan-2- 

Dec. 4, 2014 

bonate solution (10 mL) and DCM (10 mL). The reaction was 
further extracted with DCM (2x10 mL), dried over sodium 
Sulphate, filtered and concentrated under reduced pressure to 
afford the named product (0.098 g., 80%). m/z. M+H" 469.1. 
Retention time 3.09 min (LCMS method +ve 6 min). 

Compound 1: 4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidyl)-1H-thieno2.3-cpyra 

Zole 

0476 4-Phenyl-1-(p-tolylsulfonyl)-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidylthieno2.3-cpyrazole (0.26 g. 
0.4603 mmol; may be prepared as described in intermediate 
36) and potassium hydroxide (0.1291 g, 2.302 mmol) were 
combined in methanol (5 mL) and heated to reflux for 30 
minutes. The solvent was removed at reduced pressure. The 
resulting residue was taken up in DCM (50 mL) washed with 
water (50 mL), dried over sodium sulfate and concentrated at 
reduced pressure. The residue was purified by basic prep 
HPLC (method 6) to afford the title compound (45 mg). H 
NMR (CDC1): 8=1.28 (2H, qd), 1.6-1.8 (8H, m), 2.48-2.72 
(8H, m), 3.32 (2H, d), 3.04 (3H, d), 3.36 (1H, br), 3.56 (2H, t), 
6.80 (1H, s), 7.32 (1H, d) 7.44 (2H, t), 7.72 (2H, d), m/z 
M+H" 411.1. Retention time 3.05 min (LCMS method +ve 
6 min). 
0477 The following compounds 2 to 3 were prepared by a 
similar procedure to that used for compound 1 from the 
appropriate Sulfonyl-protected thienopyrazoles. 

Name Characterisation 

m/z. M+H 487. 1/489.1. 
Retention time 3.15 min 

(LCMS method +ve 6 min) 
m/z. M+H 436.1. 

Retentiontime 3.23 min 

(LCMS method +ve 6 min) 

yl)-1H-thieno 2,3-cpyrazole 
4-phenyl-3-4-(2-pyrrollidin-1- 

ylethoxymethyl)-1-piperidyl)-1H 
thieno 2,3-cpyrazole-5-carbonitrile 

Compound 4: 4-phenyl-3-5-(2-pyrrolidin-1- 
ylethoxy)-2-azabicyclo[2.2.1]heptan-2-yl)-1H-thieno 

2.3-cpyrazole 
0478 5-Bromo-4-phenyl-1-(p-tolylsulfonyl)-3-(5-(2- 
pyrrolidin-1-ylethoxy)-2-azabicyclo2.2.1]heptan-2-yl 
thieno 2.3-cpyrazole (0.800 g, 1.25 mmol, may be prepared 
as described in intermediate 37), triphenylphosphine (0.0661 
g, 0.249 mmol), potassium carbonate (0.345 g, 2.49 mmol) 
and palladium(II) acetate (0.0140g, 0.0623 mmol) were com 
bined and heated in 1-butanol (5 mL) in the microwave at 
150° C. for 30 minutes. The solvent was removed at reduced 
pressure. The resulting residue was taken up in DCM, washed 
with water, dried over sodium sulfate and concentrated at 
reduced pressure. The residue was purified by flash chroma 
tography, eluting with DCM-90/10/1 DCM/MeOH/NHOH 
to afford the title compound (0.3 g). m/z. M+H 409.2. 
Retention time 5.16 min (LCMS method +ve 6 min VV polar). 
0479. The following compound 5 was prepared by a simi 
lar procedure to that used for compound 4 from the appropri 
ate Sulfonyl-protected bromothienopyrazole. 
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Compound Name Characterisation 

5 4-(4-fluorophenyl)-3-(5-(2-pyrrollidin-1- m/z. M+H 427.2. 
ylethoxy)-2-azabicyclo2.2.1]heptan 

2-yl)-1H-thieno 

Compound 6: 4-phenyl-3-3-(2-pyrrolidin-1- 
ylethoxymethyl)-8-azabicyclo[3.2.1]octan-8-yl)-1H 

thieno 2.3-cpyrazole 
0480. To a solution of 5-bromo-4-phenyl-1-(p-tolylsulfo 
nyl)-3-3-(2-pyrrolidin-1-ylethoxymethyl)-8-azabicyclo[3. 
2.1]octan-8-ylthieno 2.3-cpyrazole (250 mg, 0.3733 mmol; 
may be prepared as described in intermediate 39) and dibu 
tyltin dichloride (0.2 equiv.) in THF (3 mL) in a capped 
microwave vial was added phenylsilane (1.25 equiv., 0.4666 
mmol) in one portion. The reaction was heated in a micro 
wave at 100° C. for 30 minutes. 3M sodium hydroxide solu 
tion (1.5 mL) was carefully added to the reaction and placed 
back in the microwave for 30 minutes at 100° C. The reaction 
was diluted with water and ethyl acetate, extracted with ethyl 
acetate, dried over sodium sulfate, filtered and concentrated 
in vacuo. The crude reaction was purified by LCUV using 
basic eluent, method 1. Product-containing fractions were 
combined and concentrated to give the title compound m/z. 
M+H" 437.1. Retention time 3.12 min (LCMS method +ve 
6 min). 
0481. The following compounds 7 to 9 were prepared by a 
similar procedure to that used for compound 6 from the 
appropriate Sulfonyl-protected bromothienopyrazoles. 

Name Characterisation Compound 

7 4-phenyl-3-3-(2-pyrrollidin-1- 

ylethoxy)-8-azabicyclo[3.2.1]octan-8- 
yl)-1H-thieno 2,3-cpyrazole 

Retention time 5.14 min 
(LCMS method +ve 6 min vvpolar). 

Compound 10: N-cyclobutyl-8-(4-phenyl-1H-thieno 
2,3-cpyrazol-3-yl)-8-azabicyclo[3.2.1]octan-3- 

amine 

0482. A mixture of 8-1-(benzenesulfonyl)-5-bromo-4- 
phenyl-thieno 2.3-cpyrazol-3-yl-8-azabicyclo3.2.1]oc 
tan-3-one (200 mg 0.3687 mmol; may be prepared as 
described in intermediate 45), cyclobutylamine (2 equiv., 
0.7373 mmol), dibutyltin dichloride (0.2 equiv.) and phenyl 
silane (1.25 equiv., 0.4608 mmol) in THF (2 mL. 24.6 mmol) 
were combined in a microwave vial and the reaction heated at 
100° C. for 30 minutes. The microwave vial was opened and 
3M NaOH solution (2 mL) carefully added dropwise (some 
material lost as the reaction effervesced). The re-capped reac 
tion was furtherheated in the microwave at 120° C. for 1 hour. 
The reaction was diluted with water (5 mL) and ethyl acetate 
(20 mL) and further extracted with ethyl acetate (2x10 mL). 
The combined extracts were washed with brine, dried over 
Sodium sulfate, filtered and concentrated under reduced pres 
sure. The crude material was purified by preparatory HPLC 
chromatography using basic eluent to give the title compound 
(39.5 mg), m/z. M+H" 379.1. Retention time 3.07 min 
(LCMS method +ve 6 min). 

m/z. M+H 423.2. 
Retention time 5.17 min 

(LCMS method +ve 6 min vvpolar) 
8 4-phenyl-3-3-(2-pyrrollidin-1- m/z. M+H 411.1. 

ylethoxymethyl)-1-piperidyl-1H- Retention time 3.22 min 

thieno2,3-cpyrazole (LCMS method +ve 6 min) 
9 4-phenyl-3-3-(2-pyrrollidin-1- m/z. M+H 397.1. 

ylethoxymethyl)pyrrollidin-1-yl)-1H 
thieno 2,3-cpyprazole 

Compound 

11 

12 

Retention time 3.41 min 

(LCMS method +ve 10 min). 

0483 The following compounds 11 to 12 were prepared 
by a similar procedure to that used for compound 10 from the 
appropriate amines. 

Name Characterisation 

3-3-(azetidin-1-yl)-8- 
azabicyclo3.2.1]octan-8-yl)-4- 
phenyl-1H-thieno2,3-cpyrazole 
N-isopropyl-8-(4-phenyl-1H 
thieno 2,3-cpyrazol-3-yl)-8- 

aZabicyclo3.2.1]octan-3-amine 

m/z. M+H 365.1. Retention time 
3.00 min (LCMS method +ve 6 min) 

m/z. M+H 367.1. Retention time 
3.06 min (LCMS method +ve 6 min) 
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Compound 13: 1-4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidylthieno 2.3-cpyrazol-1- 

ylethanone 
0484 4-Phenyl-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1- 
piperidyl)-1H-thieno2.3-cpyrazole (35 mg, 0.085 mmol; 
may be prepared as described in compound 1) and triethy 
lamine (0.024 mL, 0.17 mmol) were stirred at 0°C. in dichlo 
romethane (10 mL). Acetyl chloride (0.009 mL, 0.13 mmol) 
was added and the reaction was allowed to warm to room 
temperature over 1 hour. The reaction mixture was washed 
with water, passed through a hydrophobic frit and concen 
trated at reduced pressure. The resulting residue was purified 
by basic prep HPLC (method 6) to afford the title compound 
(15 mg), m/z. M+H" 453.2. Retention time 5.27 min (LCMS 
method +ve 6 min). 
0485 The following compounds 14 to 19 were prepared 
by a similar procedure to that used for compound 13 from the 
appropriate thienopyrazoles and electrophiles. 

Dec. 4, 2014 
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layers separated. The organic layer was concentrated in vacuo 
and the by-product purified by LCUV (acidic method 1). The 
dried pure sample was passed through an SCX cartridge and 
eluted with NH/MeOH to give the target compound (6 mg). 
m/z. M+H" 425.1. Retention time 3.22 min (LCMS method 
+ve 6 min). 

Compound 22: N.N.,1-trimethyl-4-phenyl-3-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno2,3- 

cpyrazole-5-carboxamide 

0488 To a stirred solution of 1-methyl-4-phenyl-3-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno2.3-c. 
pyrazole-5-carboxylic acid (0.018 g., 0.038 mmol; may be 
prepared as described in intermediate 50) in a mixture of 
DCM (1 mL) and DMF (2 mL) at room temperature was 
added HATU (0.029 g, 0.077 mmol) and 2M Dimethylamine 
(0.08 mL, 0.154 mmol) in THF. The reaction was stirred at 

Compound Name Characterisation 

4 1-4-phenyl-3-(5-(2-pyrrollidin-1- m/z. M+H 451.2. Retention 
ylethoxy)-2-azabicyclo2.2.1]heptan-2- ime 5.23 min (LCMS metho 
ylthieno2,3-cpyrazol-1-yl)ethanone +ve 6 min vv polar) 

5 1-4-(4-fluorophenyl)-3-(5-(2-pyrrollidin-1- m/z. M+H 469.1. Retention 
ylethoxy)-2-azabicyclo2.2.1]heptan-2- ime 5.22 min (LCMS metho 
ylthieno2,3-cpyrazol-1-yl)ethanone +ve 6 min vv polar) 

6 4-(4-fluorophenyl)-1-methylsulfonyl-3-(5- m/z +M+H 505.2. Retention 
(2-pyrrollidin-1-ylethoxy)-2- ime 3.21 min (LCMS metho 

azabicyclo2.2.1]heptan-2-ylthieno 2,3- +ve 6 min) 
cpyrazole 

7 -4-phenyl-3-3-(2-pyrrollidin-1- m/z. M+H 465.2. Retention 
ylethoxy)-8-azabicyclo[3.2.1]octan-8- ime 5.20 min (LCMS metho 
ylthieno2,3-cpyrazol-1-yl)ethanone +ve 6 min vv polar) 

8 -4-phenyl-3-3-(2-pyrrollidin-1- m/z. M+H 453.1. Retention 
ylethoxymethyl)-1-piperidylthieno 2,3- ime 4.58 min (LCMS metho 

cpyrazol-1-yl)ethanone +ve 10 min) 
9 -4-phenyl-3-3-(2-pyrrollidin-1- m/z. M+H 439.1. Retention 

ylethoxymethyl)pyrrollidin-1-ylthieno 2,3- ime 3.85 min (LCMS metho 
cpyrazol-1-yl)ethanone +ve 10 min) 

Compound 20: 1-methylsulfonyl-4-phenyl-3-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidylthieno2,3- 

cpyrazole 
0486 To a stirred solution of 5-bromo-1-methylsulfonyl 
4-phenyl-3-4-(2-pyrrolidin-1-ylethoxymethyl)-1-piperidyl 
thieno2.3-cpyrazole (60 mg, 0.1057 mmol; may be pre 
pared as described in intermediate 48), potassium carbonate 
(2 equiv., 0.2114 mmol), and triphenylphosphine (0.2 equiv., 
0.02114 mmol) in n-butanol (2 mL) and ACN (2 mL) under 
nitrogen in a microwave vial was added palladium(II) acetate, 
trimer (0.05 equiv., 0.005285 mmol) in one portion and the 
tube sealed. The reaction was heated in a microwave for 30 
min at 120°C. The reaction was concentrated then purified by 
LCUV (acidic method 1). The pure fractions were combined 
and concentrated, then passed through an SCX cartridge and 
eluted with MeOH/NH to give the title compound (10 mg). 
m/z. M+H" 498.0. Retention time 3.24 min (LCMS method 
+ve 6 min). 

Compound 21: 1-methyl-4-phenyl-3-4-(2-pyrroli 
din-1-ylethoxymethyl)-1-piperidylthieno2.3-c. 

pyrazole 
0487 1-Methyl-4-phenyl-3-4-(2-pyrrolidin-1- 
ylethoxymethyl)-1-piperidylthieno2.3-cpyrazole-5-car 
bonitrile (110 mg, 0.2447 mmol; may be prepared as 
described in intermediate 49), 2M sodium his i? (2 mL) 
and methanol (3 mL) were placed in a microwave vial and 
heated at 125° C. for 2 hours, and then for 20 mins at 110° C. 
The methanol was removed under reduced pressure and the 
reaction neutralised with sulfuric acid. The reaction was 
diluted with water and DCM, extracted with DCM and the 

room temperature over the course of a weekend, diluted with 
DCM (10 mL) and water (10 mL), the aqueous extracted with 
DCM (3x10 mL) and the combined organics dried over 
Sodium sulfate, filtered and concentrated under reduced pres 
sure. The crude reaction mixture was purified by LCUV (ba 
sic method 1) to give the title compound (0.0013 g, 0.029 
mmol). m/z. M+HIf 496.1. Retention time 3.05 min (LCMS 
method +ve 6 min). 

Compound 23: N,N-dimethyl-4-phenyl-3-4-(2-pyr 
rolidin-1-ylethoxymethyl)-1-piperidyl-1H-thieno2. 

3-cpyrazole-5-carboxamide 
0489. To a stirred solution of methyl 4-phenyl-3-4-(2- 
pyrrolidin-1-ylethoxymethyl)-1-piperidyl-1H-thieno 2.3-c. 
pyrazole-5-carboxylate (0.098 g., 0.209 mmol; may be pre 
pared as described in intermediate 52) and DCE (3 mL) in a 
microwave vial was added trimethyl aluminium 2M solution 
in hexane (0.314 mL, 0.628 mmol) and the reaction stirred at 
room temperature for 15 minutes. Dimethylamine 2M solu 
tion in THF (0.314 mL, 0.628 mmol) was added and the 
reaction heated in a microwave at 110° C. for 2 hours. The 
reaction was diluted with DCM (20 mL) and water (20 mL) 
and the organic phase separated. The aqueous phase was 
further extracted with DCM (2x10 mL) and the combined 
extracts dried over sodium sulphate, filtered and concentrated 
under reduced pressure. The crude material was purified by 
preparatory HPLC using acidic eluent and the pure fractions 
combined and evaporated under reduced pressure to afford 
the title compound as the formate salt (0.020 g, 20%). m/z. 
M+H" 482.2. Retention time 3.00 min (LCMS method +ve 
6 min). 
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0490 The following compounds 24 to 25 were prepared 
by a similar procedure to that used for compound 23 from the 
appropriate thienopyrazoles and amines. 

Compound Name Characterisation 

24 N-isopropyl-4-phenyl-3-4-(2-pyrrollidin-1- m/z. M+H 496.2. Retention 
ylethoxymethyl)-1-piperidyl-1H-thieno 2,3- time 3.04 min (LCMS 

cpyrazole-5-carboxamide method +ve 6 min) 
25 N-methyl-4-phenyl-3-4-(2-pyrrollidin-1- m/z. M+H 468.1. Retention 

ylethoxymethyl)-1-piperidyl-1H-thieno 2,3- time 2.96 min (LCMS 
cpyrazole-5-carboxamide method +ve 6 min) 

Biological Testing 
0491 Compound activity against the recombinant G-pro 
tein activated inward rectifier current encoded by the het 
erotetramer Kir3.1/3.4 was assessed using manual whole-cell 
patch technique. The heterotetramer forms the pore-forming 
channel that conducts the acetylcholine/adenosine-activated 
potassium current in the heart. 

Kir3.1/3.4 Electrophysiology Method 
0492 For whole-cell patch-clamp studies, cells (Human 
Embryonic Kidney 293 stably transfected with rat Kir3.1/3.4) 
were seeded onto glass coverslips before recordings were 
made. Cells were seeded in sterile 30 mm Petri dishes at a 
density to enable isolated cells to be selected for patch clamp 
experiments. The dishes were stored in a humidified, gassed 
(5% CO) incubator at 37° C. until use. 
0493 Whole-cell patch-clamp recordings of membrane 
currents were made following gigaohm seal formation 
between the patch electrode and the cell using HEKAEPC 
9/10 amplifiers controlled by Pulse Software (Ver8.5x/8.6X/ 
8.7x, HEKA, Germany). Coverslips seeded with cells were 
placed in a recording chamber mounted on the stage of an 
inverted microscope. During the experiment, the cell of inter 
est was continuously superfused with bather solution deliv 
ered via a cannula placed in close proximity to the cell to 
enable control of the extracellular solution environment. 
Only those cells with a current <-500 pA (current at -140 
mV) were used for experiments. During experiments, series 
resistance was compensated by a minimum of 70%. 
0494 Electrophysiology voltage-step protocols and 
analysis of data were performed as follows. Data was sampled 
at 5 kHz, and filtered with a -3dB bandwidth of 2.5 kHz. 
Cells were held at a voltage of -60 mV. Currents were evoked 

by a depolarising voltage step to +60 mV (100 ms) before a 
ramp-repolarisation (0.4V 's') to -140 mV (100 ms) before 
returning to -60 mV. The command waveform was repeat 
edly applied every 10 s throughout the experiment. Mean 
currents during 1-99% of the time at -140 mV were analysed 
using Pulsefit software (v8.x, HEKA, Germany). The voltage 
protocol was repeatedly applied to achieve a stable current 
baseline in bather before the test substance was superfused 
via the cannula in close proximity to the cell under investiga 
tion. The test Substance was allowed to equilibrate during 
which time Voltage protocol was repeatedly applied and 
recorded. On reaching steady-state inhibition, the cell was 
Superfused with an identical bather Solution containing Zero 
external potassium chloride (replaced by equimolar NaCl). 
The identical current measurement was made in the absence 
of potassium to assess the passive leak at -140 mV. The leak 
current was subtracted from the control and steady-state drug 
current values. The percentage inhibition of the leak-sub 
tracted current in the presence of test Substance was calcu 
lated relative to the control leak-subtracted pre-drug value. 
Internal patch-pipette solution contained in mM: 110 KC1, 20 
NaCl, 0.9 GTPYS, 5 Mg-ATP, 5 EGTA, 10 HEPES, pH7.2 
corrected with KOH. The external superfusate composition in 
mM was: 150 (or 160) NaCl, 10 (or 0)KC1, 3 CaCl, 1 MgCl, 
10 HEPES, pH 7.4 corrected with NaOH. 
0495 ICs data are provided in TABLE 1: 
A corresponds to an ICs of less than 500 nM; 
B corresponds to an ICs of greater than 500 nM but less than 
3000 nM; and 
C corresponds to an ICs of greater than 3000 nM but less than 
10,000 nM. 
A compound is considered to be “active' if its ICso is below 
10,000 nM. 

TABLE 1 

Summary of biological activity 

Example 

Compound 
1 

Compound 
2 

Compound 
3 

Compound 
4 

Compound 
5 

Compound 
6 

Chemical name ICso 

4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)-1-piperidyl- A. 
1H-thieno2,3-cpyrazole 
5-bromo-4-phenyl-3-(5-(2-pyrrollidin-1-ylethoxy)-2- A. 
azabicyclo2.2.1]heptan-2-yl)-1H-thieno2,3-cpyrazole 
4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)-1-piperidyl- A. 
1H-thieno2,3-cpyrazole-5-carbonitrile 
4-phenyl-3-(5-(2-pyrrollidin-1-ylethoxy)-2-azabicyclo[2.2.1 A. 
heptan-2-yl)-1H-thieno 2,3-cpyrazole 
4-(4-fluorophenyl)-3-(5-(2-pyrrollidin-1-ylethoxy)-2- A. 
azabicyclo2.2.1]heptan-2-yl)-1H-thieno2,3-cpyrazole 
4-phenyl-3-3-(2-pyrrollidin-1-ylethoxymethyl)-8- A. 
azabicyclo[3.2.1]octan-8-yl)-1H-thieno 2,3-cpyrazole 
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TABLE 1-continued 

Summary of biological activity 

39 

Example Chemical name 

Compound 4-phenyl-3-3-(2-pyrrollidin-1-ylethoxy)-8-azabicyclo[3.2.1 
7 octan-8-yl)-1H-thieno 2,3-cpyrazole 

Compound 4-phenyl-33-(2-pyrrollidin-1-ylethoxymethyl)-1-piperidyl 
8 1H-thieno 2,3-cpyrazole 

Compound 4-phenyl-3-3-(2-pyrrollidin-1-ylethoxymethyl)pyrrollidin-1- 
9 yl)-1H-thieno 2,3-cpyrazole 

Compound N-cyclobutyl-8-(4-phenyl-1H-thieno2,3-cpyrazole-3-yl)- 
O 8-azabicyclo3.2.1]octan-3-amine 

Compoun 3-3-(azetidin-1-yl)-8-azabicyclo[3.2.1]octan-8-yl)-4- 
1 phenyl-1H-thieno 2,3-cpyrazole 

Compound N-isopropyl-8-(4-phenyl-1H-thieno 2,3-cpyrazole-3-yl)- 
2 8-azabicyclo3.2.1]octan-3-amine 

Compoun 1-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)-1- 
3 piperidylthieno2,3-cpyrazole-1-yl)ethanone 

Compoun 1-4-phenyl-3-(5-(2-pyrrollidin-1-ylethoxy)-2-azabicyclo[2.2.1 
4 heptan-2-ylthieno2,3-cpyrazole-1-ylethanone 

Compoun 1-4-(4-fluorophenyl)-3-(5-(2-pyrrollidin-1-ylethoxy)-2- 
5 azabicyclo2.2.1]heptan-2-ylthieno 2,3-cpyrazol-1- 

ylethanone 
Compound 4-(4-fluorophenyl)-1-methylsulfonyl-3-(5-(2-pyrrollidin-1- 

6 ylethoxy)-2-azabicyclo[2.2.1]heptan-2-ylthieno2,3- 
cpyrazole 

Compoun -4-phenyl-3-3-(2-pyrrollidin-1-ylethoxy)-8-azabicyclo[3.2.1 
7 octan-8-ylthieno2,3-cpyrazol-1-ylethanone 

Compoun -4-phenyl-3-3-(2-pyrrollidin-1-ylethoxymethyl)-1- 
8 piperidylthieno2,3-cpyrazol-1-ylethanone 

Compoun -4-phenyl-3-3-(2-pyrrollidin-1-ylethoxymethyl)pyrrollidin-1- 
9 ylthieno2,3-cpyrazol-1-yl)ethanone 

Compoun -methylsulfonyl-4-phenyl-3-4-(2-pyrrollidin-1- 
2O ylethoxymethyl)-1-piperidylthieno2,3-cpyrazole 

Compoun -methyl-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)-1- 
21 piperidylthieno2,3-cpyrazole 

Compound N.N.,1-trimethyl-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)- 
22 -piperidylthieno2,3-cpyrazole-5-carboxamide 

Compound N,N-dimethyl-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)- 
23 -piperidyl)-1H-thieno2,3-cpyrazole-5-carboxamide 

Compound N-isopropyl-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)- 
24 -piperidyl)-1H-thieno2,3-cpyrazole-5-carboxamide 

Compound N-methyl-4-phenyl-3-4-(2-pyrrollidin-1-ylethoxymethyl)- 
25 -piperidyl)-1H-thieno2,3-cpyrazole-5-carboxamide 
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1. A compound of formula (I) 

(I) 
R1 R, 

-(OOx 
A. Z 

or a pharmaceutically acceptable derivative thereof, 
wherein: 
A is O or S: 
X is selected from N, O, CR, and NR.: 
Z is selected from N, O, CR, and NR; 
R" is selected from H., optionally substituted alkyl, 

optionally Substituted cycloalkyl, optionally Substi 
tuted aryl, and optionally substituted heteroaryl; 

R’ is selected from H, halo, —CN, trifluoromethyl, 
optionally substituted alkyl, optionally substituted 
alkoxy, NRR, NRC(O)R7, NRS(O).R7, 
S(O)NR'R, CONRR, COR7, optionally 

substituted oxazolinyl, - SR'', S(O)R'' and 
S(O).R'': 

R, is selected from H, halo, —CN, trifluoromethyl, 
optionally substituted alkyl, optionally substituted 
alkoxy, optionally Substituted heterocycloalkoxy, 
NRCC(O)R7, NRS(O).R7, S(O)NR'R', 
CONRR, COR7, NRR, C=C-J, 

optionally substituted cycloalkyl-J and —(NR'R')-J; 
Each of RandR is independently selected from H. 

halo. —CN, trifluoromethyl, optionally substituted 
alkyl, optionally Substituted alkoxy, optionally Sub 
stituted heterocycloalkoxy, optionally substituted 
heterocycloalkylalkyl, - NRC(O)R’, NRS(O) 
R",-S(O)NR'R, CONRR, optionally substi 

tuted -alkylene-CONRR, -COR7, -SOR, 
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—NR'R'', -C=C-J, optionally 
cycloalkyl-J and -(NRR)-J; 

Each of R, and R is independently selected from H, 
—CN, trifluoromethyl, optionally substituted alkyl, 
optionally substituted heterocycloalkylalkyl, -S(O) 
NR'R'', —CONR'R'', optionally substituted -alky 
lene-CONRR, COR7, C(O)R7, SOR7, 
—C=C-J, and optionally substituted cycloalkyl-J; 

provided that at least one of R. R. and R, is present 
as -C=C-J, optionally substituted cycloalkyl-J or 
—(NR'R'')-J, or at least one of R, and R is present 
as -C=C-J or optionally substituted cycloalkyl-J; 

wherein R and R are linked to form an optionally 
substituted 4 to 7 membered heterocycloalkyl ring, 
which is optionally bridged by a bond, optionally 
substituted Calkylene, NR , -O-, or 

J is selected from Hand —(CR'R'')-L-M-W, 
wherein 

q is 0, 1 or 2: 
L is - O - or - N(G)-; and 
G is selected from hydrogen, optionally substituted 

alkyl, and optionally substituted cycloalkyl; 
Mis-(CR'R') : 
t is 0, 1, 2 or 3: 
W is selected from the group consisting of optionally 

substituted alkyl, optionally substituted alkoxy, 
optionally substituted alkenyl, optionally substituted 
cycloalkyl, optionally substituted heterocycloalkyl, 
optionally substituted aryl, optionally substituted het 
eroaryland-NRR, 

wherein when W is optionally substituted cycloalkyl it 
may optionally be bridged by a bond or optionally 
substituted C-alkylene, and 

wherein when W is optionally substituted heterocy 
cloalkyl it may optionally be bridged by a bond, 
optionally substituted C-alkylene, NR , 
—O , or S(O) ; 

alternatively, when L= N(G)-, L. G. M. and W may be 
linked to form an optionally substituted heterocy 
cloalkyl, an optionally substituted heterocycloalkenyl, 
or an optionally substituted heteroaryl; 
Z is 0, 1 or 2: 
R" and Rare, at each instance, independently selected 

from H, optionally substituted alkyl, optionally sub 
stituted aryl, optionally substituted heteroaryl, and 
optionally substituted cycloalkyl, or are linked to 
form an optionally substituted heterocycloalkyl: 

Rand Rare, at each instance, independently selected 
from Hand optionally substituted alkyl, or are linked 
to form an optionally substituted heterocycloalkyl: 

Rand Rare, at each instance, independently selected 
from H, optionally substituted alkyl, optionally sub 
stituted aryl, optionally substituted heterocycloalkyl, 
optionally substituted heteroaryl, and optionally sub 
stituted cycloalkyl; and 

R" and R'' are, at eachinstance, independently selected 
from H, optionally substituted alkyl, optionally sub 
stituted aryl, optionally substituted heterocycloalkyl, 
optionally substituted heteroaryl, and optionally sub 
stituted cycloalkyl: 

R'' and Rare, at eachinstance, independently selected 
from H. hydroxy, and optionally substituted alkyl, or 

substituted 
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may be linked to form an optionally substituted 
cycloalkyl ring, or may together form =O; and 

R'' is optionally substituted alkyl, 
wherein the optional substitutents are independently 

selected from halo, trihalomethyl, trihaloethyl, triha 
lomethoxy, trihaloethoxy, -OH, -NO, CN, 
—COH, -COC-alkyl, -SOH, -SOC-alkyl, 
—SOC-alkyl, -NHSOC-alkyl, - NC 
alkylSOC-alkyl, -SONH, -SONHC alkyl, 
—SON(Calkyl). -NHSONH, 
—NHSONHCalkyl, - NHSON(Calkyl). 
- NCalkylSONH2, —NCalkylSONHC. 
6alkyl, - NCalkylSON(Calkyl), C(=O)H, 
—C(=O)Calkyl, - NHC(=O)Calkyl, -NC 
6alkylC(=O)Calkyl, Calkylenedioxy, =O. 
- N(Calkyl). —C(=O)NH2. —C(=O)NHC 
6alkyl, -C(=O)N(Calkyl), -NHC(=O)NH2, 
—NHC(=O)NHC alkyl, -NHC(=O)N(C. 
6alkyl). - NCalkylC(=O)NH, -NC-alkylC 
(=O)NHC alkyl, - NCalkylC(=O)N(C. 
6alkyl). —C(=NH)NH2. —C(=NH)NHC-alkyl, 
—C(-NH)N(Calkyl). —C(=NCalkyl)NH2, 
—C( NCalkyl)NHC-alkyl, —C(=NC. 
6alkyl)N(Calkyl). —Calkyl, -Cecycloalkyl, 
—Cheterocycloalkyl, 2-imidazolidinon-3-yl, 
1-C1-alkyl-2-imidazolidinon-3-yl, CoalkylC. 
6heterocycloalkyl, aryl, haloaryl, Calkoxyaryl, 
—C-alkylene-NHSOC-alkyl, -Calkylene 
NCalkylSOC-alkyl, -Calkylene-SONH2, 
—Calkylene-SONHC alkyl, -Calkylene 
SON(C-alkyl). -Z'H, -Z Coalkyl, -C- 
6alkylene-Z'H, -Z—Cecycloalkyl, or -C(=O) 
NHC alkylene-Z'H wherein Z is independently O, 
S. NH or N(Calkyl). 

2. The compound of claim 1, wherein A is S, X is N and Z 
is NR. 

3. The compound of claim 1, wherein R is phenyl. 
4. The compound of claim 1, wherein R’ is selected from 

H, trifluoromethyl, substituted alkyl, optionally substituted 
alkoxy, NRR, NRC(O)R’, S(O)NR'R', 
—CONR'R, CO.R' optionally substituted oxazolinyl, 
- SR",-S(O)R and S(O).R. 

5. The compound of claim 1, wherein R, is selected from 
trifluoromethyl, optionally substituted alkyl, optionally sub 
stituted alkoxy, optionally substituted heterocycloalkoxy, 
NRC(O)R’, NRS(O)R’, S(O)NR'R'', 

—CONR'R''. -COR7, NRR, optionally substituted 
cycloalkyl-J and —(NR'R')-J. 

6. The compound of claim 1, wherein R is selected from 
H, -CN, trifluoromethyl, optionally substituted alkyl, 
optionally substituted heterocycloalkylalkyl, - S(O) 
NRR, CONRR, optionally substituted -alkylene 
CONR'R'', —CO.R", -C(O)R’, -SOR", and optionally 
substituted cycloalkyl-J. 

7. The compound of claim 1, wherein R is selected from 
H, optionally substituted alkyl, -C(O)R’, and -SO.R. 

8. The compound of claim 1, wherein R, is —(NRR)-J 
and J is —(CR'R'')-L-M-W. 

9. The compound of claim 1, wherein q is 0 or 1. 
10. The compound of claim 1, wherein q is 1. 
11. The compound of claim 1, whereint is 0, 1 or 2. 
12. The compound of claim 1, whereint is 2. 
13. The compound of claim 1, wherein L is O. 
14. The compound of claim 1, wherein L is N(G)-. 
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15. The compound of claim 1, wherein R'' and R' are, at 
each instance, H. 

16. The compound of claim 1, wherein W is optionally 
substituted heterocycloalkyl. 

17. A pharmaceutical composition comprising at least one 
compound as claimed in claim 1 and, optionally, one or more 
pharmaceutically acceptable excipients. 

18. A compound or composition as claimed in claim 1 for 
use in therapy. 

19. A method for the treatment of a disease or condition 
that is mediated by K.3.1 and/or K3.4 or any heteromulti 
mers thereof, or that requires inhibition of K3.1 and/or 
K3.4 or any heteromultimers thereof, comprising adminis 
tering to a subject an effective amount of at least one com 
pound or composition as claimed in claim 1. 

20. The method of claim 19, wherein the method is for the 
treatment of cardiovascular diseases, such as atrial fibrillation 
(AF), atrial flutter (AFL), atrioventricular (AV) dysfunction 
and sinoatrial node (SAN) dysfunction; the prevention of 
recurrence of Supraventriclar arrhythmias including AF and 
AFL; the maintenance of sinus rhythm; the termination and 
cardioversion of supraventriclararrhythmias; the treatment of 
sinus node dysfunction; the treatment of AV node dysfunc 
tion, including AV block; the treatment of conduction dys 
function; the prevention or reversal of atrial structural and 
ionic remodeling; the prevention of thrombosis, thromboem 
bolism and thromboembolic diseases, such as stroke, myo 
cardial infarction, and peripheral vascular diseases; the 
improvement of cardiac contractility; the treatment of meta 
bolic diseases, such as diabetes mellitus; the modulation of 
neuro-endocrine function; the modulation of the secretion of 
pituitary hormones; the treatment of neurological and neu 
ropsychiatric disorders, such as pain, depression, anxiety, 
attention deficit/hyperactivity disorder and epilepsy; and the 
treatment of cancer, such as breast cancer. 

21. A compound or composition as claimed in claim 1 for 
use in a method for the treatment of a disease or condition that 
is mediated by K.3.1 and/or K3.4 or any heteromultimers 
thereof, or that requires inhibition of K3.1 and/or K3.4 or 
any heteromultimers thereof, comprising administering to a 
Subject an effective amount of at least one compound of 
formula (I) or composition comprising at least one compound 
of formula (I). 

22. The compound or composition as claimed in claim 21, 
wherein the method is for the treatment of cardiovascular 
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diseases, such as atrial fibrillation (AF), atrial flutter (AFL), 
atrioventricular (AV) dysfunction and sinoatrial node (SAN) 
dysfunction; the prevention of recurrence of Supraventriclar 
arrhythmias including AF and AFL, the maintenance of sinus 
rhythm; the termination and cardioversion of Supraventriclar 
arrhythmias; the treatment of sinus node dysfunction; the 
treatment of AV node dysfunction, including AV block; the 
treatment of conduction dysfunction; the prevention or rever 
sal of atrial structural and ionic remodeling; the prevention of 
thrombosis, thromboembolism and thromboembolic dis 
eases, such as stroke, myocardial infarction, and peripheral 
vascular diseases; the improvement of cardiac contractility; 
the treatment of metabolic diseases, such as diabetes mellitus; 
the modulation of neuro-endocrine function; the modulation 
of the secretion of pituitary hormones; the treatment of neu 
rological and neuropsychiatric disorders, such as pain, 
depression, anxiety, attention deficit/hyperactivity disorder 
and epilepsy; and the treatment of cancer, Such as breast 
CaCC. 

23. The use of a compound as claimed in claim 1 for the 
manufacture of a medicament for the treatment of a disease or 
condition that is mediated by K.3.1 and/or K3.4 or any 
heteromultimers thereof, or that requires inhibition of K3.1 
and/or K3.4 or any heteromultimers thereof. 

24. The use of claim 23 wherein the medicament is for the 
treatment of cardiovascular diseases, such as atrial fibrillation 
(AF), atrial flutter (AFL), atrioventricular (AV) dysfunction 
and sinoatrial node (SAN) dysfunction; the prevention of 
recurrence of Supraventriclar arrhythmias including AF and 
AFL; the maintenance of sinus rhythm; the termination and 
cardioversion of supraventriclararrhythmias; the treatment of 
sinus node dysfunction; the treatment of AV node dysfunc 
tion, including AV block; the treatment of conduction dys 
function; the prevention or reversal of atrial structural and 
ionic remodeling; the prevention of thrombosis, thromboem 
bolism and thromboembolic diseases, such as stroke, myo 
cardial infarction, and peripheral vascular diseases; the 
improvement of cardiac contractility; the treatment of meta 
bolic diseases, such as diabetes mellitus; the modulation of 
neuro-endocrine function; the modulation of the secretion of 
pituitary hormones; the treatment of neurological and neu 
ropsychiatric disorders, such as pain, depression, anxiety, 
attention deficit/hyperactivity disorder and epilepsy; and the 
treatment of cancer, such as breast cancer. 
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