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The high expression of MCH in the hypothalamus with the lean hypophagic phenotype coupled with increased
resting metabolic rate and resistance to high fat diet-induced obesity of MCH KO mice has spurred
considerable efforts to develop small molecule MCHR1 antagonists. Starting from a lead thienopyrimidinone
series, structureactivity studies at the 3- and 6-positions of the thienopyrimidinone core afforded potent
and selective MCHR1 antagonists with representative examples having suitable pharmacokinetic properties.
Based on structureactivity relationships, a structural model for MCHR1 was constructed to explain the
binding mode of these antagonists. In general, a good correlation was observed befygeandoactivity

in the right-hand side of the template, with Asp123 playing an important role in the enhancement of binding
affinity. A representative example when evaluated chronically in diet-induced obese mice resulted in good
weight loss effects. These antagonists provide a viable lead series in the discovery of new therapies for the
treatment of obesity.

Introduction The high expression of MCHR1 in hypothalamic ventrome-
dial and dorsomedial regions was of particular interest as these
regions regulate feeding behavior and energy expenditdre.
Several reports suggest that MCH plays an important role in
energy homeostasis. Genetic manipulations have shed light on
the role of MCH in energy homeostasis. MCH-deficient mice
have reduced body weight and leanness due to hypophagia and
increased metabolic rate when compared to their wild-type
aIittermatesz.aMCHRl(—/—) mice are resistant to high-fat, diet-
induced obesity. These mice are hyperphagic and hypermeta-
bolic with lower levels of insulin and leptiff:c The differences

in feeding behavior between MCH-deficient and receptor
knockout mice probably results from deletion of peptides that
are generated from preprohormone MCH processing by
proconvertase¥!€ Transgenic overexpression of MCH in the
lateral hypothalamus results in mice being obese, hyperlepitimic,
and hyperinsulinemic with islet hyperplagfaMCH deficiency

in ob/ob mice results in dramatic reduction in body fat. These
mice show increased basal metabolic temperature, lower plasma
glucocorticoid levels, improved glucose tolerance, and reduced

Melanin-concentrating hormone (MGHis a cyclic nona-
decapeptide displaying high sequence conservation in the ring
structure with the salmon counterpart from which it was
originally isolated'®?In mammals, MCH is generated via post-
translational cleavage of Argl4#\rg146 site by proconvertases
in the hypothalamic neurons. Isolation of MCH spurred efforts
resulting in identification of its receptor MCHR1 (SLC-1/
GPR24) using reverse pharmacology techniques. Recently,
second receptor, MCHR2, with a 38% overall homology and
44% amino acid identity, was identified to MCHR4 Like
MCHR1, MCHR2 also belongs to the rhodopsin family of
G-protein-coupled receptors. Key elements of both receptors
include a 7-transmembrane (7TM) motif, N-linked glycosylation
sites in the N-terminal region that are important for full activity,
an aspartic acidarginine-tyrosine motif located in the cytosolic
region of helix 3 (TM3) region and Asp123 and Asp113in the
TM3 regions of MCHR1 and MCHR?2, respectively, that may
be involved in ligand binding. MCHRL1 is expressed in all
mammals in contrast to MCHR2, which is present in dogs, .
ferrets, primates, and humans but absent in rodéMCHR1 expression of stear_oyI-Co_A de_satur&%e.
has been found to couple too Go, and Giq proteins, Ape_lrt from genetic modn‘l(_:atlons to the receptor or the MCH
activating diverse signaling pathways, whereas MCHR2 is 9€ne itself, obese phenotypic models such as obese Zucker rats

exclusively coupled to @q proteinst’™ Both receptors have a
similar distribution in the CNS.
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and ob/ob mice exhibit high hypothalamic levels of MEHS
There are several reports studying the effects of intracerebroven-
tricular (ICV) injection of MCH39-9 ICV infusion of MCH in

mice on a moderately high fat diet results in increased body
weight accompanied by hyperphagia and significant increases
in fat and liver weights. Expression levels of key modulators
of energy expenditure in brown adipose tissue such as acyl-
CoA oxidase, carnitine palmitoyltransferase, and uncoupling
protein-1 were also down regulated. In addition, plasma glucose,
insulin and leptin levels were increas&. Decreased energy
expenditure has also been explained by the reduction of plasma

thyroid stimulating hormone (TSH) after ICV administration

of MCH in rats3 Exogenous administration of MCH to
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hypothalamic explants has been shown to increase the releas&cheme 1.Synthetic Route to TargeBa—3k?2
of orexigenic neurotransmitters such as NPY and Agouti-related
protein and decrease the release of anorectic neurotransmitters, | Cmpd | R

a-melanocyte stimulating hormone{VISH) and cocaine- and o 3a H
amphetamine-regulated transcipfThe orexigenic action of R ab,c R, s 3 | 4
MCH has been suggested to be mediated via the NPY Y(1) " \ ) OMe

; o 2 NH,

receptor and be independent of galanin and melanocortin x -
receptorsii Interactions of MCH containing neurons with other | xa
neurons containing orexin may influence food intake through 3¢ | 4Br
synapse with each othéfr.Besides insulin secreting cefls, 3f oF
functional MCHR1 receptors are also present in adiposites, o
because rat adiposites treated with MCH result in the upregu- R, s OMe ® | +ON
lation of leptin, a key cytokine involved in energy homeostéBis. 4 . g o~ 3h | 4Ch
Although MCHR1{/-) mice have desirable body weight N T 3i | 4-OMe
loss, adverse physiological changes that may limit the use of 3a - 3k 3 | 4Bu

an MCH antagonist as an antiobesity drug need to be addressed.
For example, the knockout mice seem to have increased

sympathetic tone resulting in an increased heart “fate. #Reagents and conditions: (a) DMF/PQGCt; (b) NH,OH-HCI, 0—-100
addition, the MCH knockout mice also show an osteoporotic °C: (€) methyl mercaptoacetate, NaOMe, DMFIQ (d) (CHO)CHNMe,
phenotype due to a high bone turnod®Although extensive 2.

v_vork in rodents_has implicateo! this gene in obesity, to date, Scheme 2.Synthetic Route to Targetisd—3%

linkage of genetic defects causing severe human obesity needs

- q N abe N\ R d N\ R
N thad)
Z O,N H,N
4

3k 4-'Bu

Several reports involving the genetic modifications or en- o,N
dogenous administration of MCH have validated MCHR1 to
be an important player in energy homeostasis. The orexigenic
actions of MCH have been known to be antagonized by

(o] N\ R
endogenous-MSH.52Early reports regarding the development R s N@
e 1
_° . A | N/)

15a, 26a - 53a 15b, 26b - 53b

of MCHR1 antagonists described peptidic compounds that
attenuated orexigenic effects of the agoPist. Recent reports

regarding the use of selective small molecule antagonists have 14-39
been disclosed. The use of }-N-[6-(dimethylamino)methyl]- 2 Reagents and conditions: (a) NBS, &3, 70°C, 16 h; (b) (EtO}PH,
5,6,7,8-tetrahydro-2-naphthalenyH#ioro[1,1 -biphenyl]-4-car- EtN; (c) CH.Clp, amine, Hunig's base; (d) 10% Pd/CzHO psi, 6 h; ()

boxamides5 (T-226296), an orally bioavailable small molecule & K (14724) 30 (25-40). PhOH, 106-135°C.

antagonist of MCHR1, has been shown to suppress MCH |ine after stimulation with thrombin, indicating their specificity
stimulated food intake over 90% versus control PatSurther for MCHRL. In addition, compounds did not have quantifiable
evaluation of55 in diet-induced obese (DIO) mice has shown  activity at the MCHR?2 indicating their selectivity for MCHR1.
significant weight loss of about 15% at 30 mg/kg in mice on a Representative compounds that exhibited functional antagonism
high fat diet, and these mice were hypophajic+)-Methyl at the MCHR1 receptor were progressed into a suitable
(49-3-([(3-[4-(3-[acetylamino]phenyl)-1-piperidinyl]propyl)ami-  pharmacokinetic model. Because human ether-a-go-go-related
nojcarbonyl)-4-(3,4-difluorophenyl)-6-(methoxymethyl)-2-oxo-  gene (hERG) channel inhibition at times can be a major issue
1,2,3 4-tetra-hydro-5-pyrimidinecarboxylate hydrochloride (SNAP- for compounds that interact with 7TM receptors, compounds
7941), another small molecule antagonist, was also shown tothat were being evaluated for in vivo efficacy were also tested
decrease food intake, decrease body weight, and block the onsefgainst the hERG channels. Studies regarding evaluation of a

of diet-induced obesity in mice on a high fat diéEfforts from representative example in a DIO model will also be described.
other laboratories have also identified 2-amino quinoline

analogues as MCHR1 antagon®t? In addition, several recent ~ Chemistry
reports on the effects of small molecule MCHR1 antagonists  The access to the thienopyrimidinone core involved the

in DIO mice have be(_an describédrecent studies e\(aluating synthesis of methyl 5-aryl-8f(1E)-(dimethylamino)methyli-
the role of MCHR1 in the presence of MCHR2 in rhesus denejaming-2-thiophenecarboxylat@a—k from commercially
monkeys indicate that there was no compensation by MCHR2 ayailable aryl ketones. As shown in Scheme 1, aryl ketones
on antagonism of MCHRY.In this study, weight loss was 1 were sequentially treated with DMF/PQCind hydroxyl-
observed in the range of £26.7% on administration of the  amine, followed by the addition of methyl mercaptoacetate, to
MCHR1 antagonist via oral gavage at 7.5 and 15 mg/kg with afford the substituted thiophene est@rsThe thiophene esters
reduction in food intake. Furthermore, as MCH decreases TSH 2, on treatment with\,N-dimethyl-1,1-bis(methyloxy)methan-
levels, T4 levels measured in the study were higher than control gmine, afforded the key intermediates, methyl 5-ary[{3€)-
animals? (dimethylamino)methylidene]amihe2-thiophenecarboxylates
Synthetic efforts from these laboratories started from a 3a—k. The general synthesis of substituted thienopyrimidinones
thienopyrimidinone lead. The aim was to optimize substituents containing a quinoline group is shown in Scheme 2. Bromination
at the 3- and 6-position of the thienopyrimidinone ring system of 2-methyl-6-nitro quinoline4 with NBS afforded a mixture
to afford compounds that might be suitable for evaluation in a of mono and dibromo compounds, which on treatment with
diet induced obese model. Compounds exhibited potency at thediethyl phosphitéin the presence of a base afforded 2-(bro-
human MCHR1 in CHO Gal4/Elk1-Lucreporter assay with  momethyl)-6-nitroquinoline, and subsequent displacement of the
no quantifiable activity observed at the untransfected host cell bromide with amines afforded the nitro amirnEsa and26a—
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a Antagonism of human MCHR1 in CHO Gal4/Elk1-Llueporter assay.
ICso values represent averages ef2experiments, with a standard deviation
of 3-fold.

53a Reduction of the nitro group with Pd/C under hydrogen
afforded the amine$5b and26b—53b. Subsequent treatment
with methyl 5-aryl-3{[(1E)-(dimethylamino)methylidene]amihe
2-thiophenecarboxylate8a—k afforded analoguesl4—24.

Compounds in Table 2 were synthesized by the treatment of

3b with the respective amino compoung@gb—40b to afford
analogue®5—40. The synthesis of analogéd. is shown as in
Scheme 3. Oxidation of the methyl group in 2-methyl-6-
nitroquinoline with selenium dioxide afforded the intermediate
6-nitroquinoline-2-carbaldehydg Reduction of the aldehyde
group in5 with sodium borohydride afforded the alcoh@l
Protection of the alcohd usingtert-butyldimethylsilyl chloride,
followed by sequential reduction, cyclization, and deprotection
gave analogudl.

Analogues42—49 containing the dihydobenzoxazine moiety
involved synthetic manipulations of 2-amino-4-nitrophe! (
As shown in Scheme 4, treatment @f with methyl 2,3-
dibromopropanoate gave methyl 6-nitro-3,4-dihydb-2,4-
benzoxazine-2-carboxyla® which was sequentially treated
with NaBH,; and methane sulfonyl chloride to give mesylate

Displacement of the mesylate with various amines afforded the

nitro compoundst2a—49a The amino derivativeg2b—49b
obtained by reduction of the nitro compounds with hydrogen
in the presence of Pd/C were then treated \8ittto afford the
analoguegl2 and45—49. The synthesis of the nitro intermedi-
ates42a—45a and the corresponding amind@b—45b have
been disclosed Intermediated was also treated with alkyl/aryl
sulfonyl chloride to afford thé\-sulfonyl aryl/methyl intermedi-

Journal of Medicinal Chemistry, 2006, Vol. 49, NG02Z

Table 2. Inhibitory Potencies (I6) vs hMCHRE
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a Antagonism of human MCHR1 in CHO Gal4/Elk1-Luceporter assay.
ICso values represent averages ef®experiments, with a standard deviation
of 3-fold.

Scheme 3.Synthetic Route to Targetl?
N
O,N 7 ON #
5 6

a8 Reagents and conditions: (a) NaBldioxane; (b) TBDMSCI, ChCl,,
imidazole; (c) 10% Pd/C, § 1 atm, 4 h; (d)8b, PhOH, 106-135°C; (e)
TBAF, THF.

ates. Displacement of the mesylate with dimethylamine, reduc-
tion with hydrogen in the presence of Pd/C, and cyclization
with 3b afforded compoundd3 and44. The synthesis of the
dihydrobenzodioxin analogués)—54 involved similar trans-
formations starting from 3,4-dihydroxynitrobenzeb@and is
represented by the synthesis of tBantipode, as shown in
Scheme 5. Monoprotection of the phenol with MOMCI,
followed by treatment withR)-glycidol in the presence of di-
tertbutyl azidocarboxylate gave the epoxitie Deprotection

of the MOM protecting group with HCI, followed by cyclization
of the phenolic hydroxyl onto the epoxide, gaveRjZ-nitro-
2,3-dihydro-1,4-benzodioxin-2-yllmethand?. Conversion of
the hydroxyl group irL2 to the mesylate using methane sulfonyl
chloride, followed by its displacement with dimethylamine and
subsequent reduction of the nitro group gave the aniiBe
Treatment of the amin&3 with 3b afforded analogueS1 and

53

Results and Discussion

In the process of optimizing the 6-position of the thieno[3,2-
d]pyrimidinone core, analoguei—24 were synthesized. The
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Scheme 4.Synthetic Route to Targe#®2—4%
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Scheme 5. Synthetic Route to Targetl and 53*
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aReagents and conditions: (a) MOMCI,®Os;, DMF; (b) (R)-glycidol, di-tertbutyl azidocarboxylate, GBl,; (c) HCI; (d) K:COs, MeOH; (e) CHSO.CI,
CH.Cl,, Hunig's base; (f) dialkylamine, Cil,, Hunig's base; (g) 10% Pd/C,H30 psi; (h)3b, PhOH, 106-135°C.

unsubstituted phenyl analoglié (ICso = 794 nM) was a modest
inhibitor of MCH in the reporter gene assay. Addition of

3.2—6.6-fold more active than the morpholino analoda€pK,
= 5.26). Incorporation of a 4-fluoro or 4-trifluoromethyl group

halogens at the 2-, 3-, and 4-position on the phenyl resulted in on the phenyl piperidine analoga, to address the potential

analogues15—-19. The 4-chloro as well as the 4-bromo
analoguesl5 (ICso = 4.9 nM) and 18 (ICsp = 40 nM),

site of metabolism at the 4-position, afforded analo@3#@Cs
= 3.1 nM) and35 (ICso = 6.1 nM), which were equipotent to

respectively, were among the most potent compounds thatanaloguel5. The piperidine analogug0 (pK, = 4.80, nitrogen
resulted from halogen substitutions. Having established the proximal to quinoline moiety) was found to be equipotent to

4-position to be potency enhancing, the effects of other electron-
withdrawing and electron-donating groups were also studied.

The cyano analogu0 (ICsp = 478 nM) resulted in a 97-fold
loss in activity compared td5, whereas the trifluoromethyl
analogue2l (ICsp = 36 nM) and the methoxy analoga?
(ICs0 = 31 nM) suffered a modest loss in potency (\&). To
probe the steric requirements in the 4-position, compo@3ds

analoguel5. Attenuation of the basicity of the nitrogen, as in
analogue227 (ICso = 87 nM, K, = 1.59), resulted in a 17-
fold drop in potency. On the other hand, incorporation of the
nitrogen as in the imidazole analog@8 (ICsp = 2.0, Ky =
6.19) did not have any apparent effect on the potency.
Incorporation of an additional nitrogen in the piperidine analogue
30 afforded the piperazine36—40. Analogues36, 37, and40

and 24 were synthesized; these resulted in substantial loss inwere equipotent to analogd®, whereas analogués (ICso =

activity. Interestingly, even a slightly bigger halogen substitution
such as in the 4-bromo analogli8 resulted in an 8-fold loss
in potency when compared ttb.

With the 4-chlorophenyl substituent in place at the 6-position
of the thieno[3,2d]pyrimidin core, modifications at the ortho-
position of the quinoline nitrogen were studied with the aim of
optimizing the potency and physiochemical properties of the
molecules. As shown in Table 2, removal of the side chain
morpholino group from analogu#5 afforded compoun®5
(ICso = 63 nM), which was 12-fold less active than analogue

19 nM) and39 (ICso = 37 nM) suffered a 3.9- and 7.5-fold
drop in potency, respectively. Replacement of the basic nitrogen
with a hydroxyl group resulted in analogdé (ICso = 3.5 nM,

pKa = 13.14), which was equipotent in activity 1&. Analysis

of the calculated I, values suggests that, in general, with the
exception of analogue38 and 39, analogues that possessed
sterically demanding basic substituents, and analogle
containing a neutral hydroxyl, there was a good correlation of
the Kzs with the activity of the compounds, suggesting the
possibility of either a charged interaction or a hydrogen bonding

15. Because the basic nitrogen seemed to boost the activity,interaction with the receptor. The enhanced potency of analogue

various analogues containing a basic amine differing Ka p
values were incorporate@§—40).1° Simple alkylamine sub-
stitutions on the quinoline such as in analogRésnd29—32,

having s values in the range of 7.377.37, were found to be

41 could be due to the presence of a hydrogen bonding
interaction with the receptor. In addition, the presence of the
quinoline nitrogen in analogu&l makes the hydroxyl a better
hydrogen bond donor. Furthermore, in analogRésnd 29—



Antagonists of Melanin-Concentrating Hormone

Table 3. Inhibitory Potencies (165 vs hMCHRE

Journal of Medicinal Chemistry, 2006, Vol. 49, NG029

o O_R
c Sl NQNI
|

OIS

Cmpd Structure Cmpd Structure
®) R ICsp (nM) R) Ry) | ICs (nM)
@2 | Y " 32 | 46 | Y Don | g 3.4
B3V | some | 4168 | 47 | T Do | w | 53
a4 | Y | sopn | 6918 | 48 2 ) H 8.5
5 | D | oH 23 | 49 S’{\Q H | 35
\

a Antagonism of human MCHR1 in CHO Gal4/Elk1-Luceporter assay. I§g values represent averages of2experiments, with a standard deviation

of 3-fold.

Table 4. Inhibitory Potencies (I65) vs hMCHRE

o O_R
oy
cl \IN/)

Cmpd

Cmpd Structure Structure

(R)
ks
oy
Sy

a Antagonism of human MCHR1 in CHO Gal4/Elk1-Luceporter assay.
ICso values represent averages ef2experiments, with a standard deviation
of 3-fold.

1Cso (nM)
7.7

R) 1C5o (nM)

24

50 53

51 25 54 7.0

52 32

Homology Modeling

The initial homology model for MCHR1 was constructed for
the 11CBy short splice variant, and the sequence numbering is
based on this form. The template for the homology model was
the published crystal structure for bovine rhodopsin. The models
were constructed using the Modeler tools in Insight from
Accelrys. Four different versions of this initial model were
prepared by rotating selected side chains on internal residues
in the transmembrane helices. Analogd@was docked into
these models using the mcdock and dockmin applications in
the Flo software package (fleapr2003).

A number of docking poses were obtained for each of the
starting receptor models. CompouB86, a more rigid MCH
ligand, is a good structure for evaluating the possible docking
poses. Visual inspection of the docking results showed that the
docking pose exemplified in Figure 1 was favored. In this pose,

32 (pKss ranging from 7.17 to 7.37), with charges associated the piperidinium group forms an ionic and hydrogen bond to
with their basic nitrogen and the percentage ionized ranging Asp123, and the pyrimidine ring carbonyl is hydrogen bonded
from 37 to 52%, a reduction inky such as in exampl27 (pKa by Tyr273. Figure 2 shows the details of the chlorophenyl
= 1.59) results in a large percent decrease in the percentagebinding pocket. This group is tightly packed amid Thr131 and
ionized and a concomitant loss in activity. Interestingly, at Leul34 on TM3 and Pro220 and Ile224 on TM5. As seen from

physiological pH, analogu28 (pK, = 6.19) with about 6.8%
ionized molecules is apparently equipotent to analddu@K,
= 5.81, 0.71% ionized).

the tight SAR of analogue8, 23, and 24 in Table 1, and
modeling studies, very little room is available in this pocket
for substitutions that are sterically demanding. Figure 3 shows

Having explored the quinoline analogues, attempts to addressthe details of the piperidinium binding pocket. This pocket is

the solubility of these compounds resulted in analogi®zs49

formed from hydrophobic groups from TM1, 2, 6, and 7 and

(Table 3). In general, the 3,4-dihydro-1,4-benzoxazine deriva- ECL2 and Asp123 from TM3. This model shows room for small

tives had comparable potencies to analodbe Addition of
electron-withdrawing substituents on the NH group as in
analoguesA3 (ICsop = 4168 nM) and44 (ICso = 6918 nM)
resulted in a dramatic loss in potency. In the hydroxy proline
analogue#6 and47, the stereochemistry of the hydroxyl group
in the proline derivatived6 (ICso = 3.4 nM) and47 (ICso =

5.3 nM) did not seem to effect the potency of the compounds.
Replacement of the NH in the benzoxazine core with oxygen
gave 2,3-dihydro-1,4-benzodioxin analog&®s-54 (Table 4.

substituents at C-2 and C-3, but limited room at C-4 on the
piperidine ring, which is consistent with the lower potency of
compounds such a88 and 39 substituted at that position.
Compounds with large substituents on the basic amine may
suffer unfavorable steric interactions, which result in a loss in
potency when compared to compou8@, despite otherwise
favorable interactions. In addition, the SAR done in this region
of the molecule suggests the presence of a charged or hydrogen
bonding interaction. This conclusion is supported by our

In general, the benzodioxin analogues also had comparablemodeling studies that propose a direct interaction of the

potency to analogué5. To address stereochemical issues in
the benzodioxin series, thi as well asS-antipodes of analogue
50 were synthesized. Thgantipodes1 and53 were found to

be 3.4- to 7.8-fold less active, respectively, thanRkentipodes,
indicating the importance of an optimal spatial arrangement of
the basic amine in its interaction with the receptor.

protonated amine with Asp123. This model also explains the
enhanced potency of analogdi wherein a favorable hydrogen
binding interaction of the hydroxyl with Asp123 can substitute
for the absence of a charged basic amine. Although the hydroxyl
interaction with Asp123 might not be as strong as opposed to
that with a basic amine that is physiologically charged, there is
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Figure 2. Binding interactions of compoun80. This figure shows
residues witii 3 A of the compound. This binding mode shows
Figure 1. Binding mode for compoung0. The preferred binding mode  hydrogen bonds to Asp123 and from Tyr273. The pockets around the
is in the top half of the helices, primarily between TM3, TM5, TM6,  ends of the molecule are hydrophobic, while the central region is more
and TM7, with the axis of the compound approximately parallel to polar.

TM3.

) Kg) was on the higher side, possibly dueNedemethylation

a desolvation penalty that the hydroxyl group does not have 10 of the piperazine ring. A few of the analogues incorporating
overcome, so the two fragments might have similar binding aqgitional heteroatoms to increase their solubility were also
energies due to cancellation of effects. Our proposed binding profiled as shown in Table 5. The dimethyl analogifzhad
mode differs from that proposed by Clark for a somewhat more extremely high clearance (88 mL/min/kg), exceeding the hepatic
flexible ligand® Although the basic amine in compourd® blood flow in rats. To prevent potentidl-demethylation and/
binds in a similar position to that proposed by Clark, the o conjugation of the NH in analogué2, the benzodioxane
remainder of the molecule lies parallel to the axis of TM3 and analogue54 was synthesized. Unfortunately, although this
probes deeper into the receptor. If the quinoline30fwere change did result in improved systemic exposure, the clearance
placed in a position similar to that of Clark's compound, the f this analogue was still extremely high (66 mL/min/kg).
chlorophenyl group would protrude from the side of the receptor. gecause analogu@s had good solubility and extremely good
Finding alternative binding modes for different chemotypes is g exposure, compourb was profiled against a battery of
not unusual among antagonists. 7TM receptors, enzymes, and ion channels, and no significant
off-target activity was observed for compouB€. In addition,
the compound showed no activity in the hERG channel using

To evaluate compounds in an in vivo model of DIO mice, the patch clamp assay (pi= 4.66)1! It was also selective
representative compounds were profiled for pharmacokinetic over the human MCHR2.
properties in rats. As seen in Table 5, analog8evhen dosed .
as a solution exhibited decent oral bioavailability of 19% with Pharmacodynamics
low clearance (11 mL/min/kg) and a good half-litg{= 8 h). Efficacy of compound36 in inducing weight loss was
Incorporation of a fluoro or trifluoromethyl group at the evaluated in high-fat (58% kcal of fat, Research Diets #D12331),
4-position of the phenylpiperazine in analog@8 to block DIO AKR/J mice. As shown in Figure 4, during a 26-day
potential metabolism afforded analogug$and 35 with 3.7- treatment, oral administration of compouB@ at 1, 3, and 10
fold and 2.9-fold lower clearances, respectively, and an ex- mg/kg once daily caused a sustained dose-dependent weight loss
tremely long half-life for analogue4 (ty» = 16 h), with of —4.8, —9.4, and—16.9%, respectively, relative to vehicle
analogue34 affording a slightly better systemic exposure on controls. Analysis of terminal serum and brain concentrations
oral dosing when compared to analogd® The N-methylpi- of compound36 levels revealed that the compound is absorbed
perazine analogu86 was found to have excellent systemic into the circulation (44+ 2.7 ng/mL, 178+ 12.6 ng/mL, and
exposure, with a bioavailability of 98% and quite a good half- 414+ 17.1 ng/mL at 1, 3, and 10 mg/kg, respectively) and it
life (ty2 = 7.7 h). The clearance of analog&@ (39.7 mL/min/ penetrates the brain (1421 70.5 ng/g, 5508t 162 ng/g, and

Pharmacokinetic Analysis and Secondary Pharmacology
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Figure 3. Details of Binding Pockets. (A) The chlorophenyl ring is tightly packed in a hydrophobic pocket formed by Thr131, Leul34, Thr135,
Phe217, Pro220, Phe221, lle224, Phe265, and Trp269. (B) The piperidine pocket in addition to Asp123 includes the hydrophobic groups Met96,
Phe47, 11e100, lle119, Val192, Prol188, and Ile297.

Table 5. Rat Pharmacokinetic Data for Representative Analdues ]
(0] [ ]
2 o0
S | n-R g i
Cl
\ k< i
N/) S
E .
=
Cl[ tal V 3 g i
otal Ss 0, .
Cmpd R (mL/min/kg) | (Lkg) | F12 (W [F %) 5 5 B Vehicle (n=8)
g y O €36 (1 mg/kg, n=7)
N\ N n -
5 m O\© . 3 g 19 £ ] A €36 (3 mglkg, n=7)
= | B €36 (10 mg/kg, n=7)
-
LS S -10-
[ ]
34 WO\@ 2.9 23 16 30 g
F > u
° ]
N\ N B
35 W O\Q 3.7 1.1 8.5 18 = )
s o 157
N o i
N N
36 m Ch 39 19 77 | 98 E |
o _ ag T
42 \{@N]/\' 88 27 8 75 ]
; -20-
OJ\D Figure 4. Effect of compoun®6 (C36) at 1, 3, and 10 mg/kg (orally,
53 ° 66 22 6.1 65 qd) on body weight loss in high-fat DIO AKR/J mice. Weight loss is

expressed as percentage weight change from pretreatment value for
a Compounds were dosed in 20% DMS0/21% Solutol in 10 mM (final each treatment group (average pretreatment body weight value was
conc) MSA = 2); IV dosing done at 3 mg/kg and PO dosing done at 10 48.8 + 0.61 g,n = 21). Values are meatt SEM, n = number of
mg/kg. ° Half-life for IV dosing; plasma drug levels were determined by mice per group.
LC-MS/MS.
antagonists. Homology modeling of these compounds indicate
the importance of Asp123 as a key element in the protein that
helps provide added potency with compounds that have favor-
able binding counterparts. Several compounds in the series also
exhibited favorable pharmacokinetic properties on oral dosing
in rats. A representative analogue, when dosed orally once daily
Structure-activity work on the thienopyrimidinone core has to DIO AKR mice, exhibited a very good dose responsive effect
resulted in the identification of potent and selective MCHR1 in reducing body weight. This work supports the advancement

13093+ 392 ng/g at 1, 3, and 10 mg/kg, respectively) at all
doses with a relatively stable brain/serum ratio of 31.

Conclusion
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of small molecule MCHR1 antagonist into human clinical trials General Procedure for the Synthesis of Amino Compounds

for the treatment of obesity. 14b, 27b-39b, and 45b-48b 2-(Morpholin-4-ylmethyl)quinolin-
6-amine (14b). To a solution of 2-(morpholin-4-ylmethyl)-6-
Experimental Section nitroquinoline15a(1.0 g, 2.88 mmol) in 30 mL THF/EtOH (1:1)

was added 0.1 g of Pd/C (10%), and the contents were stirred under

Chemistry. General Methods.Melting points were determined  hydrogen gas (40 psi) for 6 h. The reaction was then filtered through
using a ThomasHoover melting point apparatus and are uncor- Celite and washed with EtOH, and the contents were concentrated
rected. Unless stated otherwise, reagents were obtained fromynder vacuum to afford 2-(morpholin-4-ylmethyl)quinolin-6-amine
commercial sources and were used directly. Reactions involving as a brown solid. The crude compound was used directly in the
air- or moisture-sensitive reagents were carried out under a nitrogennext step!H NMR (300 MHz, DMSO#dg): ¢ 7.93 (d,J = 8.6 Hz,
atmosphere. If not specified, reactions were carried out at ambient1H), 7.69 (d,J = 9.0 Hz, 1H), 7.41 (dJ = 8.5 Hz, 1H), 7.2+
temperature. Silica gel (EM Science, 23000 mesh) was used for 7,11 (m, 1H), 6.81 (m, 1H), 5.55 (s, 2H), 3.65 (s, 2H), 3.61 (m,
chromatographic purification unless otherwise indicated. Anhydrous 4H), 2.51 (m, 4H).
solvents were obtained from Aldrich (Sure Se#).NMR spectra General Procedure for the Synthesis of Final Products 14
were recorded on a Varian spectrometer; chemical shifts are reporteds.  3.[2-(4-Morpholinylmethyl)-6-quinolinyl]-6-phenylthieno-
in parts per million (ppm) relative to TMS. The following (3 > dpyrimidin-4(3 H)-one (14).To 2-(morpholin-4-ylmethyl)-
abbreviations are used to describe peak patterns when appropriategyinolin-6-amine14b (0.123 g, 0.506 mmol) was added methyl-
b = broad, s= singlet, d= doublet, t= triplet, g = quartet, m= 3 {[(1E)-(dimethylamino)methylidene]amines-phenyl-2-thio-
multiplet. High performance liquid chromatography (HPLC) was phenecarboxylate (0.145 g, 0.506 mmol) and 0.5 g of phenol as
performed on a Beckman 126 with a Beckman 166 UV Detector the golvent. The reaction mixture was heated from 100 to°C35
(monitoring at 215 nm) with a Rainin Dynamax-60A column using - gyer 4 period of 1.5 h. The crude mixture was loaded over a silica
a gradient consisting of 20/80 A/B to 10/90 A/B over 20 min, where e column using DCM/MeOH (95:5) to afford 6-(4-chlorophenyl)-
A = 1% aqueous trifluoroacetic acid (TFA) and=81% TFA in 3-[2-(morpholin-4-ylmethyl)quinolin-6-yl]thieno[3,2-d]pyrimidin-
CH5CN. Elemental analyses, performed by Atlantic Microlab, Inc., ' 4(34)-one as a yeilow solid (0.101 g, 44984 NMR (300 MHz,
Norcross, GA, were within 0.4% of the theoretical values calculated DMSO-dg): o 8.57 (s, 1H), 8.42 (d) = 8.6 Hz, 1H), 8.19 (s, 1H),
for C, H, and N. For compounds that did not have elemental analysis g 1 (4,3 = 9.0 Hz, 1H), 8.01 (s, 1H), 7.957.90 (m, 3H), 7.75
purity were determined by using two different methods. Method (4 j=8.4 Hz, 1H), 7.59 (m, 2H), 3.79 (s, 2H), 3.61 (M, 4H), 2.48
fc\)’ 2/'0%?/”/22%28%gsmt?gﬁ?uwgtgogé%% ﬂ?i?yf[:)(;/mbclntoh (m, 4H). Elemental analysis was performed for C, H, and N.

0. 0 - . .

methods A and B unless otherwise as stated in the experimental.thig;‘(g[g 2%85:%?521341(%&4)@3 ;pQ(l)lg)]ymem{/ll)és'?;é%OI'l\r/m]é

General Procedure for the Synthesis of Amidenes 3a3k: DMSOd,G): 5 8.57 (s, 1H), 8.42 (d) = 8.6 Hz, 1H), 8.19 (s, 1H’),
MethyI-S-{[(1E)—(dlmethylamIno)methylldene]amlno}-5-phen- 8.12 (d,\] = 9.0 Hz, 1H), 8.01 (S, 1H), 7.957.90 (m’ 3H), 7.75
yl-2-thiophenecarboxylate (3a) A mixture of methyl 3-amino-5- (d,J=8.4 Hz, 1H), 7.59 (m, 2H), 3.79 (s, 2H), 3.61 (M, 4H), 2.48
(phenyl)-2-thiophenecarboxylate (10.0 g, 42.9 mmol) &hN- (m, 4H). Elemental analysis was performed for C, H, and N.
dimethylformamide dimethyl acetal (8.9 g, 74.7 mmol) was heated 6-(3-Chlorophenyl)-3-[2-(4-morpholinylmethyl)-6-quinolinyl]-
at 95°C for 3 h. The solvent was removed by rotary evaporation. thieno[3,2-dpyrimidin-4(3 H)-one (16). H NMR (300 MHz
To the residue ether was added, and the reaction was left in theDMSO-ci ) 68.62 (s, 1H), 8.47 () = 8.6 Hz, 1H), 8.24 (s 1H’)
freezer for 16 h. The resulting solid was collected by filtration giving 8.17-8 067' m ilH) 7 967‘ 86 (m, 2H) 7 80 ’(dJ Z 8.4 Hy ’1H) ’

the desired product in quantitative yieltd NMR (300 MHz, .
7.59 (s, 1H), 3.84 (s, 2H), 3.65 (m, 2H), 2.53 (m, 2H). Purity was
DMSO-dy): 6 7.89 (s, 1H), 7.747.38 (m, 5H), 7.33 (s, 1H), 3.73 deterﬁnmed)usmg Enetho)dsAar(]d 2 ), 2.58 (m, 2H). Purity

(s, 3H), 3.06 (s, 3H), 2.99 (s, 3H). . .
General Procedure for the Synthesis of Nitro Compounds _6-(2-ChIoropher_wy_l)-3-[2-(4-morpho||nyI1methyI)-6-qumohnyl]-
. : thieno[3,2-d]pyrimidin-4(3 H)-one (17). *H NMR (300 MHz,
1l4a, 26a-39a, and 45a-48a: 2-(Morpholin-4-ylmethyl)-6- . .
nitroquinoline (14a): 2-(Bromomethyl)-6-nitroquinoline. To a DMSO-dg): ¢ 8.62 (s, 1H), 8.47 (d) = 8.6 Hz, 1H), 8.24 (s, 1H),
' : 8.19-8.13 (m, 4H), 7.96:7.86 (m, 2H), 7.80 (dJ = 8.4 Hz, 1H),

solution of 2-methyl-6-nitroquinoline (10.0 g, 53.2 mmol) and
N-bromosuccinimide (20.0 g, 111.72 mmol) in 120 mL of aceto- 7.59 (S‘.' 1H), 3.84 (s, 2H), 3.65 (m, 2H), 2.53 (M, 2H). Elemental
analysis was performed for C, H, and N.

nitrile was added AIBN (0.7 g), and the contents were heated at ) o
70 °C for 16 h to afford a mixture of monobromo (57%) and '6-(4-Bromopher)y])-S-[Z-(4-morph0I|nyllmethyl)-6-qumo||ny|]-
dibromo (43%) compounds. After cooling the crude reaction thieno[3,2-dJpyrimidin-4(3 H)-one (18).'H NMR (300 MHz,
mixture to 20°C, diethyl phosphate (3.97 mL, 28.7 mmol) was DPMSO-d): 08.62 (s, 1H), 8.47 (d] = 8.6 Hz, 1H), 8.24 (s, 1H),
added, followed by the addition of triethylamine (4.29 mL, 30.8 817 (d,J=8.9Hz, 1H), 8.07 (s, 1H), 7.967.90 (m, 3H), 7.86-
mmol). After stirring for 30 min, water (60 mL) ahl N NaOH 7.75 (m, 3H), 3.84 (s, 2H), 3.66 (M, 2H), 2.54 (M, 2H). Elemental
(25 mL) was added, and then the contents were stirred for an @nalysis was performed for C, H, an.d N. o
additional 10 min. The precipitated brown solid was filtered, washed ~ 6-(4-Fluorophenyl)-3-[2-(4-morpholinylmethyl)-6-quinolinyl}-
with water, and dried under vacuum to afford 2-(bromomethyl)- thieno[3,2-d]pyrimidin-4(3 H)-one (19). 'H NMR (300 MHz,

6-nitroquinoline as a pale yellow solid (7.78 g, 55%} NMR DMSO-dg): 0 8.61 (s, 1H), 8.47 (d] = 8.5 Hz, 1H), 8.24 (s, 1H),
(300 MHz, DMSO#): ¢ 9.10 (s, 1H), 8.78 (dJ = 8.6 Hz, 1H), 8.17 (d,J = 8.9 Hz, 1H), 8.02-7.92 (m, 4H), 7.80 (dJ = 8.5 Hz,
8.52 (d,J = 9.8 Hz, 1H), 8.23 (dJ = 9.2 Hz, 1H), 7.92 (dJ = 1H), 7.63-7.38 (m, 2H), 3.85 (s, 2H), 3.64 (m, 2H), 2.55 (m, 2H).
8.5 Hz, 1H), 4.93 (s, 2H). ES-LCM8vVz 267 (M + H). Purity was determined using method B.
2-(Morpholin-4-ylmethyl)-6-nitroquinoline (14a). To a solution 6-(4-Cyanol)-3-[2-(4-morpholinylmethyl)-6-quinolinyl]thieno-

of 2-(bromomethyl)-6-nitroquinoline (1.0 g, 3.76 mmol) in THF  [3,2-d]pyrimidin-4(3 H)-one (20).’H NMR (300 MHz, DMSO-
at room temperature was added Hunig's base (1.31 mL, 7.52 mmol),ds): 0 8.61 (s, 1H), 8.45 (dJ = 8.5 Hz, 1H), 8.34 (s, 1H), 8.17 (d,
followed by the addition of morpholine (0.327 g, 3.76 mmol). The J = 8.9 Hz, 1H), 8.02-7.92 (m, 4H), 7.80 (d) = 8.5 Hz, 1H),
contents were stirred f@ h atroom temperature. The crude reaction 7.63-7.38 (m, 2H), 3.85 (s, 2H), 3.64 (m, 2H), 2.55 (m, 2H).
mixture was concentrated and loaded directly over a silica gel Elemental analysis was performed for C, H, and N.

column using hexane/ethyl acetate 1:1 as the eluent to afford 6-2-  3-[2-(4-Morpholinylmethyl)-6-quinolinyl]-6-[4-(trifluorometh-
(morpholin-4-ylmethyl)-6-nitroquinoline as a brown solid (1.05 g, yl)phenyl]thieno[3,2-d]pyrimidin-4(3 H)-one (21).*H NMR (300
81%).H NMR (300 MHz, DMSOdq): 6 9.08 (s, 1H), 8.72 (d,  MHz, DMSO<s): 0 8.66 (m, 2H), 8.37 (s, 1H), 8.29 (d,= 9.0
J=8.6 Hz, 1H), 8.48 (dJ = 9.1 Hz, 1H), 8.21 (dJ = 9.2 Hz,  Hz, 1H), 8.21-8.08 (m, 3H), 8.06 (dJ = 8.4 Hz, 1H), 7.947.86
1H), 7.89 (d,J = 8.6 Hz, 1H), 3.89 (s, 2H), 3.66 (m, 4H), 2.54 (m, 3H), 3.95 (s, 2H), 3.67 (M, 2H), 2.55 (m, 2H). Purity was
(m, 4H). determined using methods A and B.
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6-[4-(Methyloxy)phenyl]-3-[2-(4-morpholinylmethyl)-6-quino-
linyl]thieno[3,2-d]pyrimidin-4(3 H)-one (22).1H NMR (300 MHz,
DMSO-dg): 6 8.62 (s, 1H), 8.47 (dJ = 8.5 Hz, 1H), 8.24 (s, 1H),
8.17 (d,J = 8.9 Hz, 1H), 8.13-8.07 (m, 3H), 7.96-7.90 (m, 2H),
7.80 (d,J = 8.5 Hz, 1H), 7.59 (m, 2H), 3.84 (s, 2H), 3.65 (m, 2H),
2.53 (m, 2H). Elemental analysis was performed for C, H, and N.

6-[4-(1-Methylpropyl)phenyl]-3-[2-(4-morpholinylmethyl)-6-
quinolinyl]thieno[3,2-d]pyrimidin-4(3 H)-one (23).1H NMR (300
MHz, DMSO-dg): 6 8.59 (s, 1H), 8.46 (dJ = 8.5 Hz, 1H), 8.23
(s, 1H), 8.16 (dJ = 8.9 Hz, 1H), 7.95-7.76 (m, 5H), 7.20 (m,
2H), 3.84 (s, 2H), 3.65 (m, 2H), 2.53 (m, 2H). Elemental analysis
was performed for C, H, and N.

6-[4-(1,1-Dimethylethyl)phenyl]-3-[2-(4-morpholinylmethyl)-
6-quinolinyl]thieno[3,2-d]pyrimidin-4(3 H)-one (24).'H NMR
(300 MHz, DMSO¢g): 6 8.60 (s, 1H), 8.47 (d) = 8.5 Hz, 1H),
8.24 (s, 1H), 8.17 (dJ = 8.9 Hz, 1H), 7.96-7.77 (m, 6H), 7.59
(d, J = 8.5 Hz, 1H), 3.84 (s, 2H), 3.66 (m, 2H), 2.54 (m, 2H).
Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-(6-quinolinyl)thieno[3,2-d]pyrimidin-
4(3H)-one (25).'H NMR (400 MHz, CDC}): 6 9.01 (s, 1H), 8.59
(s, 1H), 8.47 (dJ = 8.0 Hz, 1H), 8.23 (s, 1H), 8.18 (d,= 8.9
Hz, 1H), 8.02 (s, 1H), 7.95 (d] = 8.5 Hz, 1H), 7.66 (m, 1H),
7.59 (d,J = 8.5 Hz, 1H). Elemental analysis was performed for C,
H, and N.

6-(4-Chlorophenyl)-3{ 2-[(dimethylamino)methyl]-6-quinolin-
yl} thieno[3,2-d]pyrimidin-4(3 H)-one (26).*H NMR (400 MHz,
CDCly): 0 8.26 (d,J= 7.9 Hz, 1H), 8.25 (s, 1H), 8.21 (d,= 8.2
Hz, 1H), 7.91 (dJ = 2.3 Hz, 1H), 7.76 (ddJ = 2.4 and 9.0 Hz,
1H), 7.72 (d,J = 8.4 Hz, 1H), 7.68 (dJ = 8.8 Hz, 2H), 7.57 (s,
1H), 7.46 (dJ = 8.8 Hz, 2H), 3.83 (s, 2H), 2.37 (s, 6H). EI-LCMS
mz. 447 (M + H).

6-(4-Chlorophenyl)-3-(2{ [methyl(phenyl)amino]methyl} -6-
quinolinyl)thieno[3,2-d]pyrimidin-4(3 H)-one (27)."H NMR (300
MHz, DMSO-dg): 6 8.57 (s, 1H), 8.43 (dJ = 8.5 Hz, 1H), 8.39
(s, 1H), 8.31 (dJ = 9.0 Hz, 1H), 8.20 (s, 1H), 8.16 (m, 3H), 7.57
(m, 2H), 7.47 (dJ = 8.5 Hz, 1H), 7.15 (m, 2H), 6.77 (m, 2H),
6.62 (m, 1H), 4.87 (s, 2H), 3.17 (s, 3H).

6-(4-Chlorophenyl)-3-[2-(H-imidazol-1-ylmethyl)-6-quinoli-
nyl]thieno[3,2-d]pyrimidin-4(3 H)-one (28).*H NMR (300 MHz,
DMSO-dg): 6 9.33 (s, 1H), 8.55 (m, 2H), 8.25 (s, 1H), 8.02 (s,
1H), 8.00 (s, 1H), 7.93 (m, 3H), 7.83 (s, 1H), 7.75 (s, 1H), 7.68 (d,
J=8.6 Hz, 1H), 7.58 (dJ = 8.6 Hz, 2H), 5.84 (s, 2H). Elemental
analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-[2-(1-pyrrolidinylmethyl)-6-quinolinyl]-
thieno[3,2-d]pyrimidin-4(3 H)-one (29). 'H NMR (400 MHz,
CDCly): 6 8.25-8.23 (m, 2H), 8.18 (dJ = 8.4 Hz, 1H), 7.88 (d,
J = 2.4 Hz, 1H), 7.757.70 (m, 2H), 7.67 (dJ) = 8.4 Hz, 2H),
7.56 (s, 1H), 7.45 (dJ = 8.8 Hz), 3.99(s, 2H), 2.63 (br s, 4H),
1.85-1.82 (m, 4H). ES-LCMSwz 473 (M + H).

6-(4-Chlorophenyl)-3-[2-(1-piperidinylmethyl)-6-quinolinyl]-
thieno[3,2-d]pyrimidin-4(3 H)-one (30). 'H NMR (300 MHz,
DMSO-dg): 6 8.64 (s, 1H), 8.63 (dJ = 9.1 Hz, 1H), 8.36 (s, 1H),
8.28 (d,J = 9.0 Hz, 1H), 8.07 (m, 5H), 7.65 (m, 2H), 3.50 (s, 2H),
2.53 (m, 4H), 1.861.49 (m, 6H). Elemental analysis was per-
formed for C, H, and N.

6-(4-chlorophenyl)-3-(2{[4-(1-pyrrolidinyl)-1-piperidinyl]-
methyl}-6-quinolinyl)thieno[3,2-d]pyrimidin-4(3 H)-one (31).:H
NMR (300 MHz, DMSO«g): 6 8.60 (s, 1H), 8.32 (s, 1H), 8.25
(d, J = 8.9 Hz, 1H), 8.04 (m, 2H), 7.94 (m, 2H), 7.87 (= 8.6
Hz, 1H), 7.29 (m, 1H), 7.19 (m, 2H), 3.42 (s, 2H), 2.98 (m, 1H),
2.09-1.54 (m, 16H). Elemental analysis was performed for C, H,
and N.

6-(4-Chlorophenyl)-3-[2-§ 4-[2-(1-pyrrolidinyl)ethyl]-1-piperi-
dinyl} methyl)-6-quinolinyljthieno[3,2-d]pyrimidin-4(3 H)-one (32).
1H NMR (300 MHz, DMSO¢): ¢ 8.59 (m, 2H), 8.31 (s, 1H),
8.22 (d,J = 8.9 Hz, 1H), 8.03-7.89 (m, 5H), 7.60 (m, 2H), 3.44
(s, 2H), 2.92 (m, 2H), 1.98 (m, 2H), 1.82.26 (m, 17H). Elemental
analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-34 2-[(4-phenyl-1-piperidinyl)methyl]-6-
quinolinyl } thieno[3,2-d]pyrimidin-4(3 H)-one (33).H NMR (300
MHz, DMSO-dg): ¢ 8.61 (s, 1H), 8.59 (s, 1H), 8.32 (s, 1H), 8.25
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(d,J=9.0 Hz, 1H), 8.03-7.90 (m, 5H), 7.60 (dJ = 8.4 Hz, 1H),
7.35-7.21 (m, 6H), 4.76 (s, 2H), 3.613.49 (m, 2H), 3.283.15
(m, 2H), 2.87 (m, 1H), 2.221.96 (m, 4 H). Elemental analysis
was performed for C, H, and N.

6-(4-Chlorophenyl)-3-(2{ [4-(4-fluorophenyl)-1-piperidinyl]-
methyl}-6-quinolinyl)thieno[3,2-d]pyrimidin-4(3 H)-one (34).1H
NMR (300 MHz, DMSO¢g): 6 8.66 (s, 1H), 8.36 (s, 1H), 8.29
(d,J=9.0 Hz, 1H), 8.0%7.91 (m, 8H), 7.65 (dJ = 8.7 Hz, 1H),
7.33 (m, 1H), 7.17 (m, 2H), 3.87 (s, 2H), 3.04 (m, 3H), 2.80 (m,
2H), 2.26 (m, 2H), 1.84 (m, 2H). Elemental analysis was performed
for C, H, and N.

6-(4-Chlorophenyl)-3-[2-{ 4-[4-(trifluoromethyl)phenyl]-1-
piperidinyl } methyl)-6-quinolinyl]thieno[3,2-d]pyrimidin-4(3 H)-
one (35).H NMR (300 MHz, DMSO¢g): 6 8.62 (s, 1H), 8.48
(d,J=8.6 Hz, 1H), 8.24 (s, 1H), 8.18 (d,= 9.0 Hz, 1H), 8.1+
7.81 (m, 8H), 7.83 (dJ = 8.6 Hz, 1H), 7.76-7.38 (m, 2H), 3.89
(s, 2H), 3.03 (m, 3H), 2.75 (m, 2H), 2.24 (m, 2H) 1.81 (m, 2H).
Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3{ 2-[(4-methyl-1-piperazinyl)methyl]-6-
quinolinyl } thieno[3,2-d]pyrimidin-4(3 H)-one (36).*H NMR (300
MHz, DMSO-dg): 0 8.56 (s, 1H), 8.42 (dJ = 8.6 Hz, 1H), 8.19
(s, 1H), 8.11 (dJ = 9.0 Hz, 1H), 8.02 (s, 1H), 7.947.88 (m,
3H), 7.75 (d,J = 8.5 Hz, 1H), 7.59 (m, 2H), 3.82 (s, 2H), 264
2.37 (m, 11H). Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3{ 2-[(4-ethyl-1-piperazinyl)methyl]-6-
quinolinyl }thieno[3,2-d]pyrimidin-4(3 H)-one (37).*H NMR (300
MHz, DMSO-dg): 0 8.62 (s, 1H), 8.48 (dJ = 8.6 Hz, 1H), 8.25
(s, 1H), 8.17 (dJ = 8.8 Hz, 1H), 8.06 (s, 1H), 8.0 (d,= 8.4 Hz,
2H), 7.95-7.92 (m, 1H), 7.78 (dJ = 8.5 Hz, 1H), 7.65 (dJ =
8.4 Hz, 2H), 3.87 (s, 2H), 2.762.53 (m, 9H), 1.03 (1) = 7.2 Hz,
3H). Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-[2-{ 4-[2-(4-morpholinyl)ethyl]-1-pipera-
zinyl} methyl)-6-quinolinyl]thieno[3,2-d]pyrimidin-4(3 H)-one (38).
H NMR (300 MHz, DMSOsg): 6 8.63 (s, 1H), 8.43 (dJ = 8.6
Hz, 1H), 8.27 (s, 1H), 8.17 (d = 9.1 Hz, 1H), 8.05 (s, 1H), 8.0
(d,J=8.6 Hz, 2H), 7.94-7.90 (m, 1H), 7.78 (d) = 8.6 Hz, 1H),
7.67 (d,J = 8.6 Hz, 2H), 3.81 (s, 2H), 3.61 (m, 4H), 2.58.11
(m, 16H). Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-[2-{ 4-[3-(4-morpholinyl)propyl]-1-pipera-
zinyl} methyl)-6-quinolinyl]thieno[3,2-d]pyrimidin-4(3 H)-one (39).
H NMR (300 MHz, DMSOsg): 6 8.61 (s, 1H), 8.46 (dJ = 8.5
Hz, 1H), 8.24 (s, 1H), 8.16 (d) = 9.0 Hz, 1H), 8.06 (s, 1H), 8.0
(d,J=8.5Hz, 2H), 7.957.91 (m, 1H), 7.77 (d) = 8.5 Hz, 1H),
7.64 (d,J = 8.5 Hz, 2H), 3.83 (s, 2H), 3.60 (m, 4H), 2.6@.10
(m, 16H), 1.63 (m, 2H). Elemental analysis was performed for C,
H, and N.

6-(4-Chlorophenyl)-3{ 2-[(4-phenyl-1-piperazinyl)methyl]-6-
quinolinyl }thieno[3,2-d]pyrimidin-4(3 H)-one (40).H NMR (300
MHz, DMSO-dg): 9 8.62 (s, 1H), 8.60 (s, 1H), 8.32 (s, 1H), 8.25
(d,J=9.0 Hz, 1H), 8.03-7.94 (m, 4H), 7.84 (dJ = 8.4 Hz, 1H),
7.60 (m, 2H), 7.28 (m, 1H), 7.16 (m, 1H), 7.00 @= 8.2 Hz,
1H), 6.87 (t,J = 7.2 Hz, 1H), 6.74 (dJ = 7.7 Hz, 1H), 4.84 (s,
2H), 3.54 (m, 4H), 2.07 (m, 4H). Elemental analysis was performed
for C, H, and N.

6-(4-Chlorophenyl)-3-[2-(hydroxymethyl)-6-quinolinyl]thieno-
[3,2-d]pyrimidin-4(3 H)-one (41). (a) 6-Nitroquinoline-2-carbal-
dehyde.To a hot solution of selenium dioxide (41.6 g, 375 mmol)
in dioxane (185 mL) and water (35 mL) was added 2-methyl-6-
nitroquinoline (47.0 g, 250 mmol). The mixture was refluxed for
30 min. The selenium black was filtered off, and the filtrate was
concentrated by rotary evaporation. The resulting solid was washed
with a saturated solution of sodium bicarbonate. The solid was
filtered, washed with water, and dried to give the product as a tan
solid (44.8 g, 89%)*H NMR (300 MHz, DMSOdg): ¢ 10.17 (s,
1H), 9.21 (d,J = 2.6 Hz, 1H), 8.97 (dJ = 8.5 Hz, 1H), 8.59 (dd,
J= 2.6 and 9.2 Hz, 1H), 8.44 (d,= 9.2 Hz, 1H), 8.16 (dJ =
8.5 Hz, 1H).

(b) (6-Nitro-2-quinolinyl)methanol. To 6-nitro-2-quinolinecarb-
aldehyde (500 mg, 2.47 mmol) in a 50% mixture of ethyl alcohol
and 1,4-dioxane (30 mL) at @C was added sodium borohydride
(188 mg, 4.95 mmol). After stirring for 10 min, the reaction mixture
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was poured into ice-cold water and extracted with ethyl acetate.

vaees et al.

(c) 2-[(Dimethylamino)methyl]-4-(phenylsulfonyl)-3,4-dihy-

The combined extracts were washed with brine and concentrateddro-2H-1,4-benzoxazin-6-amineTo the crude product obtained
under reduced pressure. The resulting residue was purified by flashin step b above was added 10% Pd/C (0.1 g) and methanol (10
column chromatography eluting with 3:2 ethyl acetate and hexanesmL), and the contents were kept under hydrogen (40 psi) for 6 h.

to afford 0.370 g (73% vyield) of a yellowish solitHd NMR (400
MHz, CDCL): 6 8.81 (s, 1H), 8.51 (dJ = 9.2 Hz, 1H), 8.33 (d,
J = 8.4 Hz, 1H), 8.21 (dJ = 9.2 Hz, 1H), 7.48 (dJ = 8.4 Hz,
1H).

(c) 2-{[(1,1-Dimethylethyl)(dimethyl)silyllJoxy} methyl)-6-
quinolinamine. To the solution of (6-nitro-2-quinolinyl)methanol
(150 mg, 0.74 mmol) and imidazole (101 mg, 1.48 mmtay}-
butyldimethylsilyl chloride (143 mg, 0.96 mmol) was added. The
resulting mixture was stirred at room temperature 3ch before

Filtration through Celite, followed by washing with EtOAc and

concentration of the organic layer, gave the amino compound that

was carried on to the next steld NMR (400 MHz, DMSO¢):

0 7.60 (m, 5H), 6.89 (s,1H), 6.62 (d,= 8.5 Hz, 1H), 6.24 (d,

J = 8.5 Hz, 1H), 4.44 (m, 1H), 4.17 (m, 1H), 3.55 (m, 1H), 2.45

(m, 2H), 2.47 (m, 6H).
6-(4-Chlorophenyl)-3-[2-[(dimethylamino)methyl]-4-(phenyl-

sulfonyl)-3,4-dihydro-2H-1,4-benzoxazin-6-yl]thieno[3,2d]py-

rimidin-4(3 H)-one (44).*H NMR (400 MHz, DMSO¢): 6 8.35

water was added to quench the reaction. The reaction mixture was(s, 1H), 7.99 (s, 1H), 7.92 (m, 5H), 7.75 (m, 1H), 7.59 (m, 4H),
extracted with ether, and the combined extracts were washed with7.31 (d,J = 8.6 Hz, 1H), 7.31 (dJ = 8.6 Hz, 1H), 7.09 (dJ =

water and brine. After drying with sodium sulfate, the solvent was

8.8 Hz, 1H), 4.43 (m, 1H), 4.15 (m, 1H), 3.53 (m, 1H), 2.44 (m,

removed under reduced pressure. The crude product so obtaine@H), 2.45 (m, 6H). Elemental analysis was performed for C, H,
was then subjected to reduction using Pd/C under 1 atm of hydrogenand N.

for 4 h. Filtration over Celite followed by concentration afforded
the crude amine, which was directly taken into the next step.
NMR (400 MHz, CDC}): 6 8.63-8.45 (m, 2H), 7.96-7.49 (m,
2H), 7.15-7.25 (m, 1H), 5.38 (s, 1H), 0.90 (s, 9H), 0.08 (s, 6H).

6-(4-Chlorophenyl)-3-[2-(hydroxymethyl)-6-quinolinyl]thieno-
[3,2-d]pyrimidin-4(3 H)-one (41).'H NMR (400 MHz, DMSO-
dg): 0 8.58 (s, 1H), 8.46 (d]) = 8.6 Hz, 1H), 8.20 (s, 1H), 8.09 (d,
J = 8.9 Hz, 1H), 8.01 (s, 1H), 7.957.88 (m, 4H), 7.77 (dJ =
8.6 Hz, 1H), 7.59 (dJ = 8.5 Hz, 1H), 5.66 (tJ = 6.0 Hz, 1H),
4,77 (d,J = 6.0 Hz, 2H). Elemental analysis was performed for C,
H, and N.

6-(4-Chlorophenyl)-3{ 2-[(dimethylamino)methyl]-3,4-dihy-
dro-2H-1,4-benzoxazin-6-ythieno[3,2-d]pyrimidin-4 (3 H)-one
(42). '1H NMR (400 MHz, DMSO#g): 6 8.35 (s, 1H), 7.96 (s,
1H), 7.93 (d,J = 8.6 Hz, 2H), 7.59 (dJ = 8.6 Hz, 2H), 6.79 (d,
J= 8.4 Hz, 1H), 6.68 (dJ = 2.5 Hz, 1H), 6.58 (ddJ = 8.4 and
2.5 Hz, 1H), 6.14 (s, 1H), 4.19 (m, 1H), 3.38 (m, 1H), 3.05 (m,

6-(4-Chlorophenyl)-3-[2-(1-pyrrolidinylmethyl)-3,4-dihydro-
2H-1,4-benzoxazin-6-yl]thieno[3,2d]pyrimidin-4 (3 H)-one (45).
IH NMR (400 MHz, DMSOsg): ¢ 8.31 (s, 1H), 7.92 (s, 1H), 7.89
(d,J=8.6 Hz, 2H), 7.55 (dJ = 8.6 Hz, 2H), 6.76 (dJ = 8.4 Hz,
1H), 6.64 (d,J = 2.5 Hz, 1H), 6.55 (dJ = 8.4 and 2.5 Hz, 1H),
6.09 (s, 1H), 4.15 (m, 1H), 3.36 (m, 1H), 3.04 (m, 1H), 24667
(m, 6H), 1.67 (m, 4H). Elemental analysis was performed for C,
H, and N.

6-(4-Chlorophenyl)-3-(2{[(3R)-3-hydroxy-1-pyrrolidinyl]-
methyl}-3,4-dihydro-2H-1,4-benzoxazin-6-yl)thieno[3,H]pyrimi-
din-4-(3H)-one (46).*H NMR (400 MHz, DMSO#dg): 6 8.34 (s,
1H), 7.95 (s, 1H), 7.92 (d] = 8.6 Hz, 2H), 7.58 (dJ = 8.6 Hz,
2H), 6.79 (d,J = 8.4 Hz, 1H), 6.67 (dJ = 2.5 Hz, 1H), 6.57 (dd,
J=28.4and 2.5 Hz, 1H), 6.12 (s, 1H), 4.70 (m, 1H), 4.17 (m, 1H),
3.38 (m, 1H), 3.08 (m, 1H), 2.362.84 (m, 6H), 1.98 (m, 1H),
1.54 (m, 1H). Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-(2{[(3S)-3-hydroxy-1-pyrrolidinyl]-

1H), 2.50 (br s, 2H), 2.25 (s, 6H). Elemental analysis was performed methyl}-3,4-dihydro-2H-1,4-benzoxazin-6-yl)thieno[3, A]pyrimi-

for C, H, and N.
6-(4-Chlorophenyl)-3-[2-[(dimethylamino)methyl]-4-(methyl-
sulfonyl)-3,4-dihydro-2H-1,4-benzoxazin-6-yl]thieno[3, 2] py-
rimidin-4(3 H)-one (43).*H NMR (400 MHz, DMSO¢): 6 8.38
(s, 1H), 7.98 (s, 1H), 7.93 (d, = 8.4 Hz, 2H), 7.76 (s, 1H), 7.58
(d,J = 8.4 Hz, 2H), 7.30 (m, 1H), 7.19 (d,= 8.8 Hz, 1H), 4.84
(m, 1H), 4.22 (m, 1H), 3.59 (m, 3H), 3.30 (s, 3H), 2.91 (s, 3H),
2.88 (s, 3H). Elemental analysis was performed for C, H, and N.
6-(4-Chlorophenyl)-3-[2-[(dimethylamino)methyl]-4-(phenyl-
sulfonyl)-3,4-dihydro-2H-1,4-benzoxazin-6-yl]thieno[3, 2] py-
rimidin-4(3 H)-one (44). (a) [6-Nitro-4-(phenylsulfonyl)-3,4-di-
hydro-2H-1,4-benzoxazin-2-yljmethyl methanesulfonateTo (6-
nitro-3,4-dihydro-#-1,4-benzoxazin-2-yl)methyl methanesulfonate
(14; 1.0 g, 3.47 mmol) in pyridine (5 mL) was added 0.49 mL of

din-4-(3H)-one (47).*H NMR (400 MHz, DMSO¢): 6 8.34 (s,
1H), 7.96 (s, 1H), 7.93 (d] = 8.6 Hz, 2H), 7.58 (dJ = 8.6 Hz,
2H), 6.79 (d,J = 8.4 Hz, 1H), 6.67 (dJ = 2.5 Hz, 1H), 6.57 (dd,
J=28.4and 2.5 Hz, 1H), 6.12 (s, 1H), 4.70 (m, 1H), 4.17 (m, 1H),
3.38 (m, 1H), 3.08 (m, 1H), 2.362.84 (m, 6H), 1.98 (m, 1H),
1.54 (m, 1H). Elemental analysis was performed for C, H, and N.
6-(4-Chlorophenyl)-3-[2-(4-morpholinylmethyl)-3,4-dihydro-
2H-1,4-benzoxazin-6-yl]thieno[3,H]pyrimidin-4-(3 H)-one (48).
H NMR (400 MHz, DMSOsg): ¢ 8.31 (s, 1H), 7.92 (s, 1H), 7.89
(d,J= 8.6 Hz, 2H), 7.55 (dJ = 8.6 Hz, 2H), 6.76 (d) = 8.4 Hz,
1H), 6.64 (d,J = 2.5 Hz, 1H), 6.54 (ddJ = 8.4 and 2.5 Hz, 1H),
6.10 (s, 1H), 4.21 (m, 1H), 3.56 d,= 4.6 Hz, 4H), 3.38 (m, 1H),
3.05 (m, 1H), 2.39-2.53 (m, 6H). Elemental analysis was per-
formed for C, H, and N.

benzenesulfonyl chloride (3.81 mmol), and the contents were stirred  6-(4-Chlorophenyl)-34 2-[(4-methyl-1-piperazinyl)methyl]-

for 1 h. After addition of water and Ci&l, to the reaction mixture,
the organic layer was separated, dried (Mgs@nd concentrated

3,4-dihydro-2H-1,4-benzoxazin-6-ythieno[3,2-d]pyrimidin-4-
(3H)-one (49).1H NMR (400 MHz, DMSOdg): 6 8.34 (s, 1H),

under vacuum to afford the crude product. Column chromatography 7.95 (s, 1H), 7.92 (dJ = 8.6 Hz, 2H), 7.58 (dJ = 8.6 Hz, 2H),

with EtOAc/hex (4:1) afforded a red solid 1.42 g (95%).NMR
(400 MHz, DMSO¢g): 6 8.57 (s, 1H), 7.99 (dJ = 9.2 Hz, 1H),
7.78 (m, 3H), 7.62 (m, 2H), 7.16 (d, = 9.0 Hz, 1H), 4.50 (m,
2H), 4.41 (m, 1H), 3.77 (m, 1H), 3.44 (m, 1H), 3.21 (m, 3H).
(b) N,N-Dimethyl-1-[6-nitro-4-(phenylsulfonyl)-3,4-dihydro-
2H-1,4-benzoxazin-2-yllmethanamineTo a solution of [6-nitro-
4-(phenylsulfonyl)-3,4-dihydro42-1,4-benzoxazin-2-yllmethyl meth-

6.78 (d,J = 8.4 Hz, 1H), 6.67 (dJ = 2.4 Hz, 1H), 6.57 (ddJ =
8.4 and 2.4 Hz, 1H), 6.12 (s, 1H), 4.21 (m, 1H), 3.39 (m, 1H),
3.06 (m, 1H), 2.26-2.58 (m, 10H), 2.16 (s, 3H). Elemental analysis
was performed for C, H, and N.

6-(4-chlorophenyl)-3{ 2-[(dimethylamino)methyl]-2,3-dihydro-
1,4-benzodioxin-6-y} thieno[3,2-d]pyrimidin-4-(3 H)-one (50).1H
NMR (400 MHz, DMSO¢dg): 6 8.37 (s, 1H), 7.98 (s, 1H), 7.93

anesulfonate (0.958 g, 2.24 mmol) in THF (10 mL) was added a (d,J = 8.6 Hz, 2H), 7.59 (dJ = 8.6 Hz, 2H), 7.15 (dJ = 1.8 Hz,

2.0 M solution ofN,N-dimethylamine (4.48 mL, 8.96 mmol), and

1H), 7.03 (m, 2H), 4.40 (m, 2H), 4.04 (dd,= 11.5 and 7.0 Hz,

the contents were heated in a sealed tube for 16 h. The reactionlH), 2.56 (br s, 2H), 2.27 (s, 6H). Elemental analysis was performed

was concentrated, followed by addition of EtOAc and satd NakiCO
Separation of the organic layer and drying (Mgg@ollowed by

for C, H, and N.
6-(4-Chlorophenyl)-3{ (29)-2-[(dimethylamino)methyl]-2,3-

concentration under vacuum, afforded the crude product that wasdihydro-1,4-benzodioxin-6-y} thieno[3,2-d]pyrimidin-4-(3 H)-

carried on to the next stepH NMR (400 MHz, DMSO¢g): o
8.58 (s, 1H), 7.99 (dJ = 9.1 Hz, 1H), 7.75 (m, 3H), 7.61 (m, 2H),
7.19 (d,J = 9.1 Hz, 1H), 4.31 (m, 2H), 3.39 (m, 3H), 2.07 (m,
6H).

one (51). (a) 2f[(Methyloxy)methyl]loxy}-5-nitrophenol. To a
solution of 4-nitrocatecholO (12.7 g, 81.9 mmol) in 100 mL of
dry DMF were added potassium carbonate (13.5 g, 97.8 mmol)
and chloromethyl methyl ether (6.2 mL, 97.8 mmol) at'@0 The
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mixture was stirred at that temperature for an hour, and then solventusing the same procedures as that for 6-(4-chlorophenyl)-3-[1-
was removed. Water was added, and the aqueous layer wasmethyl-2-(pyrrolidin-1-ylmethyl)-H-indol-5-yl]thieno[3,2€]pyrim-
extracted with ethyl acetate three times. The combined organic idin-4(3H)-one hydrochloride, using B-2-(methoxymethyl)pyr-
layers were washed with brine and dried over magnesium sulfate. rolidine, instead of pyrrolidinetH NMR (400 MHz, CDC}): ¢

Concentration followed by column chromatography on silica gel
using a 4:1 mixture of hexane/ethyl acetate afforddd(&ethyl-
oxy)methyl]oxy} -5-nitrophenol as a solid (9.4 g, 58%8H NMR
(400 MHz, CDC}): ¢ 7.80 (m, 2H), 7.18 (dJ = 8.8 Hz, 1H),
5.98 (s, 1H), 5.32 (s, 2H), 3.53 (s, 3H).

(b) (2R)-2-{[(2-{[(methyloxy)methyl]oxy}-5-nitrophenyl)oxy]-
methyl} oxirane (11). To a solution of 2{[(methyloxy)methyl]-
oxy}-5-nitrophenol (1 g, 5 mmol), triphenylphosphine (3.95 g, 15
mmol), and R)-glycidol (558 mg, 7.5 mmol) in 50 mL of dry DCM
was added diert-butyl azodicarboxylate (3.47 g, 15 mmol) at room

12.9 (br s, 1H), 8.6 (s, 1H), 7.80 (s, 1H), 7.68 Jd+ 8.5 Hz, 2H),
7.65 (s, 1H), 7.55 (d) = 8.8 Hz, 1H), 7.48 (dJ = 8.5 Hz, 2H),
7.30 (d,J = 8.9 Hz, 1H), 6.80 (s, 1H), 4.94 (d,= 14.3 Hz, 1H),
4.46 (m, 2H), 4.03 (s, 3H), 3.743.60 (m, 2H), 3.55 (s, 3H), 3.00
(brs, 2H), 2.28 (br s, 1H), 2.17 (br s, 1H), 1.96 (br s, 2H). Elemental
analysis was performed for C, H, and N.

Biological Assays. Reporter Gene Assay stable cell line that
coexpresses the cloned human MCH R1 and the inducible reporter
element Gal4/Elk1-Lut was developed by transfecting the CHO
Gal4/Elk1-Luc host stable cell line with cloned human MCH R1.

temperature. The reaction was stirred at room temperature overnightc|ones were selected based on fold response to MCH peptide over

Concentration followed by column chromatography on silica gel
using hexane/ethyl acetate 4:1 affordeR)2-{ [(2-{ [(methyloxy)-
methyl]oxy} -5-nitrophenyl)oxy]methyloxirane as a solid (0.75 g,
59%).'H NMR (400 MHz, CDC}): ¢ 7.88 (dd,J = 9.0 and 2.5
Hz, 1H), 7.82 (dJ = 2.5 Hz, 1H), 7.22 (dJ = 9.0, 1H), 5.31 (s,
2H), 4.42 (ddJ = 11.3 and 2.6 Hz, 1H), 4.02 (dd,= 11.3 and
6.0 Hz, 1H), 3.52 (s, 3H), 3.42 (m, 1H), 2.94 (m, 1H), 2.79 (m,
1H).

6-(4-Chlorophenyl)-34 (29)-2-[(dimethylamino)methyl]-2,3-
dihydro-1,4-benzodioxin-6-y} thieno[3,2-d]pyrimidin-4-(3 H)-
one (51)."H NMR (400 MHz, DMSO¢): 6 8.37 (s, 1H), 7.97 (s,
1H), 7.93 (d,J = 8.5 Hz, 2H), 7.59 (dJ = 8.5 Hz, 2H), 7.14 (d,

J = 2.0 Hz, 1H), 7.02 (m, 2H), 4.38 (m, 2H), 4.03 (dii= 11.4
and 7.0 Hz, 1H), 2.54 (d] = 6.0 Hz, 2H), 2.25 (s, 6H). Elemental
analysis was performed for C, H, and N.
6-(4-Chlorophenyl)-3-(2R)-2-[(dimethylamino)methyl]-2,3-di-
hydro-1,4-benzodioxin-6-ythieno[3,2€]pyrimidin-4-(3H)-one (52).

(29)-24{[(2-{ [(methyloxy)methyl]oxy} -5-nitrophenyl)oxy]meth-
yl}oxirane. This intermediate was synthesized by substitutBg (
glycidol for (R)-glycidol and employing the techniques found for
compounds1. *H NMR (400 MHz, CDC}): 6 7.88 (dd,J = 9.0
and 2.6 Hz, 1H), 7.82 (d] = 2.6 Hz, 1H), 7.22 (dJ = 9.0 Hz,
1H), 5.31 (s, 2H), 4.42 (dd] = 11.4 and 2.7 Hz, 1H), 4.03 (dd,
J=11.4 and 6.0 Hz, 1H), 3.52 (s, 3H), 3.41 (m, 1H), 2.93 (m,
1H), 2.79 (m, 1H).

6-(4-Chlorophenyl)-34 (2R)-2-[(dimethylamino)methyl]-2,3-
dihydro-1,4-benzodioxin-6-y} thieno[3,2-d]pyrimidin-4-(3 H)-
one (52).The title compound was synthesized by substitutirfg){2
2-[(dimethylamino) methyl]-2,3-dihydro-1,4-benzodioxin-6-amine
(the intermediate produced from322-{ [(2-{ [(methyloxy)methyl]-
oxy}-5-nitrophenyl)oxy]methyloxirane (compoundsl, step a,
according to patent application WO0121577) for 2-[(dimethylami-
no)methyl]-2,3-dihydro-1,4-benzodioxin-6-amine and employing the
techniques found for compourid. *H NMR (400 MHz, DMSO-
dg): 0 8.37 (s, 1H), 7.97 (s, 1H), 7.93 (d= 8.4 Hz, 2H), 7.59 (d,
J=8.4Hz, 2H), 7.14 (dJ = 2.0 Hz, 1H), 7.02 (m, 2H), 4.38 (m,
2H), 4.03 (ddJ = 11.4 and 7.0 Hz, 1H), 2.54 (d,= 6.2 Hz, 2H),
2.25 (s, 6H). Elemental analysis was performed for C, H, and N.

6-(4-Chlorophenyl)-3-(2{[(2S)-2-(methoxymethyl)pyrrolidin-
1-ylmethyl}-1-methyl-1H-indol-5-yl)thieno[3,2-d]pyrimidin-
4(3H)-one hydrochloride (53). (a) 1{[(25)-6-nitro-2,3-dihydro-
1,4-benzodioxin-2-ylJmethy} pyrrolidine. IH NMR (400 MHz,
DMSO-dg): 6 7.78 (dd,J = 8.9 and 2.8 Hz, 1H), 7.74 (d,= 2.8
Hz, 1H), 7.10 (dJ = 8.9 Hz, 2H), 4.49 (m, 1H), 4.40 (dd,= 8.4
Hz andJ = 2.4 Hz, 1H), 4.07 (dd) = 11.7 and 7.0 Hz, 1H), 2.43
(d, J = 6.0 Hz, 2H), 2.22 (s, 5H).

(b) [(29)-2-(1-Pyrrolidinylmethyl)-2,3-dihydro-1,4-benzodioxin-
6-yllamine. (25)-2-(1-pyrrolidinylmethyl)-2,3-dihydro-1,4-ben-
zodioxin-6-amine.*H NMR (400 MHz, DMSO¢g): 6 6.52 (d,
J= 8.3 Hz, 1H), 6.09 (dJ = 2.6 Hz, 1H), 6.05 (ddJ = 8.3 and
2.6 Hz, 1H), 4.6 (s, 2H), 4.19 (dd,= 11.3 Hz and) = 2.2 Hz,
1H), 4.11 (m, 1H), 3.83 (dd) = 11.3 and 7.4 Hz, 1H), 2.41 (d,
J = 5.0 Hz, 2H), 2.20 (s, 5H).

6-(4-Chlorophenyl)-3-(2{[(2S)-2-(methoxymethyl)pyrrolidin-
1-yllmethyl} -1-methyl-1H-indol-5-yl)thieno[3,2-d]pyrimidin-
4(3H)-one hydrochloride (53).The title compound was synthesized

basal control. Stock flasks for the CHO Gal4/Elk-1 MCH R1 cell
line and host are maintained in T-225 cell culture flasks at@7

and 5% CQ. The stock flasks are split two times per week at a
1:40 split ratio. Cells to be used for the assay are split from the
stock flasks. Cells are removed from the flasks with 0.05% trypsin
+ 0.53 mM EDTA. Two separate cell stocks are maintained weekly.
The assay consists of cells plated at 10 000 cells/well in DMEM/
F12, 5% FBS, 2 mM.-glutamine in black 96-well assay plates.
The day after plating, the media is removed by aspiration 16 h
prior to assay, followed by the addition of 0 of media without
serum to reduce background signal noise. Compounds are prepared
by making a stock solution from solid atx3 10 to 3 M. The stock
solutions are serially diluted 1:3 in 100% DMSO using a Beckman
Biomek 2000 as 10 point curves in duplicate. On the day of the
assay, the compounds (i) were pipetted into the assay plate
using a Beckman Multimek. Following incubation for 45 min at
37°C, an EGp concentration of MCH (MCH R1) or thrombin (host)

is added to the plate, allowing for appropriate controls. The plates
are then incubated under the same conditions for 5 h. Under subdued
light conditions, the compound/assay solution is removed by
aspiration from the plates, followed by the addition of/800of a

1:1 solution containing SteadyGlo and Dulbecco’s phosphate
buffered saline with 1 mM Cagland 1 mM MgC}. Plates are
sealed with self-adhesive clear plate seals and wiped with a static
free dryer sheet to reduce false counts due to static charge. The
amount of luciferase generated is quantified in a Packard TopCount
with a 2 s pemwell count time.

hERG Assay. The hERG potassium channels were stably
expressed in CHO-K1 cells. The CHO-K1 cells were maintained
in cell media that contained 90% Iscove’s modified Dulbecco’s
medium, 10% fetal bovine serum, 1% HT supplement, 1% NEAA,
penicillin G sodium 100 units/mL, and streptomycin sulfate 100
ug/mL, and Geneticin 50@g/mL. Confluent cells in flasks were
rinsed once with PBS prior to passage. The flasks were incubated
with Versene (EDTA) 1:5000 for 5 min at 37C to detach the
cells from the flasks. Cells used in electrophysiology experiments
were plated on glass coverslips 24 to 48 h prior to use. hERG
channels were studied using the whole cell mode of the patch clamp
techniqué®. To measure drug effects, the cells were held at
—80 mV, then stepped t620 mV for 400 ms, followed by a second
pulse to—40 mV, so that the outward tail current characteristic of
hERG could be measured. This pulse protocol was repeated at
10 s intervals as compounds were perfused. The currents were stable
for up to 45 min. We measured the hERG tail currents at
—40 mV, because no other tail currents were present at this potential
in nontransfected cells. The temperature was controlled at 25
0.5 °C for all experiments using a temperature controller from
Warner Instruments (SHM-6 multi-line solution heater). The pipet
solution contained 145 mM Kaspartate, 11 mM EGTA, 5 mM
MgATP, 5 mM NaCl, and 5 mM HEPES, pH 7.3, and the bath
solution contained 140 mM NaCl, 4 mM KCI, 2.0 mM CagCl
1 mM MgCl,, 10 mM HEPES, and 10 mM-glucose, pH 7.4.

The stock solutions of 10 mM were prepared in DMSO, and
final dilutions were made in the bath solution. The highest DMSO
concentration in these experiments was 0.3%. In preliminary
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experiments, DMSO concentration of 0.3% had no effect on the
hERG potassium currents.

Voltage clamp protocols were generated and analyzed using

vaees et al.

Kokkotou, E.; Carlson, M.; Trombly, D. J.; Wang, X.; Bates, S.;
Myers, M. G., Jr.; Flier, J. S.; Maratos-Flier, E. Melanin-concentrating
hormone is a critical mediator of the leptin-deficient phenotyrec.
Natl. Acad. Sci. U.S.A003 100 (17), 10085-10090.

pClamp9 from Axon Instruments. Results are presented as the mean (3) (a) Stricker-Krongrad, A.; Dimitrov, T.; Beck, B. Central and

and standard deviation of the mean.

Supporting Information Available: Description of the syn-
thesis and experimental data for the preparation of compaRimds
3k, 26a—40a 45a—49a 27b—40b, and45b—49b and elemental
analysis/HPLC traces for all compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.
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