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ABSTRACT

A concise enantioselective synthetic route to a potent GPR40 agonist AMG 837 is described. The crucial catalytic asymmetric conjugate addition of
terminal alkyne was promoted by a soft Lewis acid/hard Brønsted base cooperative catalyst, allowing efficient construction of the requisite stereogenic
center. The thioamide functional group is key to both activation in asymmetric alkynylation and facile transformation into carboxylic acid.

TheG-protein coupled receptorGPR40was regarded as
an orphan receptor until the discovery of its endogenous

agonists, free fatty acids that amplify insulin secretion from

pancreatic β-cells,1-3 indicating that GPR40 agonists and

antagonists are potential therapeutic targets for insulin-

involved disorders such as type 2 diabetes.4 Recently, a

β-alkynyl acid derivative AMG 837 (1) was identified as a

potent GPR40 agonist at Amgen.5
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The first generation synthetic route to 1 developed by
Amgen relied on optical resolution to provide enantiopure
samples for toxicologic and clinical studies. Subsquently,
Cui and Walker at Amgen established a reliable and scal-
able enantioselective synthesis of 1 through asymmetric
conjugate addition of an alkynyl Grignard reagent to
Meldrum’s acid-derived acceptors.6 Although this second
generation route advanced the synthetic efficiency, the
use of more than stoichiometric amounts of cinchonidine,
Me2Zn, and propynylmagnesium chloride is essential to
construct the requisite stereogenic center with high yield
and excellent enantioselectivity, and there remains room
for further improvement.
Catalytic asymmetric conjugate addition of terminal

alkynes to R,β-unsaturated carboxylates offers the most
straightforward and efficient access to the optically active
β-alkynyl acid derivatives,7 but few methods exist for this
transformation in a catalytic asymmetric manner, likely
due to the diminished reactivity of in situ generated transi-
tion metal alkynylides. Recently, to address this issue, our
group focused on the simultaneous activation of both a
terminal alkyne and an acceptor to compensate for the low
reactivity of the transition metal alkynylide. R,β-Unsatu-
rated thioamides8,9 were selected as suitable acceptors to
engage the enantioselective coupling with terminal alkynes,
in which the Lewis basic nature of both the alkyne and
thioamide functional groups was exploited for simulta-
neous activation by a soft Lewis acid/hard Brønsted base

cooperative catalyst. Based on this strategy, we developed
a direct catalytic asymmetric conjugate addition of termi-
nal alkynes to R,β-unsaturated thioamides that proceeds
under proton transfer conditions.10 Herein we report a
concise enantioselective synthesis of AMG 837 (1) via soft
Lewis acid/hard Brønsted base catalyzed11 asymmetric
conjugate addition of a terminal alkyne toR,β-unsaturated
thioamide.

Webegan our studies using silyl acetylene as an acetylene
equivalent in the direct catalytic asymmetric conjugate

Table 1. Direct Catalytic Asymmetric Conjugate Addition of
TMS Acetylene 3aa

a
2a, 0.2 mmol. bDetermined by 1H NMR of the crude mixture with

2-methoxynaphthalene as an internal standard. c 10mol%of phosphine
oxide 6 was used. d Isolated yield.

Figure 1. Proposed catalytic cycle with Mtl-HMDS.
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addition to install the propyne unit of 1. Initial inves-
tigation revealed that the previously developed catalytic
system comprising [Cu(CH3CN)4]PF6, (R)-DTBM-Seg-
phos (R)-5,12 Li(OC6H4-p-OMe), and bisphosphine oxide
6
13 was less effective in an attempted reaction of R,β-
thioamide 2a and TMS acetylene 3a, likely because nucleo-
philic addition of in situ generated Cu acetylide was
hampered by the increased steric demand of 3a (Table 1,
entry1).Weenvisionedusingacatalyticamountofa stronger
base, LiHMDS, to generate Li acetylide A efficiently,
which would give Cu acetylide B through transmetalation
(Figure 1). Subsequently, enantioselective conjugate addi-
tion of Cu acetylide to Cu-activated 2a likely proceeds to
give Cu thioamide enolateC,14 which then would function
as a Brønsted base to drive the next catalytic cycle and
liberate the desired product 4a.15 The HMDS-type base of
a more electropositive alkali metal exhibited higher cata-
lytic efficiency (entries 2-4), affording 4a in 74% yield
with 92% ee with KHMDS (entry 4).16 The yield was
further improved by using 5 equiv of 3a (entry 5).17

Having established the reaction conditions for TMS
acetylene 3a as the pronucleophile, β-aryl-R,β-unsaturated

thioamides bearing a p-oxy substituent were investigated
for the synthesis of 1 (Table 2). The reaction efficiency was
significantly different depending on the electronic charac-
ter of the p-oxy substituent. Substrate 2b, with an electron-
donating p-OMegroup, affordedonly trace amounts of the
corresponding coupling product 4b, even with a 10 mol %
catalyst loading, presumably due to attenuated reactiv-
ity compared with nonsubstituted substrate 2a (Table 2,
entry 1 vs Table 1, entry 5). In contrast, R,β-unsaturated
thioamide 2a with an electron-withdrawing p-OAc group
affordedproduct4c inmoderate yieldwith 92%ee (entry 2),
which proved to be better than that obtained from the
analogous substrate bearing a p-OPiv group (entry 3).
Unexpectedly, a more electron-withdrawing p-OMs substi-
tuent did not afford the desired product (entry 4).18 Further
optimization of the reaction conditions using 2c revealed that
a higher concentration and extended reaction time contrib-
uted to give a higher yield (entry 5), and the catalyst loading
could be reduced to 5 mol % to afford 4c in 83% yield with
91% ee (entry 6). The absolute configuration of 4c prepared
by using (S)-DTBM-Segphos (S)-5 was determined to be
S by X-ray crystallographic analysis (Figure 2).19

Due to the highly crystalline nature of 4c, enantioenrich-
ment was easily conducted in a CH2Cl2/n-hexane binary
solvent system toprovide an enantiopure sample (>99%ee)
in 84% yield (Scheme 1). With enantiopure 4c bearing
the requisite stereogenic center of 1 in hand, we focused on
the enantioselective synthesis of 1. Facile conversion of a
thioamide functional group into the thioester was conducted
by treatment withMeI in the presence of H2O under acidic
conditions, giving the corresponding thioester 7.20 With-
out purification, 7 was subjected to Cs2CO3/MeOH to
remove the TMS group and acetyl group as well as to
transform the thioester to methyl ester to afford 8. Ether

Figure 2. X-ray crystal structure of 4c.

Table 2. Direct Catalytic Asymmetric Conjugate Addition to
R,β-Unsaturated Thioamides Bearing a p-Oxy Substituenta

entry R 2 x product

time

(h)

yieldb

(%)

ee

(%)

1 OMe 2b 10 4b 18 trace ;

2 OAc 2c 10 4c 18 58 92

3 OPiv 2d 10 4d 18 31 ;

4 OMs 2e 10 4e 18 ND ;

5 OAc 2c 10 4c 40 80 90

6 OAc 2c 5 4c 40 83c 91

a 2, 0.2 mmol; 3a, 1.0 mmol. bDetermined by 1H NMR of the crude
mixture with 2-methoxynaphthalene as an internal standard. c Isolated
yield.
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formation of the resultant crude material containing 8

and 9 under basic conditions afforded terminal alkyne 10
in 48%yield in three steps. Installationof themethyl group
at the terminal alkyne was performed by Sonogashira
coupling with MeI using carbene precursor 11 to provide
12 in 64% yield.21,22 Basic hydrolysis of 12 delivered 1, a
potent GPR40 agonist.
In conclusion, we developed an enantioselective syn-

thetic route to apotentGPR40agonist 1 via direct catalytic
asymmetric conjugate addition of a terminal alkyne to an
R,β-unsaturated thioamide. The initial formation of an
alkalimetal acetylidewith catalytic amounts of strongbase
is key to using TMS acetylene, and the intermediate Cu
thioamide enolate served as base in the following catalytic
cycle. The facile transformation of a thioamide functional
group to a carboxylic acid derivative allowed efficient
access to 1. Further application of the present alkynylation
method to the catalytic asymmetric synthesis of biologi-
cally active compounds is now ongoing.
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Scheme 1. Enantioselective Synthesis of 1

(21) Eckhardt, M.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 13642.
(22) No racemization was observed at this stage as confirmed by

chiral-stationary-phase HPLC analysis.


