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ABSTRACT: The synthesis and properties of the bridged piperidine (oxaazabicyclo) compounds 8, 9, and 11 are described. A
conformational analysis of these structures is compared with the representative GPR119 ligand 1. These results and the differences
in agonist pharmacology are used to formulate a conformation-based hypothesis to understand activation of the GPR119 receptor.
We also show for these structures that the agonist pharmacology in rat masks the important differences in human pharmacology.

B INTRODUCTION

G-protein-coupled receptor 119 (GPR119) is one of several
non-peptide-binding GPCR diabetes targets." The recent deorpha-
nization process has identified oleoylethanolamide (OEA) as one
of the putative natural agonists of GPR119.>”* There are also a
number of small molecule agonists that have been reported,” and
many of these have recently been reviewed.”® Interest in agonists of
GPR119 as antidiabetics derives from their ability to stimulate an
incretin response in the gut and glucose-dependent insulin release
in the pancreas.” Currently the extent and duration of activation of
the receptor needed for maximum clinical benefit are not known.
Equally, it is not well understood what structural elements in the
reported GPR119 ligands are responsible for triggering the agonist
response. Herein we report an attempt to elucidate some of the
factors involved using conformationally restricted analogs.

B RESULTS AND DISCUSSION

As a baseline we undertook a detailed evaluation of 1'° (see
Figure 1), starting with a conformational analysis. As shown in
Figure 2, 1 has restricted conformations with the preferred dihedral
angles (labeled 1 and 2 in Figure 2) placing the piperdinol methine
approximately +30° out of the plane of the central pyrimidine. This
is true of the axial and the equatorial piperidine-ether conforma-
tions. A 0.18 kcal/mol preference for the equatorial conformation is
calculated, and this axial to equatorial equilibrium is one of the more
energetically accessible conformational changes.""

To identify pharmacologically superior agonists, we set out to
further restrict the conformations of the piperidine ring. We
surmised that the piperidine carbamate region makes important
H-bond contacts with the receptor, similar in importance for
agonist activity as has been described for acceptor contacts on the
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other end of the molecule.'” This inference is based on the high
prevalence of H-bond acceptor groups (cabamate, pyrimidyl,
and oxadiazole) capplng related piperidine structures for re-
ported GPR119 agonists.”'* As one of the more common motifs
found in GPR119 ligands, an understanding of the structure—
function relationship for this portion of the molecule could prove
important for agonist design. One of our approaches included the
1nc0rporat10n of a bridging ether to constrain the piperidine
ring."

The synthesis of two such compounds is shown in Scheme 1.
Double Mannich reaction followed by carbonyl reduction with sodium
borohydride gave a mixture of the syn and anti alcohol isomers 3 and 4,
with the syn isomer precipitating out of solution in pure form. The anti
isomer 4 was purified away from the residual 3 by silica gel
chromatography. Hydrogenolysis of the benzyl group followed by
carbamate formation provided § and 6. The anti isomer 6 proved more
reactive in the reaction with the chloropyrimidine 7, accounting for the
better yield of 9 relative to 8. Compound 8 was readily crystallized for
X-ray structure analysis. The conformation of the oxaazabicyclic ring in
the X-ray structure of 8 showed the same dihedral angles calculated for
1 (cf. dihedrals 1 and 2 in Figure 2), placing the central pyrimidine
approximately 30° out of plane with the nearby piperidinol methine.
Although an X-ray structure was not obtained for 9, the calculated
preferred dihedral angles match those calculated for 1 and 8.'°

Table 1 shows a comparison of the properties of the isomers 8
and 9 with 1. Despite the addition of two methylene groups, the
bridged ether compounds 8 and 9 have lower log P than their
nonbridged counterpart 1. All three compounds have low hepatic
turnover in human microsomes and excellent aqueous solubility
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Figure 1. Representative GPR119 ligand.
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Figure 2. Energy map for a compound 1 model system.

properties in contrast to other reported agonists.® Although 1 is
reported to be an agonist across a variety of species,” in our cAMP
functional assay it is only a weak partial agonist of the human
GPR119 receptor. The most striking comparisons are with the IA
difference between 8 and 9 and the significantly greater intrinsic
activity of 9 relative to 1. The lack of an agonist response with 8
could be misinterpreted if not for its binding K; showing that the
fundamental interaction with the receptor is essentially equivalent
to 1 and 9."° Further functional characterization in antagonist
mode (8 in the presense of an agonist) confirms the functional
antagonist profiles of 1 and 8. Tested in this way, 8 can fully
antagonize an agonist response (Ky = 25 nM), while 1 can
antagonize to approximately 20% of maximum, equivalent to its
intrinsic activity in agonist mode.

Taken together with the pharmacology results, the con-
formational analysis of 1, 8, and 9 led us to propose the
agonist conformation hypothesis shown in Figure 3. Com-
pound 1 can explore the agonist and antagonist forms from
the accessible axial and equatorial conformations and shows
partial agonist activity. Compound 8 is constrained to the
“antagonist conformation” and is an antagonist. The “agonist
conformation” is energetically preferred by 9, and this ac-
counts for the greater functional response observed.

The hypothesis reinforces the proposal that the H-bond
acceptor interaction of the carbamate, presumably toward the
interior of the GPCR, has a large contribution toward the
agonist activity. There are several ways to interpret the differ-
ences in pharmacology based on the hypothesis. Because the
agonist and antagonist conformations place the carbamate in
different spacial regions, it is possible the carbamates in each
have different H-bond interactions with the receptor.

Scheme 1. Synthesis of 3-Oxa-7-azabicyclo[3.3.1]nonane
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“Reagents and conditions: (a) aq formaldehyde, benzylamine, acetic
acid, reflux; (b) NaBH, (one pot, 45%); (c) Pd(OH),, H,, S0 psi, EtOH,
23 °C (91%); (d) isopropyl chloroformate, i-Pr,NEt (82%); (e)
NaHMDS, 7, dioxane, 105 °C (36% for 8) (51% for 9). ORTEP of 8
shown at 30% probability; one calculated hydrogen is shown for
comparison with Figure 2.

Table 1. Property Comparison of 1, 8, and 9

1 8 9

ClogP/ElogD "7 34/42 3.3/33 3.3/36

cAMP ECg, * 14 + 8nM >10 uM 65 + 31 nM
(21 £ 3% 1A) (antagonist) (78 £ 4% 1A)
n =37 n=10 n=10

K* 23 £ 150M 33 & 38 nM 20 & 17 nM
n=21 n=38 n=38

Clingapp scated” 15 <6 <8

((mL/min) /kg)

solubility >40° 8.6 >667

(mg/mL)

“Human GPR119 receptor. "Human microsomes. °Reference 7.
4 Crystalline form in simulated gastric fluid, pH 1.2.

Alternatively, the carbamates could be making the same
H-bond contacts but their different conformational preferences
transmit different changes to the other end of the molecule,
inducing a functional response only in the case of 9. Notably,
this is one of the only examples'®'® that we are aware of where
complete switching in the functional profile can be attributed to
conformational differences in the ligand. Typically, changes in
pharmacology for a class A GPCR ligand is achieved by ensuring
that the molecule spans beyond the agonist pocket, which is
generally a subset of the larger antagonist pocket.”’
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Figure 3. Agonist vs antagonist conformation hypothesis.

Scheme 2. Synthesis of the 3-Oxaazabicyclo[3.2.1]octane
11°
H O?O = | Né\lN
\N . ab N o)\(ko/%o
gf 7/ M (+ N7]/ o
s I

10 anti (+-)
“ Reagents and conditions: (a) LIHMDS, 7, dioxane, 85 °C (52%); (b)
chiral separation.

11a (ent 1)
11b (ent 2)

Table 2. Human in Vitro GPR119 Pharmacology for 11

11 1la 11b
cAMP ECyg 1239 + 696 nM 740 £ 151 nM 2067 £+ 655 nM
(84 & 7% IA) (87 £ 10% IA) (101 + 1% IA)
n==6 n==6 n=26
K; 1599 + 844 nM 1176 + 385 nM 2270 + 384 nM

n=3 n=3 n=3

To exploit this concept of an “agonist conformation” while
attempting to further optimize the molecules, we sought to
remove one of the bridging methylene groups from 9. No
significant changes in dihedral angles were calculated for these
chiral nor analogues of 9. Scheme 2 shows the synthesis of the
proBosed oxaazabicyclic[3.2.1] system. Starting with known
10,” the oxaazabicyclic[3.2.1]octane 11 was prepared in racemic
form in a single step. Chiral chromatography provided the
enantiomers 11a and 11b.

Unfortunately, 11 has significantly reduced binding affinity for
the receptor (Table 2). The sideward placement of the bridging
oxygen in 11, relative to meso 8 and 9, potentially has a negative
interaction with the receptor. While this is also reflected in a
weaker functional ECy, the maximum response is equal to or
greater than that of 9, consistent with the hypothesis.

To understand the translation of in vitro pharmacology to
preclinical in vivo efficacy, we also investigated the in vitro rat
pharmacology of these compounds. Interestingly the intrinsic
activities are significantly greater in rat for 1 and 8 (see Table 3).
Differences in receptor density between the human and rat in
vitro systems are unlikely to account for this difference, as 9 does
not show the same increase in intrinsic activity. It is likely that
sequence differences between the rat and human receptors are a
major contributor.”> The rat in vitro agonist activity for 8 is
supported by in vivo rat glucose tolerance tests, showing a
decrease in glucose AUC and increases in GLP-1 approaching
the maximal effects we have observed for this mechanism. The

Table 3. Rat in Vitro GPR119 Pharmacology for 1, 8, 9

1 8 9
cAMP ECs, 84 & 33 nM 228 & 135 nM 227 + 148 nM
(70 & 6% 1A) (69 & 7% 1A) (49 + 8% IA)
n==6 n==6 n=3
K 140 4+ 66 nM 125 + 28 nM 32 £ 15nM
n=11 n="7 n=35

lack of activity when testing 8 against a panel of common targets
reduced concerns that these effects were off-target mediated.
This example underscores the challenge in translational pharma-
cology for an agonist program.

In summary, we prepared and characterized the conformation-
ally restricted oxaazabicylic 8, 9, and 11. Comparison of their
human GPR119 pharmacology with that of 1 showed that the
disposition of the piperidine-carbamate has little impact on the
binding affinity of the compounds for the receptor but is a crucial
determinant of the functional response. The “agonist conforma-
tion” proposed for 9 and 11 is supported by their significantly
greater intrinsic activity relative to the parent piperidine 1. The
differences in pharmacology are restricted to the human GPR119
receptor, and the results in rat may not be predictive of human
efficacy.

B EXPERIMENTAL SECTION

Compounds of pharmacologic interest are greater than 95% pure as
judged by five separate UPLC methods, using the method reporting the
largest percent impurity.

(1R,5S,9r)-7-Benzyl-3-oxa-7-azabicyclo[3.3.1]nonan-9-ol
(3) and (1R,5S,9s)-7-Benzyl-3-oxa-7-azabicyclo[3.3.1]lnonan-
9-0l (4). To a 20 L reactor equipped with a reflux condenser were added
MeOH (8.00 L), benzylamine (4.00 mol, 428 g), tetrahydro-4H-pyran-4-
one 2 (400 g, 4.00 mols), and acetic acid (4.00 mol, 240 g). The jacket
temperature was maintained at 15—25 °C during the addition. The
mixture was heated at reflux (66 °C). Aqueous formaldehyde (7.99 mol,
600 mL, 649 g) was combined with MeOH (2 L). The resulting solution
was added over 1 h to the mixture while keeping the reaction at reflux. The
mixture was heated for 10 min at reflux after the completion of the
formaldehyde addition and cooled to 10—20 °C. NaHCOj5 (4.00 mol, 336
g) was added. The mixture was cooled to 10 °C, and NaBH, (4.20 mol,
159 g) was added portionwise (NaBH, tablets were used, ~1 g each
tablet). After the NaBH, addition was complete, the mixture was stirred at
15—25 °C for 40 min. Diatomaceous earth (400 g) was added to the
mixture, followed by water (2 L) and 1 N sodium hydroxide solution (4.00
L). The mixture was stirred at 15—25 °C for 1 h and filtered. The filter
cake was rinsed with MeOH /water (1:1 mixture, 800 mL). The filtrate
was concentrated at 40—45 °C under vacuum to remove most of the
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MeOH. The resulting aqueous mixture was extracted with 2-methyl-
tetrahydrofuran (2-Me-THF) (1 X 6.00 L). The 2-Me-THF layer was
washed with brine (2.00 L, 2.38 kg), concentrated under partial
vacuum with a pot temperature of 40—45 °C to give an oil, which
was collected in a S L container (Naljug). The reactor was rinsed with
1 L of acetonitrile, and the rinse was combined with the crude oil
product. After 12 h standing at 10—15 °C, crystallization occurred in
the Naljug. Filtration of the mixture gave 3 (193 g, 98% de). The
filtrate was purified by silica gel chromatography (mobile phase,
toluene/heptane/diethylamine 70/30/5, isocratic), followed by an-
other chromatography using ChiralPak AD (mobile phase, isopropa-
nol/heptane/diethylamine $/95/0.2) to give additional crop of 3
(86.3 g, 99% de) and 4 (96.5 g, 99% de).

Isopropyl 9-syn-Hydroxy-3-oxa-7-azabicyclo[3.3.1]Jnonane-
7-carboxylate (5) and Isopropyl 9-anti-Hydroxy-3-oxa-7-
azabicyclo[3.3.1]Jnonane-7-carboxylate (6). The individual iso-
mers 3 and 4 can be taken through the following two steps separately with
the conditions described. However, the specific experiments below pertain
to the mixture of the syn and anti isomers which are separated as $ and 6.
The starting mixture of syn and anti isomers 3 and 4 (3.71 g, 15.9 mmol)
was dissolved in ethanol (120 mL), and Pd(OH), (450 mg) was added.
The mixture was shaken for 2.5 h under 50 psi of hydrogen in a Parr shaker
at 23 °C. The mixture was filtered through diatomaceous earth, and the
collected solid was washed three times with MeOH. The filtrate was
concentrated in vacuo to give an oily solid. This oily solid was dissolved in
EtOAc, and heptane was added. The solution was concentrated in vacuo to
give a mixture of syn and anti isomers of 3-oxa-7-azabicyclo[3.3.1]nonan-9-
ol as a white solid (2.08 g, 91%). This material was used in the next step
without further purification. LCMS (ES+): 144.1 (M + 1). To a CH,CL,
(15 mL) solution of the mixture of syn and anti-isomers of 3-oxa-7-
azabicyclo[3.3.1]nonan-9-ol (2.08 g, 14.5 mmol) and N,N-diisopropylethy-
lamine (2.80 mL, 16.0 mmol) at 0 °C was added isopropyl chloroformate
(142 mL, 14.2 mmol, 1.0 M in toluene) dropwise. The mixture was allowed
to warm to room temperature over 14 h. The mixture was then diluted with
aqueous 1 M HCI (50 mL) and the aqueous layer separated. The organic
layer was washed sequentially with water (50 mL) and brine (50 mL) and
then dried over Na,SO,4. The mixture was filtered, and the filtrate was
concentrated in vacuo to give a colorless oil. This oil was dissolved in EtOAc.
Heptane was added, and the mixture was concentrated. The resulting oil
was dried under vacuum to give the mixture of S and 6 as a clear oil (2.74 g,
829%). LCMS (ES+): 230.1 (M + 1). A mixture of 5 and 6 (5.04 g, 35.1
mmol) was separated via preparatory high pressure liquid chromatogra-
phy utilizing a Chiralpak AD-H column (21 mm X 250 mm) with mobile
phase of 85:15 carbon dioxide/MeOH at a flow rate of 65 mL/min. The
wavelength for monitoring the separation was 210 nm. The analytical
purity of each isomer was determined using analytical high pressure
chromatography using a Chiralpak AD-H (4.6 mm X 25 cm) column with
a mobile phase of 85:15 carbon dioxide/MeOH at a flow rate of 2.5 mL/
min. The wavelength for monitoring the peaks was 210 nm. The following
two isomers were obtained. 5 (1.34 g): clear oil which solidified on
standing. Retention time (t) = 2.3 min. 'H NMR (400 MHz, DMSO-
dg): 0 5.12 (d, 1H, J = 2.8 Hz), 476—4.71 (m, 1H), 420 (d, 1H, ] = 13
Hz),4.16 (d, 1H, ] = 13 Hz), 3.96—3.92 (m, 2 H), 3.79 (d, 1H, ] = 3 Hz),
3.55 (s, 1H), 3.52 (s, 1H), 3.08 (d, 1H, J = 13 Hz), 2.98 (d, 1H, J = 13 Hz),
147 (m, 2 H) 116 (d, 3 H, ] = 3 Hz), 1.15 (d, 3 H, J = 3 Hz). LCMS
(ES+): 2302 (M + 1). 6 (1.70 g): amber oil, t = 3.08 min. 'H NMR
(400 MHz, DMSO-dg): 6 5.11 (d, 1H, ] = 2.8 Hz), 474—4.67 (m, 1H),
3.89 (d, 1H, J = 13 Hz), 3.84—3.78 (m, 2 H, ] = 11 Hz), 3.80 (d, 1H, ] = 6
Hz), 3.78 (d, 1H, J = 3 Hz), 3.52—3.47 (m, 2 H), 3.35—3.30 (m, 1H),
324—320 (m, 1H), 1.53 (s, 1H), 1.51 (s, 1H), 1.13 (d, 3 H, J = 1 Hz),
1.16 (d, 3 H, J = 1 Hz). LCMS (ES+): 2302 (M + 1).

Isopropyl 9-syn-({5-Methyl-6-[(2-methylpyridin-3-yl)oxy]-
pyrimidin-4-yl} oxy)-3-oxa-7-azabicyclo[3.3.1]nonane-7-car-
boxylate (8). Compound § (176 mg, 0.76 mmol) and 4-chloro-S-

methyl-6-[ (2-methylpyridin-3-yl) oxy]pyrimidine (7)'® (164 mg, 0.69
mmol) were dissolved in anhydrous dioxane (4 mL) under an atmosphere
of nitrogen. The solution was heated at 105 °C, and 1 M NaHMDS
(0.85 mL, 0.84 mmol) was added. The red mixture was heated at 102—
110 °C for 1 h, and then the mixture was allowed to cool to room
temperature. Water (1.0 mL) was added, and the solution was transferred
to a bigger flask with 2-Me-THF. The solvents were concentrated under
reduced pressure to give an oil which was partitioned between CH,Cl, and
saturated aqueous NaHCOj5. The layers were separated, and the aqueous
layer was extracted again with CH,Cl,. The organic extracts were
combined and washed with brine and then dried over Na,SO,. The
mixture was filtered and the filtrate concentrated under reduced pressure
to give an oil that was purified via column chromatography twice (0—5%
MeOH/EtOAc and then 0—10% MeOH/CH,CL) to give the product as
a clear oil. The oil was dissolved in EtOAc and heptane, and the solution
was concentrated in vacuo to give an oily foam which was dried under
vacuum. Triturating the foam with a solution of EtOAc and heptane
produced 8 as a white solid (106 mg, 36%) after filtration. Compound 8
was crystallized from a cold (4 °C) mixture of toluene and heptane for
X-ray analysis, mp 135 °C. "H NMR (400 MHz, CDCl;) 6 8.42 (dd, 1H, |
=12,4.8 Hz),82 (s, 1H),7.40 (12,80 Hz),7.22 (dd, 1H, ] = 4.8, 8.0 Hz),
5.38 (dd, 1H, J = 3.4, 3.4 Hz), 5.021—4.97 (m, 1H), 465 (d, 1H, ] = 13
Hz),4.48 (d, 1H, ] = 13 Hz), 416 (dd, 2H, ] = 11, 13 Hz), 3.97 (d, 1H, ] =
13Hz),3.89 (d, 1H, = 13 Hz), 332 (d, 1H, J = 14 Hz), 3.24 (d, 1H, ] = 14
Hz),2.43 (s,3H),2.29 (s,3H), 2.01 (app's, IH), 1.96 (app s, 1H), 1.28 (d,
3H, J = 3.5 Hz), 127 (d, 3H, J = 3.5 Hz). LCMS: 429.0 (M + 1).
Isopropyl 9-anti-({5-Methyl-6-[(2-methylpyridin-3-yl)oxy]
pyrimidin-4-yl} oxy)-3-oxa-7-azabicyclo[3.3.1]lnonane-7-car-
boxylate (9). Compounds 6 (180 mg, 0.79 mmol) and 7 (204 mg, 0.86
mmol) were dissolved in anhydrous dioxane (4 mL) under an atmosphere
of nitrogen. The solution was heated at 105 °C, and 1 M NaHMDS
(0.85 mL, 0.84 mmol) was added. The red mixture was heated at 105 °C
for 1.3 h, and then the mixture was allowed to cool to room temperature.
Water (1.0 mL) was added, and the solution was transferred to a bigger
flask with 2-Me-THF. The solvents were concentrated under reduced
pressure to give an oil which was partitioned between CH,Cl, and
saturated aqueous NaHCO;. The layers were separated, and the aqueous
layer was extracted again with CH,Cl,. The organic extracts were
combined and washed with brine and then dried over Na,SO,. The
mixture was filtered and the filtrate concentrated under reduced pressure
to give an oil that was purified via column chromatography (0—10%
MeOH/EtOAc) to give the product as a clear oil. The oil was dissolved in
EtOAc and heptane, and the solution was concentrated in vacuo to give
the product as an oily foam (174 mg, $1%). A sample of the product was
dissolved in acetonitrile and water and frozen in a dry ice/acetone bath.
Lyophilization under vacuum produced 9 as a white solid. "H NMR (400
MHz, CDCl;) 0 8.42 (dd, 1H,]=1.2,4.8 Hz), 8.2 (s, 1H), 7.41 (dd, 1H, ]
=12,8.0Hz),7.22 (dd, 1H, ] = 4.8, 8.0 Hz), 5.44 (dd, 1H, ] = 3.6, 3.6 Hz),
5.02—4.97 (m, 1H),4.36 (d, 1H, = 13.5Hz),4.21 (m, 2H), 4.14 (d, 1H, ]
=11Hz),3.86 (dd,2H,J=11.6 Hz),3.52 (d, 1H,] = 13Hz),3.44 (d, 1H, ]
=13 Hz), 2.43 (s, 3H), 2.28 (s, 3H), 2.08 (app s, 1H), 2.03 (app s, 1H),
1.28 (d,3H,J = 3.5Hz), 1.27 (d, 3H, ] = 3.5 Hz). LCMS: 429.2 (M + 1).
(1R,5R,8R)-Isopropyl  8-(5-Methyl-6-(2-methylpyridin-3-
yloxy)pyrimidin-4-yloxy)-6-oxa-3-azabicyclo[3.2.1]octane-
3-carboxylate and (15,5S,85)-Isopropyl 8-(5-Methyl-6-(2-methyl-
pyridin-3-yloxy)pyrimidin-4-yloxy)-6-oxa-3-azabicyclo[3.2.1]-
octane-3-carboxylate (11, 11a, 11b). A mixture of 10*' (90 mg, 0.42
mmol) and 7'° (106 mg, 0.35 mmol) was dissolved in 1,4-dioxane (2.1 mL). A
solution of 1 M LIHMDS (0.42 mL, 042 mmol) was added dropwise, and the
mixture was stirred at room temperature for 1 h. The mixture was heated at
85 °C for 16 h. The mixture was cooled to room temperature, diluted with
EtOAc, and saturated aqueous NH,Cl. The layers were separated, and the
aqueous phase was extracted twice with EtOAc. The combined organic phase
was dried (MgSO,), filtered, and the filtrate was concentrated in vacuo. The
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crude residue was purified by silica gel chromatography using 80%
EtOAc/heptane to provide 90 mg (52% yield) of the desired procuct
(R¢=0.2, EtOAc/heptane 4:1). The enantiomers were separated by chiral
HPLC chromatography using a Minigram-1 with a Chiralpak AD-H
column (80/20) CO,/ethanol (210 nm detection) to give peak 1 (11a)
at tg (3.41 min) and peak 2 (11b) tx (4.40 min). "H NMR (CDCls, 500
MHz) 6 ppm 1.25 (d,] = 6.08 Hz, 6 H),2.23 (s, 3H),2.39 (s, 3 H), 2.74—
2.84 (m, 1 H), 3.20 (d, J = 13.68 Hz, 1 H), 3.37 (t, ] = 12.48 Hz), 3.80—
4.15 (m, 4 H), 431—4.41 (m, 1 H), 4.89—4.98 (m, 1 H), 5.36 (t, ] = 5.48
Hz,1H),7.20 (dd, ] = 8.2,4.88 Hz, 1 H), 7.38 (dd, ] = 8.0, 1.36 Hz, 1 H),
8.19 (s, 1H), 8.40 (dd, J = 4.68, 1.36 Hz). LCMS (ES+): 4152 (M + 1).

B ASSOCIATED CONTENT

© Supporting Information. Energy maps for1,8,9,and 11;
X-ray experimental conditions for the structure determination of
8; human and rat GPR119 in vitro assay conditions; plot of the
agonist and antagonist mode human cAMP assays for 1 and 8; rat
oral and ip glucose tolerance test data for 8. This material is
available free of charge via the Internet at http://pubs.acs.org.
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