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a b s t r a c t

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- 
ance and excellent oral bioavailability in both rats and dogs. In a rat glucagon challenge model, it was 
shown to reduce the glucagon-elicite d 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 
investigation.

� 2013 Elsevier Ltd. All rights reserved. 

Diabetes mellitus is a rapidly expanding public health problem 
affecting approximately 347 million people worldwide. 1 Type 2
diabetes mellitus is a metaboli c disease in which fasting and post- 
prandial plasma glucose is elevated due to abnormal ly high hepatic 
glucose production, reduced glucose-stim ulated insulin secretion 
and insulin resistance. 2 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 associate d with the disease. 3

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 
transductio n cascade resulting in the stimulati on of hepatic glu- 
cose production through glycogenol ysis and gluconeogenesi s. In 
type 2 diabetic patients, glucagon levels are inappropriately ele- 
vated in the fasted state and not adequately suppressed in the 
postprandia l state, which contributes to the elevated hepatic glu- 
cose production and plasma glucose levels seen in these patients. 4

Consequentl y, it has been postulated that a reduction in glucagon 
action in the liver, brought about by a glucagon receptor antago- 

nist, could reduce hepatic glucose production in type 2 diabetics, 
resulting in improved glycemic control. This hypothes is is sup- 
ported by both preclinic al and clinical data. 5

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 candidat e, and several other related ser- 
ies also containing a b-alanine side chain such as compound 2.6

Lilly has also recently presented phase 1 data for LY2409021, a glu- 
cagon receptor antagonist of undisclos ed structure. 7 Most of the 
reported glucagon receptor antagonists are lipophilic molecule s
with relatively high molecular weight as exemplified by 1 and 2
(Fig. 1).8 In order to improve safety and biopharmac eutical 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 (6500).9

Previous ly, we described the identification of a series of pyra- 
zole ethers and amino pyrazoles , exemplified by compound 3, with 
low molecula r weight and log D.10 Unfortunate ly, despite their low 
dog plasma clearance, these compounds suffered from high rat 
plasma clearance which complicated rat toxicolog y studies and re- 
duced the confidence in predictions of human pharmacokine tics. 
Further, it was discovered that some of the favored compound s
from this series had undesired PPAR- d agonist activity (for exam- 
ple, the PPAR- d EC50 for 3 is 440 nM). Consequently, we explored 
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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 antagoni sts with 
improved propertie s. 

The synthesis of the nitrogen- linked versions of these com- 
pounds was accomplis hed 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 

hydrogen ation conditions to provide 5 in quantitative yield. 
Butyryl benzoate 6 was synthesized by reacting the Knochel-ty pe 
Grignard reagent prepared from ethyl-4-i odobenzoate with 
butyraldehy de to afford the correspond ing benzylic alcohol, 11

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 transformation s
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Figure 1. Structures of glucagon receptor antagonists 1–3.
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Scheme 1. Synthetic method for the synthesis of nitrogen-linked analogs. Reagents and conditions: (a) K2CO3, MeCN, 80 �C, 70%; (b) 10% Pd/C, EtOH, THF, NH 4�HCO2, quant.; 
(c) (i) iPrMgCl�LiCl, butyraldehyde, THF, �40 �C, (ii) TEA, SO 3�Pyr., DMSO, CH 2Cl2, 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�HCl, EDCI, DIPEA, HOBt, THF, (ii) 2:1 MeOH: 2.0 M aq LiOH, 56%. 
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