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’ INTRODUCTION

Many drug discovery efforts in the histamine (HIS) G-protein-
coupled receptor (GPCR) receptor family, now some 75 years old,
are currently focused on the H3 receptor (H3R), identified in
19831 and finally cloned in 1999.2 The four receptors (H1�H4)
that comprise the HIS GPCR family represent one of the more
successful drug target classes over the past 50 years, yielding the
antihistamines (H1 blockers) and the H2-blockers cimetidine and
ranitidine. The recently discoveredH4 receptor is expressedmainly
in mast cells, eosinophils, and tissues involved in the immune
response and may play a role in inflammation and pain.3 H3Rs are
expressed predominantly on the presynaptic terminals of CNS
neurons, and agonist signaling inhibits adenylyl and guanylyl
cyclases.2,4 H3Rs function as autoreceptors to modulate HIS
release1 and as inhibitory heteroreceptors, regulating the release
of key neurotransmitters including acetylcholine, dopamine, nor-
epinephrine, and serotonin that are involved in attention, vigilance,
and cognition.5 Thus, H3 antagonists may have potential utility in
addressing a variety of CNSdisorders associatedwith attention and
cognitive deficits, including deficits in wakefulness, attention-
deficit hyperactivity disorder (ADHD), Alzheimer’s disease
(AD), mild cognitive impairment, and schizophrenia.

An important aspect in understanding the role of the H3R and
its ligands is the high degree of constitutive activity in vitro and

in vivo.6 Native and heterologously expressed clonedH3Rs signal
constitutively,7,8 tonically suppressing neuronal activities, e.g.,
HIS release, to baseline levels.6,8 Agonist-induced signaling in the
presence of elevatedHIS levels further suppresses HIS release. As
opposed to H3 antagonists, which would interfere with HIS-
mediated negative feedback, inverse agonists decrease constitu-
tive signaling and suppress tonic inhibition of release, further
potentiating histaminergic effects. It has been proposed that
H3R antagonist/inverse agonists may be desirable as therapeutics
because of their ability to reverse constitutive activity.9

The advancement of new chemical entities (NCEs) in the
H3R field over the past 25 years has been confounded by species
differences, interactions with the human ether-a-go-go-related
gene (hERG) potassium channel (potential for QTc prolonga-
tion and torsade de pointes), and pharmacokinetic (PK) hurdles
that include high brain and tissue levels with long residence times,
reflecting the potential for tolerance (CNS) and phospho-
lipidosis.10 Initial work in the field focused on imidazole analogues
of the natural ligand, HIS, producing several tool compounds that
helped advance the biology, e.g., thioperamide and ciproxifan.5e,11

To date, however, imidazole-based H3 antagonists have not
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ABSTRACT: Optimization of a novel series of pyridazin-3-one histamine H3 receptor (H3R)
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2H-pyridazin-3-one (8a, CEP-26401; irdabisant) as a lead candidate for potential use in the
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and rat (Ki = 7.2 nM) H3Rs with greater than 1000-fold selectivity over the hH1R, hH2R, and
hH4R histamine receptor subtypes and against an in vitro panel of 418 G-protein-coupled
receptors, ion channels, transporters, and enzymes. 8a demonstrated ideal pharmaceutical properties for a CNS drug in regard towater
solubility, permeability and lipophilicity and had low binding to human plasma proteins. It weakly inhibited recombinant cytochrome
P450 isoforms and human ether-a-go-go-related gene. 8ametabolism was minimal in rat, mouse, dog, and human liver microsomes,
and it had good interspecies pharmacokinetic properties. 8a dose-dependently inhibited H3R agonist-induced dipsogenia in the rat
(ED50 = 0.06 mg/kg po). On the basis of its pharmacological, pharmaceutical, and safety profiles, 8a was selected for preclinical
development. The clinical portions of the single and multiple ascending dose studies assessing safety and pharmacokinetics have been
completed allowing for the initiation of a phase IIa for proof of concept.
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successfully advanced through the drug development process
because of numerous liabilities and poor druglike properties,
including metabolic degradation by histamine N-methyltransfer-
ase (HNMT), poor selectivity, cytochrome P450 (CYP) inhibi-
tion, and importantly issues with blood�brain barrier penetration.
The search for H3 antagonists with druglike properties has focused
exclusively on amine-based cores. These compounds exhibited
reduced side effect liabilities and advanced into clinical evaluation.
The phenoxypropylamine pharmacophore is a common H3 che-
motype that had been optimized by several research groups, with
substitution of the central phenyl core providing potency and
accessory functionality to modulate pharmacokinetics, selectivity,
and physical properties.11,12 Early biphenylphenoxypropylamine
candidates, e.g., {40-[3-((2R,5R)-2,5-dimethylpyrrolidin-1-yl)pro-
poxy]biphenyl-4-yl}morpholin-4-ylmethanone (1a, A-349821)
had cognitive enhancing activity in animal models but had low
brain permeability and cardiovascular liabilities,13 and 40-[3-((S)-
3-dimethylaminopyrrolidin-1-yl)propoxy]biphenyl-4-carbonitrile
(1b, A-331440) was positive in an in vitro micronucleus test.14 A
design strategy to rigidify the skeleton to enhance the overall
druglike properties and selectivity produced 4-{2-[2-((R)-2-
methylpyrrolidin-1-yl)ethyl]benzofuran-5-yl}benzonitrile (1c, ABT-
239).15 1c had an impressive in vivo profile for cognition enhance-
ment but had high plasma protein binding, high brain to
plasma partitioning, and the potential to induce phospho-
lipidosis.16 Its development was ultimately halted because of
hERG and cardiovascular liabilities.16 Merck & Co. advanced
2-methyl-3-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]-5-trifluorometh-
yl-3H-quinazolin-4-one (2, MK-0249) as a clinical candi-
date.17a,b 2 had high affinity (hH3 Ki = 1.7 nM) and a good
safety profile, but it had poor brain permeability in rodents due to
P-glycoprotein (P-gp) mediated efflux.17 Preclinically, 2was only
effective in promoting histamine release in rat at 30 g/kg po.17 2
completed three phase II trails (adult ADHD, treatment of AD,
and the cognitive domain of schizophrenia (CDS)); however, it
failed to improve cognition in schizophrenia patients dosed for 4
weeks and also failed to improve adult ADHD at 10 mg.5g Merck
&Co. has advanced a second compound (MK-3134, undisclosed
structure) into the clinic for cognition.5g 1-{3-[3-(4-Chlorophe-
nyl)propoxy]propyl}piperidine (3, BF2.649, pitrolisant) report-
edly is in late stage clinical trials for a number of potential
indications, including cognitive enhancement, schizophrenia,
and antiepileptic activity.5e,g,18 However, its development and
drugability have been questioned, since 3 had limited oral
bioavailability, was a potent inhibitor of CYP2D6 and hERG,
and had the potential for inducing phospholipidosis.5d 6-(3-
Cyclobutyl-2,3,4,5-tetrahydro-1H-benzo[d]azepin-7-yloxy)-N-
methylnicotinamide (4, GSK189254) enhanced cognitive per-
formance preclinically and advanced to phase II for narcolepsy
and was in early clinical trials for AD.19,5d,5e,5g Reports indicate
clinical development on 4 was terminated, and GlaxoSmithKline
advanced a second candidate (GSK239512, undisclosed
structure) into phase II for treatment of cognitive deficits in
AD.5d�i Pfizer advanced 3-fluoro-3-(3-fluoro-4-pyrrolidin-1-yl-
methylphenyl)cyclobutanecarboxylic acid ethylamide (1d, PF-
3654746). However, it failed in a phase II ADHD trial and was
discontinued.5g Early diamine compounds from Johnson &
Johnson had exceptionally long bio-half-life and brain residency
time and induced phospholipidosis.5e The diamine (4-cyclopro-
pylpiperazin-1-yl)-(4-morpholin-4-ylmethylphenyl)methanone
(1e, JNJ-31001074, bavisant) (Figure 1) completed a phase II
ADHD trial, but no results have not been reported.5k

We have identified a novel class of pyridazin-3-one H3R
antagonists/inverse agonists with excellent drug properties,
safety, and in vivo profile. Reported in this paper is the discovery,
preliminary structure�activity relationships (SARs), and pro-
file of the potent pyridazin-3-one H3R clinical candidate 6-
{4-[3-(R)-2-methylpyrrolidin-1-yl)propoxy]phenyl}-2H-pyrida-
zin-3-one (8a, CEP-26401, irdabisant).

’CHEMISTRY

The synthetic routes for the 6-arylpyridazin-3-one derivatives
reported in Table 1 are outlined in Schemes 1�3. The 2H-
pyridazin-3-one analogues were synthesized using two methods.
Method A (Scheme 1) utilizes an aldol/hydrazine cycloconden-
sation sequence to construct the pyridazinone ring.20 In the
scheme, the aminopropoxy side chain can be efficiently installed
either before or after the pyridazinone ring synthesis. Alkyla-
tion of 4-hydroxyacetophenone with 3-bromo-1-chloropropane
quantitatively produced 6. Compound 6 was reacted with
glyoxalic acid monohydrate in acetic acid at 100 �C, followed
by cyclocondensation of the resulting Aldol adduct with hydra-
zine to give the 2H-pyridazin-3-one 7 in 57% yield. Alkylation of
chloro 7 with (R)-2-methylpyrrolidine produced 8a in high yield
and purity. Analogues 8b, 8c, and 8d were synthesized by first
converting chloro 6 to aminoketones 9a�c, which were then
subjected to the glyoxalic acid/hydrazine procedure to produce
the 2H-pyridizan-3-ones. In method B (Scheme 2), a palladium
catalyzed Suzuki cross-coupling reaction was used to install
the pyridazine moiety. Commercially available 4-(4,4,5,5-tetra-
methyl[1,3,2]dioxaborolan-2-yl)phenol 10 was alkylated with
3-bromo-1-chloropropane (or 1,3-dibromopropane) to give the
chlorodioxaborolane intermediate 11, which was converted to the
versatile aminoborolane reagent (R)-2-methyl-1-{3-[4-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)phenoxyl]propyl}pyrrolidine
12 in high yield. Suzuki coupling of 12 with 3,6-dichloropyridazine

Figure 1. Structures of representative H3R antagonists.
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produced 3-chloropyridazine 13. Chloro displacement/hydrolysis
using sodium acetate in acetic acid at 115 �C cleanly converted
3-chloro 13 to the 2H-pyridazin-3-one 8a. The N2-substituted
derivatives were synthesized as outlined in Scheme 3 by cyclocon-
densation of 4-(4-methoxyphenyl)-4-oxobutyric acid 14 with
various N-substituted hydrazine derivatives.21 For example, reac-
tion of methylhydrazine and 14 in 2-propanol produced the
2-methyl-4,5-dihydropyridazin-3-one 15a. Intermediate 15a was
oxidized to 16a using MnO2

22a or CuCl2 in acetonitrile,22b then
O-demethylated to phenol 17awith BBr3 in dichloromethane. The

(R)-2-methylpyrrolidinylpropoxy side chain was installed by stan-
dard conditions via chloro 18a to give 2-methylpyridazin-3-one
19a. 19b�ewere synthesized in an analogousmanner startingwith
the corresponding N-substituted hydrazine. Amine analogues
20a�c were synthesized from 18a�c as outlined in Scheme 3.
The 5-aryl-2H-pyridazinone regiomer 21 was synthesized using
the Suzuki method coupling dioxaborolane 12 with 2-hydroxy-
methyl-5-iodo-2H-pyridazin-3-one (Scheme 4). Deprotection of
the N2-hydroxymethyl readily occurs in the workup. The N2-
arylpyridazinone regiomer 25was synthesized by copper mediated

Table 1. Pyridazin-3-one in Vitro and PK Data

a See Experimental Section for methods. Administration at 1 mg/kg iv. t1/2 in h. CL in (mL/min)/kg. b Protocol as described in Table 3. c 5 mg/kg po
administration. Calculated from 6 h AUC values. d 10 mg/kg po administration. Calculated from 24 h AUC values. eNot tested. f B/P = brain to
plasma ratio. gData in parentheses taken from ref 15a.
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coupling of (R)-1-[3-(4-bromophenoxy)propyl]-2-methylpyrroli-
dine 24 with 2H-pyridazin-3-one as outlined in Scheme 5.

’RESULTS AND DISCUSSION

In the lead optimization processes particular attention was
placed on issues early in the discovery flow that have plagued
the H3R field, such as high lipophilicity, hERG, and PK, to
accelerate the drug discovery process. While important for CNS
penetration, lipophilicity contributes significantly to high plasma
protein binding, hERG activity and the potential to induce

phospholipidosis, a toxicity associated with cationic amphiphilic
compounds that bind to and accumulate in phospholipid bilayers
of cells, causing decreased turnover and accumulation of endoso-
mal and lysosomal phospholipids as lamellar bodies.10,23 A logP
criterion of less than 3.0 was set for advancing compounds based
on correlations established early in the program with hERG

Scheme 1a

aReagents and conditions: (a) K2CO3, 3-bromo-1-chloropropane, acet-
one, 65 �C, 99%; (b) CHOCO2H 3H2O, HOAc, 100 �C; (c) N2H4�
H2O, 35�66%, two steps; (d) (R)-2-methylpyrrolidine, NaI, K2CO3,
CH3CN, 80 �C, 41%; (e) 9a (S)-2-methylpyrrolidine, NaI, CH3CN,
reflux, 93%; 9b pyrrolidine, NaI, CH3CN, reflux, 72%; 9c morpholine,
NaI, CH3CN, reflux, 85%.

Scheme 2a

aReagents and conditions: (a) 1-bromo-3-chloropropane, K2CO3,
CH3CN; (b) (R)-2-methylpyrrolidine, NaI, K2CO3, CH3CN, 80 �C,
65%, two steps; (c) Pd(OAc)2, Ph3P, 3,6-dichloropyridazine, THF,
EtOH, 80 �C, 90%; (d) HOAc, NaOAc 115 �C, 86%.

Scheme 3a

aReagents and conditions: (a) 15aMeNHNH2; 15b EtNHNH2; 15c
i-PrNHNH2; 15d PhNHNH2; 15e BnNHNH2, 2-propanol, reflux;
(b) MnO2, xylenes, 155 �C; (c) Cu(II)Cl2, CH3CN, reflux, 71�94%,
two steps; (d) BBr3, DCM, 5 �C f room temp, 92�98%; (e) K2CO3,
3-bromo-1-chloropropane, acetone, 65 �C, 78�92%; (f) (R)-2-methyl-
pyrrolidine, NaI, K2CO3, CH3CN 80 �C, 48�88%; (g) 20a piperidine,
71%; 20b (S)-1-pyrrolidin-2-yl-methanol, 53%; 20c (R)-1-pyrrolidin-2-
yl-methanol, 50%.

Scheme 4a

aReagents and conditions: (a) (PPh3)4Pd(0), K2CO3, 2-hydroxy-
methyl-5-iodo-2H-pyridazin-3-one, DME, reflux 48 h, 63%.

Scheme 5a

aReagents and conditions: (a) K2CO3, 3-bromo-1-chloropropane,
acetone, 65 �C, 92%; (b) (R)-2-methylpyrrolidine, NaI, K2CO3,
CH3CN 80 �C, 97%; (c) 2H-pyridazin-3-one, Cu(0), pyr, reflux 18 h,
36%.
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activity and also the propensity for high tissue distribution. In
the discovery flow, compounds meeting binding affinity criteria
(hH3 Ki < 15 nM, rH3 Ki < 50 nM) were screened for selectivity
against hH1, hH2, and hH4 receptor subtypes, for aqueous
solubility (pH 2 and pH 7.4), in vitro liver microsomal stability
(rat, mouse, dog, and human), and inhibition of CYP isoforms
(1A2, 2C9, 2C19, 2D6, and 3A4). The selectivity profiles of
compounds meeting criteria were further assessed for activity
against GPCRs, ion channels, and enzymes. Compounds of
interest at this stage were screened in in vivo rat PK experiments
designed to evaluate the intrinsic intravenous (iv) PK parameters
(t1/2, CL, Vd), oral (po) bioavailability and brain partitioning.
Those that met criteria for rat PK (and compounds of interest to
develop structure�activity relationships) were screened in a
functional hERG patch clamp assay for initial assessment of
potential QTc liabilities. High quality compounds were then
prioritized and advanced into in vivo efficacy models and further
PK and safety profiling.
Structure�Activity Relationships. The H3R SAR was devel-

oped using in vitro binding assays by displacement of [3H]N-R-
methylhistamine ([3H]NAMH) in membranes isolated from
CHO cells transfected with cloned human H3 or rat H3

receptors.24 An H3R binding assay using membranes prepared
from rat cortex was used to compare the recombinant rat assay to
a native tissue. A summary of the pyridazin-3-one in vitro data in
comparison to the reference compound 1c is shown in Table 1.
The SAR for the N2�H series showed that the (R)-2-methyl-
pyrrolidine 8a had high affinity for both hH3Rs and rH3Rs (Ki =
2.0 and 7.2 nM) with a low clogP (2.3). Also, binding affinity of
8a to rat cortical membranes (Ki = 2.7 ( 0.2 nM) compared
favorably to the recombinant rH3R data. The preference for the
R-isomer was established early in the project, as the (S)-2-
methylpyrrolidine isomer 8b had weaker affinity for hH3R and
rH3Rwith eudismic ratios of 8 and 7, respectively (hH3Ki = 16(
3 nM, rH3 Ki = 50( 8 nM). It is interesting to note that the SAR
with 1c revealed little enantioselectivity between the (R)- and
(S)-2-methylpyrrolidine isomers.15a,17 The SAR for the amine
moiety was further evaluated with a series of amine replacements
of the (R)-2-methylpyrrolidine. The des-2-methylpyrrolidine 8c
and the piperidine 8d had 8-fold and 4-fold weaker hH3R affinity,
respectively. The morpholine analogue 8e had an hH3 Ki of
767 nM, potentially due to the lower pKa (7.1) compared to that
of 8a (pKa = 10.2). The effect of substitution of theN

2-pyridazin-
3-one nitrogen showed that significant steric bulk could be
accommodated without affecting binding affinity. Methyl 19a,
ethyl 19b, isopropyl 19c, and phenyl (19d) substitution had
essentially equivalent binding affinity for both hH3R and rH3R
compared to 8a (Table 1). Although the potency was unaffected,

increasing the size of the R2 group greater thanmethyl resulted in
compounds with clogP values greater than 3, negatively affecting
molecular weight and decreasing the ligand efficiency (LE)25a

and the ligand lipophilic efficiency (LLE).25b,c The LLE values
for 8a and 19a based on the measured logD at pH 7.4 were 8.1
and 8.0, respectively. The LE values were as follows: 8a = 0.52,
19a = 0.50, 19c = 0.44, phenyl 19d = 0.40, and benzyl 19e = 0.37.
The SAR trend for the amine in the N2-Me series (19a) was
consistent with the NH series. The piperidine analogue 20a had
15-fold weaker affinity compared to the (R)-2-methylpyrrolidine
19a. Incorporating an alcohol on the R-methylpyrrolidine (20b)
reduced affinity 7-fold, with the S-isomer preferred over R
(compare 20b vs 20c). The position of attachment of the
pyridazin-3-one ring to the central phenoxy core was also
explored. The 5-pyridazin-3-one regiomer 21 had high affinity
(hH3R Ki = 2.8 nM, rH3R Ki = 8.5 nM) but lower bioavailability
(F = 24%) compared to regiomer 8a. The N2-pyridazinone
isomer 25 had over 40-fold weaker affinity.
The pyridazin-3-ones were potent antagonists and displayed

full inverse agonist activity in the guanosine 50-(γ-thio)triphos-
phate ([35S]GTPγS) binding assay24 (Table 2). Compounds
8a, 19a, and 21 potently inhibited R-R-methylhistamine
(RAMH) induced [35S]GTPγS binding at recombinant rH3R
(8a Kb = 1.0 ( 0.2 nM) and hH3R (8a Kb = 0.4 ( 0.1 nM).
Compound 8a decreased basal activity with EC50 of 2.0 ( 0.8
and 1.1 ( 0.0 nM for rat and human H3R, respectively. Inverse
agonist data for analogues 19a and 21 were comparable to data
for 8a (Table 2).
Compounds meeting H3R affinity and in vitro metabolic

stability criteria (t1/2 > 40 min) in liver microsomes (data not
shown) were screened for pharmacokinetic properties in the rat
(Table 1). The N2-H 8a showed a t1/2 of 2.6 h following iv
administration, high systemic clearance, high oral bioavailability
(F = 83%), and good brain exposure in the rat (brain to plasma
ratio B/P = 2.6). The piperidine 8d had significantly lower oral
bioavailability (F = 11%). The N2-Me 19a showed acceptable
oral bioavailability (F = 39%) with good brain exposure in the rat
(B/P = 3.5). Extensive in vivo PK experiments in rat, dog, and
monkey following administration of 19a showed N-demethyla-
tion to the N2H compound 8a. On the basis of the presence of
the active metabolite 8a, compound 19a was not further ad-
vanced in discovery and 8a was selective for advanced testing.
The in vivo rat PK SAR indicated that although 19b�d showed
acceptable in vitro metabolic stability (t1/2 > 40 min in rat liver
microsomes), R2 substituents larger than methyl had poor
pharmacokinetics following iv administration with short t1/2
and high CL (19b and 19c) or low oral bioavailability (19d
and 19e). The F values were based on 6 h of oral AUCs and may
be reflective of the high tissue distribution due to the high clogP.
Selectivity of 8a. Compound 8a had greater than 1000-fold

selectivity versus histamine hH1, hH2, and hH4 receptor subtypes
(<11% inhibition at 10 μM) and against a panel of 176GPCRs, ion
channels and enzymes (MDS Pharma Services, Seattle, WA). In
this panel 8a had onlymodest activity at muscarinicM2 (Ki = 3.7(
0.0 μM) and adrenergic R1A (Ki = 9.8 ( 0.3 μM) receptors,
dopamine (DAT, Ki = 11 ( 2 μM) and norepinephrine (NET,
Ki = 10 ( 1 μM) transporters, and phosphodiesterase PDE3
(IC50 = 15 ( 1 μM). 8a also showed negligible inhibition against
242 kinases (<20% inhibition at 1 μM) and human PARP1 (IC50 >
30 μM).26 Functional inhibition of recombinant human DAT
(IC50 = 9.4 μM) and NET (IC50 = 17.5 μM) was determined,
which confirmed weak inhibitory activity for these transporters.

Table 2. Functional and in Vivo Activity for Selected Pyr-
idazin-3-ones

human GTPγS rat GTPγS

compd Kb, nM
a EC50, nM

b Kb, nM
a EC50, nM

a

rat dispogenia

ED50, mg/kg

8a 0.4 ( 0.1 1.1 ( 0.0 1.1 ( 0.2 2.0 ( 0.8 0.06 (0.01�0.3)c

0.01 (0.001�0.08)d

19a 0.5 ( 0.1 1.0 ( 0.1 1.1 ( 0.3 2.2 ( 0.6 0.14 (0.1�1.9)d

21 0.4 ( 0.2 1.1 ( 0.1 1.3 ( 0.6 2.1 ( 0.2 0.03 (0.02�0.05)d

aAntagonist. b Inverse agonist. c po administration. d ip administration.
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Pharmaceutics Properties of 8a. Both the hydrochloride salt
and free base forms were crystalline as assessed by X-ray power
diffraction. On the basis of its high water solubility (pH 2 and pH
7.4, >2 mg/mL), the HCl salt form was formulated in saline for
in vivo pharmacokinetic and animal studies. The permeability of
8a (free base) was also evaluated in the Caco-2 intestinal epithelial
cell line where it showed high permeability (Papp = 13.5 ( 0.9 �
10�6 cm/s).27 The permeability directional ratio (PDR) was less
than 2, indicatingminimal interaction with efflux transporters such
as P-gp. A battery of physicochemical and ADME drug properties
were calculated (Tripos, Schrodinger QikProp, ACD Labs) and
monitored to aid in the design of NCEs. The logD7.4 and clogP
calculations provided permeability information on the percent
drug that distributed into a nonaqueous lipid layer. 8a had a clogP
of 2.3 (Tripos method) and measured logD7.4 of 0.6, in the ideal
range for a CNS drug. 8a was only minimally bound to plasma
proteins of rat (39%), dog (32%), and human (44%) in vitro. The
unbound fraction in rat brain homogenate,28a an important
property for CNS in vivo activity,28b was also high (40%) and
comparable with the unbound fraction found in rat plasma.
Drug Metabolism and Pharmacokinetic Properties of 8a.

The in vitro metabolic stability profile of 8a following incubation
with rat, mouse, dog, and human liver microsomes was consistent
showing a t1/2 greater than 40 min (>98% remaining at 40 min) in
each species.29 Because of the highmetabolic stability, an accurate in
vitro intrinsic clearance could not be calculated. 8a inhibited the
cytochromeP450 enzymesCYP1A2, 2C9, 2C19, 2D6, and 3A4with
IC50 values of greater than 30 μM, indicating minimal potential for
drug�drug interactions. 8a demonstrated low CYP3A4 induction
(<2-fold) at concentrations up to 30μM(Puracyp, Carlsbad, CA).30

The interspecies pharmacokinetic properties of 8a were stu-
died in rat, dog, andmonkey (Table 3). The PK parameters for rat
shown in Table 3 were calculated from composite mean plasma
concentration�time data from 12 rats following administration of
1 mg/kg iv and 3 mg/kg po. The PK parameters for dog (n = 3)
and monkey (n = 4) were calculated using plasma concentra-
tion�time data for individual animals. Following administration
of a single po dose, 8a was rapidly absorbed with high oral
bioavailability in rat and monkey (F = 83%), compared to dog
(F = 22%). The iv terminal half-life was 2.6 h in rat, 2.9 h in dog,
and 5.4 h in monkey, and 8a had a moderate clearance in monkey
and dog compared to the rat. 8a was not extensively metabolized

in vitro, and a potential explanation for the discrepancy between
in vitro and in vivo clearance in rat is a high degree of renal
excretion and the fact that the biliary excretion component across
species is unknown. The volume of distribution (Vd) in monkey
was 3.8( 0.9 L/kg with a clearance rate of 7.7( 1.8 (mL/min)/
kg. The measured brain to plasma ratio was 2.6 in rat and 2.4 in
dog. Dose related systemic exposure (Cmax and AUC) to 8a was
observed after increasing oral doses in each species. Tissue
distribution studies with 8a in male Sprague�Dawley rats were
run to determine tissue clearance rate from brain, liver, lung,
spleen, kidney, and heart and to evaluate the potential for
accumulation as an early indication of phospholipidosis-inducing
potential. A single 10mg/kg po dose of 8awas cleared in a parallel
manner from all tissues and plasma by greater than 98% at 24 h,
with low levels of 8a remaining only in liver, kidney, and spleen.
Drug Safety. As a class, the present H3R pyridazin-3-one

inverse agonists displayed low inhibition of the hERG channel
current, a surrogate for the rapidly activating delayed rectifier
cardiac potassium current (Ikr). The hERG current IC50 for 8a
was 13.8 ( 0.8 μM (Cerep, recombinant human hERG/HEK-
293 cells). Analogues 19a and 21 had IC50 of 13 and 9.5 μM,
respectively. Interaction with the hERG cardiac potassium
channel has been implicated in the development of acquired
long QT syndrome and a potentially fatal form of ventricular
arrhythmia known as torsade de pointes.31

8a was nonclastogenic and nonmutagenic and did not induce
mutation in the Ames assay in the presence and absence of rat liver
S9metabolic activation. 8a did not induce micronuclei in vitro in a
micronucleus test in cultured human peripheral blood lympho-
cytes in the presence or absence of metabolic activation (n = 2). 8a
was well tolerated in nonclinical toxicology studies up to 28 days in
rats andmonkeys, and no issues were observedwith cardiovascular
safety and respiratory pharmacology in the monkey.
In Vivo Activity in the Rat Dipsogenia Model. The rat

dipsogenia model was used as a measure of H3R blockade in the
CNS following peripheral administration of NCEs. Histamine
and the H3-selective agonist RAMH induce water drinking in
the rat when administered either peripherally or centrally, an effect
blocked by H3R antagonists.19,24,32 Activity in this model may
be predictive of efficacy in cognitive models.13,15b,15c,33 8a dose-
dependently (ED50 = 0.01 (0.001�0.08) mg/kg ip; ED50 =
0.06 (0.01�0.3) mg/kg po) inhibited RAMH-induced dipsogenia
when administered 15 min prior to RAMH. Compounds 19a and
21 had ED50 of 0.01 (0.004�0.03) and 0.03 (0.02�0.05) mg/kg
ip, respectively. 8a was also efficacious in cognition models.34

CNS Therapeutic Index. H3R antagonists/inverse agonists
can induce hypothermia, piloerection, loss of righting reflex,
irritability, hypoactivity, ptosis, tremors, and even seizures.15 The
CNS side effects of 8a (10, 30, 100, and 300 mg/kg po) were
assessed in the Irwin test, a systematic observational battery that
comprehensively assesses behavioral responses to pharmacologic
agents35 at time points from 15 min through 6 h. 8a was well
tolerated and was without side effects at doses up to 100 mg/kg
po. The estimated brain concentration at the highest tolerated
dose of 100 mg/kg po 1 h postdose was 36 μM, providing a
therapeutic index (TI) of >1000 using rat dipsogenia as a
quantitative H3 efficacy model.

’CONCLUSION

8a is a novel, orally active, high affinity antagonist/inverse
agonist active at human H3Rs (hH3R Ki = 2.0 nM) that has

Table 3. Pharmacokinetic Properties of 8a across Species

rata dogb monkeyb

iv t1/2 (h) 2.6 2.9 5.4

Vd (L/kg) 9.4 3.5 ( 1.1 3.8 ( 0.9

CL ((mL/min)/kg) 42 13.2 ( 1.5 7.7 ( 1.8

po AUC (ng 3 h/mL) 984 1190 ( 180 1919 ( 611

Cmax (ng/mL) 270 230 ( 70 760 ( 74

t1/2 (h) 2.9 2.7 5.0

F (%) 83 22 ( 2 83 ( 18

B/P 2.6 ( 0.2 2.4 ( 0.4c d
aAdministered at 1 mg/kg iv and 3 mg/kg po. Parameters were
calculated from composite mean plasma concentration�time data
(n = 12). bAdministered at 1 mg/kg iv and 3 mg/kg po for dog and
1 mg/kg iv and po for monkey. Parameters were calculated using plasma
concentration�time data for individual animals (dog n=3;monkey n= 4).
cCalculated from 5 mg/kg po dose (n = 4). dNot determined.
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potential for use in the treatment of attentional and cognitive
disorders. 8a had greater than 1000-fold selectivity for the hH3R
over the hH1R, hH2R, and hH4R subtypes and against a panel of
418 GPCRs, ion channels, enzymes, and kinases. 8a demon-
strated “ideal” pharmaceutical properties in regard to water
solubility, permeability, and lipophilicity and exhibited low
binding to human plasma proteins and weakly inhibited recom-
binant cytochrome P450 isoforms (1A2, 2C9, 2C19, 2D6, and
3A4) with low induction of CYP3A4, suggesting a minimal
potential for drug�drug interactions. In the human hERG
functional patch clamp assay, 8a had an IC50 of 14 μM.
Metabolism of 8a was minimal in rat, mouse, dog, and human
liver microsomes. 8a had good pharmacokinetic properties, brain
permeability, and safety profile for a CNS-active drug and was
selected for full preclinical development. The clinical portions of
the single and multiple ascending dose studies assessing safety
and pharmacokinetics have been completed allowing for the
initiation of a phase IIa proof of concept study.

’EXPERIMENTAL SECTION

Chemistry: General Methods. All reagents and anhydrous
solvents were obtained from commercial sources and used as received.
1H NMR was obtained on a Bruker 400 MHz instrument in the solvent
indicated with tetramethylsilane as an internal standard. Coupling
constants (J) are in hertz (Hz). Liquid chromatography�mass spectro-
metry (LC/MS) were run on a Bruker Esquire 2000 ion trap LCMS.
Compound purity was >96% determined by high pressure liquid
chromatography (HPLC) using a Zorbax RX-C8, 5 mm � 150 mm
column, eluting with a mixture of acetonitrile and water containing 0.1%
trifluoroacetic acid with a gradient of 10�100%. Compounds were
purified by silica gel chromatography using an ISCO apparatus and
monitored at 254 and 290 nm. Melting points were determined using a
MEL-TEMP II and are uncorrected. Preparative chromatography was
run using silica gel GF 20 mm � 20 cm � 1000 μm plates (Analtech).
Synthesis of 8a. Method A. 1-[4-(3-Chloropropoxy)phenyl]-

ethanone (6). A mixture of 1-(4-hydroxyphenyl)ethanone 5 (20.4 g,
150 mmol), K2CO3 (62.1 g, 3.0 equiv), and 3-bromo-1-chloropropane
(29.6 mL, 2.0 equiv) in acetone (200 mL) was heated to 65 �C
overnight. The mixture was cooled to room temperature, filtered,
washed with acetone, and concentrated to dryness. The crude product
was dissolved in CH2Cl2 (150mL) and washed with saturated NaHCO3

solution, NaCl solution and dried over Na2SO4 to give 6 (31.5 g, 99% as
an oil). 1H NMR (DMSO-d6 δ): 2.20 (q, 2H, J = 6.2 Hz), 2.51 (s, 3H),
3.80 (t, 2H, J = 6.2 Hz), 4.19 (t, 2H, J = 6.2 Hz), 7.06 (d, 2H, J = 8.3 Hz),
7.93 (d, 2H, J = 8.3 Hz). LCMS m/z: 213 (M þ 1).
6-[4-(3-Chloropropoxy)phenyl]-2H-pyridazin-3-one (7). A mixture

of 6 (10.6 g, 50 mmol) and glyoxalic acid monohydrate (4.6 g, 1.0 equiv)
was stirred in acetic acid (15 mL) at 100 �C for 2 h. The solvent was
evaporated, 25 mL of water was added, and the mixture was cooled to
0 �C while concentrated NH4OH was added to pH 8. Hydrazine
monohydrate (4.76 mL, 2.0 equiv) was added, and the mixture was
heated to 100 �C for 1 h. The reaction was complete by HPLC analysis.
The resulting solid was filtered and washed with water. The crude
product was dissolved in CH2Cl2 (500 mL) and washed with H2O, 5%
NaHCO3 solution, saturated NaCl solution, dried over Na2SO4, and
purified by ISCO silica gel chromatography (CH2Cl2 to 9:1 CH2Cl2/
MeOH) to give 7 (7.6 g, 57%) as a white solid. Mp 191�193 �C
(CH2Cl2�MeOH). 1H NMR (DMSO-d6 δ): 2.16 (q, 2H, J = 6.4 Hz),
3.81 (t, 2H, J = 6.4 Hz), 4.15 (t, 2H, J = 6.4 Hz), 6.95 (1H, d, J = 9.9 Hz),
7.06 (2H, d, J= 7.9Hz), 7.80 (2H, d, J= 7.8Hz), 8.0 (1Hz, d, J= 9.9Hz).
LCMS m/z: 265 (M þ 1).

6-{4-[3-(R)-2-Methylpyrrolidin-1-yl)propoxy]phenyl}-2H-pyridazin-
3-one (8a).Amixture of 7 (5.5 g, 21mmol), K2CO3 (10.1 g, 73.5mmol),
NaI (100 mg), and (R)-2-methylpyrrolidine hydrochloride (5.1 g,
42 mmol) in acetonitrile (250 mL) was heated at 80 �C for 3 days.
The reaction was complete by HPLC analysis. The mixture was filtered,
washed with CH2Cl2 (2 � 50 mL), and concentrated. The residue was
dissolved in CH2Cl2 (200 mL) and washed with saturated NaHCO3,
saturated NaCl solution, dried with Na2SO4, and concentrated. The
product was purified by ISCO chromatography using 100% CH2Cl2 to
9:1:05 CH2Cl2/MeOH/i-PrNH2. The pure product was dissolved in
MeOH (15mL), filtered through 0.45 μm filter, and then 30mL of 0.5 N
HCl in EtOH was added. The solvent was concentrated and the product
crystallized from MeOH�ether to give 8a 3HCl (2.65 g, 41%, 99%
purity). Mp 240�242 �C (MeOH�ether). 1H NMR (DMSO-d6 δ):
1.39 (d, 3H, J = 6.8 Hz), 1.64 (m, 1H), 1.95 (m, 2H), 2.17 (m, 5H),
3.07 (m, 2H), 3.40 (m, 2H), 3.61 (m, 1H), 4.15 (m, 2H), 6.96 (d, 1H, J =
10.0 Hz), 7.05 (d, 2H, J = 8.64 Hz), 7.81 (d, 2H, J = 8.64 Hz), 8.0 (d, 1H,
J = 10.0 Hz), 10.52 (bs, 1H), 13.08 (s, 1H). LCMS m/z: 314 (M þ 1).
Anal. (C18H23ClN3O2 3 0.4H2O) C, H, N.
Synthesis of 6-{4-[3-(R)-2-Methylpyrrolidin-1-yl)propoxy]-

phenyl}-2H-pyridazin-3-one (8a). Method B. 3-Chloro-6-{4-
[3-((R)-2-methylpyrrolodin-1-yl)propoxy]phenylpyridazine 13 (0.1 g
0.3 mmol) in 3 mL of glacial acetic acid and sodium acetate (0.027 g,
0.33 mmol) was heated to 115 �C for 2 h. The mixture was cooled to
room temperature and then concentrated. The residue was dissolved in
EtOAc and washed with saturated NaHCO3, saturated NaCl solution
and dried over Na2SO4. The product was purified using ISCO silica gel
chromatography (EtOAc/EtOH/NH4OH 9:1:0.5) to give 8a an off
white solid (0.081 g, 86% yield, 98% purity). This compound was
identical in its physical and spectral properties to that synthesized by
method A.
6-{4-[3-(S)-2-Methylpyrrolidin-1-yl)propoxy]phenyl}-2H-

pyridazin-3-one (8b). To a round-bottom flask was added 9a (1.8 g,
6.8 mmol), glyoxalic acid hydrate (1.3 g, 13.6 mmol), and acetic acid
(10 mL). The mixture was heated at 110 �C for 3 h, cooled to 0 �C, and
then diluted with water (25 mL) and NH4OH solution until pH ∼7
was obtained. To this solution was added hydrazine hydrate (1.0 mL,
20.4 mmol). Then the mixture was heated at 100 �C for 17 h. The
mixture was cooled to room temperature, concentrated and the
product purified by column chromatography (10%MeOH in CH2Cl2)
to give 750 mg (35% yield, >99% purity) of 8b. Mp 156�158 �C.
1H NMR (DMSO-d6, δ): 0.99 (d, 3H, J = 6 Hz), 1.23�1.32 (m, 1H),
1.59�1.67 (m, 2H), 1.80�1.96 (m, 3H), 2.00�2.14 (m, 2H),
2.20�2.28 (m, 1H), 2.87�2.94 (m, 1H), 3.05�3.10 (m, 1H), 4.07
(t, 2H, J = 5 Hz), 6.95 (d, 1H, J = 10 Hz), 7.02 (d, 2H, J = 8 Hz), 7.78
(d, 2H, J = 9Hz), 7.98 (d, 1H, J = 10Hz), 13.0 (s, 1H). LCMSm/z: 314
(M þ 1).
6-[4-(3-Pyrrolidin-1-yl-propoxy)phenyl]-2H-pyridazin-3-

one (8c). To a round-bottom flask was added 9b (1.3 g, 5.1 mmol),
glyoxalic acid hydrate (0.93 g, 10.1 mmol), and acetic acid (8 mL). The
reaction was heated at 110 �C for 2 h, cooled to 0 �C, and then diluted
with water (25mL) andNH4OH solution until pH∼7 was obtained. To
this solution was added hydrazine hydrate (1.0 mL, 20.6 mmol). Then
the mixture was heated at 100 �C for 21 h. The mixture was cooled to
room temperature, concentrated and the product purified by column
chromatography (10%MeOH in CH2Cl2) to give 1.0 g (66% yield, 97%
purity) of 8c. Mp 154�157 �C. 1H NMR (DMSO-d6, δ): 1.68 (broad s,
4H), 1.90 (m, 2H), 2.44 (broad s, 4H), 2.52 (m, 2H), 4.06 (m, 2H), 6.95
(d, 1H, J = 8 Hz), 7.02 (d, 2H, J = 9 Hz), 7.78 (d, 2H, J = 8 Hz), 7.99 (d,
1H, J = 9 Hz), 13.0 (s, 1H). LCMS m/z: 300 (M þ 1).
6-[4-(3-Piperidin-1-yl-propoxy)phenyl]-2H-pyridazin-3-one

(8d). This compound was synthesized by the procedure for 8a, method
B. Yield 54%, purity 98%.Mp 183�184 �C (EtOAc�MeOH). 1HNMR
(CDCl3, δ): 1.45 (m, 2H), 1.63 (m, 6H), 2.00 (m, 2H), 2.41 (m, 2H),
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2.49 (t, 2H, J = 7.0), 4.06 (t, 2H, J = 7.0), 6.97 (d, 2H, J = 10), 7.03 (d,
1H, J = 10), 7.70 (m, 3H), 11.10 (broad s,1H). LCMSm/z: 314 (Mþ 1).
6-[4-(3-Morpholin-4-yl-propoxy)phenyl]-2H-pyridazin-3-

one (8e). To a round-bottom flask was added 9c (5.0 g, 19.0 mmol),
glyoxalic acid hydrate (3.5 g, 47.5 mmol), and acetic acid (15 mL). The
mixture was heated at 110 �C for 2.5 h, cooled to 0 �C, and then diluted
with water (25mL) andNH4OH solution until pH∼6was obtained. To
this solution was added hydrazine hydrate (2.8 mL, 57.0 mmol). Then
the mixture was heated at reflux for 20 h (during which time an
additional 3 equiv of hydrazine hydrate was added). The mixture was
cooled to room temperature, concentrated and the product purified by
column chromatography (20% MeOH in CH2Cl2) to give 2.53 g (42%
yield, 99% purity) of 8e. Mp 156�159 �C. 1H NMR (DMSO-d6, δ):
1.89 (m, 2H), 2.37 (broad s, 4H), 2.42 (t, 2H, J = 7 Hz), 3.57 (m, 4H),
4.06 (t, 2H, J= 6Hz), 6.95 (d, 1H, J= 10Hz), 7.02 (d, 2H, J= 8Hz), 7.79
(d, 2H, J = 10 Hz), 7.99 (d, 1H, J = 9 Hz), 13.0 (s, 1H). LCMSm/z: 316
(M þ 1).
1-{4-[3-((S)-2-Methylpyrrolidin-1-yl)propoxy]phenyl}-

ethanone (9a). To a round-bottom flask was added 40-hydroxyace-
tophenone 5 (2.0 g, 14.7 mmol), 1-bromo-3-chloropropane (1.5 mL,
15.4 mmol), potassium carbonate (6.1 g, 44.1 mmol), and acetonitrile
(50 mL). After the reaction mixture was heated at reflux for 19 h, (S)-
2-methylpyrrolidine hydrochloride (2.7 g, 22.0 mmol), sodium iodide
(2.2 g, 14.7 mmol), and acetonitrile (30 mL) were added. The mixture
was stirred at reflux for 24 h and then cooled to room temperature,
diluted with CH2Cl2 (100 mL), and filtered through a pad of Celite. The
filtrate was concentrated and the residue was purified by column
chromatography (5% MeOH in CH2Cl2) to give 9a (3.55 g, 93%) as
an oil. LCMS m/z: 262 (M þ 1).
1-[4-(3-Pyrrolidin-1-yl-propoxy)phenyl]ethanone (9b). To

a round-bottom flask was added 40-hydroxyacetophenone 5 (2.0 g,
14.7 mmol), 1-bromo-3-chloropropane (1.52 mL, 15.4 mmol), potas-
sium carbonate (6.1 g, 44.1 mmol), and acetonitrile (50 mL). After
the reaction mixture was heated at 90 �C for 24 h, pyrrolidine (1.84 mL,
22.0 mmol), sodium iodide (2.2 g, 14.7 mmol), and acetonitrile (30 mL)
were added. The mixture was stirred at reflux for 24 h, cooled to room
temperature, diluted with CH2Cl2 (100 mL), and filtered through a pad
of Celite. The filtrate was concentrated and the residue was purified by
column chromatography (5% MeOH in CH2Cl2) to give 9b (2.60 g,
72%). Mp 146�148 �C. LCMS m/z: 248 (M þ 1).
1-[4-(3-Morpholin-4-yl-propoxy)phenyl]ethanone (9c). To

a round-bottom flaskwas added 1-[4-(3-chloropropoxy)phenyl]ethanone
(10.0 g, 47.0 mmol), morpholine (6.2 mL, 70.5 mmol), sodium iodide
(7.1 g. 47.0 mmol), potassium carbonate (19.5 g, 141 mmol), and
acetonitrile (100 mL). The reaction mixture was heated at reflux for
23 h, cooled to room temperature, and diluted with methylene chloride
(100 mL). The mixture was then filtered and the filtrate was concentrated
and the product purified by column chromatography (2% MeOH in
CH2Cl2) to give 9c (10.5 g, 85%) as an off-white solid. Mp 48�51 �C.
LCMS m/z: 264 (M þ 1).
2-[4-(3-Chloropropoxy)phenyl]-4,4,5,5,-tetramethyl[1,3,2]-

dioxaborolane (11). To a round-bottom flask were added 4-(4,4,5,5-
tetramethyl[1,3,2]dioxaborolan-2-yl)phenol 10 (11.0 g, 50 mmol),
1-bromo-3-chloropropane (9.9 mL, 100 mmol), potassium carbonate
(20.7 g, 150 mmol), and acetonitrile (100 mL). The reaction mixture
was heated at reflux for 24 h, cooled to room temperature, and was
filtered. The filtrate was concentrated to give 11. This material was used
further without purification.
(R)-2-Methyl-1-{3-[4-(4,4,5,5-tetramethyl[1,3,2]dioxaboro-

lan-2-yl)phenoxyl]-propyl}pyrrolidine (12).To a round-bottom
flask were added 11, (R)-2-methylpyrrolidine, benzenesulfonic acid salt
(24.3 g, 100 mmol), sodium iodide (7.5 g, 50 mmol), potassium
carbonate (20.7 g, 150 mmol), and acetonitrile (100 mL). The mixture
was heated at reflux for 2.5 days and was cooled to room temperature.

Themixture was diluted withmethylene chloride (100mL), filtered, and
concentrated. The residue was purified by column chromatography
(5% MeOH in CH2CH2) to give 11.3 g (65%, two steps) of 12. Mp
148�150 �C.
3-Chloro-6-{4-[3-((R)-2-methylpyrrolidin-1-yl)propoxy]-

phenyl}pyridazine (13). Pd(OAc)2 (2.0 g, 9.0 mmol) and Ph3P
(9.4 g, 35.6 mmol) were suspended in anhydrous THF (300 mL) and
stirred vigorously under a nitrogen atmosphere for 10 min. 3,6-Dichlor-
opyridazine (26.8 g, 180 mmol) was added and stirred for 10 min. Then
12 (11.8 g, 34 mmol) in THF (200 mL) and EtOH (100 mL) were
added dropwise followed by addition of saturated NaHCO3 solution
(360 mL). The reaction mixture was heated at 80 �C for 15 h, cooled to
room temperature, and evaporated to a solid. Thismaterial was dissolved
in CH2Cl2 (300 mL), washed with water and saturated NaHCO3

solution, then dried (Na2SO4) and evaporated. The product was
purified by ISCO silica gel chromatography (EtOAc to EtOAc/CH3OH
(9:1) to give 13 (10.2 g, 90%) as an off-white solid. Mp 107�108.5 �C.
1H NMR (CDCl3, δ): 1.10 (d, 3H), 2.99 (m, 2H), 3.18 (m, 2H), 4.10
(m, 2H), 7.04 (d, 2H), 7.50 (d, 1H), 7.78 (d, 1H), 7.99 (d, 2H).
6-(4-Methoxyphenyl)-2-methyl-4,5-dihydro-2H-pyridazin-

3-one (15a). 4-(4-Methoxyphenyl)-4-oxobutyric acid 14 (27 g, 132
mmol) and methylhydrazine (7.3 g, 8.5 mL, 159 mmol) in 2-propanol
(150 mL) were stirred at reflux 12 h. The solvent was concentrated to
about 50 mL, and ether was added (∼50 mL). The product was
collected by filtration, washed with ether, and dried under vacuum to
give15a (27 g, 94%, purity >96%).Mp133�135 �C. 1HNMR(CDCl3,δ):
2.57 (m, 2H), 2.9 (m, 2H), 3.4 (s, 3H), 3.8 (s, 3H), 6.9 (d, 2H), 7.6 (d, 2H).
LCMS m/z: 218 (M þ 1).
6-(4-Methoxyphenyl)-2-methyl-2H-pyridazin-3-one (16a).

Method A. In a 1 L round-bottom flask, 15a (27 g, 124mmol) andMnO2

(30 g, 345 mmol) in xylene (250 mL) were stirred at vigorous reflux for
14 h. The mixture was cooled to room temperature and filtered through
a pad of Celite. The xylene was concentrated and the resulting yellow
solid was triturated with ether/hexane (1:2) and collected to produce
20 g (75%, 98% purity) of product. The Celite/MnO2 pad was washed
with CHCl3/MeOH 9:1 (2 � 100 mL), filtered, and concentrated.
The residue was triturated with ether/hexane (1:2) and collected to give
a second crop (4 g, 15%, 96% purity). Total yield of 16a, 24 g (90%).
Mp 109�110 �C. 1H NMR (DMSO-d6, δ): 3.75 (s, 3H), 3.85 (s, 3H),
7.00�7.05 (m, 3H), 7.82 (d, 2H, J = 9.6 Hz), 8.01 (d, 1H, J = 8.8 Hz).
LCMS m/z: 216 (M þ 1).

Method B. A mixture of 15a (3.3 g, 15 mmol) and anhydrous
Cu(II)Cl2 (4.0 g, 2 equiv) in 45 mL of acetonitrile was stirred at reflux
for 2 h. The mixture was cooled to room temperature and poured into
ice�water (∼100 mL). The acetonitrile was removed at reduced
pressure, and the resulting off-white solid was collected, washed with
water, and crystallized from EtOH�ether to give 16a (2.5 g, 76%).
6-(4-Hydroxyphenyl)-2-methyl-2H-pyridazin-3-one (17a).

To 16a (10 g, 46.3 mmol) in 15 mL DCM cooled on an ice�water bath
at∼5 �C was added 93 mL of BBr3 (1 M solution in DCM) over 5 min.
The ice bath was removed and the solution stirred at room temperature
for 4 h. The mixture was cooled on an ice bath, and saturated NH4Cl
solution (100 mL) was added slowly. After the addition was complete,
the DCMwas removed under reduced pressure, excess water added, and
the product collected, washed with MeOH (20 mL), and dried to give
17a (9.2 g, 98%). Mp 242�245 �C. 1H NMR (DMSO-d6, δ): 3.8 (s,
3H), 6.85 (d, 2H), 7.0 (d, 1H), 7.7 (d, 2H), 7.95 (d, 1H), 9.8 (s, 1H).
LCMS m/z: 203 (M þ 1).
6-[4-(3-Chloropropoxy)phenyl]-2-methyl-2H-pyridazin-3-

one (18a). Phenol 17a (0.5 g, 2.3 mmol), 3-bromo-1-chloropropane
(0.7 g, 4.6 mmol), and K2CO3 (1.0 g) in CH3CN (25 mL) was stirred at
reflux 20 h. The mixture was filtered and concentrated. The resulting oil
was dissolved in Et2O and washed with water, NaCl solution, dried
(MgSO4), and concentrated. The product was triturated with
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Et2O�hexanes to yield 18a (0.6 g, 91%). Mp 186�187 �C. 1H NMR
(DMSO-d6, δ): 2.2 (m, 2H, J = 7 Hz), 3.7 (s, 3H), 3.8 (t, 2H, J = 7 Hz),
4.15 (t, 2H, J = 7 Hz), 7.0�7.1 (m, 3H), 7.8 (d, 2H, J = 7.8 Hz), 8.0 (d,
1H). LCMS m/z: 279 (M þ 1).
2-Methyl-6-{4-[3-((R)-2-methylpyrrolidin-1-yl)propoxy]-

phenyl}-2H-pyridazin-3-one (19a). A mixture of 18a (1.5 g,
5.4 mmol), K2CO3 (2.2 g 16.2 mmol), NaI (0.8 g, 5.4 mmol), (R)-2-
methylpyrrolidine�HCl (1.3 g, 10.8 mmol) in CH3CN (30 mL) was
heated under N2 at 90 �C for 2 days. The mixture was filtered and
concentrated. The residue was dissolved in EtOAc and washed with 2 N
Na2CO3, NaCl solution, dried (MgSO4), and concentrated. The
product was purified by ISCO silica gel chromatography (95:5 DCM/
MeOH). The fractions were combined and concentrated to yield 19a
(0.85 g, 48%, free base). The HCl salt was prepared by adding a 1 N
HCl�ether solution to the base in ether. The white solid was collected
and crystallized from CH3CN�ether. Mp 183�185 �C. 1H NMR
(DMSO-d6, δ): 1.38 (d, 3H, J = 5.2 Hz), 1.62 (m, 1H), 1.92�1.97
(m, 2H), 2.1�2.3 (m, 3H), 3.1 (m, 2H), 3.4 (m, 2H), 3.6 (m, 1H), 3.7
(m, 1H), 3.7 (s, 3H), 4.15 (m, 2H), 7.0�7.17 (m, 3H), 7.8 (d, 2H, J =
8.6 Hz), 8.0 (d, 1H, J = 9.6 Hz), 10.1 (s, 1H). LCMSm/z: 328 (Mþ 1).

Compounds 19b-e and 20a�c were synthesized using the methods
for 19a.
2-Ethyl-6-{4-[3-((R)-2-methylpyrrolidin-1-yl)propoxy]phenyl}-

2H-pyridazin-3-one (19b). Yield 96% free base, purity 97%. Mp
58�62 �C (L-tartrate salt, acetone�ether). 1H NMR (DMSO-d6 δ):
1.19 (d, 3H, J = 5.6 Hz), 1.29�1.33 (t, 3H, J = 7.1 Hz), 1.4 (m, 1H), 1.7
(m, 2H), 2.0 (m, 4H), 2.8 (m, 2H), 3.0 (broad, 1H), 3.2 (broad, 1H),
6.99�7.06 (m, 3H), 7.84 (d, 1H, J = 8.9 Hz), 7.99 (d, 2H, J = 9 Hz).
LCMS m/z: 342 (M þ 1).
2-Isopropyl-6-{4-[3-((R)-2-methylpyrrolidin-1-yl)propoxy]-

phenyl}-2H-pyridazin-3-one (19c). Yield 88% free base, purity
98%. Mp 60�64 �C (L-tartrate salt, CHCl3�ether�hexane). 1H NMR
(CDCl3, δ): 1.09 (d, 3H, J = 5.8 Hz), 1.43 (d, 6H, J = 6.6 Hz), 1.7�1.9
(m, 2H), 1.9�2.4 (m, 7H), 2.8 (m, 1H), 3.0 (broad, 1H), 4.06�4.1 (m,
2H), 5.37 (m, 1H), 6.94�6.99 (m, 3H), 7.59 (d, 1H, J = 9.7Hz), 7.73 (d,
2H, J = 8.7 Hz). LCMS m/z: 358 (M þ 1).
2-Phenyl 6-{4-[3-((R)-2-Methylpyrrolidin-1-yl)propoxy]-

phenyl}-2H-pyridazin-3-one (19d). Yield 88% purity 96%. Mp
82�86 �C (CH2Cl2).

1H NMR (DMSO-d6, δ): 1.36 (m, 3H), 1.59 (m,
1H), 1.91 (m, 2H), 2.14 (m, 3H), 3.09 (m, 2H), 3.39 (m, 2H), 3.59 (m,
1H), 4.13 (t, 2H, J= 4.5Hz), 7.06 (d, 2H, J= 8.5Hz,), 7.16 (d, 1H, J= 9.8
Hz,), 7.44 (t, 1H, J = 6.9 Hz,), 7.53 (t, 2H, J = 7.9 Hz,), 7.65 (d, 2H, J =
8.3 Hz,), 7.88 (d, 2H, J = 8.5 Hz,), 8.13 (d, 1H, J = 9.8 Hz,). LCMSm/z:
390 (M þ 1).
2-Benzyl-6-{4-[3-((R)-2-Methylpyrrolidin-1-yl)propoxy]-

phenyl}-2H-pyridazin-3-one (19e). Yield 88% free base, purity
96%.Mp 228�230 �C (HCl salt, MeOH�ether). 1HNMR (DMSO-d6,
δ): 1.37 (d, 3H, J = 6.2 Hz), 1.62 (m, 1H), 1.94 (m, 2H), 2.15 (m, 3H),
3.12 (m, 2H), 3.44 (m, 2H), 3.62 (m, 1H), 4.13 (t, 2H, J = 5.8 Hz), 5.31
(s, 2H), 7.07 (m, 3H), 7.31 (m, 3H), 7.35 (d, 2H, J = 4.1 Hz), 7.85 (d,
2H, J = 8.7Hz), 8.04 (d, 1H, J = 9.5Hz), 9.53 (broad s, 1H). LCMSm/z:
404 (M þ 1).
2-Methyl-6-[4-(3-piperidin-1-yl-propoxy)phenyl]-2H-pyr-

idazin-3-one (20a). Yield 71%, purity 98%. Mp 200�201 �C (HCl
salt, MeOH�ether). 1H NMR (CDCl3, δ): 1.58�161 (br m, 6H),
2.00�2.04 (m, 2H), 2.4 (b, 4H), 2.47�2.51 (m, 2H), 3.86 (s, 3H), 4.06
(m, 2H), 6.95�7.0 (m, 3H), 7.63 (d, 1H, J = 9.7 Hz), 7.70 (d, 2H, J =
7 Hz). LCMS m/z: 328 (M þ 1).
6-{4-[3-((S)-2-Hydroxymethyl-pyrrolidin-1-yl)propoxy]-

phenyl}-2-methyl-2H-pyridazin-3-one Hydrochloride (20b).
Yield 53%, purity 99%. Mp 169 �C (HCl salt, acetonitrile�hexanes). 1H
NMR (DMSO-d6 δ): 1.78 (broad m, 1H), 1.90 (broad m, 1H), 2.07
(broad m, 1H), 2.10 (broad m, 1H), 2.25 (broad m, 2H), 3.09�3.20
(broad m, 2H), 3.58 (broad m, 3 H), 3.68 (m, 1H), 3.72 (s, 3H), 3.78

(m, 1H), 4.14 (t, 2H, J = 5.9 Hz), 5.45 (br s, 1H), 7.06 (m, 3H), 7.85 (d,
2H, J = 8.4 Hz), 8.03 (d, 1H, J = 9.7 Hz), 10.09 (br s, 1H). LCMS m/z:
344 (M þ 1).
6-{4-[3-((R)-2-Hydroxymethylpyrrolidin-1-yl)propoxy]-

phenyl}-2-methyl-2H-pyridazin-3-one Hydrochloride (20c).
Yield 50%, purity 99%.Mp 166�167 �C (HCl salt, acetonitrile�hexanes).
1H NMR (DMSO-d6 δ): 1.78 (broad m, 1H), 1.90 (broad m, 1H), 2.07
(broad m, 1H), 2.10 (broad m, 1H), 2.24 (broad m, 2H), 3.12�3.20
(broad m, 2H), 3.59 (broad m, 3H), 3.68 (m, 1H), 3.72 (s, 3H), 3.75 (m,
1H), 4.14 (t, 2H, J = 5.9 Hz), 5.45 (broad s, 1H), 7.06 (m, 3H), 7.85 (d,
2H, J = 8.7 Hz), 8.03 (d, 1H, J = 9.7Hz), 10.09 (broad s, 1H). LCMSm/z:
344 (M þ 1).
5-{4-[3-((R)-2-Methylpyrrolidin-1-yl)propoxy]phenyl}-2H-

pyridazin-3-one (21). To a round-bottom flask was added 12 (3.3 g,
9.5mmol), 2-hydroxymethyl-5-iodo-2H-pyridazin-3-one (2.3 g, 9.1mmol),
tetrakis(triphenylphosphine)palladium(0) (2.1 g, 1.8 mmol), potassium
carbonate (6.3 g, 45.2 mmol), 1,2-dimethoxyethane (80 mL), and water
(40 mL). The reaction mixture was flushed with nitrogen for 30 min and was
heated at reflux for 48 h. Themixturewas cooled to room temperature, filtered,
and concentrated. The residue was purified by column chromatography
(CH2Cl2/MeOH/i-PrNH2, 9:1:0.1) to give 21 (3.3 g, 63% yield, 98% purity).
Mp 166�169 �C. 1H NMR (DMSO-d6, δ): 1.00 (d, 3H, J =
4 Hz), 1.27�1.3.6 (m, 1H), 1.56�1.72 (m, 1H), 1.87 (m, 3H), 1.98�2.29
(m, 3H), 2.84�2.98 (m, 1H), 3.03�3.13 (m, 1H), 4.09 (t, 2H, J=6Hz), 7.06
(m,2H), 7.78 (m,3H), 8.29 (m,2H), 13.0 (s, 1H).LCMSm/z: 314 (Mþ 1).
1-Bromo-4-(3-chloropropoxy)benzene (23). 4-Bromophenol

22 (10 g, 57.8 mmol), 3-bromo-1-chloropropane (9.6 g, 60.7 mmol),
and K2CO3 (8.0 g, 63.6 mmol) in acetone was stirred at reflux for 18 h.
Themixture was cooled to room temperature, filtered, and concentrated
at reduced pressure. The resulting oil was dissolved in ether (100 mL)
and washed with 1NNaOH solution (2� 25mL), water, NaCl solution
and dried over MgSO4 to give 23 (13.3 g, 92%) as a clear oil that
solidified on standing. 1H NMR (DMSO-d6, δ): 2.21 (m, 2H), 3.73 (t,
2H, J = 6.1 Hz), 4.08 (t, 2H, J = 5.7 Hz), 6.78 (d, 2H, J = 8 Hz), 7.37 (d,
2H, J = 8 Hz). LCMS m/z: 250 (M þ 1).
(R)-1-[3-(4-Bromophenoxy)propyl]-2-methylpyrrolidine (24).

A mixture of 22 (2.0 g, 8.0 mmol), (R)-2-methylpyrrolidine�HCl (1.2 g,
9.6 mmol), K2CO3 (2.2 g, 16 mmol), and NaI (0.6 g, 4 mmol) in acetonitrile
(35 mL) was stirred at reflux 48 h. The mixture was cooled to room
temperature. Water was added and the solution extracted with ether (3 �
25 mL). The ether layer was washed with water, NaCl solution and dried over
MgSO4 to give 23 (2.3 g, 97%) as a clear oil. The HCl salt was prepared
byaddinga1NHCl�ether solution to thebase inether.Mp157�159C(HCl
salt,MeOH�ether). 1HNMR(CDCl3,δ): 1.07 (d, 3H, J=6Hz), 1.39�1.43
(m, 1H), 1.66�1.79 (m, 2H), 1.87�2.00 (m, 3H), 2.06�2.21 (m, 2H),
2.26�2.31 (m, 1H), 2.92�2.99 (m, 1H), 3.14�3.18 (m, 1H), 3.97�4.0 (m,
2H), 6.77 (d, 2H, J=8Hz), 7.35 (d, 2H, J=8Hz). LCMSm/z: 299 (Mþ 1).
2-{4-[3-((R)-2-Methylpyrrolidin-1-yl)propoxy]phenyl}-2H-

pyridazin-3-one (25). A mixture of 24 (560 mg, 1.87 mmol), 2H-
pyridazin-3-one (180mg, 1.87mmol), K2CO3 (775mg, 5.61mmol), copper
powder (120mg, 1.87mmol) in pyridine (75mL) was stirred at reflux under
nitrogen for 18 h. The mixture was cooled to room temperature and
concentrated at reduced pressure. The residue was absorbed onto Fluorosil
for elution and purification by ISCO silica gel chromatography (95:5:1/
DCM, MeOH, i-PrNH2). The fractions containing pure product were
collected and concentrated. The solid was crystallized from Et2O�hexanes
to give 25 (210mg, 36%, 97% purity) as a white solid.Mp 106�107 �C.The
HCl salt was prepared by dissolving the base in MeOH and adding 1 N
Et2O�HCl. After concentration the product was crystallized using
MeOH�ether. Mp 175�177 �C (MeOH�Et2O).

1H NMR (CDCl3, δ):
1.10 (d, 3H, J = 5.2 Hz), 1.42 (m, 1H), 1.70�1.79 (m, 2H), 1.79�1.92 (m,
3H), 2.11�2.30 (m, 3H), 2.98 (m, 1H), 3.18 (m, 1H), 4.06 (m, 2H), 6.98 (d,
2H, J = 8Hz), 7.04 (d, 1H, J = 9Hz), 7.21�7.24 (m, 1H), 7.50 (d, 2H, J = 8
Hz), 7.87 (s, 1H). LCMS m/z: 314 (Mþ 1).
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Pharmacokinetics. Adult male Sprague�Dawley rats (275�350 g;
Charles River, Kingston, NY), male beagle dogs (9�14 kg, Cephalon, Inc.,
Maisons Alfort, France), andmale cynomolgusmonkeys (2�4 kg, Covance
Laboratories, Alice, TX) were used in the experiments. All animal usage was
approved by the Cephalon IUCAC. For routine compound screening rats
were dosed via the lateral tail vein at the indicated dose for iv administration
(3%DMSO, 30%Solutol, 67%phosphate buffered saline or 100% saline) or
via oral gavage (50% Tween 80, 40% propylene carbonate, and 10% propy-
lene glycol, saline, or 2%HCl�water) at the indicated dose. Ratswere fasted
overnight prior to po administration. Serial blood samples were collected
from the lateral tail vein into heparinized collection tubes (approximately
0.25 mL) at seven sampling times over a 6 or 24 h period as indicated. The
plasma was separated by centrifugation, and the sample was prepared for
analysis HPLC/MS by protein precipitation with acetonitrile. The plasma
samples were analyzed for drug and internal standard via LC�MS/MS
protocol. The pharmacokinetic parameters were calculated by a noncompart-
mental method usingWinNonlin software (Professional version 4.1, Pharsight
Corporation, Palo Alto, CA, 1997). For experiments to determine detailed rat
PKparameters, ratswere administered1mg/kg iv and3mg/kgpo in saline and
parameters calculated from composite mean plasma concentration�time data
(n = 12).

Dogs were administered at 1mg/kg iv and 3mg/kg po andmonkeys at
1 mg/kg iv and po. Parameters were calculated using plasma concen-
tration�time data for individual animals (dog n = 3; monkey n = 4).
Plasma Protein Binding. Test compounds were dissolved in

DMSO and spiked into plasma from rat, dog, and human, as well as
phosphate-buffered saline (pH 7.4). The final concentration in plasma
or PBS was 5 μM. The mixtures were incubated in a 37 �C water bath
with gentle shaking for 1 h and then were loaded into the MultiScreen
Ultracell-PPB plate (Millipore Inc., Billerica, MA) that was centrifuged
at 2000g for 45 min at 37 �C. The amount of compound present in the
ultrafiltrate was determined using LC/MS/MS. The percentage of drug
bound to plasma was calculated using mean peak area of test compound
in plasma ultrafiltrate (as free) and mean peak area of compound in PBS
buffer (as total). The results are the mean of duplicate determinations.
Rat Dipsogenia Model. Rat dipsogenia was conducted as pre-

viously described.24,32 RAMH-induced water intake was measured in
Harlan Long Evans rats (>300 g; Harlan, Dublin, VA, or Indianapolis, IN)
for 30 min beginning 20 min after administration of RAMH (10 mg/kg ip).
Test compound (in saline) was administered at the indicated times
prior to the initiation of the drinking trial period. Percent inhibition of
RAMH-induced drinking was calculated for each rat based on normal-
ization to the group mean RAMH-induced drinking using the following
equation: [100 � (Dr/(DgRAMH)) � 100], where Dr is the amount of
water an individual rat drinks and DgRAMH is the group mean for the
amount of water consumed by the RAMH-treated group. Group mean
values for percent inhibition were then calculated for each dosage group
together with the associated standard deviation and standard error of
the mean. Treatment effects for percent inhibition vs RAMH-induced
dipsogenia were evaluated using a one-way ANOVA (GraphPad Prism 4).
Dunnett’s post hoc analysis was performed for multiple comparisons with
the RAMH group set as the control comparator.
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