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Quinazolinone Derivatives as Orally Available Ghrelin Receptor Antagonists for the Treatment
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The peptide hormone ghrelin is the endogenous ligand for the type 1a growth hormone secretagogue receptor
(GHS-R1a) and the only currently known circulating appetite stimulant. GHS-R1a antagonism has therefore
been proposed as a potential approach for obesity treatment. More recently, ghrelin has been recognized to
also play a role in controlling glucose-induced insulin secretion, which suggests another possible benefit for
a GHS-R1a antagonist, namely, the role as an insulin secretagogue with potential value for diabetes treatment.
In our laboratories, piperidine-substituted quinazolinone derivatives were identified as a new class of small-
molecule GHS-R1a antagonists. Starting from an agonist with poor oral bioavailability, optimization led to
potent, selective, and orally bioavailable antagonists. In vivo efficacy evaluation of selected compounds
revealed suppression of food intake and body weight reduction as well as glucose-lowering effects mediated
by glucose-dependent insulin secretion.

Introduction and animals, its main function is regarded to be acute meal
It is estimated that currently some 194 million people initiatio_n as well as long-term engrgy-balance and body-weight

worldwide, or 5.1% in the adult population, have diabetes and reégulation. Consequently, ghrelin blockade by GHS-R1a an-

that this will increase to 333 million, or 6.3%, by 2025. It is tagonists has been put for'th as a new goncept for treating obesity,

the fourth or fifth leading cause of death in most developed @"d Several pharmaceutical companies have recently revealed

countries, and there is substantial evidence that it is an epidemicctivity in this are

in many developing and newly industrialized natidns. While much of the literature on ghrelin has focused on its

Obesity is the principal risk factor for type 2 diabetes. In effect on food intake, a growing body of data suggests that
western countries, around 90% of type 2 diabetes cases aredhrelin and its receptor play a direct role on the regulation of
attributable to weight gain, and childhood overweight issues 9lucose homeostasis. Ghrelin as well as its receptor GHS-R1a
and obesity are now leading to an emergence of premature typeare detectable in islet cells;® and ghrelin has been found to
2 diabetes, which is particularly difficult to manage once Suppress insulin secretion in multiple islet model systefs!* 1>
established.While even modest reductions in body weight and/ The physiological relevance of this effect to glucose homeostasis
or adiposity have been shown to result in marked improvementsin animals and humans has been demonstrated by numerous
in insulin sensitivity or even elimination of diabetic symptoms, Studies that show a clear negative correlation between ghrelin
weight loss is more difficult to achieve in diabetic individuals.  1evels and insulin secretiof:'*# Furthermore, peptide GHS-

To further complicate matters, many anti-diabetic therapies are R1a antagonists were found to block the effects of endogenous
prone to increase body weighNew treatments that act directly ~ ghrelin, to promote insulin secretion from isolated rat islets,
to improve glucose tolerance while simultaneously promoting and to increase insulin secretion and improve glucose tolerance
clinically meaningful weight loss could have tremendous value in mice? but this effect has so far not been reported with
for therapeutic intervention in type 2 diabetes. selective small molecule GHS-R1a antagonists.

Ghrelin, an acylated peptide hormone predominantly produced A GHS-R1a receptor high-throughput screen conducted in
in the stomach, is the natural ligand of the growth hormone our laboratories identified the quinazolinone derivathvas hit
secretagogue receptor type la (GHS-Ri8gcause of its with high GHS-R1a affinity Ki = 36 nM). Functional activity
recently recognized role as a powerful orexigenic (appetite testing of this compound in a guanosin©&3-thiotriphosphate)
stimulant), ghrelin has attracted high interest over the past few (GTPyS) binding assay revealed agonistic instead of the desired
years®—> On the basis of numerous studies on ghrelin in humans antagonistic functional activity. As part of our initial structure
activity relationship (SAR) studies, we investigated the influence
* To whom correspondence should be addressed. (J.R.) Fel: 650 of N-alkylation on the piperidine nitrogen atom on functional
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tolerance test. dine-substituted quinazolinone series constitutes a new class of
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Scheme 2

GHS-R1a antagonists, unprecedented and structurally distinctChart 1
from previously described GHS-R1a antagonfsts.
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GHSR-1a Ki = 36 M GHSR-1a Ki = 20 nM
agonist antagonist nilic acid was reacted with 2-methylbenzoylchloride to form

benzoxazinon8.2” Suzuki coupling and subsequent insertfon

of BOC-protected aminomethylpiperidifded to intermediate

6, which was deprotected and subsequently alkylated using either
reductive amination or nucleophilic substitution conditions to
furnish compound8—14.

We also prepared the ethylpiperidine homolodgle an

Poor oral bioavailability is a common deficiency of most
small-molecule GHS-R1a antagonists described in the liter&ture.
To get a preliminary read of the pharmacokinetic behavior of
our lead series, compoun® (as its HCI salt) was orally
administered to rats at a dose of 10 mg/kg. We observed low
plasma exposureCpnax < 20 nM), which was at least partly ! . ;
due to high clearance. Metabolite identification studies revealed 21@l0gue with an extended alkyl chain, using the sequence
the N-methyIN-butyl moiety as a site of significant metabolism. described in Scheme 1 and appropriate starting materials
We therefore placed a particular focus on identifying replace- (Chart 1). o
ments for this group. The dehydroplp.erldlr.\e analogue of cqmpo@dvas syn-

This account will describe systematic SAR studies on the thesized as described in Scheme 2. Pyridine intermediate
periphery of the quinazolinone core leading to the discovery of Prepared according to the sequence described in Scheme 1, was
potent GHS-R1a antagonists with favorable DMPK properties. alkylated to form pyridinium sall7, which was then regiose-

The optimized analogue26 and 43 are active in food intake lectively reducedf to give the dehydropiperidine derivatit@.
and weight-loss models as well as in glucose tolerance animal Morpholine derivative23 was prepared from intermediate
models and represent, together with other class members, theand insertion of morpholine building blocks, followed by
first examples of orally available GHS-R1a antagonists with in  Suzuki coupling, deprotection, and alkylation.
vivo efficacy in these models. Compound$—13in Scheme 1 contain a chiral center at the

. heterocycle linkage position and were prepared as racemates.
Chemistry Using the sequence described in Scheme 1 and substituting the

The majority of the quinazolinone analogues described in this racemic piperidine building blocks by its commercially
report was synthesized according to Scheme 1. 5-Bromoanthra-available R)- and §)-enantiomers, we synthesized both enan-
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Scheme 3 compound 28 (Scheme 4). This was accomplished using
NBn 2-amino-4-bromobenzoic acid instead of 2-amino-5-bromoben-
o (\NBn K\NR zoic acid as the starting material and applying otherwise

\L) a analogous procedures as described in Scheme 1.

ﬁ@( H@(B' - )K/‘/‘ Further modification at the eastern part of the quinazolinone

@C ©f core included the synthesis of derivatives with truncated side
chains. These compounds were synthesized from the corre-

:; 2 z” _ e sponding anthranilic acids using the same sequence as described
93 R Iprj d iSn)Scheme 1 and omitting the Suzuki coupling step (Scheme
aReagents and conditions: (a) Toluene, 1GQethylene glycol, LiOH, o L .
135°C, 697% (b) 4_Ch|0rophem(,|goronic acidgg% gdcb(ggpf), 90°C, While alkoxy derivatives30 and 31 were derived from
76%. (c) 1-Chloromethyl chloroformate, GBICH,CI, reflux, 91%. (d) available anthranilic acid starting materials, phenoxy analogues
2-Bromopropane, ¥CO; CHCN, 70°C, 55%. 34 and 35 were formed using the Ullmann coupling reaction
Scheme 4 (Scheme 6%° The (§-phenoxy analogue86 and 37 were

synthesized in an analogous manner (Scheme 6).
As described in Scheme 7, a more concise method was used
o o) to build the quinazolinone ring carrying small substituents (H,

HO N O 6 CHg) at the 2-position (F9.31v3200l_1pling of a phenyl or phenoxy
HN Br ., @(L\N ; O group at the 6-position of the quinazolinone ring was performed
OMe cl
28

N>

2 as outlined in Schemes 1 and 6.

Results and Discussion

Scheme 5 In Vitro SAR Studies. Affinity for GHS-R1a was determined
NR" using a [¥]ghrelin displacement assay [scintillation proximity
o (E assay (SPA) format] employing membranes prepared from a

NEURQ human embryonic kidney cell line (HEK293F) overexpressing

N recombinant GHS-R1a. The functional activity of test com-
pounds was assessed by measuring £ Binding to mem-
branes likewise prepared from HEK293F cells overexpressing

3
H,N

2

- R1= | 2'=| 3=| .
BRIty Rowone. ROV recombinant GHS-R1a. _
31: R"=Et, R=Me, R®=OCF, As we sought to replace thié-methylN-butyl moiety of lead
compound2 due to its metabolic lability, we started our SAR
tiomers of 8, compound24 (S, and compound25 (R). investigations at the 6- and 7-positions of the quinazolinone
Compound®6 and27 were prepared in the same fashion (Chart ring (R and RY). Initial SAR studies had suggested as preferred
2). R (3-position of quinazolinone ring) ad-ethyl- orN-isopropyl-

As part of our SAR investigation of the eastern part of the substituted methylpiperidine moiety and as preferréd(R
molecule, we transposed the 4-chlorophenyl side chain from position of quinazolinone ring) an ortho-substituted phenyl
the 6- to the 7-position of the quinazolinone scaffold to furnish group. As can be seen from Table 1, a bulky group at the

Scheme 6°
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aReagents and conditions: (a) Toluene, reflux; ethylene glycol, LiOH,°C358%. (b) 4-Fluorophenol, CuCl, TMHD, €303, NMP; 46%. (c) TFA,
CH.Cly, 78%. (d) 2-lodopropane, €0z, CHsCN, 70°C, 86%.PCompounds$7 and38 were synthesized in an analogous fashion using homochiral piperidine
building block5a
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aReagents and conditions: (ap®0;, THF, 70°C, 86%. (b) 140°C. (c) TFA, CHCl,. (d) 2-lodopropane, ¥COs, CH3CN, 70°C, 80% (three steps).
(e) 4-Chlorophenylboronic acid, &30, PdChk(dppf), DME, HO, 60°C. (f) 4-Fluorophenol, G&£0O;, CuCl, TMHD, NMP, microwave, 208C.

Table 1. SAR Investigation at the 6- and 7-Positions of the Quinazolinone®Core

, ! GHS-R  GHSR GHSR Rat PK,
No. R' R’ R’ R* binding antagonism agonism Crnax
Ki [0M] Kby [0M]  E/Eme [%]  [uM]®
29 iPr Me H H 1,200 n.d. n.d. n.d.
30 Bt OMe OMe H 910 nd. n.d. nd.
31 Bt Me OCF; H 24 45 4 0.23
3 H Me Fo{ ) H 0.9 nd. 92¢ 0.04
33 iPr Me i—o—@—F H 0.47 0.97 23 031

7 H Me +H ) H 7.0 13 12 0.02
8 E M -+ ) H 1.8 32 12 0.12

28 Et OMe H H Ya 10000 nd nd. nd.

aReported in vitro values are an average of at least two replicaRisarmacokinetic screening study in Wistar rat; compounds were orally administered
at 3 mg/kg in PEG400/methanesulfonic acid (80:20) vehic{@HS-R agonism E§ = 6.5 nM.

6-position (R) is essential for activity. While phenoxy substit- < 20 nM at 10 mg/kg p.o., rat), indicating that the metabolic
uents confer slightly higher binding affinities, the more rigid instability of the N-methylN-butyl moiety of 2 had in fact
phenyl analogues bear less potential for undesired partial contributed to its weak exposure. We also determined the oral
agonism. Interestingly, even the unsubstituted piperidine ana- bioavailability of the HCI salt of compoun8in rat and found
logue in the phenyl serie3)is an antagonist, which is opposite it to be moderate (29%) (p.o. study conducted at 3 mg/kg, i.v.
from the corresponding phenoxy analogd# as well as the study conducted at 1 mg/kg).

amino-substituted screening Hit Following this observation, Among the two enantiomers of compourg] the -
we concentrated further SAR efforts on compounds carrying stereoisome24 was found to be significantly more potent than
phenyl groups at the 6-position. the (R)-isomer 25 (Table 2). This enantiospecific activity

Plasma exposure (3 mg/kg p.o., rat) of compounds shown in appeared to be general for this class, also with substantially
Table 1 was improved over the initial lead compouh@Cmax modified analogues (see the Supporting Information). Extension
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Table 2. SAR Investigations at the Piperidine Ring

GHS-R GHS-R GHS-R

No. R' R” binding  antagonism agonism  pKa" c Rat Pl](\;l "
Ki[nM] Kby [0M]  E/Epgy [%] max [uM]
N>
24 Q Me 1.7 2.8 0 9.6 0.12
NS
25 ql Me 71 250 10 9.6 nd.9
N/\
15 Q OMe > 10,000 n.d. n.d. 9.8 n.d.
9 Q Me 1.8 0.9 20 10.0 0.15
e
10 (P Me 25 2.7 20 9.6 0.22
N/\/O\
1 Q Me 4.0 6.4 20 8.6 0.14
N/\/F
12 Q Me 16 14 9 8.0 0.10
NTCF,
13 Me 2,000 nd. nd. 43 0.17
N/\/CF3
14 C‘J Me 250 n.d. n.d. 8.2 n.d.
N>
18 “ Me 26 36 -18 8.7 0.03
23 Q‘ Me 190 n.d. n.d. 7.7 n.d.

aReported in vitro values are an average of at least two replica@smiculated using ACD softwaré. ¢ Pharmacokinetic screening study in rat; compounds
were orally administered at 3 mg/kg in PEG400/methanesulfonic acid (80:20) vehiabe.determined.

of the piperidine linker by one CHunit (15) resulted in loss of the 5-HT,. receptor and phenyl analog®® (R® = phenoxy)
activity. Particular attention was laid on studying the dependencewas a potent CYP2D6 inhibitor, while analogues with
between activity and i, since the B, of alkyl-substituted smaller groups were devoid of such selectivity issues and
piperidine analogues was very high10), potentially compro-  furthermore showed superior aqueous solubility. Interestingly,
mising pharmacokinetic properti€sModulation of the K, was compounds with alkyl groups larger than ethyl on the piperidine
achieved by introducing electronegative atoms at the ring itself nitrogen in the R1 position (compounéls-12) showed a trend

as well as at its periphery, and selected compounds derived fromtoward inverse agonism. A similar trend toward inverse agonsim

these efforts are shown in Table 2. Whilkgvalues downto  was also seen in the alkylated dehydropiperidine-derived
at least 8 were tolerated without substantial loss of GHS-R1a compound1836

affinity, none of these changes had any apparent effect on
plasma exposure in rats.

As a potential measure for improving DMPK properties, we
took an active effort to reduce lipophiliciff. This pursuit led
us to the 2-position of the quinazolinone ring. As shown in Table
3, decreasing the size of thé Rubstituent gradually weakened . i . : S
activity, but the effect was relatively small, particularly for the shown in Table 4. Both compound§ display high b|0aya|I.ab|I.|ty,
series with R = phenoxy where even the unsubstituted analogue M0derate clearance, and very high volumes of distribution.
45 (R? = H) still possesses ghrelin binding affinity 650 nM. Whlle a high volume of distribution was a g_ene_rz_al feature of
Although activity losses arose from decreasing the size of the thiS compound class, clearance and bioavailabilityy&fand
R2 group, clear benefits resulted for other drug property features, 43 were significantly improved over first generation analogues.
such as solubility and selectivity. For example, 2-phenyl  There is compelling evidence that ghrelin plays a critical role
analogue24 (R® = phenyl) displayed high binding affinity to  in modulating body weight through the control of food intake

In Vivo Studies. Further investigations were carried out on
the 2-isopropyl-6-phenyl derivativeé6 and the 2-methyl-6-
phenoxy derivativet3. Both compounds are potent and selec-
tive3® GHS-R1a antagonists witki, values of 14 and 11 nM,
respectively. Key pharmacokinetic dataaf and43in rat are
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Table 3. SAR Investigations at the 2-Position of the Quinazolinone €ore

n

R
o)
NJK/©’R3
RVlﬁN

. GHS-R GHS-R GHS-R

No. R' R? R’ binding antagonism agonism

Ki[nM] Kby, [nM] E/Epax [%]
24 Et ) @—cr 1.7 2.8 0
26 iPr iPr i 39 14 15
27 iPr P ~H Ha 45 77 0
45 iPr  Me ~H Ha 110 430 0
44 Pr  H ~ Ha 440 n.d. n.d.

36 iPr ' Fo M- 0.86 0.19 22
37 iPr o iPr to )¢ 4.0 7.6 -5
43 Pr Me to{ M-¢ 17 1 1
45 i H to+{ V¢ 18 45 2

CYP2Do

Aq. solubility 5-HT;, S S Rat PK,
No. cLogP" ud % a  inhibition ; i

(PH72) [pMI* Ki [nM]* [0 e Co (UM
24 7.2 80 120 nM # 6.1 0.12
26 6.1 280 =1 uM 6.9 0.15
27 6.6 60 =1 uM 6.3 0.29
45 5.7 125 =1 uM 9.6 n.d.
44 3.2 n.d. =1 uM =100 0.20
36 7.1 250 =1uM 0.04 0.09
37 6.3 100 =1 uM 12 0.21
43 5.4 500 =1 uM 13 0.22
45 4.9 450 > 1M 21 n.d.

aSee the corresponding footnote in Table® Calculated using Daylight softwafé. ¢ Kinetic solubility determined by HPLC; buffered aqueous test
solution contained 1% DMSC'.Assay information given in the Experimental Sectiéietermined using CYPD26 supersomes and the fluorescent substrate
3-[2-(N,N-diethyl-N-methylamino)ethyl]-7-methoxy-4-methylcoumarin (AMMCPharmacokinetic screening study in Wistar rat; compounds were orally
administered at 3 mg/kg in PEG400/methanesulfonic acid (80:20) veBiClempound was found to be a 5-bfTantagonist.

and/or regulation of fuel substrate efficiency. We therefore tested Following the food intake studies, we examined the effects
the effects of the GHS-R1a antagoni@éand43 on food intake of 26 and43 on body weight in diet-induced obese (DIO) mice.
in the mouse fastedrefed model. As shown in Figure 1, upon Over a period of 9 days, compounds were orally administered
oral administration at a dose of 30 mg/kg, both compounds once daily at doses of 3, 10, and 30 mg/kg (Figure 2). While
caused significant suppression of food intake throughout the compound26 lowered body weight at the 10 mg/kg dose,
period from 1 to 24 h, with26 being the more efficacious  compound3, consistent with a weaker effect in the food intake
compound. study, was efficacious only at the highest dose of 30 mg/kg,
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Table 4. Pharmacokinetic Profile of Compoun@§ and43 in Raf

Rudolph et al.

rently under evaluation by the FD®.This, to the best of our

compound knowledge, constitutes the first reported case of an orally
26 23 administered GHS-R1a antagonist that promotes chronic body
. - - weight loss in animals. One of the concerns that has been raised
route i.v. p.o. i.v. p.o. i _ ; ;
dose (mg/kg) 0.7 3 1 3 _about t_he utility of (_BHS Rla a_mtagonlsts for tre_f?ltment of obesity
is that in obese patients ghrelin levels are significantly redéted,
AUCo-t (mg hiL) 0.58 1.7 0.50 1.3 with parallel observations made for obese rodéh®ur data
Cinax (Mg/L) 0.10 0.07 0.11 0.08 ) ) ; .
Tus (h) 16 19 show that, despite the decreased ghrelin levels in DIO mice,
CL (L/kg h) 1.2 1.9 the ghrelin tone is still sufficient to allow antagonists to be
Vss (L/kg) 18.8 19.2 effective.
F (%) 69 85

aThe pharmacokinetic parameter estimates of comp@érachd43 were
evaluated in male Wistar rats following single-dose i.v. administration at

~1 mg/kg and oral administration at 3 mg/kg. Test compounds were freshly

prepared before dosing in rat plasma (2% DMSQO) as a solution for i.v.
administration and in PEG400/methanesulfonic acid 10 mM (80:20, v/v)
as a solution for oral administration.

Food intake
(% change from vehicle)

Fres

Vehicle

. 26
43

water 50:50).

Change in body weight (%)

1

2 4
Time

24

(hours post food return)

Figure 1. Acute effects of compound®6 and 43 on food intake in
the mouse fasteerefed model (lean C57 black mice). Both compounds
were orally administered at a dose of 30 mg/kg (vehicle, PEG400/

—— Vehicle

—0—26, 3 mglkg

——26, 10 mg/kg

—e— 26, 30 mg/kg

—+ Rimonabant,
3 malkg

50 75
Treatment Days

" —— Vehicle
=0—43, 3 ma'kg
—e—43, 10 mg/kg
—e—43, 30 mg/kg
=~ Rimonabant,

3 mg/kg

Change in body weight (%)

50 75
Treatment Days

10.0

Figure 2. Effect of compound®6 and 43 on body weight in DIO

mice. The CB1 antagonist rimonabant was used as a positive control.
Compounds were administered by oral gavage once daily for 9 days

(vehicle, PEG400/water 50:50).

A possible explanation for the difference in efficacy between
compound26 and43 despite comparable in vitro activity and
plasma exposure was a difference in brain exposure. Pharma-
cokinetic studies on both compounds and other quinazolinone
derivatives in fact revealed that the effect on food intake in mice
is dependent on the drug levels detected in the brain (Table 5).
Thus, compound6, a highly brain-exposed compound, ef-
fectively lowered food intake in a mouse fasta@éfed model,
while the lesser brain-exposed compoudi3dvas weaker in this
regard. Consistent with these findings, compod6d? a potent
ghrelin antagonist with high plasma exposure in mice, but
nondetectable brain levels, was entirely inactive in the food
intake model. These results are in agreement with data by others
showing that ghrelin antagonists with an effect on food intake
are exposed in the braff.Thus, given that the effects &6
and43on body weight are driven by suppression of food intake,
the difference in brain exposure could contribute to the
difference in efficacy in the DIO mouse model. Further support
for this hypothesis would require detailed measurements of free
brain concentrations at various time points throughout the
chronic study and examination of compounds with greater
differences in brain exposure.

The different degree of brain exposure of the compounds
shown in Table 4 can partly be rationalized by differences in
their polar surface area and number of rotational bonds, two
important physicochemical determinants for bledmain barrier
permeability (Table 534

Recent studies conducted by us and others have demonstrated
that ghrelin suppresses insulin secretion and that this effect is
mediated through GHS-RZ1&144¢ Consequently, GHS-R1a
antagonism has been put forth as a potential approach for
improving glucose homeostasis and treatment of type 2 diabetes.
The quinazolinone derivativeX and43 are potent and selective
GHS-R1a antagonists with favorable pharmacokinetic properties
and, hence, were well-suited small-molecule proof-of-concept
tools for this hypothesis.

As first indication of the validity of the hypothesis, we
demonstrated that GHS-R1a antagonists from the quinazolinone
class block the inhibitory effect of ghrelin on insulin secretion
in vitro.#” This finding is in agreement with data obtained with
peptidic GHS-R1a antagonistsEncouraged by these results,
we investigated the effects of our compounds on glucose
homeostasis in vivo, using an IP glucose tolerance test (IPGTT)
in rats (Figure 3). Upon glucose administration, 10 mg/kg oral
doses of compoun@6 produced a 20% and compoudd a
23% decrease in the glucose excursion relative to the vehicle-
treated animals. This effect was similar in magnitude to the
effect of parenterally administered ANC7-PEG, a peptide dual-

producing a 5% decrease in body weight. The effect of acting GLP-1 agonist and glucagon antagonist with a strong
compound26 at the 30 mg/kg dose, on the other hand, was glucose-lowering effect in glucose tolerance modéls.another
very strong, and progression of body weight loss was compa- study, we could demonstrate that the underlying mechanism of
rable to the effect achieved with the CB1 antagonist rimonabant, promoting a decrease in glucose excursion is in fact increased
5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyi¢piperi- insulin secretiof” To evaluate if GHS-R1a antagonists are
din-1-yl)-1H-pyrazole-3-carboxamide, an anti-obesity drug cur- prone to causing hypoglycemia, the effect of superefficacious
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Table 5. Effect of GHS-R1a Antagonists with Differing CNS Exposures on Food Intake in the FeR&fdd Model

M

R

i
ijij/R

RZ)\\N

GHS-Rla Mouse PK, 30 mg/kg p.o.*

- Change in
No. R" R? R® Ki Kby,  Cmax B”‘;“ :"“‘" (% food intake
[(aM]  [nM]  [uM] ° c‘i’);:')“a at 30 mg/kg °

26 iPr Pr H e 21 26 08 76 -17%
u v (L HDe 2 3 22 2 7%

43 iPr Me o Y 1711 34 19 -12%

36 e (I D 08 02 31 ! 7%
HO. )
46° iPr T\OOfF tod Y+ 2 2 5.7 <0.001 +1%

No PSZAd 2 rotational
) [A%]

bonds
26 36 5
24 36 5
43 45 5
36 45 6
46 77 10

aPlasma and brain exposure were tdsfeh after compound administration; studies were conducted in C57 lean blackPriigenty-four hours of
cumulative food intake at compound doses of 30 mg/kg in a mouse fastitl model; studies were conducted in C57 lean black miCempound46
was a racematé. Topological PSA (TPSA) calculated according to Ertl efal.

Table 6. Effect of GHS-R1a Antagonists with Differing CNS 5320
Exposures on Glucose Excursion (AUC) in the Rat IPGTT Model %230
mouse PK, 3 mg/kg p.o. E240
- . @ 200
brain level changein o
Crmax (% of plasma blood glucose 2 160 I !
no. (uM) concn) at 10 mg/kg o120 [4 Vehicle
26 0.8 76 —20% -l ol
24 22 22 —13% 2 40 Al 0
43 3.4 19 ~23% D o4 \-ANCT-PEG, 0pgha )
36 3.1 1 —19% 0 15 30 45 60
460 5.7 <0.001 n.d. Minutes

aDecrease in blood glucose AUC relative to vehicle-treated group in
the rat IPGTT model® Compound46 was a racemate; this compound was
not tested in the IPGTT model because of insufficient plasma exposure in
rat.

ke

compound doses on blood glucose levels in fasted animals was 28.0%
examined, and no physiologically relevant changes in blood
glucose were observédThese data represent the first reported
case of an orally administered selective ghrelin antagonist with
a beneficial effect on glucose homeostasis. Vehicle 26 43 ANCT-

Interestingly, compoun86 (Table 5), which displayed poor PEG
(1%) mouse brain exposure and had a modest effect on feedingFigure 3. Effect of compound€6 and43in a rat IPGTT at 10 mg/kg
was found to be fully active in the rat IPGTT model. This p.o. (vehicle, PEG400/10 mM methanesulfonic acid 80:20). Five hours
observation is consistent with the hypothesis that the effects of after compound p.o. administratioa 2 g/kg glucose challenge was
ghrelin and GHS-R1a antagonists on glucose homeostasis aré?‘g”lzg';fﬁ&bgégr\?vgi“azgza;;”éecggi’gw ?c%rr?tlrjgl Eireat:gm";’r']tigtrtge
peripherally dr!ven t.thUQh a d”?‘Ct effect on pqncreatic isfts. tFi)orE). Relative to vehicle, compotE)nQG produced ;'f-ZO% and
One caveat with this interpretation is that brain exposure was

3 : ' compound43 a 23% decrease in glucose AUC over the course of the
measured in mice and that the IPGTT was conducted in rats. experiment.

IPGTT Glucose AUC

Summary 6-position of the quinazolinone core. At the slight sacrifice of

Piperidine-substituted quinazolinone derivatives were identi- potency, but beneficial for selectivity and DMPK properties,
fied as a new class of small-molecule GHS-R1a modulators. phenyl groups at the 2-position were then replaced by small
Starting from a GHS-R1a agonist with poor oral bioavailability, alkyl substituents. Two compounds emerging from this effort,
structural optimization led to potent, selective, and orally 26 and43, were found to show high bioavailability in pharma-
bioavailable antagonists. A key SAR finding was the identifica- cokinetic studies in rats and were selected for in vivo efficacy
tion of phenyl or phenoxy groups as optimal substituents at the evaluation.
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Ghrelin is known to play a critical role in modulating body was defined using 10M 5-HT. Following a 1 hincubation at room

weight mainly through control of food intake. In a fastegfed temperature, the amount 6fi]DIO bound to the membranes was
model in mice, botl26 and43 caused a significant suppression measured. ) )
of food intake. An independent in vivo study in DIO mice In Vivo Assays. Glucose Tolerance Tests in Rat#/ale Wistar

rats were fasted overnight (388 h) and then given ghrelin

showed that both compounds promoted weight loss; in Pct, . .
demonstrated at the r?ighest gose compargble efficacy to theantagonlst or vehicle (PEG400/10 mM MSA 80:20) by oral gavage.

ti-obesity d . bant. a CB1 ant ist Five hours after dosing, the fasting blood glucose level was
anti-obesity drug nmonabant, a antagonist. measured from tail-tip blood using a Glucometer (Bayer Corp.,

On the basis of numerous literature reports, GHS-R1a pishawaka, IN), and the animals were given 2 g/kg of glucose by
antagonism has been proposed as a concept for stimulatingeither intraperitoneal injection (IPGTT) or by oral gavage (OGTT).
insulin secretion with potential use in the treatment of type 2 Blood glucose was measured again after 15, 30, and 60 min for
diabetes. Therefore, compoundé and 43 were tested in a  the IPGTT. Additional blood glucose measurements were made after
glucose tolerance test in rats and, as well as other structural90 and 120 min for the OGTT or after 90 min when an IPGTT
analogues in this class, produced a decrease in glucose excursioyyas performed with DIO rats. The area under the glucose curve
to a similar degree as a highly efficacious benchmark insulin (AUC) from 0 to 60, 0 to 90, or 0 to 120 min was calculated using
secretagogue. In vitro and in vivo studies demonstrated that thethe trapezoidal method, and the effect of the compound on the AUC

was expressed as a percentage of the AUC for the vehicle-treated

underlymg effgct was compound—medlated_ glucose-dependentgroup_ When insulin levels were measured, 0.05 mL of blood was
stimulation of insulin secretion through action on GHS-R1a.

collected in a capillary tube at the same time periods as described.
The compounds presented in this account, piperidine- |nsulin was determined using an enzyme-linked immunosorbent

substituted quinazolinone derivatives, represent the first reportedassay (Alpco Diagnostics, Windham, NH).

examples of orally available GHS-R1a antagonists that promote DIO Mouse Model. Male C57BL/6 mice were fed a high-fat

chronic body weight loss and improve glucose homeostasis in diet (containing 45% calories from fat) for 16 weeks before the

animal models. These results Suggest GHS-R1a antagonism a§tart of the studie_s. The animals included in the st_ud_ies had an

an attractive approach for treating metabolic disorders through @verage body weight greater than 4 standard deviations of the

; ; ; : ; ; ; mean body weight of mice that were fed a standard low-fat
ngtr?;\gggetzef ?rllaébgit slfag!;g notype while targeting obesity as the diet (5% calories from fat). GHS-R1a antagonists, rimonabant, or

vehicle was administered orally approximately 6150 h before
the feeding phase (dark cycle). Daily body weight and food
intake were recorded during treatment. Fat and lean mass were
In Vitro Assays. GHS-R1a Pharmacology.The affinity for measured in each animal at the start and end of the studies using
GHS-R1a was determined using a radioligand binding assay. TestNMR imaging. Pair feeding was performed by measuring the
compound and 50 pM$A]ghrelin were mixed in buffer (25 mM 24 h food intake of compound-treated mice each day and
HEPES, pH 7.4, 5 mM magnesium chloride, 1 mM calcium limiting food consumption to that amount in a group of vehicle-
chloride, 1 mM EDTA, and 0.1% BSA). A suspension of membrane treated mice.
from HEK293S cells overexpressing ovine GHS-R1a was prein- Mouse Fasted Refed ModelMale C57BL/6 mice were fasted
cubated for 30 min with 5 mg/mL wheatgerm agglutinin SPA beads overnight and dosed the following day h before refeeding. The
and then added to the wells containing test compound &g [ cumulative food intake was recorded for a period of 24 h after
ghrelin. Nonspecific binding is defined usingtM ghrelin peptide. food return.
Following a 2 hincubation at room temperature, the amount of General Chemistry. Purchased reagents and anhydrous solvents
[**4]ghrelin bound to the membranes was measured. were used as received. Air and moisture sensitive liquids and
The functional activity of the program compounds was measured solutions were transferred via syringe or cannula and introduced
using GTR'S binding to membranes prepared from HEK293F cells into reaction vessels through rubber septa. Column chromatography
overexpressing recombinant GHS-R1a. GHS-R1a agonism waswas performed on a Biotage system using-83 um, 60 A, silica
deduced from stimulation of G/ binding above basal levels  gel prepacked cartridges.
by compound. In this assay, partial agonists were defined as Purification using preparative reversed-phase HPLC chromatog-
compounds that stimulated G¥8 binding 26-85% relative to raphy was accomplished using a Gilson 215 system, using a YMC
ghrelin (defined as 100%), while full agonists were defined as Pro-C18 AS-342 (150 mnx 20 mm i.d.) column and 1 mL/min
compounds that stimulated G¥8 binding >85% relative to flow rate. Typically, the mobile phase used was a mixture gdH
ghrelin. Compounds that failed to show agonist or partial agonist (A) and MeCN (B). The water could be mixed or not with 0.1%
activities were evaluated for their ability to serve as antagonists. TFA. A typical gradient was as follows: 0.5 min, 90% A and 10%
Ghrelin dose-response curves were performed in the absence andB; 11.0 min, 0% A and 100% B.
presence of a fixed concentration of the putative antagonist. The Chiral analytical HPLC experiments were performed using one
membrane from HEK293S cells overexpressing GHS-R1 was mixed of the two following methods using a Varian Pro Star 1200. Method
with test compound and/or ghrelin in buffer (25 mM HEPES, 50 A: Chiracel AD column, 4.6 mm (i.d.x 250 mm; mobile phase:
mM sodium chloride, 10 mM magnesium chlorideul GDP, A, 0.1% TFA in hexanes; B, 0.1% TFA iaRPrOH; isocratic: 95%
and 0.1% BSA, pH 7.4) and 200 pM*E]GTPy/S. After a 60 min A (5% B), 20 min; flow rate, 1.5 mL/min; and UV detection, 284
room temperature incubation, bound and fré&SJGTPySs were nm. Method B: Chiracel AD column, 4.6 mm (i.d9 250 mm;
separated by filtering through GF/B membranes. After multiple mobile phase: A, 0.1% TFA in hexanes; B, 0.1% TFA-RrOH;
washes, the amount oPE]GTP/S on the filtered membranes was isocratic: 95% A (5% B), 25 min; flow rate, 1.0 mL/min; and UV
determined. Nonspecific binding was defined in the presence of detection, 284 nm.
10 uM GTPyS. Electron impact mass spectra (EI-MS or GC-MS) were obtained
5-HT . Radioligand Binding Assay.The affinity for the 5-HT. with a Hewlett-Packard 5989A mass spectrometer equipped with
receptor was determined using a radioligand binding assay. Testa Hewlett-Packard 5890 Gas Chromatograpthwit) & W DB-5
compound and 250 pMi)-1-(2,5-dimethoxy-4/F3]iodophenyl)- column (0.25«M coating; 30 mx 0.25 mm). The ion source was
2-aminopropane {fA]DIO) were mixed in buffer (50 mM Tris, maintained at 250C, and spectra were scanned from 50 to 800
pH 7.4, 10 mM magnesium chloride, 1M paragyline, 0.1% amu at 2 s per scan.
sodium ascorbate, 0.5 mM EDTA, and 0.1% BSA). A suspension  Two different methods were used to obtain HPt&ectrospray
of membrane from cells stably overexpressing the 5:idceptor mass spectra (HPLC-ES MS). HPLC-MS method 1. An Agilent
and wheatgerm agglutinin SPA beads (28f) was added to the 1100 HPLC system was equipped with an Agilent 1100 autosam-
wells containing test compound arf@¥]DIO. Nonspecific binding pler, quaternary pump, and a diode array. The HPLC column used

Experimental Section
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was a Waters Sunfire C-18 column (2.1 mum30 mm, 3.5uM). The above intermediate (746 mg, 1.33 mmol) was added to a
The HPLC eluent was directly coupled with a 1:4 split to a Finnigan dry round-bottom flask followed by ethylene glycol (10 mL) and
LTQ ion trap mass spectrometer with electrospray ionization. LiOH (112 m g, 2.65 mmol). The resulting mixture was stirred at
Spectra were scanned from 50 to 800 amu using a variable ion135 °C for 16 h. The reaction mixture was diluted with gEl,
time according to the number of ions in the source using positive and water. The aqueous mixture was extracted with@H(20
ion mode. The eluents were A, water with 0.1% formic acid, and mL x 2), and the organic solvent was removed under reduced
B, acetonitrile with 0.1% formic acid. Gradient elution from 10 to  pressure. The crude product was then purified by silica gel flash
90% B over 3.0 min at a flow rate of 1.0 mL/min was used with chromatography with 1850% ethyl acetate in hexanes to give the
an initial hold of 2.0 min and a final hold at 95% B of 1.0 min.  product (803 mg, 63%). LC-MS method 2vz 544.6 (MH"); RT
The total run time was 8.0 min. (min) 4.38.

HPLC-MS method 2: An Agilent 1100 HPLC system was  g.(4-Chlorophenyl)-2-(2-methylphenyl)-3-(piperidin-3-ylmethyl)-
equipped with an Agilent 1100 autosampler, quaternary pump, and quinazolin-4(3H)-one (7).To a solution oftert-butyl 3{[6-(4-
a variable wavelength detector set at 254 nm. The HPLC column chorgphenyl)-2-(2-methylphenyl)-4-oxoquinazolin-3(4H)-ylJme}hay
used was a Waters Sunfire C-18 column (2.1 30 mm, 3.5 piperidine-1-carboxylate (450 mg, 0.83 mmol) in &H, (8 mL)
#M). The HPLC eluent was directly coupled without splitting t0 @ - \yas added TFA (4 mL), and the reaction mixture was stirred at rt
Finnigan LCQ DECA ion trap mass spectrometer with electrospray for 3 h, The solvents were removed, and the crude product was
ionization. Spectra were scanned from 140 to 1200 amu using aegissolved in ethyl acetate. The organic layer was washed with
variable ion time according to the number of ions in the source garated aqueous NaHg@nd brine and dried over N&O.

using positive ioon mode. The eoluents were A, 2% ace_tonitrileoin Filtration and removal of the solvent under reduced pressure gave
water with 0.02% TFA, and B, 2% water in acetonitrile with 0.02% o product (302 mg, 82%)H NMR (400 MHz, methanot): o

TFA. Gradient el_ution from 10 .tO 90% B over 3.0 min aF a flow ppm 8.47 (d,] =214Hz 1 H), 8.12 (de =8.48,1.66 Hz, 1 H),
rate of 1.0 mL/min was used with an initial hold of 1.0 minanda 771_7 76 (m, 3 H), 7.50 (tJ = 7.99 Hz, 4 H), 7.39-7.41 (m, 2

final hold at 95% B of 1.0 min. The total run time was 7.0 min. H), 4.08-4.23 (dd,J = 13.74, 7.89 Hz, 1 H), 3.463.66 (dd,J =
For consistency in characterization data, the retention time (RT) is 13'64 7.99 Hz, 1 H), 2.94 (s, 1 H), 2.90 @= 7.21 Hz, 1 H)

reported in min at the apex of the peak as detected by the\is/ 2.44-2.55 (m, 1 H), 2.172.28 (m, 3 H), 1.88 (s, 1 H), 1.85 (d

detector set at 254 nm. _ =351Hz, 1H), 1.561.67 (m, 2 H), 1.33-1.43 (m, 2 H), 1.06-
IH NMR spectroscopy was performed on 300 or 400 MHz Varian 1.11 (m,J = 11.50, 11.50, 11.21, 8.48 Hz, 1 H). LC-MS method

Mercury-plus as well as Bruker DRX500 spectrometers. The ;. m/z 444.3 (MH); RT (min) 4.25. LC-MS method 2m/z 444.2
samples were dissolved in deuterated solvents and transferred to MH*)' RT (min) 284 o '

mm i.d. Wilmad NMR tubes. The spectra were acquired at 293 K. 6-(4-Chlorophenyl)-3-[(-1-ethylpiperidin-3-yl)methyl]-2-(2-

The chemical shifts were recorded on the ppm scale and were . ; .
referenced to the appropriate residual solvent signals, such as 2.4d"ethylphenyl)quinazolin-4(3H)-one (8).To a solution of7 (416

mg, 0.94 mmol) in THF (20 mL) was added acetaldehyde (0.06
gpsrg gﬁ?ﬂ?gg&i%ﬁg%@?;gﬁggDSé)J ppm for CROD, mL, 1.03 mmol) at OC, followed by rapid addition of AcOH (0.06

mL, 1.12 mmol) and sodium triacetoxyborohydride (278 mg, 1.31
mmol). The reaction mixture was stirred under nitrogen atmosphere
chloride (10.0 g, 64.7 mmol) was added slowly into a mixture of atrt fqr 4h. Satura}ted aqueous NaHqutlon was added, gnd
2-amino-5-bromobenzoic acid (12.7 g, 58.8 mmol) and triethy- th_e mixture was stirred at rt for 15 min. The mixture was diluted
lamine (24.6 mL, 176.4 mmol) in Ci€l, (120 mL) at 0°C. The w!th CI-_|2CI2 (5_0 mL), and the organic layer was separated, washed
reaction mixture was stirred at rt for 14 h. Half of the £Hp was with brine, dried over NSO, filtered, and concentrated under
removed under reduced pressure, acetic anhydride (50 mL) reduced pressure. The crude product Was.purlfled by HPLC with
was added, and the mixture was heated at°G0for 2 h. The 10—-80% C'_bCN In water (O:l% TFA) to give the product (306
reaction mixture was cooled to rt, quenched by slow addition of MJ 69%) as a light yellow oitH NMR (400 MHz, methanot,):

ice water, and diluted with Ci1,. The layers were separated, and 0 ppm 8.49 (dJ = 1.57 Hz, 1 H), 8.13 (dd) = 8.41, 2.15 Hz, 1

the organic layer was washed with NaHE&nd brine and dried H), 7.75 (dd,J = 8.31, 2.05 Hz, 3 H), 7.477.53 (m, 4 H), 7.38

over NaSQ,. After it was concentrated under reduced pressure, 7.44 (m, 2 H), 4.154.21 (m, 1 H), 3.52.3.62 (m, 1 H), 2.84 (t,

the crude product was treated with ethanol and stirred for 10 min. J=9.49 Hz, 1 H), 2.76 (d) = 10.96 Hz, 1 H), 2.322.41 (m, 2

The solid was filtered and washed with additional ethanol. It was H): 2.28 (d,J = 4.89 Hz, 3 H), 1.891.99 (m, 1 H), 1.86-1.89

then dried in a vacuum oven at 5G for 3 h togive 11.5 g (62%) (M, 1 H), 1.53-1.64 (m, 2 H), 1.4+1.47 (m, 1 H), 1.32:1.39

of the product. LC-MS method 2m/z 316.3 (MH); RT (min) (m, 1 H), 1.02 (dtJ = 9.78, 7.24 Hz, 3 H), 0.890.96 (m, 1 H).

3.71. LC-MS method 1: m/z 472.5 (MH'); RT (min) 4.24. LC-MS
6-(4-Chloro-phenyl)-2-methylphenyl-4H-3,1-benzoxazin-4- ~ Method 2:m/z 472.3 (MH"); RT (min) 2.85.

one (4).Under an argon atmosphere, 6-bromo-2-(2-methylphenyl)- ~ 6-(4-Chlorophenyl)-3-[(1-isopropylpiperidin-3-yl)methyl]-2-

4H-3,1-benzoxazin-4-on&) (7.4 g, 23.4 mmol), 4-chlorophenyl-  (2-methylphenyl)quinazolin-4(3H)-one (9).To a mixture of7

boronic acid (5.5 g, 35.1 mmol),&K0; (19.4 g, 140.4 mmol), and ~ (200.0 mg, 0.45 mmol) and#0; (249 mg, 1.80 mmol) in Cki

PdCh(dppf) were combined in a mixture of toluene (40 mL), 1,4- CN (20 mL) was added 2-iodopropane (0.05 mL, 0.54 mmol), and

dioxane (10 mL), and water (8 mL). The reaction mixture was the reaction mixture was stirred at 7C for 14 h. The mixture

stirred for 30 min at 5C and then cooled to rt, filtered, and was cooled to rt and concentrated under reduced pressure. The crude

concentrated under reduced pressure. Silica gel flash chromatogproduct was diluted with water (20 mL) and extracted with EtOAc

raphy using a gradient of hexane EtOAc/hexane 1:7 yielded the (2 x 20 mL). The solvent was removed under reduced pressure,

Synthetic Procedures and Compound Characterization. 6-Bro-
mo-2-(2-methylphenyl)-4H-3,1-benzoxazin-4-one (3)-Toluoyl

product as a light yellow solid (5.9 g, 73%). and the crude product was purified by HPLC using a gradient of
tert-Butyl 3-{[6-(4-Chlorophenyl)-2-(2-methylphenyl)-4-oxo- 10—80% CHCN in water (0.1% TFA) to give the product (77 mg,
quinazolin-3(4H)-yllmethyl} piperidine-1-carboxylate (6). tert- 35%) as a light yellow oil'H NMR (400 MHz, methanot): o

Butyl 3-(aminomethyl)piperidine-1-carboxylate (600 mg, 2.80 ppm 8.49 (tJ = 1.85Hz, 1 H), 8.12 (dd]) = 8.58, 2.14 Hz, 1 H),
mmol) in toluene (10 mL) was added to 6-(4-chlorophenyl)-2-(2- 7.75 (dd,J = 8.38, 2.53 Hz, 3 H), 7.477.53 (m, 4 H), 7.42 (dJ

methylphenyl)-4H-3,1-benzoxazin-4-one (811 mg, 2.33 mmol), and = 7.80 Hz, 2 H), 7.39 (s, 1 H), 4.17 (dd= 13.74, 5.55 Hz, 1 H),
the solution was stirred at reflux for 16 h under a nitrogen 3.55 (dd,J = 13.54, 6.72 Hz, 1 H), 2.762.80 (m, 1 H), 2.63

atmosphere. The mixture was concentrated under reduced pressurg.70 (m, 1 H), 2.55 (dJ = 9.55 Hz, 1 H), 2.27 (dJ = 2.34 Hz,
and passed through a silica gel plug (100% EtOAc). This gave the 3 H), 1.99-2.09 (m, 1 H), 1.8#1.98 (m, 1 H), 1.551.66 (m, 1
intermediate product as a yellow oil, which was used for next step H), 1.39-1.46 (m, 1 H), 1.3+1.37 (m, 1 H), 0.941.04 (m, 6 H),
without further purification. 0.90 (dd,J = 12.38, 4.00 Hz, 1 H), 0.85 (dd,= 8.19, 3.70 Hz,
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1 H). LC-MS method 1:m/z 486.6 (MH"); RT (min) 4.26. LC-
MS method 2:m/z 486.3 (MH"); RT (min) 2.91.

6-(4-Chlorophenyl)-3-[(1-cyclobutylpiperidin-3-yl)methyl]-2-
(2-methylphenyl)quinazolin-4(3H)-one (10)*H NMR (400 MHz,
methanold,): 6 ppm 8.42 (dJ = 1.17 Hz, 1 H), 8.05 (ddJ =
8.48, 2.05 Hz, 1 H), 7.647.70 (m, 3 H), 7.46-7.47 (m, 4 H),
7.32-7.37 (m, 2 H), 5.43 (s, 1 H), 4.6%4.16 (m, 1 H), 3.44
3.56 (m, 1 H), 2.642.75 (m, 1 H), 2.182.23 (m, 4 H), 2.13
2.16 (m, 1 H), 2.10 (dd) = 10.43, 6.92 Hz, 1 H), 1.861.91 (m,
2 H), 1.49-1.60 (m, 3 H), 1.40 (ddd] = 12.18, 8.38, 3.80 Hz, 1
H), 1.34 (s, 1 H), 0.820.87 (m, 1 H), 0.76:0.81 (m, 1 H), 0.34
0.45 (m, 1 H), 0.01 (tJ = 4.09 Hz, 1 H). LC-MS method 1m/z
498.5 (MH"); RT (min) 4.32. LC-MS method 2m/z498.3 (MH");
RT (min) 2.96.

6-(4-Chlorophenyl)-3-{ [1-(2-methoxyethyl)piperidin-3-yl]-
methyl}-2-(2-methylphenyl)quinazolin-4(3H)-one (11)*H NMR
(400 MHz, methanoty): 6 ppm 8.48 (s, 1 H), 8.11 (dd,= 8.48,
2.24 Hz, 1 H), 7.7+7.76 (m, 3 H), 7.47#7.53 (m, 4 H), 7.37
7.43 (m, 2 H), 4.1+4.20 (m, 1 H), 3.55 (tdJ = 13.20, 7.11 Hz,
1 H), 3.38-3.45 (m, 2 H), 3.29-3.35 (m, 3 H), 2.722.84 (m, 2
H), 2.42-2.51 (m, 2 H), 2.27 (dJ = 2.53 Hz, 3 H), 1.881.99
(m, 2 H), 1.5%1.63 (m, 2 H), 1.431.49 (m, 1 H), 1.381.43
(m, 1 H), 0.87 (tdJ = 12.03, 3.80 Hz, 1 H). LC-MS method 1:
m/z 502.5 (MH"); RT (min) 4.28. LC-MS method 2m/z 502.3
(MH™); RT (min) 2.87.

6-(4-Chlorophenyl)-3{ [1-(2-fluoroethyl)piperidin-3-yljmethyl } -
2-(2-methylphenyl)quinazolin-4(3H)-one (12).'H NMR (400
MHz, methanold,): 6 ppm 8.52 (dJ = 1.56 Hz, 1 H), 8.17 (dJ
=8.57 Hz, 1 H), 7.76 (m, 3 H), 7.52 (m, 4 H), 740.48 (m, 2
H), 4.80-4.88 (m, 1 H), 4.72 (dJ = 3.90 Hz, 1 H), 4.34 (dd]) =
13.84, 7.60 Hz, 1 H), 4.20 (dd,= 14.03, 5.46 Hz, 1 H), 3.73 (dd,
J=13.74, 7.50 Hz, 1 H), 3.473.59 (m, 3 H), 3.39-3.47 (m, 2
H), 2.90 (d,J = 12.28 Hz, 1 H), 2.652.75 (m, 1 H), 2.22-2.32
(m, 3 H), 1.89-1.99 (m, 1 H), 1.621.73 (m, 1 H), 1.131.24
(m, 1 H). LC-MS method 1:nV/z 490.4 (MH"); RT (min) 4.28.
LC-MS method 2:m/z 490.2 (MH"); RT (min) 2.89.

6-(4-Chlorophenyl)-2-(2-methylphenyl)-3f[1-(2,2,2-trifluoro-
ethyl)piperidin-3-ylJmethyl } quinazolin-4(3H)-one (13)H NMR
(400 MHz, methanotl): 6 ppm 8.51 (dJ = 1.96 Hz, 1 H), 8.15
(dd,J = 8.51, 1.27 Hz, 1 H), 7.727.79 (m, 3 H), 7.52 (dJ =
8.41 Hz, 3 H), 7.49 (dJ = 2.74 Hz, 1 H), 7.39-7.49 (m, 2 H),
4.20 (dd,J = 13.79, 6.94 Hz, 1 H), 4.12 (dl = 6.26 Hz, 1 H),
3.81-3.83 (m, 1 H), 3.753.79 (m, 1 H), 3.643.73 (m, 2 H),
3.18-3.22 (m, 1 H), 3.12 (9J = 9.72 Hz, 1 H), 3.00 (s, 1 H),
2.87-2.96 (m, 1 H), 2.352.47 (m, 1 H), 2.26:2.32 (m, 3 H),
2.10-2.14 (m, 1 H), 1.982.09 (m, 1 H), 1.95 (s, 1 H), 1.58
1.68 (m, 1 H), 1.43-1.54 (m, 1 H), 1.36 (dJ = 12.72 Hz, 1 H),
0.91-1.01 (m, 1 H). LC-MS method 1:m/z 526.3 (MH'");
RT (min) 5.70. LC-MS method 2m/z 526.2 (MH'); RT (min)
3.93.

6-(4-Chlorophenyl)-2-(2-methylphenyl)-3{[1-(3,3,3-trifluoro-
propyl)piperidin-3-yllmethyl } quinazolin-4(3H)-one (14).*H NMR
(400 MHz, methanotly): 6 ppm 8.53 (tJ = 2.25 Hz, 1 H), 8.14
8.21 (m, 1 H), 7.76 (dJ = 8.41 Hz, 3 H), 7.56-7.54 (m, 4 H),
7.40-7.47 (m, 2 H), 4.29-4.39 (m, 1 H), 4.16 (s, 1 H), 3.78 (s, 1
H), 3.58-3.65 (m, 2 H), 3.55 (dJ = 4.11 Hz, 1 H), 3.49 (ddj =
3.42, 1.66 Hz, 1 H), 2.822.90 (m, 1 H), 2.75 (m, 2 H), 2.19
2.28 (m, 3 H), 1.962.00 (m, 1 H), 1.581.69 (m, 1 H), 1.36
1.46 (m, 1 H), 1.291.32 (m, 1 H), 1.121.23 (m, 1 H). LC-MS
method 1: m'z (MH*) 540.5; RT (min) 4.39. LC-MS method 2:
m/z 540.3 (MH"); RT (min) 3.04.

6-(4-Chlorophenyl)-3-[2-(1-ethylpiperidin-3-yl)ethyl]-2-(2-
methoxyphenyl)quinazolin-4(3H)-one trifluoroacetate (15)H
NMR (300 MHz, methanotl;): 6 ppm 8.50 (d,J = 1.47 Hz, 1
H), 8.14 (dd,J = 8.59, 2.28 Hz, 1 H), 7.727.79 (m, 3 H), 7.66
7.66 (m, 1 H), 7.49-7.55 (m, 3 H), 7.26 (dJ = 8.37 Hz, 1 H),
7.20 (td,J = 7.49, 0.88 Hz, 1 H), 4.264.35 (m, 1 H), 3.89 (s, 3
H), 3.80 (s, 1 H), 3.76 (ddd, = 13.62, 3.08, 2.97 Hz, 1 H), 3.35
3.50 (m, 2 H), 3.053.14 (m, 2 H), 2.69-2.81 (m, 1 H), 2.45 (d,
J = 11.45 Hz, 1 H), 1.89 (dJ = 14.53 Hz, 1 H), 1.71 (s, 1 H),
1.63 (d,J = 14.68 Hz, 4 H), 1.30 (td) = 7.34, 0.88 Hz, 3 H).
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LC-MS method 1: m/z 502.4 (MH"); RT (min) 4.27. LC-MS
method 2: m/z 502.3 (MH"); RT (min) 2.88.
3{[6-(4-Chlorophenyl)-2-(2-methylphenyl)-4-oxoquinazolin-
3(4H)-yllmethyl} -1-ethylpyridinium iodide (17). To a solution
of 6-bromo-2-(2-methylphenyl)-3-(pyridin-3-ylmethyl)quinazolin-
4(3H)-one 6) (400 mg, 0.91 mmol) in acetone (20 mL) was added
iodoethane (3.66 mL, 45.67 mmol), and the solution was stirred
under nitrogen for 36 h at 5€C in a sealed reaction tube. The
mixture was cooled to rt and concentrated under reduced pressure,
and the solid was washed with ether and dried in a high vacuum
oven for 12 h. The obtained product (370 mg, 68%) was used in
the next step without further purification. LC-MS method vz
438.3 (MH"); RT (min) 3.15.
6-(4-Chlorophenyl)-3-[(1-ethyl-1,2,5,6-tetrahydropyridin-3-yl)-
methyl]-2-(2-methylphenyl)quinazolin-4(3H)-one (18). Com-
pound 17 (370 mg, 0.62 mmol) was dissolved in a mixture of
MeOH/CH,CI, (1:1). The solution was cooled to°C, and NaBH
(189 mg, 4.98 mmol) was added. The reaction mixture was
stirred at 6-5 °C for 3 h. Ice water was added, and the crude
mixture was extracted with Gi€l, (2 x 50 mL). The combined
organic layers were washed with brine, dried over,3(@,
and filtered. The solvent was removed under reduced pressure
and purified by HPLC with 16:80% CHCN in water (0.1% TFA)
to give the product (56 mg, 17%) as a yellow 8HH NMR (400
MHz, methanold,): 6 ppm 8.478.55 (m, 1 H), 8.13 (ddJ =
8.51, 2.25 Hz, 1 H), 7.737.80 (m, 3 H), 7.457.52 (m, 3 H),
7.39 (m, 3 H), 5.04 (s, 1 H), 4.73 (d,= 15.65 Hz, 1 H), 4.26 (d,
J = 15.65 Hz, 1 H), 2.742.80 (m, 1 H), 2.59-2.68 (m, 1 H),
2.40-2.51 (m, 4 H), 2.242.31 (m, 3 H), 2.09 (dJ = 1.37 Hz, 2
H), 1.06 (t,J = 7.14 Hz, 3 H). LC-MS method 1m/z470.3 (MH");
RT (min) 4.25. LC-MS method 2m/z 470.2 (MH"); RT (min)
2.85.
3-[(4-Benzylmorpholin-2-yl)methyl]-6-bromo-2-(2-methylphe-
nyl)quinazolin-4(3H)-one (20).1-(4-Benzylmorpholin-2-yl)metha-
namine (2.00 g, 9.70 mmol) in toluene (15 mL) was added to
compound3 (2.55 g, 8.08 mmol), and the solution was stirred at
reflux for 16 h under a nitrogen atmosphere. The mixture was
concentrated under reduced pressure and passed through a silica
gel plug (100% EtOAc). The resulting intermediate (yellow oil)
(2.50 g, 4.79 mmol) was added to a dry round-bottom flask followed
by ethylene glycol (20 mL) and LiOH (0.40 g, 9.57 mmol). The
resulting mixture was stirred at 13& for 16 h. This mixture was
cooled to rt, diluted with CbCl, and water, and extracted with
CHXCl; (2 x 50 mL). The combined organic fractions were
concentrated under reduced pressure. The residue was purified by
silica gel flash chromatography using a gradient of-50% ethyl
acetate in hexanes to afford 1.62 g (67%) of the prodé&tthNMR
(400 MHz, methanoty): ¢ ppm 8.49 (dJ = 1.56 Hz, 1 H), 8.16
8.15 (m, 1 H), 7.7+7.77 (m, 3 H), 7.447.52 (m, 4 H), 7.33
7.41 (m, 2 H), 4.26 (ddJ = 13.45, 3.51 Hz, 1 H), 3.994.11 (m,
1 H), 3.81-3.88 (m, 1 H), 3.76-:3.79 (m, 2 H), 3.42 (it} = 11.42,
2.41 Hz, 1 H), 2.7£2.80 (m, 1 H), 2.57 (dtJ = 13.11, 6.60 Hz,
1 H), 2.30-2.37 (m, 1 H), 2.122.23 (m, 3 H), 1.761.83 (m, 1
H), 1.03 (dd,J = 6.43, 1.95 Hz, 6 H). LC-MS method 2m/z
504.3 (MH); RT (min) 2.83.
3-[(4-Benzylmorpholin-2-yl)methyl]-6-(4-chlorophenyl)-2-(2-
methylphenyl)quinazolin-4(3H)-one (21)To a dry 100 mL round-
bottom flask was20 (2.44 g, 4.84 mmol) followed by anhydrous
toluene (20.0 mL), dioxane (5.00 mL), and water (2.5 mL). The
mixture was stirred under a nitrogen atmosphere, and 4-chlorophe-
nyl boronic acid (756 mg, 4.84 mmol),,R0; (4.01 g, 29.0 mmol),
and PdCJ(dppf) (395 mg, 0.48 mmol) were added. The reaction
mixture was heated to 90C for 12 h and then filtered through a
silica gel plug with EtOAc as the eluent (60 mL). Removal of the
solvent under reduced pressure and purification of the residue by
silica gel flash chromatography (80% hexanes:20% EtOAc) gave
the product as a light yellow solid (1.99 g, 76%j NMR (400
MHz, methanold,): 6 8.46-8.48 (m, 1 H), 8.16-8.12 (dd, 1 H),
7.72-7.75 (m, 3 H), 7.49-7.51 (d, 3 H), 7.357.36 (m, 3 H),
7.25-7.28 (m, 5 H), 4.184.22 (m, 1 H), 3.654.08 (m, 3 H),
3.30-3.48 (m, 3 H), 2.552.71 (m, 2 H), 2.26-2.31 (d, 3 H),
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2.00-2.08 (m, 1 H), 1.63-1.69 (m, 1 H). LC-MS method 2m/z

536.2 (MH"); RT (min) 2.89.
6-(4-Chlorophenyl)-2-(2-methylphenyl)-3-(morpholin-2-yl-

methyl)quinazolin-4(3H)-one (22) A solution 0f21(2.59 g, 4.84
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NMR (300 MHz, methanoty,): ¢ ppm 8.3+8.39 (m, 1 H), 7.82

7.91 (m, 2 H), 7.74 (d) = 8.51 Hz, 2 H), 7.63 (td) = 6.46, 1.76
Hz, 1 H), 7.48-7.60 (m, 3 H), 7.167.28 (m, 2 H), 4.26-4.40
(m, 1 H), 3.90 (s, 3 H), 3.063.80 (m, 5 H), 2.46-2.80 (m, 3 H),

mmol) in 1,2-dichloroethane (25 mL) was treated with 1-chlorom- 1.00-2.00 (m, 7 H). LC-MS method 1m/z 488.4 (MH"); RT
ethyl chloroformate (1.32 mL, 12.1 mmol) at rt for 30 min. The (min) 4.24. LC-MS method 2m/z 488.3 (MH"); RT (min) 2.88.

reaction mixture was then heated under reflux for 2 h. The solvent

3-[(1-Isopropylpiperidin-3-yl)methyl]-2-(2-methylphenyl)-

was evaporated under reduced pressure, and the residue was heategiinazolin-4(3H)-one (29).1H NMR (400 MHz, methanob):
in MeOH (20 mL) under reflux for another 2 h. The solvent was ppm 8.28 (dJ = 7.99 Hz, 1 H), 7.827.87 (m, 1 H), 7.67 (dJ =
removed under reduced pressure, and the residue was triturated witt8.19 Hz, 1 H), 7.59 (tJ = 7.50 Hz, 1 H), 7.46:7.52 (m, 2 H),
hexane. The residue was washed with diethylether to provide the 7.37—7.43 (m, 2 H), 4.16 (dd) = 7.70, 5.94 Hz, 1 H), 4.13 (d

product (1.96 g, 91%) as a white solid. LC-MS method r@z

446.1 (MH"); RT (min) 2.63.
6-(4-Chlorophenyl)-3-[(4-isopropylmorpholin-2-yl)methyl]-2-

(2-methylphenyl)quinazolin-4(3H)-one (23) Starting from com-

pound 21, the title compound was prepared using the same

procedure as used for the preparation of compo@ntH NMR
(400 MHz, methanoty): 6 ppm 8.49 (dJ = 1.56 Hz, 1 H), 8.16
8.15 (m, 1 H), 7.7+7.77 (m, 3 H), 7.447.52 (m, 4 H), 7.33
7.41 (m, 2 H), 4.26 (dd] = 13.45, 3.51 Hz, 1 H), 3.994.11 (m,
1H),3.81-3.88 (m, 1 H), 3.76-3.79 (m, 2 H), 3.42 (it) = 11.42,
2.41 Hz, 1 H), 2.7%£2.80 (m, 1 H), 2.57 (dtJ = 13.11, 6.60 Hz,
1H), 2.30-2.37 (m, 1 H), 2.122.23 (m, 3 H), 1.761.83 (m, 1
H), 1.03 (dd,J = 6.43, 1.95 Hz, 6 H). LC-MS method 1m/z
488.5 (MH"); RT (min) 4.26. LC-MS method 2m/z 488.3 (MH");
RT (min) 2.85.
6-(4-Chlorophenyl)-34{[(3S)-1-ethylpiperidin-3-yllmethyl} -2-
(2-methylphenyl)quinazolin-4(3H)-one (24)H NMR (400 MHz,
methanold,): 6 ppm 8.49 (dJ = 1.57 Hz, 1 H), 8.13 (ddJ =
8.41, 2.15 Hz, 1 H), 7.75 (dd,= 8.31, 2.05 Hz, 3 H), 7.47#7.53
(m, 4 H), 7.38-7.44 (m, 2 H), 4.154.21 (m, 1 H), 3.523.62
(m, 1 H), 2.84 (tJ = 9.49 Hz, 1 H), 2.76 (dJ = 10.96 Hz, 1 H),
2.32-2.41 (m, 2 H), 2.28 (d) = 4.89 Hz, 3 H), 1.89-1.99 (m, 1
H), 1.80-1.89 (m, 1 H), 1.53-1.64 (m, 2 H), 1.4%+1.47 (m, 1 H),
1.32-1.39 (m, 1 H), 1.02 (dt) = 9.78, 7.24 Hz, 3 H), 0.890.96
(m, 1 H). LC-MS method 1:m/z 472.5 (MH"); RT (min) 4.24.
LC-MS method 2:m/z 472.3 (MH"); RT (min) 2.86.
6-(4-Chlorophenyl)-3{[(3R)-1-ethylpiperidin-3-ylImethyl } -2-
(2-methylphenyl)quinazolin-4(3H)-one (25)H NMR (400 MHz,
methanole): 6 ppm 8.50 (d,J = 1.56 Hz, 1 H), 8.13 (ddJ =
8.61, 2.15 Hz, 1 H), 7.75 (dd,= 8.51, 2.45 Hz, 3 H), 7.51 (ddd,
J = 11.30, 4.65, 2.25 Hz, 4 H), 7.3&.44 (m, 2 H), 4.13-4.23
(m, 1 H), 3.52-3.62 (m, 1 H), 2.842.91 (m, 2 H), 2.41 (doJ =
13.60, 6.81 Hz, 2 H), 2.28 (d = 5.48 Hz, 3 H), 1.96-2.00 (m,
J=10.83, 7.15, 7.15, 3.42 Hz, 2 H), 1.51.68 (m, 2 H), 1.46-
1.48 (m, 1 H), 1.331.38 (m, 1 H), 1.04 (dtJ = 11.35, 7.24 Hz,
3 H), 0.88-0.97 (m, 1 H). LC-MS method 1m/z 472.5 (MH");
RT (min) 4.26. LC-MS method 2m/z 472.3 (MH"); RT (min)
2.86.
6-(4-Fluorophenyl)-2-isopropyl-3-[(1-isopropylpiperidin-3-yl)-
methyl]quinazolin-4(3H)-one (26).'H NMR (400 MHz, dichlo-
romethaned,): 6 ppm 8.40 (dJ = 2.15 Hz, 1 H), 7.93 (dd) =
8.51, 2.25 Hz, 1 H), 7.657.72 (m, 3 H), 7.157.22 (m, 2 H),
4.07-4.18 (m, 2 H), 3.31 (dtJ = 13.06, 6.48 Hz, 1 H), 2.72 (m,
3 H),2.29 (m, 1 H), 2.18 (m, 1 H), 2.03 (m, 1 H), 1:66.77 (m,
2 H), 1.49-1.61 (m, 1 H), 1.39 (tJ = 6.46 Hz, 6 H), 1.2+ 1.32
(m, 1 H), 0.971.07 (M, 6 H). LC-MS method 1m/z422.4 (MH");
RT (min) 4.20. LC-MS method 2m/z 422.3 (MH"); RT (min)
2.57.
6-(4-Chlorophenyl)-2-isopropyl-3{[(3S)-1-isopropylpiperidin-
3-yllmethyl} quinazolin-4(3H)-one (27).'H NMR (400 MHz,
dichloromethane},): 6 ppm 8.42 (dJ = 2.14 Hz, 1 H), 7.94 (dd,
J=18.48, 2.24 Hz, 1 H), 7.657.73 (m, 3 H), 7.46 (ddd] = 8.92,
2.63, 2.29 Hz, 2 H), 4.12 (m, 2 H), 3.43 (d= 4.09 Hz, 1 H),
2.68 (m, 2 H), 2.32 (m, 1 H), 2.262.30 (m, 1 H), 2.13 (m, 1 H),
1.90-1.98 (m, 1 H), 1.70 (m, 2 H), 1.39 (§ = 6.43 Hz, 6 H),
1.24-1.32 (m, 1 H), 1.22 (dd) = 8.96, 4.48 Hz, 1 H), 1.00 (m,
6 H). LC-MS method 1:m/z 438.5 (MH"); RT (min) 4.27. LC-
MS method 2:n/z 438.3 (MH"); RT (min) 2.90.
7-(4-Chlorophenyl)-3-[(1-ethylpiperidin-3-yl)methyl]-2-(2-
methoxyphenyl)quinazolin-4(3H)-one trifluoroacetate (28).H

= 1.75Hz, 1 H), 3.52 (dd) = 13.54, 6.92 Hz, 1 H), 2.75 (§ =
10.33 Hz, 1 H), 2.662.69 (m, 2 H), 2.26 (dJ = 1.95 Hz, 3 H),
2.02 (tJ=11.50 Hz, 1 H), 1.8#1.92 (dddJ = 10.52, 7.21, 3.70
Hz, 1 H), 1.62 (ttJ = 10.52, 3.80 Hz, 1 H), 1.381.46 (m, 1 H),
1.31-1.36 (m, 1 H), 0.951.02 (m, 6 H), 0.820.90 (m,J = 12.11,
12.11, 4.04, 3.90 Hz, 1 H). LC-MS method vz 376.4 (MH");
RT (min) 3.81. LC-MS method 2m/z 376.3 (MH'); RT (min)
2.22.

3-[(1-Ethylpiperidin-3-yl)methyl]-6-methoxy-2-(2-methoxy-
phenyl)quinazolin-4(3H)-one trifluoroacetate (30)*H NMR (300
MHz, methanold,): 6 ppm 7.59-7.72 (m, 3 H), 7.46:7.56 (m, 2
H), 7.21=7.28 (m, 1 H), 7.157.21 (m, 1 H), 4.26-4.50 (m, 1 H),
3.95 (s, 3 H), 3.90 (s, 3 H), 3.48.89 (m, 3 H), 3.10 (m, 2 H),
2.40-2.80 (m, 2 H), 2.06-2.25 (brs, 1 H), 1.062.00 (m, 7 H).
LC-MS method 1: m/z 408.3 (MH"); RT (min) 3.82. LC-MS
method 2: m/z 408.3 (MH"); RT (min) 2.23.

3-[(1-Ethylpiperidin-3-yl)methyl]-2-(2-methylphenyl)-6-(tri-
fluoromethoxy)quinazolin-4(3H)-one (31).H NMR (400 MHz,
methanole,): 6 ppm 8.11 (s, 1 H), 7.747.79 (m, 2 H), 7.49 (tJ
= 7.21 Hz, 2 H), 7.3#7.43 (m, 2 H), 4.14 (ddJ = 13.64, 6.82
Hz, 1 H), 3.52-3.61 (m, 1 H), 2.79-2.87 (m, 1 H), 2.58 (m, 1 H),
2.32-2.41 (m, 2 H), 2.26 (dJ = 4.48 Hz, 3 H), 1.851.96 (m,J
=18.22,11.01, 3.90, 3.70 Hz, 1 H), 1.84 (s, 1 H), :3160 (m,
1H), 1.3-1.38 (m, 1 H), 1.02 (dt) = 10.13, 7.21 Hz, 3 H), 0.89
(ddd, J = 18.32, 12.08, 4.09 Hz, 1 H). LC-MS method iz
446.5 (MH'); RT (min) 4.05. LC-MS method 2m/z446.3 (MH");
RT (min) 2.57.

tert-Butyl 3-{[6-bromo-2-(2-methylphenyl)-4-oxoquinazolin-
3(4H)-ylmethyl} piperidine-1-carboxylate (32).tert-Butyl 3-(ami-
nomethyl)piperidine-1-carboxylate (3.00 g, 14.0 mmol) in toluene
(20 mL) was added to 6-bromo-2-(2-methylphenyl)-4H-3,1-ben-
zoxazin-4-one (3.69 g, 11.7 mmoB)( and the solution was stirred
at reflux for 16 h under a nitrogen atmosphere. The mixture was
concentrated under reduced pressure and passed through a silica
gel plug using EtOAc as the eluent. Removal of the solvent under
reduced pressure gave the intermediate as a yellow oil, which was
used in the next step without further purification.

The intermediate described above (3.00 g, 5.66 mmol) was added
to a dry round-bottom flask followed by ethylene glycol (20 mL)
and LiOH (0.48 g, 11.3 mmol). The resulting mixture was stirred
at 135°C for 16 h, cooled to rt, and diluted with G8I, and water.
The mixture was extracted with GBI, (50 mL x 2), and the
combined organic layers were concentrated under reduced pressure.
Purification via silica gel column chromatography using a gradient
elution from 10 to 50% ethyl acetate in hexanes yielded the product
(1.4 g, 48%). LC-MS method 2m/z512.5 (MH"); RT (min) 4.01

tert-Butyl 3-{[6-(4-fluorophenoxy)-2-(2-methylphenyl)-4-oxo-
quinazolin-3(4H)-yllmethyl} piperidine-1-carboxylate (33).Under
a nitrogen atmosphere, 4-fluorophenol (210 mg, 1.87 mnd4),
(800 mg, 1.56 mmol), copper(l) chloride (77.3 mg, 0.78 mmol),
2,2,6,6-tetramethylheptane-3,5-dione (TMHD) (116 mg, 0.39 mmol),
and CsCO; (1.02 g, 3.12 mmol) were combined in a flask, and
1-methyl-2-pyrrolidone (2 mL) was added. The reaction mixture
was stirred for 12 h at 120C, cooled, and concentrated under
reduced pressure. The crude product was purified by HPLC to give
the product (392 mg, 46%).

6-(4-Fluorophenoxy)-2-(2-methylphenyl)-3-(piperidin-3-yl-
methyl)quinazolin-4(3H)-one (34).Compound33(573.6 mg, 1.06
mmol) was dissolved in C¥Cl, (5 mL), and TFA (5 mL) was
added. After it was stirred fa3 h at rt, thesolvent was removed.
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Saturated aqueous NaHg®olution was added, and the product
was extracted with EtOAc (2). The combined organic layers were
dried with N@SO, and filtered, and the solvent was removed under

reduced pressure to give the product as an oil (371 mg, 79%).
NMR (400 MHz, methanoll;)): 6 ppm 7.68 (d,J = 9.00 Hz, 1
H), 7.60 (d,J = 2.74 Hz, 1 H), 7.53 (dd) = 8.80, 2.74 Hz, 1 H),
7.45-7.50 (m, 2 H), 7.357.43 (m, 2 H), 7.1+7.20 (m, 4 H),
4.02-4.15 (ddJ = 13.60, 7.73 Hz, 1 H), 3.423.60 (dd,J = 13.50,
8.02 Hz, 1 H), 2.85 (dJ = 12.32 Hz, 1 H), 2.79 (dd) = 12.32,
2.74 Hz, 1 H), 2.42 (qd) = 11.80, 2.74 Hz, 1 H), 2.262.26 (m,
3 H), 2.11 (dd,J = 12.03, 10.66 Hz, 1 H), 1.78 (ddd,= 10.32,
6.80, 3.23 Hz, 1 H), 1.521.61 (m, 2 H), 1.281.39 (m, 2 H),
0.93-1.04 (m, 1 H). LC-MS method 11z 444.4 (MH"); RT
(min) 4.16. LC-MS method 2m/z 444.2 (MH"); RT (min) 2.74.
6-(4-Fluorophenoxy)-3-[(1-isopropylpiperidin-3-yl)methyl]-2-

(2-methylphenyl)quinazolin-4(3H)-one (35)Compound34 (200

mg, 0.45 mmol), 2-iodopropane (91.9 mg, 0.54 mmol), and K
CO; (249 mg, 1.8 mmol) were combined in acetonitrile and heated
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was then removed under reduced pressure to give the product, which
was used in the next step without further purification. LC-MS
method 2: m/z 338.4 ((MH, — BOC]"); RT (min) 3.47.
6-Bromo-2-methyl-3-[(3S)-piperidin-3-ylmethyl]quinazolin-
4(3H)-one (40).Compound39was treated with 20% TFA in CH
Cl, (30 mL) at rt for 15 h. The solvent and excess TFA were
removed under reduced pressure.
6-Bromo-3{[(3S)-1-isopropylpiperidin-3-ylmethyl} -2-methyl-
quinazolin-4(3H)-one (41).Intermediate40 was treated with kK
COs; (16.8 g, 121 mmol) and 2-iodopropane (6.2 g, 36 mmol) in
acetonitrile (50 mL) at 70C for 15 h. The mixture was then cooled
to room temperature and diluted with water (200 mL) and EtOAc
(400 mL) to give a clear biphasic solution. The organic layer was
separated and washed with water and brine, dried over magnesium
sulfate, filtered, and evaporated to give 7.36 g of product (80%
from three steps). LC-MS method 2w/z 378.3 (MH"); RT (min)
1.95.
6-(4-Chlorophenyl)-3{[(3S)-1-isopropylpiperidin-3-yllmethyl} -

to 70°C for 16 h. The solid was filtered off, and the filtrate was 2-methylquinazolin-4(3H)-one (42).A mixture of compoundt1l
concentrated under reduced pressure. Saturated aqueous NaHCQ6.2 mmol, 2.34 g), 4-chlorophenyl boronic acid (9.3 mmol, 1.45
solution was added, and the product was extracted with EtOAc g), cesium carbonate (12.4 mmol, 4.03 g), and'-hig(diphe-

(2x). The combined organic layers were dried with,8i& and

nylphosphino)ferrocenepalladium(ll) chloride dichloromethane ad-

filtered, and the solvent was removed under reduced pressure toduct (0.37 mmol, 0.3 g) in 1,2-dimethoxyethane (15 mL) and water

give the product (188 mg, 86%3)H NMR (400 MHz, methanol-
ds): 6 ppm 7.68 (dJ = 8.80 Hz, 1 H), 7.60 (dJ = 2.74 Hz, 1 H),
7.45-7.54 (m, 3 H), 7.367.41 (m, 2 H), 7.167.19 (m, 4 H),
4.06-4.15 (m, 1 H), 3.453.55 (m, 1 H), 2.72 (t) = 9.68 Hz, 1
H), 2.59-2.67 (m, 2 H), 2.19-2.29 (m, 3 H), 1.962.03 (m, 1 H),
1.82-1.93 (m, 2 H), 1.581.63 (m, 1 H), 1.55 (dd) = 7.04, 4.11
Hz, 1 H), 1.271.34 (m, 1 H), 0.921.02 (m, 6 H), 0.780.84
(m, 1 H). LC-MS method 1:n/z 486.4 (MH"); RT (min) 4.28.
LC-MS method 2:m/z 486.4 (MH"); RT (min) 2.92.

6-(4-Fluorophenoxy)-3{[(3S)-1-isopropylpiperidin-3-yljmethyl} -
2-(2-methylphenyl)quinazolin-4(3H)-one (36).'H NMR (400
MHz, methanold,): 6 ppm 7.69 (dJ = 8.77 Hz, 1 H), 7.62 (dJ
=2.73 Hz, 1 H), 7.537.57 (m, 1 H), 7.457.50 (m, 2 H), 7.37
7.42 (m, 2 H), 7.137.22 (m, 4 H), 4.12 (dt) = 13.30, 5.63 Hz,
1H), 3.50 (ddJ = 13.54, 7.11 Hz, 1 H), 2.75 (§ = 10.62 Hz, 1
H), 2.65 (td,J = 12.28, 6.63 Hz, 2 H), 2.24 (d,= 1.75 Hz, 3 H),
1.99-2.06 (m, 1 H), 1.831.94 (m, 2 H), 1.571.65 (m, 1 H),
1.36-1.45 (m,J = 16.83, 8.40, 4.04, 4.04 Hz, 1 H), 1.34.36
(m, 1 H), 0.95-1.02 (m, 6 H), 0.86-0.91 (M, 1 H). LC-MS method
1: m/z486.6 (MH"); RT (min) 4.2. LC-MS method 2nvVz 486.3
(MH™); RT 2.78 (min).

6-(4-Fluorophenoxy)-2-isopropyl-3-[(1-isopropylpiperidin-3-
yl)methyl]lquinazolin-4(3H)-one (37).'H NMR (400 MHz, dichlo-
romethaned;): 6 ppm 7.76-7.85 (m, 1 H), 7.5#7.65 (m, 1 H),
7.48-7.56 (m,J = 5.87, 2.98, 2.98, 2.98, 2.98 Hz, 1 H), 7:04
7.16 (m, 4 H), 4.26 (dJ = 7.63 Hz, 1 H), 4.10 (ddJ = 14.28,
5.87 Hz, 1 H), 3.4%+3.51 (m, 3 H), 3.1#3.27 (m,J = 6.75, 6.75,
6.75, 6.75, 6.75, 6.75 Hz, 1 H), 2.62.80 (m, 2 H), 2.56-2.61
(m, 1 H), 1.972.07 (m, 2 H), 1.8#1.95 (m, 1 H), 1.441.50
(m, 5H),1.38-1.42 (m, 1 H), 1.33 (ddJ = 12.23, 6.75 Hz, 5 H).
LC-MS method 1: m/z 438.6 (MH"); RT (min) 4.18. LC-MS
method 2: m/z 438.3 (MH'); RT (min) 2.76.

tert-Butyl (3R)-3-{ [(2-amino-5-bromobenzoyl)amino]methy} -
piperidine-1-carboxylate (38) A mixture of 5-bromoisatoic
anhydride (20.3 g, 84 mmol)ert-butyl (3R)-3-(aminomethyl)-

piperidine-1-carboxylat&a (15.0 g, 70.0 mmol), potassium carbon-

ate (19.3 g, 140 mmol), and THF (100 mL) was heated t6G0

(5 mL) was degassed, flashed with nitrogen, and heated 660
for 12 h. The mixture was filtered, and the filtrate was separated
by preparative HPLC using 0.1% Nkh water and 0.1% Nglin
acetonitrile as the eluent (gradient from 25 to 80%) to afford pure
product (1.6 g, 63%):H NMR (400 MHz, chloroformel): ¢ ppm
8.41 (d,J=1.96 Hz, 1 H), 7.92 (dd] = 8.51, 2.25 Hz, 1 H), 7.67
(d,J = 8.41 Hz, 1 H), 7.61 (dddj = 8.90, 2.54, 2.25 Hz, 2 H),
7.43 (ddd,J = 8.85, 2.45, 2.20 Hz, 2 H), 4.63.14 (m, 2 H),
2.86 (d,J = 8.41 Hz, 1 H), 2.6%2.79 (m, 5 H), 2.23 (dJ = 4.89
Hz, 1 H), 2.17 (m, 1 H), 1.75 (m, 2 H), 1.54 (@= 6.46 Hz, 1 H),
1.21-1.32 (m, 1 H), 1.15 (dJ = 6.85 Hz, 1 H), 1.05 (s, 6 H).
LC-MS method 1: m/z 410.3 (MH"); RT (min) 4.10. LC-MS
method 2: m/z 410.2 (MH"); RT (min) 2.60.
6-(4-Fluorophenoxy)-3{[(3S)-1-isopropylpiperidin-3-yllmethyl} -
2-methylquinazolin-4(3H)-one (43).To a microwave reactor tube
was added compountl (620 mg, 1.64 mmol), 4-fluorophenol (220
mg, 1.97 mmol), cesium carbonate (1.6 g, 4.92 mmol), copper(l)
chloride (64.9 mg, 0.66 mmol), TMHD (97.7 mg, 0.33 mmol), and
NMP (8 mL). The tube was then sealed, degassed, flashed with
nitrogen, and heated to 20% in a microwave reactor [‘Emrys
Optimizer” from Personal Chemistry (now Biotage)] for 20 min.
The reaction mixture was filtered, and the filtrate was purified using
a Gilson reversed-phase HPLC system with a gradient elution from
5 to 60% acetonitrile in water containing 1% TFA. The product
fractions were combined, treated with 10%,88%, and extracted
with EtOAc (3x). The extract was then washed with water and
brine, dried over MgS@Q and evaporated to afford 255 mg (38%)
of the title productH NMR (400 MHz, CQCl,): 6 ppm 7.55-
7.60 (m, 2H), 7.39 (dd, 1 H), 7.157.00 (m, 4H), 3.96 (d, 2H),
2.75-2.61 (m, 3H), 2.60 (s, 3H), 2.22 (t, 1 H), 2:22.02 (m, 2
H), 1.78-1.54 (m, 2H), 1.49-1.40 (m, 1H), 1.2%1.09 (m, 1H),
0.95 (d, 6H). LC-MS method 1m/z410.5 (MH"); RT (min) 3.99.
LC-MS method 2:m/z 410.2 (MH"); RT (min) 2.44.
6-(4-Chlorophenyl)-3-[(1-isopropylpiperidin-3-yl)methyl]-
quinazolin-4(3H)-one (44).*H NMR (400 MHz, methanotl): ¢
ppm 8.47 (dJ = 2.14 Hz, 1 H), 8.33 (s, 1 H), 8.13 (dd= 8.57,
2.14 Hz, 1 H), 7.80 (dJ = 8.38 Hz, 1 H), 7.69-7.75 (m, 2 H),

for 20 h, followed by cooling to room temperature and the addition 7.50 (d,J = 8.38 Hz, 2 H), 4.1+4.18 (m, 1 H), 3.984.05 (m, 1
of water to give a clear biphasic solution. Stirring was continued H), 3.49-3.58 (m, 1 H), 3.44 (dJ = 11.89 Hz, 2 H), 2.933.01
for 4 h, and most of the organic solvent was removed under reduced(m, 2 H), 2.47 (m, 1 H), 2.08 (d] = 14.42 Hz, 1 H), 1.95 (m, 1
pressure. The solid was collected by filtration, washed with a H), 1.79 (d,J = 14.23 Hz, 1 H), 1.351.45 (m, 7 H). LC-MS
copious amount of water, and air-dried to give 24.9 g (86%) of method 1: nm/z 396.4 (MH"); RT (min) 4.07. LC-MS method 2:

product. LC-MS method 2m/z 312.3 ((MH,— BOCT*); RT (min)
3.26.

tert-Butyl (3R)-3-[(6-bromo-2-methyl-4-oxoquinazolin-3(4H)-
yl)methyl]piperidine-1-carboxylate (39). A mixture of compound

m/z 396.3 (MH'); RT (min) 2.56.
6-(4-Fluorophenoxy)-3{[(3S)-1-isopropylpiperidin-3-yl]-
methyl} quinazolin-4(3H)-one (45)H NMR (400 MHz, methanol-
dg): 6 ppm 8.19-8.23 (m, 1 H), 7.70 (d) = 8.77 Hz, 1 H), 7.49

38(10 g, 24.3 mmol) and triethyl orthoacetate (30 mL) was heated 7.57 (m, 2 H), 7.09-7.19 (m, 4 H), 3.883.99 (m, 2 H), 2.75
to 140°C for 10 h while stirring. The excess triethyl orthoacetate 2.84 (m, 2 H), 2.76-2.73 (m, 1 H), 2.20 (tdJ = 11.55, 2.44 Hz,
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1 H), 2.13 (td,J = 6.97, 3.41 Hz, 1 H), 2.06 (dl = 10.52 Hz, 1
H), 1.68-1.79 (m, 2 H), 1.49-1.60 (m, 1 H), 1.11 (dd) = 11.60,
3.02 Hz, 1 H), 1.05 (ddJ = 6.43, 5.07 Hz, 6 H). LC-MS method
1: m/z396.5 (MH"); RT (min) 3.96. LC-MS method 2m/z 396.2
(MH™); RT (min) 2.43.

2-[2-Fluoro-4-(2-hydroxyethoxy)phenyl]-6-(4-fluorophenoxy)-
3-[(1-isopropylpiperidin-3-yl)methyl]quinazolin-4(3H)-one (46).
The synthesis is described in the Supporting InformafidmNMR
(300 MHz, methanotl,): 6 ppm 7.69 (tJ = 8.07 Hz, 1 H), 7.49-
7.61 (m, 3 H), 7.187.22 (m, 4 H), 6.96-7.04 (m, 2 H), 4.0¢
4.21 (m, 3 H), 3.86:3.97 (m, 2 H), 3.73 (m, 1 H), 2.64 (m, 3 H),
1.96-2.10 (m, 1 H), 1.91 (m, 2 H), 1.57 (m, 2 H), 1.39 (m, 2 H),
0.96 (m, 6 H). LC-MS method 1m/z 550.3 (MH'"); RT (min)
4.16. LC-MS method 2:m/z 550.3 (MH"); RT (min) 2.71.
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