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A novel and potent small molecule glucagon receptor antagonist for the treatment of diabetes mellitus is
reported. This candidate, (S)-3-[4-(1-{3,5-dimethyl-4-[4-(trifluoromethyl)-1H-pyrazol-1-yl|phen-
oxy}butyl)benzamido]propanoic acid, has lower molecular weight and lipophilicity than historical gluca-
gon receptor antagonists, resulting in excellent selectivity in broad-panel screening, lower cytotoxicity,

and excellent overall in vivo safety in early pre-clinical testing. Additionally, it displays low in vivo clear-
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ance and excellent oral bioavailability in both rats and dogs. In a rat glucagon challenge model, it was
shown to reduce the glucagon-elicited glucose excursion in a dose-dependent manner and at a concen-
tration consistent with its rat in vitro potency. Its properties make it an excellent candidate for further

© 2013 Elsevier Ltd. All rights reserved.

Diabetes mellitus is a rapidly expanding public health problem
affecting approximately 347 million people worldwide.! Type 2
diabetes mellitus is a metabolic disease in which fasting and post-
prandial plasma glucose is elevated due to abnormally high hepatic
glucose production, reduced glucose-stimulated insulin secretion
and insulin resistance.? Despite there being several classes of drugs
in common clinical use, there is a significant need for new thera-
pies with improved safety and efficacy, in order to help patients
achieve appropriate glycemic control and avoid the long term com-
plications associated with the disease.?

Glucagon is a polypeptide hormone produced and secreted by
a~cells located in the endocrine portion of the pancreas. In the li-
ver, glucagon binding to the glucagon receptor triggers a signal
transduction cascade resulting in the stimulation of hepatic glu-
cose production through glycogenolysis and gluconeogenesis. In
type 2 diabetic patients, glucagon levels are inappropriately ele-
vated in the fasted state and not adequately suppressed in the
postprandial state, which contributes to the elevated hepatic glu-
cose production and plasma glucose levels seen in these patients.*
Consequently, it has been postulated that a reduction in glucagon
action in the liver, brought about by a glucagon receptor antago-

* Corresponding author at present address: Therapeutic Discovery, Amgen Inc.,
360 Binney St., Cambridge, MA 02142, USA. Tel.: +1 617 444 5070.
E-mail address: aguzmanp@amgen.com (A. Guzman-Perez).
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nist, could reduce hepatic glucose production in type 2 diabetics,
resulting in improved glycemic control. This hypothesis is sup-
ported by both preclinical and clinical data.®

The identification of clinically useful small molecule glucagon
receptor antagonists for this class B G-protein coupled receptor
has been very difficult. Recently, Merck reported the discovery of
MK-0893 (1) as a clinical candidate, and several other related ser-
ies also containing a B-alanine side chain such as compound 2.°
Lilly has also recently presented phase 1 data for LY2409021, a glu-
cagon receptor antagonist of undisclosed structure.” Most of the
reported glucagon receptor antagonists are lipophilic molecules
with relatively high molecular weight as exemplified by 1 and 2
(Fig. 1).8 In order to improve safety and biopharmaceutical proper-
ties, we focused our efforts on identifying a series of small mole-
cule glucagon receptor antagonists with reduced lipophilicity
(logD <3) and molecular weight (<500).°

Previously, we described the identification of a series of pyra-
zole ethers and amino pyrazoles, exemplified by compound 3, with
low molecular weight and log D.!° Unfortunately, despite their low
dog plasma clearance, these compounds suffered from high rat
plasma clearance which complicated rat toxicology studies and re-
duced the confidence in predictions of human pharmacokinetics.
Further, it was discovered that some of the favored compounds
from this series had undesired PPAR-5 agonist activity (for exam-
ple, the PPAR-8 ECsq for 3 is 440 nM). Consequently, we explored
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Figure 1. Structures of glucagon receptor antagonists 1-3.

whether polarity could be transposed to the aromatic ring most
distal from the acid. This led to the discovery of a new series of po-
lar and low molecular weight glucagon receptor antagonists with
improved properties.

The synthesis of the nitrogen-linked versions of these com-
pounds was accomplished as exemplified in Scheme 1. Aniline 5
was prepared in two steps starting from 4-fluoronitrobenzene
and 4-trifluoromethylpyrazole, which were coupled to afford inter-
mediate 4. The nitro functionality in 4 was reduced under transfer

»

hydrogenation conditions to provide 5 in quantitative yield.
Butyryl benzoate 6 was synthesized by reacting the Knochel-type
Grignard reagent prepared from ethyl-4-iodobenzoate with
butyraldehyde to afford the corresponding benzylic alcohol,!!
which was subsequently oxidized under Parikh-Doering condi-
tions. Ketone 6 was an effective substrate for a reductive amination
with N-heterocyclic aniline 5 using decaborane to afford ester 7. It
is worth noting that decaborane consistently proved superior to
other reductive amination reagents for related transformations
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Scheme 1. Synthetic method for the synthesis of nitrogen-linked analogs. Reagents and conditions: (a) K,COs, MeCN, 80 °C, 70%; (b) 10% Pd/C, EtOH, THF, NH4-HCO,, quant;
(c) (i) iPrMgCI-LiCl, butyraldehyde, THF, —40 °C, (ii) TEA, SO3-Pyr., DMSO, CH,Cl,, 0 °C, quant.; (d) decaborane, MeOH, 0 °C; (e) 2:1 MeOH: 2.0 M aq LiOH, 66% for two steps;
and (f) (i) ethyl-B-alanine-HCI, EDCI, DIPEA, HOBt, THF, (ii) 2:1 MeOH: 2.0 M aq LiOH, 56%.
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within this target class.'? Carboxylic acid 8 was prepared via base-
mediated hydrolysis of 7. A standard amide coupling with B-ala-
nine ethyl ester, followed by subsequent ester hydrolysis gave
the desired carboxylate 9. The racemic mixture was resolved by
chiral supercritical fluid chromatography to provide the separate
enantiomers.

The corresponding ether linked compounds were synthesized
as exemplified in Scheme 2. Ketone 6 was reduced to the corre-
sponding (R)-alcohol 10 via transfer hydrogenation using an
(RR)-Noyori catalyst.”> The 87% ee material from the Noyori
hydrogenation was then enriched to >99% ee by chiral supercritical
fluid chromatography. Hydrolysis of the ethyl ester to acid 11 en-
abled a standard amide coupling with B-alanine ethyl ester to ob-
tain alcohol 12. Separately, 4-bromo-2,6-dimethylaniline was
transformed to the corresponding hydrazine hydrochloride 13 via
diazotization and reduction with stannous chloride. The hydrazine
was converted to pyrazole 14 by base-promoted cyclization with a
B-trifluoromethyl vinamidinium salt, which was in turn synthe-
sized by a Vilsmeier-Haack reaction of 3,3,3-trifluoropropanoic
acid with phosphorus oxychloride in DMF at 70 °C followed by salt
isolation with sodium hexafluorophosphate.'® Aryl bromide 14
was then converted to phenol 15 via a palladium-catalyzed trans-
formation using tBuXPhos.!®> A Mitsunobu reaction was then exe-
cuted to join enantioenriched alcohol 12 and phenol 15 to
deliver ether 16 in good yield. As expected, the reaction proceeded
with complete inversion of the stereocenter (>99% ee). Subsequent
ester hydrolysis provided the desired (—)-carboxylic acid 17.'° In
other instances, racemic alcohols similar to 10 were used to pro-
vide racemic analogs, which in several cases were resolved by chi-
ral supercritical fluid chromatography either at the final acid stage

OEt a
_—

or at the penultimate ester. Additionally, several analogs were pre-
pared by copper-catalyzed coupling (Cul/8-hydroxyquinoline) of
an aryl iodide with the appropriate heterocycle to provide interme-
diates similar to 16.!7

The in vitro potency of test compounds was assessed using
both binding and functional assay formats. The binding affinity
of compounds for the human glucagon receptor was determined
by their ability to displace ['?°I] Glucagon-Cex from membranes
containing the human glucagon receptor,'® while functional activ-
ity was determined by the ability of these compounds to inhibit
glucagon-induced cAMP production in a cell line expressing the
human glucagon receptor. We were unable to perform these as-
says in the absence of serum to determine a free potency for
the antagonists, because of the high degree of non-specific bind-
ing exhibited by glucagon. Consequently, the binding assay was
performed in the presence of 0.2% bovine serum albumin (BSA),
while functional activity was determined in the presence of 4%
BSA in order to provide an estimate of the antagonists’ plasma
bound or total potency.

In addition to the molecular weight and polarity requirements
outlined above, we also set forth the following objectives: (a)
maintain a low in vivo clearance to obtain a moderate half-life de-
spite the low volume of distribution typical of acids, (b) accord-
ingly, target little to no turnover in microsomes, (c) maintain
permeability and solubility as high as possible to facilitate absorp-
tion, which can be a challenge for high molecular weight acids, and
(d) obtain a functional potency of <300 nM in the human cAMP as-
say in order to acquire an acceptable human dose prediction. For
reference, compound 1 had a K of 270 nM in our human glucagon
receptor (hGCGR) cAMP assay.
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Scheme 2. Synthetic method for the synthesis of ethers. Reagents and conditions: (a) (i) [N-[(1R,2R)-2-(amino-kN)-1,2-diphenylethyl]-4-methylbenzenesulfonamidato-
«N]chloro[(1,2,3,4,5,6-1)-1,3,5-trimethylbenzene]-ruthenium (2.5 mol %), 5:2 HCO,H/Et3N, 25 °C, 12 h, 99% yield, 86% ee, (ii) Chiralpak AD-H, SFC Mobile phase 80:20 CO,/
Methanol, 90% yield, 99% ee after resolution; (b) LiOH-H,0, THF/H,O/MeOH (1:1:1), 25 °C, 2.5 h, 93% yield, >99% ee; (c) B-alanine ethyl ester hydrochloride, HATU, DIPEA,
DMF, 25 °C, 1 h, 95%, >99% ee; (d) (i) HCl (concd)/H,0 (1:2), 0 °C, 15 min then NaNO,, H,0, 0 °C, 30 min, (ii) SnCl,-H,0; HCI (concd)/H,0 (1:1), 0 °C, 1 h then 25 °C, 18 h, (iii)
HCI/CH50H, EtOAc, 0 °C, 25 min, 64%; (e) (i) NaOMe, (Z)-N-(3-(dimethylamino)-2-(trifluoromethyl)allylidene)-N-methylmethanaminium hexafluorophosphate, 0-25 °C, 18 h,
(ii) TFA, 80 °C, 5 h, 70%; (f) KOH, Pd,dbas, tBuXPhos, dioxane/H,0 (1:1), 95 °C, 1 h, 91%; (g) ADDP, BusP, THF, 25 °C, 16 h, 75% yield, >99% ee; and (h) 1 N aq NaOH, MeOH/THF

(1:1), 25 °C, 18 h, 87%, >99% ee.
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The SAR of the nitrogen-linked analogs is summarized in Ta-
ble 1. Incorporation of either a trifluoromethyl imidazole or trifluo-
romethyl pyrazole ring distal from the acid was tolerated as
observed in compounds 18 and 19. These compounds display mod-
est potency in both the binding and functional assays, display good
aqueous kinetic solubility at pH 6.5 (350-360 uM), and show no
observable turnover in human (HLM) or rat liver microsomes
(RLM). Importantly, as expected the incorporation of the heterocy-
cles results in these compounds having logD values (shake-flask
method using octanol/pH 7.4 buffer) in the range of interest. Both
of these compounds were separated into single enantiomers and
the most potent enantiomer of each was dosed intravenously to
Wistar-Han rats at 1 mg/kg to determine their pharmacokinetic
parameters. Unfortunately, the single enantiomers of compounds
18 and 19 had relatively high rat plasma clearances of 65 and
37 ml/min/kg, respectively.

Compounds 20-22 were prepared in an effort to eliminate the
aniline motif from these molecules, and to optimize potency and
reduce rat clearance. The trifluromethyl pyrazole group was cho-
sen for this purpose due to the higher passive permeability (Papp)
observed for 19 over 18 using the MDCKII-LE assay,'® and its
slightly enhanced potency. While pyridine analog 20 provided
comparable potency and properties to 19, pyridine 21 was clearly
inferior. In contrast, pyrimidine analog 22 provided a moderate
improvement in potency while reducing the logD. This compound
also displays good kinetic solubility at pH 6.5 (380 uM) and no
turnover in human or rat microsomes. The dimethyl analog 23 pro-
vided a significant improvement in binding potency over 19 that
did not translate to the functional assay, and displayed moderate
turnover in rat liver microsomes, thus it was not investigated fur-
ther. Compounds 20 and 22 were separated into single enantio-
mers and the most potent enantiomer of each was used to
determine their rat plasma clearance, which was 74 and 130 ml/

Table 1
In vitro properties of the nitrogen-linked analogs®

HN.

min/kg, respectively. It is likely that the main clearance pathway
of these compounds in rats is biliary excretion because: (a) there
is no observable turnover in rat liver microsomes, (b) little to no
drug was found in the urine of the rats, (c¢) efforts to detect glucu-
ronidation in UGT-supplemented rat liver microsomes provided
little to no turnover, (d) no plasma stability issues were detected,
and (e) following a 5 mg/kg intravenous administration of the most
potent enantiomer of 18, 57% of the dose was collected in the bile.
Interestingly, this may be rodent specific as the most potent enan-
tiomer of 18 displays a plasma clearance of 2 ml/min/kg after a
0.5 mg/kg intravenous administration to Beagle dogs, and of
151 ml/min/kg after a 1 mg/kg intravenous administration to mice.
The corresponding ether linked compounds were also investi-
gated and the results are summarized in Table 2. While the triflu-
oroimidazole ether (24) was significantly weaker than the
corresponding aniline, the trifluoromethylpyrazole ether (25) was
only twofold less potent than 19 in the functional assay. In addi-
tion, this compound possessed the desired polarity, acceptable pas-
sive permeability, no turnover in RLM, low turnover in HLM
(Clincapp 16 ml/min/kg) and good aqueous kinetic solubility at pH
6.5 (400 uM). Importantly, when 25 was separated into single
enantiomers and the most potent enantiomer dosed to Wistar—
Han rats at 1 mg/kg intravenously and 5 mg/kg orally, it provided
a clearance from plasma of 17 ml/min/kg and an oral bioavailabil-
ity of 60%. Given the favorable physicochemical, ADME and phar-
macokinetic properties of ether 25, we embarked on an effort to
improve on its potency within the ether series. Replacement of
the phenyl ring proximal to the pyrazole with a pyridine (26) or
pyrimidine ring (27) did not provide the desired improvements
in potency. This was particularly surprising in the pyrimidine case
since this had improved potency in the N-linked series.
Modification of the alkyl side chain of 25 did not provide the re-
quired potency improvement (Table 3). Compounds 28-31 pro-

N/\)]\OH

H

®)

R LogDP hGCGR binding K; (nM) hGCGR cAMP K, (nM) MDCKII-LE Py, (x 10-%cm/s)
CFs
18 $ N 13 680 4700 0.6
\=N
CF3
S
19 §ON/3/ 1.9 160° 2600 4.0
N
—N CF;
=~
20 §{/fN _ 2.1 170 1300 46
N
N=— CF;
S
21 §@N/j 13 670 4100 08
N
—N CF;
=
22 §{ /%N\/]/ 13 100 490 08
N N
1400 2.7

_CFs
23 $ N\/j 22 12
N

¢ Binding and cAMP data is reported as the geometric mean of >2 determinations except where otherwise noted.

b LogD values determined by shakeflask method.
¢ Value reported is n=1.
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Table 2
In vitro properties of ethers 24-27°

3055

hGCGR cAMP K, (nM) MDCKII-LE P,p, (x10® cm/s)

Oq
R LogDP hGCGR binding K; (nM)
CF3
24 EON&( 16 220
\=N
CFs
S
25 §—@N/j 24 890
N
=N CF3
=
26 E—@N/j 2.6 230
N
=N CF3
=
27 §{ /%N:\jj 15¢ 1100
N

22000 23
5100 3.1
3700 34

¢ Binding and cAMP data is reported as the geometric mean of >2 determinations except where otherwise noted.

b LogD values determined by shakeflask method.
¢ Estimated using an in silico model.

vided a slight improvement in potency but at the expense of unac-
ceptable increases in lipophilicity, which were accompanied in
most cases by an increase in microsomal turnover. Compounds
32-34 resulted in weaker potency than 25 in the functional assay.
Interestingly, the ethyl analog 34, the one carbon truncation of 25,
resulted in no activity in the cAMP assay.

Our efforts to optimize the trifluromethylpyrazole group are
summarized in Table 4. Replacement of the trifluromethyl with a
chloro substituent resulted in a compound (35) with similar po-
tency and properties, with the exception of lower aqueous kinetic
solubility at pH 6.5 (70 uM). Substitution with methyl or fluoro
provided compounds (36-37) with lower lipophilicity but reduced
potency in the cAMP assay. Remarkably, removal of the trifluoro-
methyl group as shown in compound 38 abolishes the functional
activity. Attempts to utilize polar groups in place of the trifluoro-
methyl (39-41) also resulted in no functional activity. Addition

Table 3
Alkyl side chain SAR of the ether series®

Iz

of a methyl group at the 3-position (42) or fusion of a cyclohexyl
ring to the pyrazole (43) provided similar potency with higher lipo-
philicity. Benzo fusion to the pyrazole afforded compound 44 with
similar polarity and improved potency, but with moderate HLM
turnover. This compound was separated into enantiomers and
the most potent was dosed to Wistar-Han rats intravenously at
1 mg/kg and orally at 5 mg/kg. Unfortunately, although the com-
pound’s plasma clearance was 18 ml/min/kg, its oral bioavailability
was only 3%. This is presumably the result of a combination of mar-
ginal passive permeability (Papp 2.2 x 107° cm/s) and low solubil-
ity, which was difficult to quantify.

Finally, we found (Table 5) that addition of two methyl groups
ortho to the pyrazole ring resulted in a robust increase in potency
in both the binding and functional assays (45). The (—)-(S)-enantio-
mer (17) was determined to be considerably more potent than (+)-
(R)-enatiomer (46). Surprisingly, the enhancement in cAMP po-

R LogD® hGCGR binding K; (nM) hGCGR cAMP K, (nM) HLM Clip,app (ml/min/kg) RLM Clipg,app (ml/min/kg)
28 cyclo-Bu 2.6 700 3000 26 <25
29 iso-Bu 3.2 549 3400 23 46
30 cyclo-pentyl 33 420 4000 22 31
31 tert-Bu 3.7 170 4300 31 28
25 n-Pr 24 890 5100 16 <36
32 iso-Pr 2.6 720 8800 13 <25
33 cyclo-Pr 1.7 1300 15000 <8 <25
34 Et 1.9 1400 >22000 <8 <25

¢ Binding and cAMP data is reported as the geometric mean of >2 determinations except where otherwise noted.

b LogD values determined by shakeflask method.
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Table 4
Heterocyclic ring SAR of the ether series®
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R2
R R? LogDP hGCGR binding K; (nM) hGCGR cAMP K, (nM) HLM Cline app (ml/min/kg)

25 CF; H 2.4 890 5100 16
35 Cl H 2.6 1100 6500 10
36 Me H 2.1 1900 11000 16
37 F H 2.0 1700 10000 12
38 H H 1.7¢ 4100° >55000°

39 CN H 1.2 4100 >50000 <8
40 MeO H 14 4400° >23000° <8
41 C(O)NMe, H 0.5 6500 >30000 <13
42 CF3 Me 2.8 1100 8300 <10
43 —CH,-CH;,-CH,-CH,- 2.7 690 4200 48
44 —-CH=CH-CH=CH- 2.5 290 2000 44

LogD values determined by shakeflask method.
Value reported is n=1.
Estimated using an in silico model.

tency through addition of the two ortho-methyl groups was much
larger in this series than the corresponding one observed in the N-
linked series. It is also interesting to note that adding both methyl
groups is important because compound 47 with only one ortho-
methyl group afforded intermediate cAMP potency between 25
and 45.

Compound 17 has excellent properties. Its logD is essentially
the same as for 25 despite the presence of two additional methyl
groups. This is likely due to a conformational effect where the pyr-
azole is forced to be almost perpendicular to the adjacent phenyl
ring resulting in the N-2 of the pyrazole being more exposed to
the solvent surface than in 25. This additional polar surface area
essentially cancels out the added lipophilicity from the two methyl
groups. The absolute stereochemistry of 17 was confirmed to be (S)
by X-ray crystallography and examination of the Hooft parame-

Table 5
Substitution at the phenyl ring of the ether series®

Binding and cAMP data is reported as the geometric mean of >2 determinations except where otherwise noted.

ter.?° Compound 17 has acceptable passive permeability (Papp
3.6 x 107 cm/s), no observable turnover in HLM or RLM, and good
kinetic solubility at pH 6.5 (420 uM). In Caco-2 monolayers, it
demonstrated a P, of 8.5x10®cm/s at pH 7.4 and of
30 x 10°®cm/s at pH 6.5. The enhanced permeability at lower
pH is not surprising because the protonated form of the acid should
have higher permeability, and is likely more relevant due to the
acidic nature of the early gastrointestinal track. Its pharmacoki-
netic properties when dosed to rats and dogs are shown in Table 6.
It has low clearance and high oral bioavailability in both species.
The volume of distribution is low as expected and this results in
short to moderate half-lives. The molecular weight for compound
17 is 503, which together with a logD of 2.6 (clogD 2.3) met our
objectives. In contrast, compound 2 had an oral bioavailability of
7% and 30% after dosing at 5 mg/kg to rats and 4 mg/kg to dogs,

R2
R! R? LogDP hGCGR binding K; (nM) hGCGR cAMP K, (nM)
25 Racemic H H 24 890 5100
45 Racemic Me Me 2.6¢ 64 770
17 (—)-(S) Me Me 2.5 14 270
46 (+)-(R) Me Me 2.7 1600 9000
47 Racemic Me H 2.6 200 1900

¢ Binding and cAMP data is reported as the geometric mean of >4 determinations except where otherwise noted.

b LogD values determined by shakeflask method.
¢ Estimated using an in silico model.
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Table 6
Compound 17 pharmacokinetic properties®

Species Plasma clearance (ml/min/kg) Volume of distribution at steady state (L/kg) Beta half-life (h) Oral bioavailability (%)
Rat 2.8 0.40 1.8 100
Dog 1.5 0.31 2.5 100

@ Wistar-Han rats dosed at 1 mg/kg intravenously and 50 mg/kg orally. Beagle dogs dosed at 0.5 mg/kg intravenously and 5 mg/kg orally.

Figure 2. Heat map of the activity of compounds 17, 1 and 2 against a panel of pharmacological targets at 10 pM. Each column is a separate assay. Color gradient with

green = 0% effect, yellow = 50% effect and red = 100% effect.
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Figure 3. Effects of 17 dosed orally in the rat glucagon challenge model (N =6,
*p <0.05, "p <0.01, *p <0.001).

respectively. The low bioavailability may be, at least partially, due
to the low kinetic solubility of compound 2 at pH 6.5 (23 puM).

Compound 17 has also excellent selectivity against a panel of 69
receptors, ion channels, uptake sites and enzymes tested at 10 puM,
with >50% activity only identified for the rat chloride (GABA-gated)
channel (K; = 8.2 uM). This is in contrast with the numerous hits
identified when compounds 1 and 2 were screened at the same
concentration in similar panels. A comparison is best visualized
in the heat map in Figure 2. Compound 17 also displayed no ago-
nist activity at 10 uM when tested in PPAR-o, 8, and vy assays. It
has a binding K; of 3160 nM for the GLP-1 receptor which provides
230-fold selectivity when compared to the glucagon binding K;. Se-
lected compounds were also assessed in a transformed human li-
ver epithelial (THLE) cell cytotoxicity assay. This assay measures
ATP depletion as a determinant of general cellular toxicity at
72 h, and has been found to correlate with pre-clinical in vivo tox-
icity.2! Compound 17 had an ICsq of 112 pM, suggestive of lower
toxicity than reference compounds 1 (ICso=38 uM) and 2
(ICs0 = 55 uM). Furthermore, compound 17 displayed an excellent
safety profile in 14-day exploratory toxicological studies in rats
and dogs. Together this data suggests that compound 17 may offer
a reduced safety risk profile than that of more lipophilic glucagon
receptor antagonists.

Compound 17, like most compounds investigated in this series,
showed weaker potency in the rat, mouse and dog glucagon
receptor functional assays than in the corresponding human as-

say. Compound 17 afforded in the rat cAMP assay a K, of
3900 nM, in the mouse cAMP assay a K;, of 1500 nM, in the dog
assay a K of 1200 nM, and in the monkey cAMP assay a K of
82 nM. As a result of the excellent rat pharmacokinetic properties
of 17 and despite its weak rat potency, it was possible to assess it
in an in vivo rat glucagon challenge model. In this study, Wistar-
Han rats (n = 6) were administered either 17 or vehicle orally fol-
lowed 45 min later by a 3 pg/kg intravenous challenge of gluca-
gon. At predetermined timepoints pre- and post-glucagon
administration, plasma samples were collected for the assessment
of glucose and plasma levels of 17. As shown in Figure 3, 17 sup-
pressed the glucagon induced glucose excursion in a dose propor-
tional manner, with the 75 mg/kg dose almost completely
blocking the glucose elevation. The 7.5 mg/kg dose provides
approximately 50% reduction in the glucose excursion. The bound
plasma exposure during the experiment of 17 at a dose of 7.5 mg/
kg was consistent in magnitude with the compound’s in vitro rat
Ky, demonstrating good rat in vitro-in vivo translation. The re-
sults from this model not only confirm the in vivo activity of
17, but also support our use of the in vitro cAMP assay at 4%
BSA as a good predictor of in vivo potency.

In summary, we have identified compound 17 as a potent glu-
cagon receptor antagonist for the treatment of diabetes mellitus.
This compound has lower molecular weight and lipophilicity than
historical glucagon receptor antagonists, which results in excel-
lent selectivity in broad-panel screening, lower cytotoxicity, and
excellent overall in vivo safety in early pre-clinical testing. This
compound displays low in vivo clearance and excellent oral bio-
availability in both rats and dogs. In a rat glucagon challenge
model, compound 17 was shown to reduce the glucagon-elicited
glucose excursion in a dose-dependent manner and at a concen-
tration consistent with its rat in vitro potency. Taken together
the overall properties of 17 supported its selection as an early
development candidate for the treatment of type 2 diabetes
mellitus.
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