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ABSTRACT: A potent, selective glucagon receptor antagonist 9m, N-[(4-{(1S)-1-[3-
(3,5-dichlorophenyl)-5-(6-methoxynaphthalen-2-yl)-1H-pyrazol-1-yl]ethyl}phenyl)-
carbonyl]-β-alanine, was discovered by optimization of a previously identified lead.
Compound 9m is a reversible and competitive antagonist with high binding affinity (IC50
of 6.6 nM) and functional cAMP activity (IC50 of 15.7 nM). It is selective for glucagon
receptor relative to other family B GPCRs, showing IC50 values of 1020 nM for GIPR,
9200 nM for PAC1, and >10000 nM for GLP-1R, VPAC1, and VPAC2. Compound 9m
blunted glucagon-induced glucose elevation in hGCGR mice and rhesus monkeys. It also lowered ambient glucose levels in both
acute and chronic mouse models: in hGCGR ob/ob mice it reduced glucose (AUC 0−6 h) by 32% and 39% at 3 and 10 mpk
single doses, respectively. In hGCGR mice on a high fat diet, compound 9m at 3, and 10 mpk po in feed lowered blood glucose
levels by 89% and 94% at day 10, respectively, relative to the difference between the vehicle control and lean hGCGR mice. On
the basis of its favorable biological and DMPK properties, compound 9m (MK-0893) was selected for further preclinical and
clinical evaluations.

■ INTRODUCTION
Glucagon acts on its receptor in the liver to stimulate
gluconeogenesis and glycogenolysis and thus increasing hepatic
glucose production (HGP). As a major counterregulatory
hormone to insulin, glucagon plays an important role in
maintaining blood glucose homeostasis.1 An inappropriately
high rate of HGP is the predominant cause of fasting
hyperglycemia and a major contributor to the postprandial
hyperglycemia characteristic of type 2 diabetes.2 Studies in type
2 diabetic subjects have demonstrated a causal role for glucagon
in promoting excessive glucose production.3 Glucagon-
neutralizing antibodies,4 glucagon receptor antisense oligonu-
cleotides,5 and peptide glucagon antagonists6 all have been
shown to be effective in animal models of diabetes,
demonstrating the potential therapeutic value of suppressing
the glucagon signaling pathway.7

There have been many reports detailing efforts to identify a
small molecule glucagon receptor antagonist (GRA) as a
potential oral treatment for type 2 diabetes, and much of the
earlier work was reviewed by DeMong8 in 2008. Early examples
of GRA scaffolds such as a tetrasubstituted quinoxaline,9

catechole derivatives,10 a triaryl imidazole,11 a phenol-
containing alkylidene hydrazide,12,13 and a tetrasubstituted
thiophene14 have not been followed up with further reports.
One important early GRA is Bay 27-9955, which was

reported15 in 2001 to have demonstrated an acute effect in
blocking glucagon-induced glucose increase in healthy volun-
teers.
The β-alanine acid containing urea 1,16a,b first published in a

patent application in 2000 by Novo Nordisk and Agouron
researchers, was derived from a screening hit. It has been a
starting point for a large number of new designs leading to
improved potency, DMPK properties, and identification of
further advanced compounds. Changes in N-substitution
groups in urea 1 led to compounds with improved PK
properties16c,17 and in vivo activity.18 Various scaffold changes
replacing the urea core in 1 from different laboratories have
been reported in patent applications19 and literature,20

including a compound currently in clinical investigation21a

which was likely derived from designs based on urea 1.21b−d

It was recognized by several groups that urea 1 can be
considered as a molecule with three pharmacophores (β-alanine
acid, 4-CF3O-Ph, and t-But-cyclohexyl) connected by the urea
core. The starting point for this study, compound 2,22 had been
designed based on the urea 1 with a pyrazole as replacement of
the urea core. Other urea replacements reported are 2-
aminothiazole,17 biarylamide,23 and α-aryloxy amide com-
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pounds,23 retaining the β-alaninebenzamide plus aryl or alkyl
groups projecting from the core, and these structures further
supported the three-pharmacophore hypothesis.
One critical element in pharmacophore X in 3 is a properly

positioned carboxylic acid or acid isostere. Extensive work, both
in-house24 and reported in literature,16b,23 indicated that a β-
alanine acid side chain is the group that best offers a proper
balance of potency, DMPK, and physical properties. An
aminotetrazole, for example, is a good replacement of β-alanine
acid in terms of in vitro activity and selectivity, but compounds
containing an aminotetrazole moiety tend to have poor oral
bioavailability. The objective of the study reported below was
the optimization of pharmacophores Y and Z in an effort to
increase potency and improve selectivity over off-targets such as
CYP and hERG. This lead optimization effort resulted in the
discovery of two compounds that advanced to clinical studies.
The identification of the first clinical candidate, 9m (MK-
0893), is detailed in this article.

■ SYNTHESIS
Compound 2 and a number of its analogues were synthesized22

via condensation of 1,3-diketones with substituted hydrazines
and subsequent cyclization, a reaction that produced a variable
ratio of two regioisomeric 1,3,5-trisubstituted pyrazoles.

However, this pyrazole construction strategy did not prove
suitable for SAR studies aimed at efficiently exploring the 3 and
5-positions as it requires incorporation of both the Y and Z
groups into the requisite diketones at the very beginning of the
synthetic sequence and it produces a mixture of regioisomers
that requires separation. Therefore, we sought to develop a
modular synthetic route that would allow incorporation of
either the Y or Z group at the end of the synthetic sequence.
A regiospecific synthetic route to 1,3,5-trisubstituted pyrazole

was developed based on a modification of a previously
reported25 pyrazole synthesis and is outlined in Scheme 1.
The synthetic sequence started with the condensation of the
appropriately substituted hydrazine 5 with the readily available
β-ketoester26 4 to give regiospecifically the 1,3-substituted
pyrazolinone 6. Next, the protected β-alanine was installed to
give compound 7. Treatment of the pyrazolinone 7 with triflic
anhydride afforded triflate 8 in good yield, with the reaction
tolerating the fully elaborated side chain at the pyrazole-N-1
position. Pharmacophore Z was then incorporated via a
Suzuki−Miyaura coupling of the pyrazole-5-triflate 8 with
boronic acid Z-B(OH)2. Subsequent deprotection with
trifluoroacetic acid afforded the desired compounds in good
yields. Given the ease of access to the requisite starting
materials, this regiospecific and high yielding route to pyrazole
scaffold 3 allowed for rapid parallel synthesis of analogues for
the optimization of the pharmacophore Z in terms of potency
and off-target activities.
For the optimization of the pharmacophore Y, we further

modified the synthetic route so that the Y group could be
incorporated near the end of synthetic sequence. The synthesis
of the pyrazolinone 11 started with ketoester 10 having the
desired Z group, the 6-methoxynaphthyl, as illustrated in
Scheme 2. The side chain X was installed via N-alkylation on
the pyrazole triflate 12 with the expectation that selective N-
alkylation might lead to a trisubstituted pyrazole with the
triflate group at the pyrazole-3 position (regioisomer 13). In
the event, base-catalyzed alkylation of pyrazoles with alkyl
halides gave mixtures of regioisomers depending on the
reaction conditions27 and, in the case of 12, also led to a
significant hydrolysis of the triflate group. Alternate conditions
employing the milder Mitsunobu coupling with the corre-

Scheme 1. Synthetic Route for Studying SAR at Pyrazole 5-Position (Method A)a

aConditions: (a) HOAc, reflux, 4 h, 66% yield; (b) NaOH; (c) β-alanine t-butylester, PyBOP, TEA, 75% yield over two steps; (d) triflic anhydride,
TEA/THF, −78−0 °C, 93% yield; (e) Z-B(OH)2, Pd(PPh3)4, TEA, DME, microwave (100 °C, 10 min); (f) TFA/DCM, 95% yield over two steps.
Yields were from the synthesis of 9m.
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sponding benzyl alcohol proceeded in good overall yield and
produced the desired triflate 13 as the major regiosiomer.
Compared to the pyrazole-5-triflate 8, the pyrazole-3-triflate 13
was much less reactive in palladium-catalyzed coupling
reactions.28 After a very limited optimization effort, we settled
on the coupling conditions shown in Scheme 2, which gave
about 25% yield of the product after removal of the Boc group.
In spite of this low yielding step at the end of synthesis
sequence, the synthetic route of Scheme 2 was still cost-

effective and expedient for SAR exploration at the pyrazole 3-
position. One gram-scale synthesis of intermediate 13 would
allow synthesis of >30 compounds with different Y groups in a
parallel synthesis in milligram scale. Any compounds of interest
could then be scaled-up for further characterization and in vivo
studies using the route outlined in Scheme 1.
The hydrazines 5 used in Scheme 1 were synthesized by

reductive amination of tert-butyl carbazate with ethyl 4-
acylbenzoate (R = Me) or 4-formylbenzoate (R = H). The

Scheme 2. Synthetic Route for Studying SAR at Pyrazole 3-Position (Method B)a

aConditions: (a) HOAc, reflux, 3 h, 86% yield; (b) triflic anhydride, TEA/THF, −78−0 C, 46% yield; (c) X-OH, PPh3, DIAD, yields 49% (13) and
31% (14); (d) Y-B(OH)2, PdCl2(dppf), Cs2CO3, tolene, microwave (140 °C, 10 min); (e) TFA/DCM, 25% yield over two steps. Yields were from
the synthesis of the racemic 15c.

Table 1. GCGR and GIPR Activities of Pyrazole 9

compd R Z GCGR bindinga GCGR cAMPa GIPRb cAMPa

2 H 4-CF3O-Ph 86.2 ± 38.7 113.8 ± 43.4 6277 ± 2659
9a H 2-CF3O-Ph 527.5
9b H 3-CF3O-Ph 233.6 238.0 ± 24.0
9c H 3-Cl, 4-PrO-Ph 37.9 ± 14.4 100.7 ± 47.8 3370
9d H naph-2-yl 60.6 58.5 ± 18.2 4337
9e H 6-MeO-naph-2-yl 15.6 ± 5.5 90.9 ± 23.8
9f H 5-CF3O-naph-2-yl 40.5 114.2 ± 22.3 1984
9g H 6-CF3O-naph-2-yl 8.1 ± 2.3 30.2 ± 2.2 711
9h H 7-CF3O-naph-2-yl 64.2 189.0 ± 8.5
9i H 8-CF3O-naph-2-yl 121.5 239.8 ± 4.0
9j Me 4-CF3O-Ph 100.3 77.5 ± 16.8
9k Me 3-Cl, 4-PrO-Ph 16 ± 5.6 64.8 ± 49.3 478
9m (S)-Me 6-MeO-naph-2-yl 6.6 ± 3.5 15.7 ± 5.4 1019 ± 275
9n (R)-Me 6-MeO-naph-2-yl 728.3 ± 787.6 298.0
9p (S)-Me 6-CF3O-naph-2-yl 2.5 ± 1.1 11.9 ± 0.9 307 ± 48
9q (R)-Me 6-CF3O-naph-2-yl 16.6 ± 3.7 32.6 ± 7.0 1134
9r (S)-Me 6-CF3-naph-2-yl 10.7 ± 11.3 14.1 ± 6.5 378
9s (S)-Me 6-Cl-naph-2-yl 7.5 ± 8.3 12.5 ± 3.6 795
9t (S)-Me 6-Me-naph-2-yl 4.6 ± 1.9 7.5 ± 1.3 753
9u (S)-Me 6-iPr-naph-2-yl 4.3 ± 0.6 13.3 ± 2.2 431
9v (S)-Me 6-EtO-naph-2-yl 8.1 ± 3.5 23.6 ± 7.9 885
9w Me 6-cycloexyl-Ph 337.4 362.0

aActivities are IC50 in nM (mean ± SD), N ≥ 2 when SD is presented. bFunctional assay in CHO cells expressing human GIPR, measuring cAMP
production.
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racemate (R = Me) were resolved by chiral column
chromatography and subsequent removal of the Boc group
gave the enantiomeric hydrazine as their corresponding salt.
The stereochemistry was established by converting 5 (R = Me)
to its benzoylhydrazide and comparing to the compound of
known stereochemistry.29 For large-scale preparation of
hydrazine 5 (R = Me), an asymmetric synthesis was developed
based on enantioselective hydrogenation of N-alkoxycarbonyl
hydrazones.30 The boronic acids used in Schemes 1 and 2 were
either commercially available or synthesized as described in
detail in the Experimental Section.

■ RESULTS AND DISCUSSION
Compounds in this report were first assayed in a receptor
binding assay using a membrane preparation from a CHO cell
line expressing the human GCGR (CHO hGCGR). Inhibition
of binding between 125I-glucagon and the GCGR was expressed
as an IC50 for compounds listed in Tables 1 and 2. The

antagonist activity of compounds which exhibited good binding
to the GCGR was confirmed in a functional assay using the
CHO hGCGR cell line in the presence of glucagon. Inhibition
of glucagon induced cAMP production by the compounds was
expressed as an IC50 in “GCGR cAMP” in Tables 1 and 2.
Previously reported structure−activity relationship studies on

pyrazole 222 and urea 116 indicated that both the 4-
trifluoromethoxyphenyl and 3, 5-dichlorophenyl served as
potent pharmacophore Y moieties (position 3 of the pyrazole
2, and as the left side N substitutions in the urea 1), and these
small aromatics provided a good starting point to explore the
SAR of pharmacophore Z (pyrazole-5 position). A large
number of analogues of generic structure 9 were synthesized
from triflate 8 using method A as described above (R = H,
CH3).
Table 1 highlights the important SAR features of

pharmacophore Z. Unlike the urea series, the 4-t-butyl
cyclohexyl, and 4-cyclohexylphenyl groups were not preferred
groups for pharmacophore Z in the pyrazole series. Pyrazole
analogues containing a 4-t-butyl cyclohexyl group (compound 3
in ref 22, and compound 9w) were only moderately active, in
contrast to compounds with small aromatic substituents at the

pyrazole-5 position. Aryl groups at the pyrazole 5-position
showed a strong preference for para- and meta- substitution.
For example, para-trifluoromethoxy analogue 2 (4-CF3O-
phenyl) was 6-fold more potent than its ortho isomer 9a (2-
CF3O-phenyl). Meta, para-disubstituted compounds were more
potent in the binding assay, as exemplified by compound 9c (3-
Cl, 4-PrO-phenyl), which showed an IC50 of 38 nM in binding
and 100 nM in functional cell assays. Attempts to bridge the
meta- and para- groups into a ring in order to rigidify the
propyloxy group led to the substituted naphthalenes, which
showed some increases in potency. Naphthalene (9d), and
particularly 6-MeO-naphthalene (9e), showed improved bind-
ing activity as well as less than 100 nM functional activity in
cAMP assay.
To fully explore the SAR of the substituents on the

naphthalene group, the four regioisomeric naphthyl-2-boronic
acids substituted with a CF3O group at positions 5, 6, 7, and 8
were synthesized, following the route developed by Schlosser
and co-workers using the Diels−Alder cyclization of furan with
in situ generated benzyne.31 Activities of compounds 9f, 9g, 9h,
and 9i clearly demonstrated the preference for the 2,6-
substitution pattern on the naphthalene ring, with compound
9g showing the highest binding activity (8 nM) and cAMP
functional activity (30 nM) among the regioisomers.
Previous work32 investigating N-indane substituted urea

GRAs indicated that glucagon binding activity could be very
sensitive to the stereochemistry at the indane carbon to which
the urea nitrogen was attached. In the present series,
substitution of the benzylic position of pyrazole lead compound
2 with a methyl group to give 9j did not lead to any increase in
binding affinity. Moreover, the two enantiomers of 9j showed
essentially the same activity when resolved (data not shown). In
the case where a naphthalene was employed as the
pharmacophore Z, the SAR at the benzylic position of
pharmacophore X became more sensitive to substitution. The
addition of a methyl group with an S- configuration (9m, 9p)
increased binding and functional activities of the compounds by
more than 2-fold relative to their des-methyl analogues (9e and
9g). The differences between (S)- and (R)- enantiomers ranged
from 6- to 110-fold (9m vs 9n and 9p vs 9q). Thus, the
combination of a 2,6-disubstituted naphthalene as pharmaco-
phore Z and the introduction of the benzylic methyl group
afforded pyrazoles showing high binding affinities. Many potent
compounds such as 9m, 9s, 9t, 9u, and 9v were identified and
thus increased the chance of identifying a suitable development
candidate that was free of undesired off-target activities.
While a broader survey of SAR at the pyrazole-3 position had

led us to focus on the small neutral groups in this position,
focused libraries with 6-CH3O- and 6-CF3O-naphthalene at the
pyrazole-5 position were prepared (Scheme 2) in order to
further optimize pharmacophore Y. Table 2 lists a few
compounds made with intermediate 13 (6-MeO-naphthalene
at pyrazole 5-position) that highlight the SAR for pharmaco-
phore Y.
Both small aliphatic and aromatic groups at the pyrazole-3

position were tolerated. Compounds with small aryl groups
were slightly more active and, unlike pharmacophore Z, their
activities were less sensitive to the regiochemistry of
substitution on the pyrazole-3 aryl group, as exemplified by
compounds 9e, 15c, and 15d. Another observed SAR trend was
the preference for a 5-CF3 substitution on the aryl groups as
found in compounds 15e, 15h, and 15i, which were among the
most potent compounds in this series.

Table 2. GCGR and GIPR Activities of Pyrazole 15

compd Y
GCGR
bindinga

GCGR
cAMPa GIPRb cAMPa

15a CF3 15.3 ± 5.6 63.1 ± 30.9
15b t-Bu 81.8 108.0
15c 2,5-Cl, Cl-Ph 7.5 ± 1.2 11.5 ± 4.5 1844
15d 3,4-Cl, Cl-Ph 5.2 ± 1.5 15.8 ± 4.1 2419 ± 1203
15e 3-Cl, 5-CF3−Ph 1.9 ± 0.9 5.7 ± 1.9 1336
15f 3-Cl, 5-MeO-Ph 14.8 ± 4.0 67.9 ± 34.2 4996
15g 3-Cl, 5-PrO-Ph 6.9 ± 0.14 47.2 ± 12.0 2056
15h 2-Me, 5-CF3-Ph 9.3 ± 3.8 27.4 1684
15i 2-F, 5-CF3-Ph 4.1 ± 2.4 12.3 ± 5.6 933 ± 223

aActivities are IC50 in nM (mean ± SD), N ≥ 2 when SD is presented.
bFunctional assay in CHO cells expressing human GIPR, measuring
cAMP production.
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Before extensive in vivo studies were carried out, compounds
of interest were counterscreened against related targets and
against selected off-targets such as ion channels important for
cardiac functions. Close attention was paid to other related
family B GPCRs such as GLP-1R and GIPR (glucose-
dependent insulinotropic peptide receptor) because of their
roles in insulin secretion. Receptor functional assays were set
up to monitor compounds’ antagonist activities at these
receptors. For the pyrazole GCGR antagonist series, the
selectivity against other related family B GPCRs (GLP-1R,
VPAC1, and VPAC2) was generally very good except for GIPR.
Activity against the GIPR was then used as a filter to select
compounds for further profiling. Among compounds with
different pyrazole 5-substitutions, compounds 9p, 9r, 9u, and
9v were very potent against the GCGR but not as selective as
9m against the GIPR. In addition, compounds 9p (6-CF3O-
naphthalene) and 9r (6-CF3-naphthalene) also showed hERG
potassium channel (MK-499 binding) activity (IC50 < 1.2 μM).
On the other hand, compound 9t (6-CH3-naphthalene) and
9m (6-CH3O-naphthalene) did not bind to hERG (IC50 > 10
μM), but unfortunately compound 9t showed moderate activity
in a diltiazem-sensitive calcium channel (IC50 2.1 μM) assay.
Many compounds listed in Table 2 were potent GCGR

antagonists and selective with respect to GIPR, and compounds
15c, 15d, 15e, and 15i were all equal or more potent than
compound 9m. Further profiling in counterscreens revealed
that compound 15c was active against other family B GPCR
such as GLP-1R (IC50 8.2 μM) and VPAC2 (IC50 2.6 μM). It
also showed moderate ion channel activities (IC50 9.7 μM for
hERG, and 8.8 μM for diltiazem-sensitive calcium channel) that
may lead to adverse cardiac effects. Compound 15d was equally
potent against GCGR compared to 9m but showed less
selectivity with regards to VPAC2 (IC50 1.7 vs 12.8 μM).
Compound 15e, when compared to 9m, was nearly 3-fold more
potent against the GCGR and more selective with regards to
the GIPR. Unfortunately compound 15e also showed moderate
activity at the GLP-1R (IC50 3.3 μM) and VPAC2 (IC50 2.6
μM) and therefore was not profiled further. Compound 15i was
very potent against the GCGR and also very selective with
regards to other family B GPCRs. When further profiled in
counterscreens and ADME studies, 15i showed the same
selectivity profile and similarly favorable DMPK properties as
9m. While compound 9m was selected as clinical candidate, 15i
was extensively studied in various animal models to advance
our understanding of glucagon receptor biology.33

The 3,5-dichlorophenyl and 6-methoxynaphthalene groups
in 9m seemed to possess the right balance of desired activity
and off-target selectivity. Among the compounds listed in
Tables 1 and 2, compound 9m was the best overall in terms of
off-target selectivity (Table 3). Upon incubation with human
hepatocytes at 1 and 10 μM for 48 h, compound 9m did not
increase CYP3A4 mRNA expression or CYP3A4-mediated
testosterone 6β-hydroxylase activity, and thus it was not an
inducer of CYP3A4. Furthermore, compound 9m produced no
treatment-related changes in assays evaluating cardiovascular
effect in anesthetized dogs (up to 10 mpk IV, reaching drug
exposure of 125 μM) and central nervous system effect in
conscious mice (100 mpk PO).
Compound 9m is a competitive, reversible GCGR

antagonist, as evidenced by Schild Analysis in CHO cells
expressing the hGCGR (Figure 1). It dose dependently right-
shifted the EC50 of glucagon without changing the maximum
effect of glucagon. The binding of 9m was fully reversible

within the 30 min of the equilibration period used in the assay.
Linear transformation of the data (insert in Figure 1) yielded a
straight line with a slope of 1 (Hill coefficient, nh), and a KB of
8.5 nM.
Concern over potential metabolic instability of compound

9m due to the 6-methoxynaphthalene group was quickly
dispelled by the results of pharmacokinetic studies in several
species, as shown in Table 4. Compound 9m was characterized
by low clearance, with a Clp of 7.5, 0.18, and 2.5 mL/min/kg, in
rat, dog, and rhesus monkey, respectively. The elimination half-
life was species-dependent, varying from 5.9 h (rat) to 17 h
(dog). The oral bioavailability (F) of 9m was ∼43% in rat, 43%

Table 3. Activity Profile of Compound 9m

glucagon receptor IC50 (nM)a

human 15.7 ± 0.54
rhesus 55.5
dog 104.5 ± 62.8
mouse 122
rat 727 ± 350

other family B GPCR IC50 (nM)a

GIPR 1020
GLP-1R >10000
PAC1 9200
VPAC1 11580
VPAC2 12800

ion channels IC50 (nM)

h-ERGb >10000
L-type Ca2+c >10000
Nav1.5d −7% @ 10 μM

P450 IC50 (μM)e

Cyp3A4 60 ± 9.6
Cyp2D6 >100
Cyp2C8 2.7 ± 0.2
Cyp2C9 14 ± 1.8
Cyp1A2 92 ± 5.0
Cyp2B6 23 ± 2.0
Cyp2E1 >100

aFunctional assay (ref 34)] in CHO cells expressing human (if not
specified) receptors, measuring compounds’ inhibition of cAMP
production. Activities are IC50 in nM (mean ± SD), N ≥ 2 when
SD is presented. bIKr binding assay, ref 35a. cBinding assay with [3H]-
diltiazem, ref 35b. dReference 35c. eHuman liver microsome P450
marker enzyme activities with testosterone 6β-hydroxylation for 3A4,
dextromethorphan O-demethylation for 2D6, paclitaxel 6α-hydrox-
ylation for 2C8, diclofenac 4′-hydroxylation for 2C9, phenacetin O-
deethylation for 1A2, bupropion hydroxylation for 2B6, and
chlorzoxazone 6β-hydroxylation for 2E1.

Figure 1. Schild analysis of compound 9m in CHO cell expressing
hGCGR. Glucagon EC50 in this cell line was 0.22 ± 0.02 nM.
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in dog, and 57% in rhesus. Further studies indicated that
compound 9m was metabolically very stable, undergoing only
minor metabolism in vitro and in vivo. In vivo disposition
studies in bile duct cannulated rats and dogs using tritium-
labeled 9m indicated that elimination occurred almost
exclusively via biliary excretion of the parent compound
(Figure 1s, Supporting Information) and that compound 9m
was the only radioactive plasma component in both rat and dog
at all the time points sampled (Figures 2s, 3s, Supporting
Information). In vitro metabolism studies in liver microsomes
and hepatocytes from rat, dog, monkey, and human using
tritium-labeled 9m revealed minor amounts of O-demethylation
(M1), acyl glucuronide (M2) of 9m, and acyl glucuronide of
the benzoic acid (M3) derived from hydrolysis of the amide
bond of 9m (Figure 1s, Supporting Information). In all cases,
the total metabolites represented <2% turnover in the in vitro
incubations.
Plasma protein binding was also determined in vitro with the

tritium-labeled 9m. Compound 9m was highly bound (>99%)
to rat, dog, monkey, and human plasma proteins, and the
unbound fraction could not be accurately determined.
In an acute glucagon challenge model in hGCGR mice,36

compound 9m was found to be active in blunting glucagon-
induced glucose excursion, Figure 2. When dosed orally at 3,

10, and 30 mpk one hour prior to a glucagon challenge (IP, 15
ug/kg), compound 9m reduced glucose elevation relative to
vehicle control by 30%, 56%, and 81%, respectively, as
determined by AUC over a 0−24 min period (all with p <
0.05 vs the glucagon group). The drug levels were found to be
0.26, 1.15, and 2.88 μM for 3, 10, and 30 mpk dose groups,
respectively. In an ex vivo study using an hGCGR mouse
perfused liver model,37 the glucagon-induced glycogenolysis
(determined by following the 13C NMR signal of glycogen
derived from [2-13C]pyruvate in perfusate) was effectively
inhibited by 9m added to the perfusate (Figure 5s, Supporting
Information). Compound 9m inhibited glucagon-induced
glycogenolysis by 12/44/66% at 0.1/0.3/1.0 μM initial
concentration in perfusate and completely blocked glucagon-
induced glycogenolysis at 3 μM. This experiment confirmed
that compound 9m acted in the liver by inhibiting hepatic
glucose production.38

Compound 9m was active against the rhesus monkey GCGR,
showing an IC50 of 56 nM in a cAMP assay with CHO cells
expressing the rhesus GCGR. The compound was evaluated in
vivo in a rhesus glucagon challenge model similar to that
utilized in the hGCGR mouse. When compound 9m was
administered to chair-restrained rhesus monkeys via a
nasogastric tube at 0.3, 1, and 3 mpk four hours prior to an
intramuscular glucagon challenge (15 μg/kg), it significantly
reduced the glucagon-induced glucose levels at 1 and 3 mpk
with a 59 and 55% correction to the vehicle response. A
nonstatistically effective dose was observed at 0.3 mpk (29%
reduction). The mean plasma levels at the time of glucagon
administration were 0.1, 0.3, and 0.7 μM at 0.3, 1.0, and 3.0
mpk, respectively.
Compound 9m demonstrated efficacy in glucose lowering in

a hGCGR ob/ob mice33 in an acute model, Figure 4s,
Supporting Information. Compared to vehicle control group,
compound 9m at 10 and 3 mpk oral doses lowered blood
glucose level (AUC 0−6 h post dose) by 39%, 32%
respectively. At 1 mpk, compound 9m lowered glucose at 1
and 3 h but not at 6 h post dose. At 0.3 mpk, there was no
effect at 1, 3, and 6 h time points. Compound 9m was also
efficacious in lowering ambient glucose level in a chronic setting
using diet-induced obese hGCGR mice.39 This group of

Table 4. Mean Pharmacokinetic Parameters of 9m in
Nonclinical Species

parametera mouseb rat dog monkey

dose IV/PO (mg/kg) 1/2 2/2 0.5/0.5 0.5/2
Clp (mL/min/kg) 5.4 7.5 0.18 2.5
Vdss (L/kg) 1.6 2.1 0.27 0.9
T1/2 (h) 5.2 5.9 17 5.7
Foral (%)

c 37 43 43 57
nAUCoral (μM·h/(mg/kg))c 2.0 1.7 66 6.4

aClp, plasma clearance; Vdss, volume of distribution at steady state;
T1/2, half-life; Foral, oral bioavailability; nAUC, dose-normalized area
under the plasma concentration versus time curve. bParameters
determined using blood concentrations. cIn mice, oral pharmacoki-
netic properties were determined using a solution in DMSO:T-
ween80:water (5:10:85 by volume). In other species, oral
pharmacokinetic properties were determined using a suspension in
0.5% aqueous methylcellulose vehicle.

Figure 2. Effect of 9m on glucagon-induced glucose level in hGCGR
mice. Compound 9m was dosed orally at one hour prior to IP
glucagon administration (15 μg/kg). Data represents mean ± SEM (n
= 8−10). Drug levels at 60 min were determined 0.26/1.15/2.88 μM
for 3/10/30 mpk.

Figure 3. Effect of 9m on glucagon-induced glucose level in rhesus.
Compound 9m was dosed to chair-restrained rhesus monkeys via a
nasogastric tube at 0.3, 1, and 3 mpk four hours prior to an
intramuscular glucagon challenge (15 μg/kg). Data represents mean ±
SEM (N = 4). Drug levels at 4 h post dose were 0.1/0.3/0.74 mM at
0.3/1/3 mpk.
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hGCGR mice on a high fat diet developed a mild degree of
nonfasting hyperglycemia, hyperinsulinemia, and hypergluca-
gonemia and offered a good opportunity to evaluate the GCGR
antagonists’ efficacy in ambient glucose reduction. When dosed
in feed (high fat diet S3282 from Bio-Serv) at 3 and 10 mpk per
day, compound 9m demonstrated a glucose lowering effect by
day 3 and maintained lower glucose levels in the treatment
groups throughout the duration of the study, Figure 4. At day 3,
the glucose levels relative to the difference between the vehicle
control group and lean group were reduced by 70% and 105%
for the 3 and 10 mpk groups, respectively. At day 10, the
corresponding glucose reductions were 89% and 94% for the 3
and 10 mpk groups, respectively. In this 10-day chronic
treatment, the glucagon and GLP-1 levels were also increased
relative to vehicle control group, a result of feedback
upregulation of proglucagon expression. Glucagon levels were
elevated by 1.5- and 2.6-fold in the 3 and 10 mpk groups,
respectively. Total GLP-1 also increased by 2.1- and 4.0-fold in
the 3 and 10 mpk groups, respectively. Note that these
increases in glucagon were far less than the reported increase
observed in the GCGR knockout mice (>100×).40 In keeping
with previously reported data, no gross morphological changes
in pancreatic tissues were observed.39

■ CONCLUSION

In summary, the development of a modular synthesis of 1,3,5-
trisubstituted pyrazoles allowed thorough investigation of the
SAR around the pyrazole 3- and 5- positions. Two key findings
of the SAR studies in this pyrazole GCGR antagonist series
were the potency enhancing effect of 6-substituted naphth-2-yl
groups at the pyrazole 5-position, and the incorporation of a
chiral methyl group at the benzylic position off the pyrazole-N-
1. Consequently a large number of potent GCGR antagonists
were synthesized; among them, compound 9m was further
profiled due to its balanced potency and selectivity profile.
Compared with the initial lead compound 2 in this pyrazole

series, compound 9m showed increased potency on the GCGR
(13-fold in binding, 7-fold in functional assay) and improved
off-target selectivity profile, particularly in hERG channel
binding activity (IC50 >10 μM for 9m vs 5.1 μM for 2). It is
interesting to note that incorporation of CF3 group in the para
(or pseudo para) position in pharmacophore Z was associated

with hERG channel activity: IC50 in hERG channel binding was
<1.2 μM for compound 9p and 9r. Compound 9m showed an
improved selectivity in reversible binding to CYP3A4 but had
moderate reversible inhibition of CYP2C8.
Compound 9m is a reversible, competitive human GCGR

antagonist with KB of 8.5 nM. It is moderately active against the
mouse, dog, and rhesus GCGRs but significantly less active at
the rat GCGR. Compound 9m is selective for the glucagon
receptor relative to other family B GPCRs tested, GIPR (IC50,
1020 nM), PAC1 (IC50, 9200 nM), and GLP-1R/VPAC1/
VPAC2 (IC50 >10000 nM). Compound 9m demonstrated
acute efficacy in blunting glucagon-induced glucose elevation in
hGCGR mouse and rhesus monkey models. In a hGCGR mice
PD study, it reduced glucose levels (AUC 0−1 h post dose) by
56%, and 81% at 10 and 30 mpk oral doses, respectively. In a
rhesus monkey PD study, it demonstrated 59% and 55%
reduction in glucose level relative to vehicle group at 1 and 3
mpk oral doses, respectively.
Compound 9m was also efficacious in lowering ambient

glucose levels in hGCGR mice models. In a hGCGR ob/ob
mice acute model, it reduced glucose level (AUC 0−6 h post
dosing) by 32% and 39% at 3 and 10 mpk oral doses,
respectively. In a subchronic study in hGCGR mice on a high
fat diet, it reduced ambient glucose levels by 89% and 94% at 3
and 10 mpk doses, respectively, in feed at day 10.
In spite of having a 6-methoxynaphthalene group on the

periphery, compound 9m is actually very stable metabolically in
vitro and in vivo. It has low clearance in preclinical species
tested (Clp of 7.5, 0.2, and 2.5 mL/min/kg, in rats, dogs, and
rhesus monkeys, respectively), and the major clearance route of
compound 9m is via biliary excretion as the parent compound.
Except for moderate inhibition of CYP2C8 (IC50 2700 nM),
compound 9m does not inhibit major CYPs nor is it a CYP3A4
inducer.
Compound 9m was well-tolerated in a five-week safety study

in rat, with no treatment-related antemortem or postmortem
findings at doses ≤100 mpk daily (Cmax reached 21.3 ± 1.4
μM). On the basis of the efficacy and good selectivity profile,
compound 9m was selected for further evaluation in preclinical
safety species and entered into clinical studies for type II
diabetes treatment.41a In a phase IIa study in diabetic patients,
compound 9m, at 200 and 1000 mg single doses, achieved

Figure 4. (a) Effect of chronic administration of 9m on blood glucose in the DIO hGCGR mice. Compound was dosed in feed (high fat diet) for 11
days at 3 and 10 mpk (n = 11−15). Numbers on bar represent % correction to lean group, * p < 0.05 vs respective controls. (b) Postprandial plasma
drug levels were determined on day 5. Blood levels of glucagon and total GLP-1 were determined at day 11.
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∼59% and near maximal blockade of glucagon-induced glucose
excursions, respectively.41b In a 12-week phase IIb clinical
study41c in type II diabetic patients, compound 9m
demonstrated robust reduction from baseline level in fasting
plasma glucose (−53 and −63 mg/dL) and HbA1c (−1.1 and
−1.5%) at 60 and 80 mg qd doses, respectively (p < 0.001),
surpassing metformin at 1000 mg bid (−37 mg/dL and −0.8%,
p < 0.001).

■ EXPERIMENTAL SECTION
General Methods. All commercial chemicals and solvents were

reagent grade and were used without further purification unless
otherwise specified. 1H NMR spectra were recorded on a Varian
InNova 500 MHz spectrometer. High resolving power accurate mass
measurement electrospray (ES) mass spectral data were acquired by
use of a Bruker Daltonics 7T Fourier transform ion cyclotron
resonance mass spectrometer (FT-ICR MS). Low-resolution mass
spectra were determined on a Micromass platform liquid chromatog-
raphy−mass spectrometer (LC-MS), using a Waters Xterrra MSC18
3.5 μm, 50 mm × 3.0 mm column with a binary solvent system where
solvent A was water and 0.05% trifluoroacetic acid (by volume) and
solvent B was acetonitrile and 0.05% trifluoroacetic acid (by volume).
The LC method used a flow rate of 1.0 mL/mim with the following
gradient: t = 0 min, 90% solvent A; t = 3.75 min, 2.0% solvent A; t =
4.75 min, 2% solvent A; t = 4.76 min, 90% solvent A; t = 5.5 min, 90%
solvent A. LC-MS HPLC method served as analysis of purity over a
broad range, and all final compounds showed a single peak (>95%
purity) using this analytical method. Preparative TLC was done on
Analtech Uniplate: catalogue number 02015, silica gel GF, 20 cm × 20
cm, 2000 μm.
Preparation of {(1S)-1-[4-(Ethoxycarbonyl)phenyl]ethyl}-

hydrazinium Chloride (5, R = Me). Step 1. A solution of tert-
butyl carbazate (13.9 g, 105 mmol) and ethyl 4-acetylbenzoate (20.0 g,
104 mmol) in toluene (120 mL) was stirred at 80 °C overnight. tert-
Butyl-2-{1-[4-(ethoxycarbonyl)phenyl]-ethylidene}-hydrazinecarboxy-
late separated as a crystalline solid (29.2 g, 92%) and was collected by
filtration. HPLC/MS: m/z = 307.3 (M+1)+. 1H NMR (500 MHz,
CDCl3) δ: 1.43 (t, J = 7.0 Hz, 3H), 2.24 (s, 3H), 1.58 (s, 9H), 4.41 (q,
J = 7.0 Hz, 2H), 7.79 (br s, 1H), 7.88 (d, J = 8.5 Hz, 2H), 8.05 (d, J =
8.5 Hz, 2H).
Step 2. In a N2 filled round-bottomed flask, NaBH3CN (6.3 g, 100

mmol) and tert-butyl-2-{1-[4-(ethoxycarbonyl)phenyl]ethylidene}-
hydrazinecarboxylate (29.2 g, 95.4 mmol) were dissolved in THF
(200 mL). A solution of p-toluenesulfonic acid monohydrate (19.0 g,
100 mmol) in THF (50 mL) was slowly added via syringe pump in 10
h. The mixture was diluted with EtOAc (200 mL) and the suspension
extracted with brine (150 mL). The organic phase was separated, dried
(Na2SO4), and concentrated to give a white solid. The solid was taken
in DMC (100 mL), and 1 N NaOH (100 mL) was added. The
suspension was stirred vigorously at rt for 1 h and then diluted with
DMC (100 mL). The organic phase was separated and washed with
1N HCl (2 × 150 mL) and brine (2 × 150 mL), dried (Na2SO4), and
concentrated to approximately 50 mL. Product precipitated as white
solid and was washed with hexane to yield 29 g (98%) of tert-butyl 2-
{1-[4-(ethoxycarbonyl)-phenyl]ethyl}hydrazinecarboxylate. HPLC/
MS: m/z = 331.3 (M + Na)+. 1H NMR (500 MHz, CDCl3) δ: 1.35
(d, J = 6.5 Hz, 3H), 1.41 (t, J = 7.0 Hz, 3H), 1.45 (s, 9H), 4.29 (m,
1H), 4.40 (q, J = 7.0 Hz, 2H), 5.99 (br s, 1H), 7.44 (d, J = 8.0 Hz,
2H), 8.03 (d, J = 8.0 Hz, 2H).
The enantiomers were separated on ChiralPak AD column using

EtOH/n-heptane(20%/80%). The fast eluting isomer was identified as
(S)-enantiomer ([α]D

20 = −120° (c1.1, MeOH)), the slow eluting the
(R)-enantiomer ([α]D

20 = +122° (c1.1, MeOH)). The absolution
stereochemistry was established by converting the hydrazine to ethyl
4-[1-(2-benzoylhydrazino)ethyl]benzoate (Supporting Information)
and comparison of optical rotation with that of the literature value.29

Step 3. tert-Butyl 2-{(1S)-1-[4-(ethoxycarbonyl)phenyl]ethyl}-
hydrazinecarboxylate (14 g, 45 mmol) was treated with 50 mL of
TFA−DCM−triisopropylsilane (20:20:1) at room temperature for 1 h.

The mixture was concentrated under reduced pressure, and the residue
was dissolved in water (50 mL) and washed with DCM twice. The
DCM was back extracted with water three times, and HCl (5N, 10
mL) was added to the combined water solution and concentrated to
∼25 mL. CH3CN (50 mL) was added, and this was lyophilized to give
10.7 g (97%) of {(1S)-1-[4-(ethoxycarbonyl)phenyl]ethyl}-hydrazi-
nium chloride. NMR (500 MHz, acetone-d6) δ: 1.34 (t, J = 7.1 Hz,
3H), 1.67 (d, J = 6.8 Hz, 3H), 4.33 (q, J = 7.1 Hz, 2H), 4.97 (q, J = 6.8
Hz, 1H), 7.76 (d, J = 8.5 Hz, 2H), 7.97 (d, J = 8.5 Hz, 2H). MS
C11H16N2O2 calcd 208.12; obsd (M + 1) 209.19.

tert-Butyl N-[(4-{(1S )-1-[3-(3,5-Dichlorophenyl)-5-
{[(trifluoromethyl)sulfonyl]oxy}-1H-pyrazol-1-yl]ethyl}phenyl)-
carbonyl]-β-alaninate (8, R = (S)-Me). Step 1. A solution of ethyl
(3,5-dichlorobenzoyl)acetate (3.0 g, 11.5 mmol) and {(1S)1-[4-
(ethoxycarbonyl)phenyl]ethyl}hydrazinium chloride (2.55 g, 10.4
mmol) was refluxed in HOAc (80 mL) for 4 h. The solvent was
removed under reduced pressure and the residue taken up with ethyl
acetate, washed with satd NaHCO3 twice and brine, and dried over
Na2SO4. Flash column chromatography (SiO2, 0−5% ethyl acetate in
DCM gradient) gave 2.8 g (66%) of ethyl 4-{(1S)1-[3-(3,5-
dichlorophenyl)-5-oxo-4,5-dihydro-1H-pyrazol-1-yl]ethyl}benzoate
(6, R = (S)-Me) as a colorless oil. 1H NMR (500 MHz, CDCl3 δ: 1.38
(t, J = 7.1 Hz, 3H), 1.78 (d, J = 7.0 Hz, 3H), 3.55 (d, J = 22.6 Hz, 1H),
3.60 (d, J = 22.6 Hz, 1H), 4.36 (q, J = 7.1 Hz, 2H), 5.57 (q, J = 7.0 Hz,
1H), 7.39 (t, J = 1.9 Hz, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 1.9
Hz, 2H), 8.02(d, J = 8.4 Hz, 2H). MS C20H18Cl2N2O3 calcd 404.07;
obsd (M + 1) 405.20.

Step 2. Compound 6 (R = (S)-Me) (2.23 g, 5.50 mmol) was
dissolved in MeOH−dioxane (1:1, 50 mL). A solution of NaOH (0.7
g/15 mL) was added. The mixture was heated to 60 °C for 1 h. This
was acidified with 2N HCl (10 mL), and the solvent was removed and
residue vacuum-dried to give a pale-yellow solid (mixture of product
and NaCl). This solid was suspended in DMF (15 mL), followed with
addition of DIEA (4.8 mL), β-alanine tert-butyl ester hydrochloride (3
g, excess). A solution of PyBOP (3.43 g, 6.6 mmol) in DMF (5 mL)
was then added. After stirring at room temperature for 3 h, more
PyBOP (1 g) was added, and the reaction mixture was stirred
overnight. After addition of water (5 mL), the mixture was heated to
60 °C for 30 min. Ethyl acetate (150 mL) was added, and the organic
layer was washed with 0.5 N HCl twice, 5% K2CO3 twice, and brine
twice. Evaporation of solvent gave an oily residue, which after flash
column chromatography (SiO2, 0−30% ethyl acetate in DCM)
afforded 2.1 g (75%) of tert-butyl N-(4-{(1S)-1-[3-(3,5-dichlorophen-
yl)-5-oxo-4,5-dihydro-1H-pyrazol-1-yl]ethyl}benzoyl)-β-alaninate (7,
R = (S)-Me) as a white solid. 1H NMR (500 MHz, DMSO-d6) δ:
1.37 (s, 9H), 1.78 (d, J = 7.1 Hz, 3H), 2.45 (t, J = 7.0 Hz, 2H), 3.42 (q,
J = 7.0 Hz, 2H), 5.56 (q, J = 7.1 Hz, 1H), 5.99 (s, 1H), 7.30 (d, J = 8.3
Hz, 2H), 7.47 (t, J = 1.0 Hz, 1H), 7.73 (d, J = 8.3 Hz, 2H), 7.76 (d, J =
1.9 Hz, 2H), 8.43 (t, J = 5.6 Hz, 1H), 11.34 (s, 1H). MS
C25H27Cl2N3O4 calcd 503.14; obsd (M + Na) 526.05.

Step 3. Compound 7 (R = (S)-Me) (2.05 g, 4.06 mmol) and TEA
(1.7 mL, 12 mmol) were dissolved in THF (35 mL) at −78 °C. Triflic
anhydride (1.1 mL, 6.2 mmol) was added. The cooling bath was
removed, and the reaction mixture was stirred for 1 h. The reaction
was quenched by adding ethyl acetate and water. The organic layer was
washed with 0.5 N HCl twice and brine twice and dried over Na2SO4.
Evaporation of solvent and flash column chromatography (SiO2, 0−
10% ethyl acetate in DCM gradient) gave 2.4 g (93%) of tert-butyl N-
{4-[1-(3-(3,5-dichlorophenyl)-5-{[(trifluoromethyl)sulfonyl]oxy}-1H-
pyrazol-1-yl)ethyl]-benzoyl}-β-alaninate (8, R = (S)-Me) as a colorless
dry film. 1H NMR (500 MHz, CDCl3) δ: 1.45 (s, 9H), 1.97 (d, J = 7.1
Hz, 3H), 2.53 (t, J = 5.9 Hz, 2H), 3.67 (q, J = 5.9 Hz, 2H), 5.54 (q, J =
7.1 Hz, 1H), 6.43 (s, 1H), 6.86 (t, J = 6.2 Hz, 1H), 7.33 (t, J = 2.0 Hz,
1H), 7.36(d, J = 8.4 Hz, 2H), 7.67 (d, J = 2.0 Hz, 2H), 7.74 (d, J = 8.4
Hz, 2H). MS C26H26Cl2F3N3O6S calcd 635.09; obsd (M + Na) 657.89.

N-[(4-{(1S)-1-[3-(3,5-Dichlorophenyl)-5-(6-methoxynaphtha-
len-2-yl)-1H-pyrazol-1-yl]ethyl}-phenyl)carbonyl]-β-alanine
(9m). Step 1 (Method A). Compound 8 (R = (S)-Me)) (35 mg, 0.055
mmol), 6-methoxy-2-naphthylboronic acid (14 mg, 0.07 mmol), and
TEA (42 ul, 0.3 mmol) were dissolved in dimethoxyethane (1 mL)
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and deoxygenated by vacuum-N2 fill cycles. The catalyst Pd(PPh3)4 (4
mg, 10% mol) was added, and the mixture was deoxygenated again
before heated in microwave reactor to 100 °C for 10 min. The mixture
was quenched with 4 mL of CH3CN−H2O (3:1, with 5% TFA) and
product separated through reverse phase preparative HPLC. The
collected product was treated with 1 mL of TFA−DCM (1:2) for 30
min and the residue lyophilized to give 30 mg (95%) of N-[4-((1S)-1-
{3-(3,5-dichlorophenyl)-5-[6-methoxy-2-naphthyl]-1H-pyrazol-1-yl}-
ethyl)benzoyl]-β-alanine (9m) as a fine powder. 1H NMR (500 MHz,
DMSO-d6) δ: 1.90 (d, J = 7.0 Hz, 3H), 2.47 (t, J = 7 Hz, 2H), 3.41 (q,
J = 7 Hz, 2H), 3.89 (s, 3H), 5.76 (q, J = 7.0 Hz, 1H), 7.16 (s, 1H),
7.20 (d, J = 8.4 Hz, 2H), 7.23 (dd, J = 2.6, 9.0 Hz, 1H), 7.39 (d, 2.6
Hz, 1H), 7.43 (dd, J = 1.7, 8.4 Hz, 1H), 7.56 (t, J = 1.9 Hz, 1H), 7.72
(d, J = 8.4 Hz, 2H), 7.83 (d, J = 9.0 Hz, 1H), 7.86 (d, J = 1.7 Hz, 1H),
7.91 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 1.9 Hz, 2H), 8.44 (t, NH, J = 5.6
Hz, 1H). MS C32H27Cl2N3O4 calcd 587.14; obsd (M + 1) 588.24.
N-[(4-{(1S)-1-[3-(2,5-Dichlorophenyl)-5-(6-methoxynaphtha-

len-2-yl)-1H-pyrazol-1-yl]ethyl}phenyl)-carbonyl]-β-alanine
(15c). Step 1. A suspension of MgCl2 (3.5 g, 35 mmol), potassium
ethyl malonate (4.6 g, 30 mmol), and triethylamine (15 mL, 105
mmol) in dry ethyl acetate (100 mL) was stirred at 40 °C overnight. A
suspension of 6-methoxynaphthyl-2-acid chloride (4.9 g, 22.2 mmol)
in ethyl acetate (20 mL) was then added to the above mixture. The
reaction was stirred at room temperature for 2.5 h. The reaction was
quenched with 60 mL of 2N HCl, stirred for 5 min, and then washed
with 0.5 N HCl twice, 5% K2CO3 twice, and brine twice. Evaporation
of solvent and vacuum drying afforded 6.0 g (98%) of ethyl 3-(6-
methoxy-2-naphthyl)-3-oxopropanoate (10) as an oil. 1H NMR (500
MHz, CDCl3) δ: 1.26 (t, J = 7.1 Hz, 3H), 3.95 (s, 3H), 4.09 (s, 2H),
4.23 (q, J = 7.1 Hz, 2H), 7.15 (d, J = 2.5 Hz, 1H), 7.21 (dd, J = 2,5 Hz,
9.0 Hz, 1H), 7.77 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 9.0 Hz, 1H), 7.98
(dd, J = 1.8 Hz, 8.7 Hz, 1H), 8.38 (d, J = 1.8 Hz, 1H). About 10% of
10 existed in the enol and spectrum of the ketone form was reported.
Step 2. Compound 10 (5.0 g, 18.3 mmol) and anhydrous hydrazine

(0.63 mL 20 mmol) were refluxed in HOAc (100 mL) for 3 h. Solvent
was removed under reduced pressure, and the residue was washed with
DCM and collected by filtration to give 3.8 g (86%) of 5-(6-methoxy-
2-naphthyl)-2,4-dihydro-3H-pyrazol-3-one (11) as an off-white solid.
This compound exists in the hydroxypyrazole form in DMSO. 1H
NMR (500 MHz, DMSO-d6) δ: 3.87 (s, 3H), 5.95 (s, 1H), 7.17 (dd, J
= 2.7 Hz, 9.0 Hz, 1H), 7.31 (d, J = 2.7 Hz, 1H), 7.74−7.84 (m, 3H),
8.11 (br s, 1H), 9.66 (br s, 1H), 12 (br, 1H). MS C14H12N2O2 calcd
240.09; obsd (M + 1) 241.08.
Step 3. Compound 11 (1.58 g, 6.58 mmol) and pyridine (1.62 mL,

20 mmol) were dissolved in THF (20 mL) at −78 °C. Triflic
anhydride (1.68 mL, 10 mmol) was added via syringe. The cooling
bath was removed, and the reaction mixture was stirred for 2 h. The
mixture was cooled down again to −78 °C and diluted with ethyl
acetate (50 mL) and 2N HCl (10 mL). The ethyl acetate layer was
washed with dilute HCl twice and brine twice. Evaporation of solvent
left a purple residue, which was purified by column chromatography
(SiO2, 0−2.5% ethyl acetate in DCM) to give 1.1 g (46%) of 3-(6-
methoxy-2-naphthyl)-1H-pyrazol-5-yl trifluoromethanesulfonate (12)
as a white solid. 1H NMR (500 MHz, DMSO-d6) δ: 3.89 (s, 3H), 6.93
(d, J = 2.2 Hz, 1H), 7.23 (dd, J = 2.7 Hz, 8.8 Hz, 1H), 7.37 (d, J = 2.7
Hz, 1H), 7.82−7.86 (m, 2H), 7.92 (d, J = 8.7 Hz, 1H), 8.28 (s, 1H).
MS C15H11F3N2O4S calcd 372.04; obsd (M + 1) 373.06.
Step 4. Compound 12 (1.36 g, 3.65 mmol), tert-butyl N-[4-(1-

hydroxyethyl)benzoyl]-β-alaninate (1.2 g, 4.02 mmol), and triphenyl-
phosphine (1.44 g, 5.48 mmol) were suspended in DCM (25 mL).
Diisopropyl azodicarboxylate (0.87 mL, 4.38 mmol) was added slowly.
The mixture was stirred for 2 h and then concentrated to ∼10 mL.
This residue was chromatographed (SiO2, 25−30% ethyl acetate
gradient) to give 0.73 g (31%) of tert-butyl N-{4-[1-(3-(6-methoxy-2-
naphthyl)-5-{[(trifluoromethyl)sulfonyl]oxy}-1H-pyrazol-1-yl)ethyl]-
benzoyl}-β-alaninate (14) and 1.17 g (49%) of tert-butyl N-{4-[1-(5-
(6-methoxy-2-naphthyl)-3-{[(trifluoromethyl)sulfonyl]oxy}-1H-pyra-
zol-1-yl)ethyl]benzoyl}-β-alaninate (13). Compound 14: 1H NMR
(500 MHz, CDCl3) δ 1.45 (s, 9H), 2.01 (d, J = 7.1 Hz, 3H), 2.53 (t, J
= 5.9 Hz, 2H), 3.67 (q, J = 5.9 Hz, 2H), 3.94 (s, 3H), 5.56 (q, J = 7.1

Hz, 1H), 6.54 (s, 1H), 6.78 (br, 1H), 7.16 (br, 1H), 7.17 (dd, J = 2.6
Hz, 9 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.78
(d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.93 (dd, J = 1.8 Hz, 8.5
Hz, 1H), 8.14 (d, J = 1.6 Hz, 1H). MS C31H32F3N3O7S calcd 647.19;
obsd (M + Na) 670.02. Compound 13: 1H NMR (500 MHz, CDCl3)
δ 1.46 (s, 9H), 1.85 (d, J = 7.1 Hz, 3H), 2.55 (t, J = 5.8 Hz, 2H), 3.68
(q, J = 5.8 Hz, 2H), 3.95 (s, 3H), 5.52 (q, J = 7.1 Hz, 1H), 6.23 (s,
1H), 6.85 (br, 1H), 7.16 (d, J = 2.6 Hz, 1H), 7.21 (dd, J = 2.6 Hz, 8.7
Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.24 (dd, J = 1.5 Hz, 8.4 Hz, 1H),
7.62 (d, J = 1.5 Hz, 1H), 7.67 (d, J = 8.7 Hz, 1H), 7.71 (d, J = 8.3 Hz,
2H), 7.76 (d, J = 8.4 Hz, 1H). MS C31H32F3N3O7S calcd 647.19; obsd
(M + Na) 670.20.

Step 5 (Method B). Compound 13 (26 mg, 0.04 mmol), 2,5-
dichlorophenylboronic acid (15 mg, 0.08 mmol), and PdCl2(dppf) (12
mg, 0.014 mmol) were suspended in toluene (0.6 mL) in a glass tube.
A solution of Cs2CO3 (5 M, 25 ul) was added. The mixture was
deoxygenated by vacuum-N2 fill cycles and heated in a microwave
reactor to 140 °C for 10 min. The reaction mixture was filtered
through a glass-fiber plug and solvent removed under reduced
pressure. The residue was dissolved in CH3CN−H2O and purified by
reverse phase preparatory HPLC. The intermediate ester thus
obtained was deprotected by treatment with TFA−DCM (1:2, 1
mL) for 30 min. Evaporation of solvent and lyophilization from
CH3CN−H2O yielded 6.4 mg (27%) of N-1-(4-(2-hydroxycarbony-
lethylamino-carbonyl)phenyl)ethyl-3-(2,5-dichlorophenyl)-5-(6-me-
thoxynaphth-2-yl)pyrazole (15c(±)) as a fine powder. 1H NMR (500
MHz, DMSO-d6) δ: 1.90 (d, J = 6.9 Hz, 3H), 2.47 (t, J = 7.1 Hz, 2H),
3.41 (q, J = 7.1 Hz, 2H), 3.89 (s, 3H), 5.79 (q, J = 6.9 Hz, 1H), 7.02
(s, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 9.0 Hz, 1H), 7.39 (d, J =
2.6 Hz, 1H), 7.44 (dd, J = 1.7 Hz, 8.3 Hz, 1H), 7.47 (dd, J = 2.6 Hz,
8.6 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.83
(d, J = 9.0 Hz, 1H), 7.88 (d, J = 1.7 Hz, 1H), 7.90 (d, J = 8.6 Hz, 1H),
7.92 (d, J = 2.6 Hz, 1H). MS C32H27Cl2N3O4 calcd (M + H)
588.1451; obsd 588.1444.

Racemic N-(4-{1-[3-(2,5-dichlorophenyl)-5-(6-methoxy-2-naph-
thyl)-1H-pyrazol-1-yl]ethyl}benzoyl)-β-alanine was separated into its
enantiomers by chromatography using a ChiralPak AS column (10
mm × 250 mm), eluting with 40% MeOH−CO2 (0.1%TFA).
Compound 15c is the slower eluting enantiomer.

Glucagon Binding Assay. A CHO cell line expressing the human
glucagon receptor (CHO hGCGR) was maintained and membranes
prepared as described in Chicchi et al.42 Membranes (2−5 μg) were
incubated in buffer containing 50 mM Tris, pH 7.5, 5 mM MgCl2, 2
mM EDTA, 1% bovine serum albumin, 12% glycerol, 0.2 mg of wheat
germ agglutinin-coated polyvinyltoluene scintillation proximity assay
beads (Amersham Kit RPNP0001), increasing concentration of
compound (diluted in 100% DMSO and added to the assay at a
final concentration of 2.5%), and 50 pM 125I-glucagon. The assay was
incubated for 3 h at room temperature, and the total bound
radioactivity was measured with a Wallac-Microbeta counter. Non-
specific counts were determined using 1 μM unlabeled glucagon. Data
were analyzed using the nonlinear regression analysis software
GraphPad Prism, v4.

cAMP Assay. CHO hGCGR cells were grown in Iscove’s Modified
Dulbecco’s Medium (IMDM), 10% FBS, 1 mM L-glutamine,
penicillin−streptomycin (100 u/mL), and 500 ug G418/mL for 3−4
days before harvesting using Enzyme-Free Dissociation Media
(EFDM, Specialty Media). The cells were centrifuged at low speed
and resuspended in stimulation buffer (FlashPlate, Perkin-Elmer, Kit
SMP0004A). Compounds were diluted from DMSO stocks and added
to the assay at a final concentration of 5% DMSO. Cells were
preincubated with compound or DMSO controls for 30 min.
Glucagon (250 pM) was added, and the samples were incubated at
room temperature for an additional 30 min. The assay was terminated
with the addition of the FlashPlate kit detection buffer. The assay was
then incubated for an additional 3 h at room temperature, and bound
radioactivity was measured using a liquid scintillation counter
(TopCount-Packard Instruments). cAMP levels were determined as
per manufacturer’s instructions. For Schild Plot analysis, aliquots of
cells were preincubated with 56, 100, 178, 300, 560, and 1000 nM 9m
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for 30 min at room temperature prior to the addition of 0.001−1000
nM glucagon to initiate the assay. Data were analyzed using the linear
and nonlinear regression analysis software GraphPad Prism, v4.
Synthesis and characterization of other compounds listed in Tables

1 and 2 can be found in the Supporting Information.
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