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Synthesis and biological evaluation of novel 2,4-disubstituted
guinazoline analogues as GPR119 agonists

Tuan-Anh N. Pham?® Zunhua Yang®®, Yuanying Fang®, Jun Luo? Jongkook Lee®, Haeil Park®*
#College of Pharmacy, Kangwon National University, Chunchon 200-701, Korea
PCollege of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

ABSTRACT

GPR119 agonist has emerged as a promising target for the treatment of type 2 diabetes. A series of novel
2,4-disubstituted quinazoline analogues was prepared and evaluated their agonistic activity against human
GPR119. The analogues bearing azabicyclic amine substituents (12a, 12c and 12g) exhibited better ECs
values than that of OEA though they appeared to be partial agonists.
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1. Introduction

Type 2 diabetes, formerly known as non-insulin-dependent diabetes mellitus, is a complex metabolic
disorder that affects millions of people worldwide. It is characterized by high blood glucose that caused by
insulin resistance or insufficient insulin secretion, accounting for approximately 90% of all cases of
diabetes." Currently, metformin is generally recommended as a first line treatment for type 2 diabetes
beside others such as sulfonyl ureas, thiazolidinediones;, a-glucosidase inhibitors," and the two most
recently approved classes: glucagon-like-pepetide 1 (GLP-1) receptor agonists,™ and dipeptidyl peptidase-
4 (DPP-4) inhibitors.>*® Although the number of patients with type 2 diabetes that successfully achieve
target glucose levels is steadily improving, a substantial number of subjects continue to fall short of
acceptable treatment goals, leaving them at high risk of development of diabetes-associated complications.
Furthermore, most of these medications remain side effects such as hypoglycemia, weight gain, bone
fractures."? Therefore, new drugs that exhibit improved efficacy and safety relative to current available
medications are clearly needed.

GPR119 is a G-protein-coupled receptor predominantly express on pancreatic beta cells and intestinal
enteroendocrine cells. GPR119 can be activated by oleoylethanolamine (OEA), lysophosphatidylcholine,
N-oleoyldopamin, ovalnil...and OEA most probably represents the endogenous ligand.*” GPR119 agonist
stimulates glucose-dependent insulin secretion in vitro and lowers an elevated blood glucose level in
vivo.>® Furthermore, they have been demonstrated to stimulate the release of the incretin (GLP-1 and
GIP).>" Therefore; GPR119 agonist has emerged as a promising target for the treatment of type 2 diabetes
and obesity by improving glucose homoeostasis while concurrently slowing gastric emptying, reducing
food intake and promoting weight loss.*® To date, several candidates were entered clinical trials for
treatment of type 2 diabetes. However, very limited information is yet available from these trials in the
form of scientific publications.®’

Diverse fused aromatic heterocycle scaffolds were found in the precedent literatures and patents of
GPR119 agonists (Fig. 1).°™ As a congener of bicyclic heterocycle scaffolds, we were interested in
quinazoline scaffold since quinazoline derivatives were found to possess diverse promising biological
activities including anticancer, antihypertension, anticonvulsant, antidiabetic, antimalarial etc.™>"" Some of
them are used in clinical treatment such as terazosin, alfuzosin, doxazosin,' gefitinib, erlotinib.® Also
piperidine moieties were attached to the aromatic heterocycle scaffolds in most compounds under
development.®*® It was suggested from precedent literatures that piperidine carbamate region makes H-
bond acceptor interactions that plays very important role for GPR119 agonistic activity. We also found that
modifications in this region may affect to bioactivity. Therefore, we designed analogs bearing
conformationally restricted azabicyclic rings instead of piperidines to evaluate effect on GPR119 activation.
Thus we designed novel quinazoline derivatives bearing piperidine and azabicyclic analogues and herein
we report the synthesis, biological evaluation and structural-activity relationship of novel 2,4-disubstituted
quinazoline analogues as GPR119 agonists for the treatment of type 2 diabetes.
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Fig. 1. Structures of selected synthetic GPR119 agonists
2. Results and discussion
2.1. Chemistry

The synthesis of 2-arylamino-4-alkyloxy-6,7-dimethoxyquinazoline 3a-d are outlined in Scheme 1. N-Boc-
4-hydroxypiperidine, N-Boc-4-hydroxymethylpiperidine and 4-methylsulfonylaniline are commercial
available products. 2-Fluoro-4-methylsulfonylaniline was prepared according to previously reported
procedure.”® Incorporating N-Boc piperidine alcohols into 2,4-dichloro-6,7-dimethoxyquinazoline in the
presence of NaH yielded 4-alkoxy-2-chloro-6,7-dimethoxyquinazoline (1 and 2)."* Coupling reactions of
these intermediates (1 and 2) with 4-methylsulfonylaniline and 2-fluoro-4-methylsulfonylaniline under acid
catalyst'® followed by treatment with Boc,O in the presence of TEA gave target products 3a-d.”
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Scheme 1. Synthesis of 2-arylamino-4-alkyloxy-6,7-dimethoxyquinazolines (3a-d). Reagents and
conditions: (a) NaH, THF, rt, overnight (b) (i) HCI, n-BuOH, reflux, overnight (ii) Boc,O, TEA, CH,CI,, rt,
2h (for 3a, 3b) (c) (i) HCI, AcOH, reflux, overnight (ii) Boc,O, TEA, CH,CI,, rt, 2h (for 3c, 3d).

Quinazoline <analogues 6a-d were synthesized according to Scheme 2. 2,4-Dichloro-6,7-
dimethoxyquinazoline was reacted with 4-methylsulfonylaniline under acid catalyst to afford a key
intermediate 4> By contrast, another key intermediate 5 was achieved with 2 4-dichloro-6,7-
dimethoxyquinazoline and 2-fluoro-4-methylsulfonylanilne in the presence of NaH. Finally, these
intermediates were converted into desire products 6a-d by treatment with N-Boc piperidine alcohols using

NaOH as a base.
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Scheme 2. Synthesis of 2-alkyloxy-4-arylamino-6,7-dimethoxyquinazolines (6a-d). Reagents and
conditions: (a) HCI, EtOH, 60 °C, overnight (for 6a, 6b) (b) NaH, THF, reflux, overnight (for 6c, 6d) (c)
NaOH, 140 °C, overnight.

Azabicyclic amines (7a-c) were generated following the previously reported procedures and *H NMR data
were consistent with that reported in the literature.? 4-Alkylamino-2-chloro-6,7-dimethoxyquinazolines (8-
10), obtained from 2,4-dichloro-6,7-dimethoxyquinazoline and azabicyclic amines (7a-c)*® were reacted
with 4-methylsulfonylaniline to afford product 11a-c'® while the reactions between 4-Alkylamino-2-
chloro-6,7-dimethoxyquinazolines (8-10) and 2-fluoro-4-methylsulfonylanilne did not yield target products.
Hydrogenolysis of compound 11c followed by reaction with Boc,0O yielded compound 11d (Scheme 3).
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Scheme 3. Synthesis of 4-alkylamino-2-(4-methylsulfonylphenylamino)-6,7-dimethoxyquinazolines (11a-
d). Reagents and conditions: (a) Hunig’s base, i-PrOH, rt, overnight (b) (i) HCI, n-BuOH, reflux, overnight
(i) Boc,0, TEA, CH,CI,, rt, 2h (for 11a, 11b) (c) (i) H,, Pd/C, MeOH, rt, 5h (ii) Boc,0, TEA, CH,Cl,, rt,
2h.

2-Alkylamino-4-arylamino-6,7-dimethoxyquinazolines 12a-e were synthesized from intermediates (4 and
5) and azabicyclic amines (7a-c) in the presence of Hunig’s base as a catalyst.” Hydrogenolysis of
compounds (12d and 12e)-followed by treatment with Boc,O yielded compounds (12f and 12g) (Scheme 4).
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Scheme 4. Synthesis of 2-alkylamino-4-arylamino-6,7-dimethoxyquinazolines (12a-g). Reagents and
conditions: (a) Hunig’s base, n-BuOH, reflux, 1 day (b) (i) H,, Pd/C, MeOH, rt, 5h (ii) Boc,O, TEA,
CH,Cl,, rt, 2h.

2.2. Biological activity

Compounds 3a-d, 6a-d, 11a-d and 12a-g were evaluated their abilities to active the human GPR119
receptor in a cell-based cAMP assay and expressed in ECsy and %max values. The ECs;, values represent



the concentration of the tested compounds for 50% cAMP of OEA, while the %max values present the
relative response (%) of the tested compounds compared to the maximal effect of OEA.

As shown in Table 1, the quinazoline analogues (3a, 6a), possessing N-Boc-4-piperidinol and 4-
methylsulfonylphenylamino groups either at C-2 or C-4 positions, were identified as weak GPR119
agonists (ECso> 10 uM and %max=20.6, 17.9, respectively) and their agonistic activities were much less
potent than OEA. Replacement of N-Boc-4-piperidinol with N-Boc-4-piperidinemethanol also gave similar
results. The compounds 3b and 6b exhibited weak to negligible GPR119 activation activities. The
derivatives with (2-fluoro-4-methylsulfonyl)phenylamino group (3c, 3d, 6c, 6d) showed similar GPR119
activation activities. These results indicated that the position of (2-fluoro-4-methylsulfonyl)phenylamino
and heterocyclic alcohol groups did not significantly affect to GPR119 activation activity.

Table 1
In vitro GPR119 agonistic activities of 3a-d and 6a-d
SO,CHz
X .Boc
o N, AN ﬁ/@\l
"o o o N E)n
o
NH
N X
Boc H3CO,S X
3a-d 6a-d
Compound X n hGPR119 activity
ECs’ (MM)  %max®
3a H 0 >10 20.6
6a H 0 >10 17.9
3b H 1 >10 17.4
6b H 1 NE® NE®
3c F 0 >10 19.7
6c F 0 >10 19.6
3d F 1 >10 21.3
6d F 1 >10 33.2
OEA 2.2 100

& concentration for 50% cAMP stimulation of OEA
> cAMP stimulation % compared to maximal effect of OEA
°Not effectiveat 10 uM

To explore the steric influence on bioactivity, analogues bearing azabicyclic amines such as 7a-d instead of
4-piperidinol and piperidine-4-methanol were prepared and evaluated their hGPR119 agonistic activities as
shown in table 2. The quinazoline analogues (11a-d, 12b, 12d and 12f), possessing azabicyclic amines and
4-methylsulfonylphenylamino groups either at C-2 or C-4 positions, did not improve agonistic activity
compared to those of analogues with heterocyclic alcohols. However, the analogues (12a, 12c and 129)
bearing both (2-fluoro-4-methylsulfonyl)phenylamino and azabicyclic amine groups showed strong
agonistic activities and exhibited better ECs, values than that of OEA but they were proved as partial
agonists as shown by their relatively low %max values. These results suggest that the combination of
fluorine atom on benzene ring and azabicyclic amines proved to have significantly synergistic effect. These
analogues (12a, 12c and 12g) possessed equi-potential for agonistic activities as shown by similar values of
ECsy and %max. From these findings, we speculated that while the sterically bulky of azabicyclic
carbamate would likely be favorable for agonistic activity, the length of this region (one or two carbon
elongation) as well as the configuration (endo, exo) were not essential for the in vitro hGPR119 agonistic



activity. Also it was observed that the analogue with N-Boc exhibited better agonistic activity than that of
the analogue with N-Bn (12g vs. 12e) suggesting that hydrogen-bond acceptor interactions in this region
was important for showing potent agonistic activity.

Table 2
In vitro GPR119 agonistic activities of 11a-d and 12a-g

SO,CH;z
_O N\YR
~o N
o N._NH
- S NH
~o _N /@[
H3CO,S X
1lla-d 12a-g
Compound X R hGPR119 activity
ECso” (UM) %max”

11a - A >10 17.0

NH
12a F %N 1.0 46.2

“‘Boc
11b - >10 15.1
H
12b H /va& >10 19.9
% N-goc
12c F 1.0 53.7
1l1c - Bn >10 32.8
N
12d H NQb >10 23.4
12e F >10 44.3
11d - Boc >10 37.5
N

12f H >10 32.7

A
129 F 1.0 56.9

OEA 2.2 100

*concentration for 50% cAMP stimulation of OEA
b cAMP stimulation % compared to maximal effect of OEA

3. Conclusion

In summary, we have synthesized and characterized a series of novel 2,4-disubstituted quinazolines with
heterocyclic alcohols and azabicyclic amine groups as GPR119 agonists for the treatment of type 2 diabetes.
We found that the analogues bearing (2-fluoro-4-methylsulfonyl)phenylamino and azabicyclic amine
groups with N-Boc (12a, 12c¢ and 12g) exhibited better ECs, values than that of OEA even though they
appeared to be partial agonists. Our present results suggest that the steric bulkyness of introduced groups
seems to influence on bioactivity (3c, 3d, 6¢, 6d vs. 12a, 12c, 12g) while the configuration (endo vs. exo)
affects not much on bioactivity (12a vs. 12c). The electronic effects of the substituted groups at 2-position
of benzene ring (11a vs. 12a; 12b vs. 12c; 12f vs. 12g) as well as N-Boc group of azabicyclic amines (12e



vs. 12g) may play a very important role for better bioactivity. Further SAR research to discover more potent
GPR119 agonists with diverse heterocyclic scaffolds is under progress.

4. Experimental section

Al starting materials were obtained from commercial suppliers and used without further purification. 'H
NMR spectra were recorded on a Bruker DPX 300 (300 MHz) spectrometer. Chemical shifts are reported
in parts per million (ppm) downfield relative to tetramethylsilane as an internal standard. Peak splitting
patterns are abbreviated as s (singlet), brs (broad singlet), d (doublet), t (triplet), dd (doublet of doublet) and
m (multiplet). MALDI-TOF mass spectra were recorded on a Voyager-DE STR. Melting points-were
recorded on a Fisher-Johns microscopic scale melting point apparatus. TLC was performed on silica Fys,
and detected by UV light at 254 nm or by charring with either ninhydrin or iodine. Column
chromatography was performed on Kieselgel 60 (230~400 mesh, Merck).

4.1. General procedure to generate 4-alkoxy-2-chloro-6,7-dimethoxyquinazoline (1-2)

To a stirred solution of sodium hydride (4.0 mmol) in dry THF (3 ml) was added solution of alcohols (2.4
mmol) in dry THF (6 ml) and the resulting reaction mixture was stirred for 1-hour under N, gas. The
reaction mixture was cooled to 0 °C and a solution of 2,4-dichloro-6,7-dimethoxyquinazoline (2.0 mmol) in
dry THF (6 ml) was added and stirred for overnight. The reaction was quenched with water and extracted
with dichloromethane. The combined organic layer was dried over anhydrous MgSO,, filtered,
concentrated under reduced pressure. The crude residue was purified by silica gel chromatography (hexane-
acetone 20:1).

4.1.1. tert-Butyl 4-(2-chloro-6,7-dimethoxyquinazolin-4-yloxy)piperidine-1-carboxylate (1)

Following the general procedure, the title compound was prepared from 2,4-dichloro-6,7-
dimethoxyquinazoline and N-Boc-4-hydroxypiperidine in 64% yield; white solid; mp 190-191 °C; *H NMR
(300MHz, CDCls): 6 7.28 (s, 1H), 7.20 (s, 1H), 5.61-5.53 (m, 1H), 4.02 (s, 6H), 3.88-3.84 (m, 2H), 3.40-
3.32 (m, 2H), 2.16-2.07 (m, 2H), 1.93-1.82 (m, 2H), 1.47 (s, 9H).

4.1.2. tert-Butyl 4-((2-chloro-6,7-dimethoxyquinazolin-4-yloxy)methyl)piperidine-1-carboxylate (2)
Following the general procedure, the ~title compound was prepared from 2,4-dichloro-6,7-
dimethoxyquinazoline and N-Boc-4-hydroxmethylypiperidine in 73% vyield; white solid; mp 176 °C ; 'H
NMR (300MHz, CDClg): 6 7.27(s, 1H), 7.21 (s, 1H), 4.45 (d, J = 6.6 Hz, 2H), 4.21 (brs, 2H), 4.02 (s, 6H),
2.79 (t, J = 2.2 Hz, 2H), 2.14-2.10 (m, 1H), 1.86 (d, J = 2.5 Hz, 2H), 1.47 (s, 9H), 1.42-1.29 (m, 2H).

4.2. General procedure to generate 2-arylamino-4-alkyloxy-6,7-dimethoxyquinazoline (3a-d)

To the solution of 4-alkyloxy-2-dichloro-6,7-dimethoxyquinazoline (1 or 2, 1.0 mmol) in n-BuOH (for 3a
and 3b) or AcOH (for 3c and 3d) were added arylamine (1.5 mmol) and 1N HCI aqueous solution (2.0
mmol) and the reaction mixture was stirred at 130 °C for overnight. The reaction mixture was cooled to
room temperature then neutralized with 1IN NaOH aqueous solution and concentrated under reduced
pressure. To the solution of crude product in CH,Cl, were added TEA (2.0 mmol) and Boc,O (1.5 mmol)
and the reaction mixture was stirred for 2 hours. After extraction with CH,Cl,, the combined organic layer
was dried over anhydrous MgSO,, filtered, concentrated under reduced pressure. Purification of the crude
product by silica gel chromatography (CHCI3;-MeOH 200:1) yielded product.

4.2.1. tert-Butyl 4-(6,7-dimethoxy-2-(4-(methylsulfonyl)phenylamino)quinazolin-4-yloxy)piperidine-1-
carboxylate (3a)

Following the general procedure, the title compound was prepared from compound 1 and 4-
methylsulfonylaniline in 65% yield; white solid; mp 159-161 °C; *H NMR (300MHz, CDCl5): & 7.99-7.96
(m, 2H), 7.91-7.88 (m, 2H), 7.37 (s, 1H), 7.26 (s, 1H), 7.08 (s, 1H), 5.50-5.45 (m, 1H), 4.03 (s, 3H), 4.00 (s,
3H), 3.90-3.85 (m, 2H), 3.42-3.33 (m, 2H), 3.06 (s, 3H), 2.15-2.08 (m, 2H), 1.96-1.86 (m, 2H), 1.5 (s, 9H);
3C NMR (100 MHz, CDCl5): 6 165.70, 156.30, 155.18, 154.85, 149.97, 148.01, 145.65, 132.54, 129.12,
118.27, 107.20, 106.01, 102.30, 80.23, 72.49, 56.65, 56.55, 45.30, 31.06, 28.85; MS (MALDI-TOF, 2,5-
dihydroxybenzoic acid as matrix): m/z (100%): 558.2002 M*.



4.2.2. tert-Butyl 4-((6,7-dimethoxy-2-(4-(methylsulfonyl)phenylamino)quinazolin-4-
yloxy)methyl)piperidine-1-carboxylate (3b)

Following the general procedure, the title compound was prepared from compound 2 and 4-
methylsulfonylaniline in 60% yield; white solid; mp 140-142 °C; '"H NMR (300MHz, CDCls): ¢ 8.00-7.97
(m, 2H), 7.91-7.88 (m, 2H), 7.39 (s, 1H), 7.26 (s, 1H), 7.09 (s, 1H), 4.40 (d, J = 6.5 Hz, 2H), 4.22 (brs, 2H),
4.04 (s, 3H), 4.00 (s, 3H), 3.06 (s, 3H), 2.83-2.76 (m, 2H), 2.14-2.09 (m, 1H), 1.89-1.82 (m, 2H), 1.48 (s,
9H), 1.43-1.26 (m, 2H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z (100%): 572.2022
M™.,

4.2.3. tert-Butyl 4-(2-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-4-
yloxy)piperidine-1-carboxylate (3c)

Following the general procedure, the title compound was prepared from compound 1 and 2-fluoro-4-
methylsulfonylaniline in 15% yield; yellow solid; mp 204 °C; *H NMR (300MHz, CDCly): 6 9.14 (t, J =
8.2Hz, 1H), 7.79 (dd, J = 1.3 Hz, 8.7 Hz, 1H), 7.69 (dd, J = 2.0 Hz, 10.6 Hz, 1 H), 7.42(d, J = 3.0 Hz, 1H),
7.27 (s, 1H), 7.11 (s, 1H), 5.53-5.48 (m, 1H), 4.06 (s, 3H), 4.00 (s, 3H), 3.86 (brs, 2H), 3.43-3.34 (m, 2H),
3.08 (s, 3H), 2.15-2.10 (m, 2H), 1.96-1.86 (m, 2H), 1.50 (s, 9H); MS (MALDI-TOF, 2,5-dihydroxybenzoic
acid as matrix): m/z (100%): 599.2000 [M+Na]".

4.2.4. tert-Butyl 4-((2-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-4-
yloxy)methyl)piperidine-1-carboxylate (3d)

Following the general procedure, the title compound was prepared from compound 2 and 2-fluoro-4-
methylsulfonylaniline in 14% vyield; yellow solid; mp 120-123 °C; *H NMR (300MHz, CDCl,): 6 9.14 (t, J
= 8.2 Hz, 1H), 7.79 (dd, J = 1.2 Hz, 8.7 Hz, 1H), 7.68 (dd, J = 2.0 Hz, 10.6 Hz, 1H), 7.40 (d, J = 3.9 Hz,
1H), 7.27 (s, 1H), 7.11 (s, 1H), 4.42 (d, J = 6.6 Hz, 2H), 4.22-4.19 (m, 2H), 4.05 (s, 3H), 4.04 (s, 3H), 3.07
(s, 3H), 2.80 (t, J = 11.5 Hz, 2H), 2.14-2.12 (m, 1H), 1.87 (d, J = 12.6 Hz, 2H), 1.48 (s, 9H), 1.46-1.31 (m,
2H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid @s matrix): m/z (100%): 613.2001 [M+Na]".

4.3. 2-Chloro-4-(4-methylsulfonylphenylamino)-6,7-dimethoxyquinazoline (4)

To the solution of 2,4-dichloro-6,7-dimethoxyquinazoline (0.52 g, 2.0 mmol) in EtOH (20 ml) were added
4-methylsulfonylaniline (0.34 g, 2.0 mmol) and 1N HCI aqueous solution (2 ml) and the reaction mixture
was stirred at 60 °C for overnight. The reaction mixture was neutralized with 1IN NaOH aqueous solution
and the precipitate was filtered and washed with CH,Cl, to obtain product as a white solid in 75% yield; mp
240 °C; '*H NMR (300MHz, DMS0): 6 10.17 (s, 1H), 8.3-8.1 (m, 2H), 8.05-8.02 (m, 2H), 7.94 (s, 1H),
7.27 (s, 1H), 4.03 (s, 3H), 4.00 (s, 3H), 3.30 (s, 3H).

4.4. 2-Chloro-4-(2-fluoro-4-methylsulfonylphenylamino)-6,7-dimethoxyquinazoline (5)

To a stirred solution of sodium hydride (0.05 g, 2.1 mmol) in dry THF (2 ml) was added a solution of 2-
fluoro-4-methylsulfonylaniline (0.2 g, 1.1 mmol) in dry THF (5 ml). The reaction mixture was stirred for 1
hour under N,-gas: The solution of 2,4-dichloro-6,7-dimethoxyquinazoline (0.3 g, 1.2 mmol) in dry THF (2
ml) was added to the reaction mixture at 0 °C and refluxed for overnight. The reaction was cooled to room
temperature, quenched with water and extracted with EtOAc. The combined organic layer was dried over
anhydrous MgSO,, filtered and concentrated under reduced pressure. Purification of the crude residue by
silica gel chromatography (CHCI;-MeOH 200:1) yielded product as a yellow solid in 75% yield; mp 270
°C; 'H NMR (300MHz, CDCl;+MeOD): § 8.71 (t, J = 7.5 Hz, 1H), 7.83 (d, J = 5.7 Hz, 1H), 7.75 (dd, J =
1.3 Hz, 10.1 Hz, 1H), 7.25-7.32 (m, 2H), 4.09 (s, 3H), 4.04 (s, 3H), 3.12 (s, 3H).

4.5. General procedure to generate 2-alkyloxy-4-arylamino-6,7-dimethoxyquinazoline (6a-d)

NaOH (5 mmol) and alcohol (3.0 mmol) were added to a flask containing 2-chloro-4-arylamino-6,7-
dimethoxyquinazoline (4 or 5, 1.0 mmol) and the resulting mixture was heated at 140 °C for overnight then
cooled to room temperature. The residue was purified by silica gel chromatography (CHCl;-MeOH 200:1)
to obtain product.

4.5.1. tert-Butyl 4-(6,7-dimethoxy-4-(4-(methylsulfonyl)phenylamino)quinazolin-2-yloxy)piperidine-1-
carboxylate (6a)

Following the general procedure, the title compound was prepared from compound 4 and N-Boc-4-
hydroxypiperidine in 22% yield; white solid; mp 182 °C; *H NMR (300MHz, CDCl5): 6 7.95 (s, 1H), 7.88-
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7.80 (m, 4H), 7.22 (s, 1H), 7.09 (s, 1H), 5.25-5.20 (m, 1H), 4.02 (s, 6H), 3.88-3.83 (m, 2H), 3.31-3.23 (m,
2H), 3.07 (s, 3H), 2.05-2.04 (m, 2H), 1.85-1.77 (m, 2H), 1.48 (s, 9H); MS (MALDI-TOF, 2,5-
dihydroxybenzoic acid as matrix): m/z (100%): 581.2015 [M+Na]".

4.5.2. tert-Butyl 4-((6,7-dimethoxy-4-(4-(methylsulfonyl)phenylamino)quinazolin-2-
yloxy)methyl)piperidine-1-carboxylate (6b)

Following the general procedure, the title compound was prepared from compound 4 and N-Boc-4-
hydroxymethylpiperidine in 26% yield; white solid; mp 156 °C; *H NMR (300MHz, CDCly): 6 8.14 (s, 1H),
7.88-7.86 (m, 2H), 7.80-7.78 (m, 2H), 7.30 (s, 1H), 7.10 (s, 1H), 4.25 (d, J = 6.6 Hz, 2H), 4.13 (brs, 2H),
4.01 (s, 3H), 4.00 (s, 3H), 3.05 (s, 3H), 2.82-2.72 (m, 2H), 2.02-1.97 (m, 1H), 1.87-1.82 (m, 2H), 1.46 (s,
9H), 1.34-1.20 (m, 2H); *C NMR (100 MHz, CDCls): § 166.50, 156.23, 155.23, 154.85, 149.82, 148.00,
145.67, 132.49, 129.11, 118.30, 106.97, 106.04, 102.25, 79.91, 71.35, 56.64, 56.57, 45.30, 36.13, 29.31,
28.86; MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z (100%): 595.2114 [M+Na]".

45.3. tert-Butyl 4-(4-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-2-
yloxy)piperidine-1-carboxylate (6c)

Following the general procedure, the title compound was prepared from compound 5 and N-Boc-4-
hydroxypiperidine in 29% yield; yellow solid; mp 114 °C; *H NMR (300MHz, CDCls): 6 8.90 (t, J = 7.8
Hz, 1H), 7.82 (dd, J = 1.1 Hz, 8.6 Hz, 1H), 7.75 (dd, J = 2.0 Hz, 10.3 Hz, 1H), 7.62 (d, J = 4.3 Hz, 1H),
7.24 (s, 1H), 6.99 (s, 1H), 5.31-5.23 (m, 1H), 4.05 (s, 3H), 4.04 (s, 3H), 3.92-3.81 (m, 2H), 3.34-3.26 (m,
2H), 3.10 (s, 3H), 2.08 (brs, 2H), 1.88-1.84 (m, 2H), 1.49 (s, 9H); MS (MALDI-TOF, 2,5-
dihydroxybenzoic acid as matrix): m/z (100%): 599.2029 [M+Na] "

4.5.4. tert-Butyl 4-((4-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-2-
yloxy)methyl)piperidine-1-carboxylate (6d)

Following the general procedure, the title compound was prepared from compound 5 and N-Boc-4-
hydroxymethylpiperidine in 14% yield; yellow solid; mp 162 °C; *H NMR (300MHz, CDCl5): 6 8.98 (t, J =
8.4 Hz, 1H), 7.84-7.81 (m, 1H), 7.76 (dd, J = 2.0 Hz, 10.4 Hz, 1H), 7.57 (d, J = 4.6 Hz, 1H), 7.14 (s, 1H),
6.96 (s, 1H), 4.30 (d, J = 6.5 Hz, 2H), 4.19 (brs, 2H), 4.04 (s, 3H), 4.03 (s, 3H), 3.09 (s, 3H), 2.78 (t, J =
12.1 Hz, 2H), 2.08-2.05 (m, 1H), 1.92-1.87 (m, 2H), 1.47 (s, 9H), 1.36-1.30 (m, 2H); MS (MALDI-TOF,
2,5-dihydroxybenzoic acid as matrix): m/z (100%): 613.1971 [M+Na]".

4.6. General procedure to generate 4-alkylamino-2-chloro-6,7-dimethoxyquinazoline (8-10)
Azabicyclic amine (7a-c, 1.2:mmol) and Hunig’s base (2.0 mmol) were added to a solution of 2,4-dichloro-
6,7-dimethoxyquinazoline (1.0 mmol) in i-PrOH (4 ml) and the resulting mixture was stirred at room
temperature for overnight and then concentrated in vacuo. The residue was purified by column
chromatography (CHCI3<MeOH 200:1) to obtain product.

4.6.1. tert-Butyl endo-3-(2-chloro-6,7-dimethoxyquinazolin-4-ylamino)-8-azabicyclo[3.2.1]octane-8-
carboxylate (8)

Following the general procedure, the title compound was prepared from 2,4-dichloro-6,7-
dimethoxyquinazoline and compound 7a in 80% yield; white solid; mp 125 °C; 'H NMR (300 MHz,
CDCI): 6 7.12 (s, 1H), 6.75 (s, 1H), 5.92 (d, J = 6.4 Hz, 1H), 4.54 (m, 1H), 4.30 (brs, 2H), 3.98 (s, 6H),
2.50-1.80 (m, 8H), 1.50 (s, 9H).

4.6.2. tert-Butyl exo-3-((2-chloro-6,7-dimethoxyquinazolin-4-ylamino)methyl)-8-
azabicyclo[3.2.1]octane-8-carboxylate (9)

Following the general procedure, the title compound was prepared from 2,4-dichloro-6,7-
dimethoxyquinazoline and compound 7b in 82% yield; yellow solid; mp 242 °C; 'H NMR (300 MHz,
CDCly): 6 7.20-7.05 (m, 3H), 4.20 (brs, 2H), 3.90 (s, 6H), 3.10 (brs, 1H), 2.42 (m, 1H), 2.00-1.20 (m, 18H).

4.6.3. (2)-4-(9-benzyl-3,9-diazabicyclo[4.2.1]nonan-3-yl)-2-chloro-6,7-dimethoxyquinazoline (10)
Following the general procedure, the title compound was prepared from 2,4-dichloro-6,7-
dimethoxyquinazoline and compound 7c in 81% yield; yellow solid; mp 134 °C; 'H NMR (300 MHz,
CDCly): 6 7.40-7.25 (m, 6H), 7.16 (s, 1H), 4.42 (brs, 1H), 4.00-3.90 (m, 8H), 3.80 (s, 2H), 3.60-3.30 (m,
3H), 2.40-1.50 (m, 6H).



4.7. General procedure to generate 4-alkylamino-2-(4-methylsulfonylphenylamino)-6,7-
dimethoxyquinazoline (11a-c)

To the solution of 4-alkylamino-2-chloro-6,7-dimethoxyquinazoline (8-10, 1.0 mmol) in n-BuOH were
added 4-methylsulfonylaniline (1.5 mmol) and 1N HCI aqueous solution (2 mmol) and the reaction mixture
was stirred at 130 °C for overnight. The reaction mixture was cooled to room temperature, neutralized with
1IN NaOH aqueous solution and concentrated under reduced pressure. To the solution of crude product in
CH,CI, were added TEA (2.0 mmol) and Boc,O (1.5 mmol) and the reaction mixture was stirred for 2
hours. After extraction with CH,Cl,, the combined organic layer was dried over anhydrous MgSO,, filtered,
concentrated under reduced pressure. Purification of the crude product by silica gel chromatography
(CHCI3-MeOH 200:1) yielded product.

4.7.1. tert-Butyl endo-3-(6,7-dimethoxy-2-(4-(methylsulfonyl)phenylamino)quinazolin-4-ylamino)-8-
azabicyclo[3.2.1]octane-8-carboxylate (11a)

Following the general procedure, the title compound was prepared from ‘compound 8 and 4-
methylsulfonylaniline in 77% yield; yellow solid; mp 168-170 °C; *H NMR (300 MHz, CDCl5): 6 7.90 (m,
4H), 7.70 (s, 1H), 7.00 (s, 1H), 6.80 (s, 1H), 5.90 (s, 1H), 4.50-4.20 (m, 3H), 4.00 (s, 6H), 3.06 (s, 3H),
2.50-1.90 (m, 8H), 1.50 (s, 9H); *C NMR (100 MHz, CDCls): 6 158.77, 155.52, 155.39, 153.75, 147.58,
145.98, 132.02, 128.97, 118.20, 106.68, 105.18, 100.73, 80.03, 56.73, 55.57, 45.27, 44.33, 28.94; MS
(MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z (100%): 606.2369 [M+Na]".

4.7.2. tert-Butyl exo-3-((6,7-dimethoxy-4-(4-(methylsulfonyl)phenylamino)quinazolin-2-
ylamino)methyl)-8-azabicyclo[3.2.1]octane-8-carboxylate (11b)

Following the general procedure, the title compound was prepared from compound 9 and 4-
methylsulfonylaniline in 65% yield; yellow solid; mp 156-158 °C; *H NMR (300 MHz, CDCl,): & 8.00-
7.80 (m, 4H), 7.65 (s, 1H), 7.10 (s, 1H), 6.90 (s, 1H), 6.66 (brs, 1H), 4.25 (brs, 2H), 3.90 (m, 7H), 3.20 (m,
4H), 2.50 (m, 1H), 2.10-1.40 (m, 17H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z
(100%): 597.2533 M™.

4.7.3. (x)-4-(9-Benzyl-3,9-diazabicyclo[4.2.1]lnonan-3-yl)-6,7-dimethoxy-N-(4-(methyl sulfonyl)phenyl)
quinazolin-2-amine (11c)

Following the general procedure, the title compound was prepared from compound 10 and 4-
methylsulfonylaniline in 54% yield; yellow solid; mp 171 °C; *H NMR (300 MHz, CDCI5): 6 7.90 (m, 4H),
7.45-7.20 (m, 7H), 7.05 (s, 1H), 4.30 (s, 1H), 4.05-3.75 (m, 10H), 3.60-3.30 (m, 3H), 3.05 (s, 3H), 2.40-
1.50 (m, 6H).

4.7.4, tert-Butyl ()-3-(6,7-dimethoxy-2-(4-(methylsulfonyl)phenylamino)quinazolin-4-yl)-3,9-
diazabicyclo[4.2.1]nonane-9-carboxylate (11d)

Reaction mixture of compound 11c (0.15 mmol) and 10% Pd/C (0.1 mmol) in dry MeOH (3 ml) was
hydrogenated for 5 hours at atmospheric pressure. The reaction mixture was filtered through celite and
concentrated under reduced pressure. To the solution of crude product in CH,Cl, were added TEA (0.3
mmol) and Boc,O (0.2 mmol) and the reaction mixture was stirred for 2 hours. After extraction with
CH5Cl,, the combined organic layer was dried over anhydrous MgSO,, filtered, concentrated under reduced
pressure. Purification of the crude product by silica gel chromatography (CHCIl;-MeOH 200:1) yielded
product as a yellow solid in 54% yield; mp 162 °C; *"HNMR (300 MHz, CDCl5): § 7.90 (m, 4H), 7.31 (s,
1H), 7.24 (d, J = 7.4 Hz, 1H), 7.06 (d, J = 7.4 Hz, 1H), 4.50-4.25 (m, 3H), 4.10-3.30 (m, 8H), 3.06 (s, 3H),
2.70-1.40 (m, 16H); MS (MALDI-TOF, a-cyano-4-hydroxycinnamic acid as matrix): m/z (100%):
584.2455 [M+H]".

4.8. General procedure to generate 2-alkylamino-4-arylamino-6,7-dimethoxyquinazoline (12a-¢)
Azabicyclic amine (7a-c, 1.2 mmol) and Hunig’s base (4.0 mmol) were added to a solution of compound (4
or 5, 1.0 mmol) in n-BuOH (2 ml) and the resulting mixture was stirred at reflux for 1 day. The reaction
mixture was cooled to room temperature, concentrated under reduced pressure, and the residue was purified
by column chromatography (CHCIs-MeOH 200:1) to obtain product.



4.8.1. tert-Butyl endo-3-(4-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-2-
ylamino)-8-azabicyclo[3.2.1]octane-8-carboxylate (12a)

Following the general procedure, the title compound was prepared from azabicyclic amine 7a and
compound 5 in 14% yield; yellow solid; mp 178-181 °C; *H NMR (300MHz, CDCls): ¢ 8.87 (s, 1H), 7.82-
7.74 (m, 2H), 7.56 (brs, 1H), 6.94-6.91 (m, 2H), 4.27-4.25 (m, 4H), 4.01 (s, 3H), 4.00 (s, 3H), 3.11 (s, 3H),
2.36-2.31 (m, 3H), 1.90 (d, J = 4.5, 2H), 1.65 (brs, 3H), 1.50 (s, 9H); MS (MALDI-TOF, 2,5-
dihydroxybenzoic acid as matrix): m/z (100%): 602.2225 [M+H]".

4.8.2. tert-Butyl exo-3-((6,7-dimethoxy-4-(4-(methylsulfonyl)phenylamino)quinazolin-2-
ylamino)methyl)-8-azabicyclo[3.2.1]octane-8-carboxylate (12b)

Following the general procedure, the title compound was prepared from azabicyclic amine 7b and
compound 4 in 27% yield; yellow solid; mp 181 °C; *H NMR (300 MHz, CDCl; + MeOD): 4 7.95 (m, 4H),
6.98 (s, 1H), 6.90 (s, 1H), 4.25 (brs, 2H), 4.00 (s, 6H), 3.35 (m, 2H), 3.09 (s, 3H), 2.20 (m, 1H), 2.00-1.40
(m, 17H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z (100%): 598.2514 [M+H]".

4.8.3. tert-Butyl exo-3-((4-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-2-
ylamino)methyl)-8-azabicyclo[3.2.1]octane-8-carboxylate (12c)

Following the general procedure, the title compound was prepared from azabicyclic amine 7b and
compound 5 in 43% yield; white solid; mp 220 °C; *"H NMR (300MHz, CDCI;): § 8.93 (t, J = 8.2 HZ, 1H),
7.78-7.73 (m, 2H), 7.51 (s, 1H), 6.95 (s, 1H), 6.89 (s, 1H), 5.02 (brs, 1H), 4.29-4.22 (m, 2H), 4.01 (s, 6H),
3.37 (t, J = 6.1 Hz, 2H) , 3.10 (s, 3H), 2.26-2.18 (m, 1H), 1.96-1.95 (m, 2H), 1.71-1.45 (m, 6H), 1.47 (s,
9H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix): m/z (100%): 616.2614 [M+H]".

4.8.4. (x)-2-(9-Benzyl-3,9-diazabicyclo[4.2.1]nonan-3-yl)-6,7-dimethoxy-N-(4-(methylsulfonyl)phenyl)
quinazolin-4-amine (12d)

Following the general procedure, the title compound was prepared from azabicyclic amine 7c¢ and
compound 4 in 57% yield; yellow solid; mp 208 °C; "H NMR (300MHz, CDCl,): ¢ 7.92-7.87 (m, 2H),
7.84-7.79 (m, 2H), 7.55 (s, 1H), 7.42-7.40 (m, 2H), 7.34-7.21 (m, 3H), 7.02 (s, 1H), 6.93 (s, 1H), 4.52 (brs,
1H), 4.26 (brs, 1H), 3.97 (s, 6H), 3.77 (s, 2H), 3.74-3.62 (m, 1H), 3.39-3.31 (m, 3H), 3.07 (s, 3H), 2.02-
1.75 (m, 4H), 1.34-1.28 (m, 2H).

4.8.5. (2)-2-(9-Benzyl-3,9-diazabicyclo[4.2.1]nonan-3-yl)-N-(2-fluoro-4-(methylsulfonyl)phenyl)-6,7-
dimethoxyquinazolin-4-amine (12¢e)

Following the general procedure, the title compound was prepared from azabicyclic amine 7c¢ and
compound 5 in 50% yield; yellow solid; mp 218 °C; *H NMR (300MHz, CDCl,): ¢ 8.93 (s, 1H), 7.75-7.72
(d, 2H), 7.44-7.40 (m,3H), 7.34-7.24 (m, 3H), 6.93 (s, 1H), 6.85 (s, 1H), 4.51 (brs, 1H), 4.23 (brs, 1 H),
4.00 (s, 3H), 3.99 (s, 3H), 3.78-3.68 (m, 3H), 3.41-3.35 (m, 3H), 3.08 (s, 3H), 2.22-2.10 (m, 1H), 2.05-1.95
(m, 2H), 1.80-1.75 (m, 2H), 1.37-1.26 (m, 1H); MS (MALDI-TOF, 2,5-dihydroxybenzoic acid as matrix):
m/z (100%): 592.2611 [M+H]".

4.8.6. tert-Butyl (£)-3-(6,7-dimethoxy-4-(4-(methylsulfonyl)phenylamino)quinazolin-2-yl)-3,9-
diazabicyclo[4.2.1]nonane-9-carboxylate (12f)

The title. compound was prepared from compound 12d according to the procedure for compound 11d.
Yield: 40%; yellow solid; mp 173 °C; *H NMR (300 MHz, CDCl,): 6 7.90 (m, 4H), 7.55 (s, 1H), 7.00 (s,
2H), 4.50-4.20 (m, 3H), 4.00 (s, 6H), 3.10 (m, 5H), 2.30-1.30 (m, 16H); MS (MALDI-TOF, a-cyano-4-
hydroxycinnamic acid as matrix): m/z (100%): 584.2572 [M+H]".

4.8.7. tert-Butyl (x)-3-(4-(2-fluoro-4-(methylsulfonyl)phenylamino)-6,7-dimethoxyquinazolin-2-yl)-
3,9-diazabicyclo[4.2.1]nonane-9-carboxylate (12g)

The title compound was prepared from compound 12e according to the procedure for compound 11d.
Yield: 50%; yellow solid; mp 170-172 °C; *H NMR (300MHz, CDCl5): ¢ 8.92 (s, 1H), 7.80-7.73 (m, 2H),
7.47 (s, 1H), 6.93 (s, 1H), 6.86 (s, 1H), 4.46-4.23 (m, 3H), 4.00 (s, 6H), 3.37-3.33 (m, 1H), 3.10 (m, 4H),
2.17-2.15 (m, 2H), 1.97-1.84 (m, 3H), 1.49 (m, 11H); *C NMR (100 MHz, CDCl,): § 157.94, 155.58,
155.38, 153.69, 153.51, 152.52, 150.89, 146.33, 133.34, 124.21, 121.00, 114.29, 106.24, 103.15, 99.54,
79.29, 58.23, 56.37, 56.17, 54.05, 53.78, 45.58, 44.74, 31.79, 29.69, 28.53; MS (MALDI-TOF, 2,5-
dihydroxybenzoic acid as matrix): m/z (100%): 602.2386 [M+H]".
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4.9. Human GPR119 cAMP reporter assay

HEK293 cells (4x10° cells/well) were seeded on 96 half-well plates and incubated for 24h. The cells were
transected with GPR119 expression plasmid (OriGene Technologies, Inc., USA) using Lipofectamine and
Plus reagent (Life Technologies Corporation., USA). After 24h, transfected cells were incubated with
compounds dissolved in assay buffer (KRBH buffer containing 0.1% BSA and 500 uM 3-isobutyl-1-
methylxanthine) for 60 min at 37 °C. Subsequently, cells were harvested with lysis buffer (50 mM
phosphate buffer containing 1 M KF and 1.25% Triton X-100, pH 7.0) for 10 min at room temperature and
the assay was performed using the cAMP homogeneous time-resolved fluorescence kit. (CIS bio
international, France).

Acknowledgments

The authors thank to Dr. Moon Ho Son (Dong-A Pharm. Co. Ltd.) for hGPR119 cAMP reporter assay. We
also thank to Pharmacal Research Institute and Central Laboratory of Kangwon National University for the
use of analytical instruments and bioassay facilities.

References

1. Schmeltz, L.; Metzger, B. In Comprehensive Medicinal Chemistry; Williams, M., Ed.; Elsevier:
Oxford, 2007; Second ed., Vol. 6, pp 417-458.

2. Drucker, D. J.; Sherman, S. I.; Gorelick, F. S.; Bergenstal, R. M.; Sherwin, R. S.; Buse, J. B. Diabetes
care 2010, 33, 428.

3. Ahren, B. Nature reviews-Drug discovery 2009, 8, 369.

4. Overton, H. A.; Babbs, A. J.; Doel, S. M.; Fyfe, M. C. T.; Gardner, L. S.; Griffin, G.; Jackson, H. C.;

Procter, M. J.; Rasamison, C. M.; Tang-Christensen, M.; Widdowson, P. S.; Williams, G. M.; Reynet,

C. Cell metabolism 2006, 3, 167.

Overton, H. A.; Fyfe, M. C. T.; Reynet, C.British Journal of Pharmacology 2008, 153, S76.

Jones, R. M.; Leonard, J. N. Annu. Rep. Med. Chem. 2009, 44, 149.

7. Hansen, H. S.; Rosenkilde, M. M.; Holst; J. J.; Schwartz, T. W. Trends in Pharmacological Sciences
2012, 33, 374.

8. Semple, G.; Fioravanti, B.; Pereira, G.; Calderon, I.; Uy, J.; Choi, K.; Xiong, Y.; Ren, A.; Morgan, M.;
Dave, V.; Thomsen, W.; Unett, D. J.; Xing, C.; Bossie, S.; Carroll, C.; Chu, Z.; Grottick, A. J.; Hauser,
E. K.; Leonard, J.; Jones, R. M. J..Med. Chem. 2008, 51, 5172.

9. Wu, Y.; Kuntz, J. D.; Carpenter, A. J.; Fang, J.; Sauls, H. R.; Gomez, D. J.; Ammala, C.; Xu, Y.; Hart,
S.; Tadepalli, S. Bioorg. Med. Chem. Lett. 2010, 20, 2577.

10. Xia, Y.; Chackalamannil, S.; Greenlee, W. J.; Jayne, C.; Neustadt, B.; Stamford, A.; Vaccaro, H.; Xu,
X.; Baker, H.; O’Neill, K.; Woods, M.; Hawes, B.; Kowalski, T. Bioorg. Med. Chem. Lett. 2011, 21,
3290.

11. Semple, G.;"Ren, A.; Fioravanti, B.; Pereira, G.; Calderon, I.; Choi, K.; Xiong, Y.; Shin, Y. J;
Gharbaoui, T.; Sage, C. R.; Morgan, M.; Xing, C.; Chu, Z. L.; Leonard, J. N.; Grottick, A. J.; Al-
Shamma, H.; Liang, Y.; Demarest, K. T.; Jones, R. M. Bioorg. Med. Chem. Lett. 2011, 21, 3134.

12. Brocklehurst, K. J.; Broo, A.; Butlin, R. J.; Brown, H. S.; Clarke, D. S.; Davidsson, O.; Goldberg, K.;
Groombridge, S. D.; Kelly, E. E.; Leach, A.; McKerrecher, D.; O’Donnell, C.; Poucher, S.; Schofield,
P.; Scott, J. S.; Teague, J.; Westgate, L.; Wood, M. J. M. Bioorg. Med. Chem. Lett. 2011, 21, 7310.

13. Sakairi, M.; Kogami, M.; Torii, M.; Kataoka, H.; Fujieda, H.; Makino, M.; Kataoka, D.; Okamoto, R.;
Miyazawa, T.; Okabe, M.; Inoue, M.; Takahashi, N.; Harada, S.; Watanabe, N. Bioorg. Med. Chem.
Lett. 2012, 22, 5123.

14. Negoro, K.; Yonetoku,Y.; Misawa-Mukai, H.; Hamaguchi, W.; Maruyama, T.; Yoshida, S.; Takeuchi,
M.; Ohta, M. Bioorg. Med. Chem. 2012, 20, 5235.

15. Wyllie, M. G.; Phillips, S. In: Comprehensive Medicinal Chemistry; Williams, M., Ed.; Elsevier:
Oxford, 2007; Second ed., Vol. 6, pp 551-573.

16. Mortlock, A. A.; Barker, A. J. In: Comprehensive Medicinal Chemistry; Plattner, J. J., Desai, M. C.,
Eds.; Elsevier: Oxford, 2007; Second ed., Vol. 7, pp 183-220.

17. Selvam, T. P.; Kumar, P. V. Research in pharmacy 2011, 1, 1.

18. Zhu,W.; Ma, D. J. Org. Chem. 2005, 70, 2696.

oo

-11 -



19.

20.

21.

22.

23.

He, Y.; Kamenecka, T. M.; Shin, Y.; Song, X.; Jiang, R.; Noel, R., Duckett, D.; Chen, W.; Ling, Y. Y.;
Cameron, M. D.; Lin, L.; Khan, S.; Koenig, M.; LoGrasso, P. V.; Bioorg. Med. Chem. Lett. 2011, 21,
1719.

Thurmond, J.; Butchbach, M. E. R.; Palomo, M.; Pease, B.; Rao, M.; Bedell, L.; Keyvan, M.; Pai, G.;
Mishra, R.; Haraldsson, M.; Andresson, T.; Bragason, G.; Thosteinsdottir, M.; Bjornsson, M. J.;
Coovert, D. D.; Burghes, A. H. M.; Gurney, M. E.; Singh, J.; J. Med. Chem. 2008, 51, 449.

Yokoyama, K.; Ishikawa, N.; Igarashi, S.; Kawano, N.; Masuda, N.; Hamaguchi, W.; Yamasaki, S;
Koganemaru, Y.; Hattori, K.; Miyazaki, T.; Ogino, S.; Matsumoto, Y.; Takeuchi, M.; Ohta, M.; Bioorg.
Med. Chem. 2009, 17, 64.

For preparation of tert-butyl endo-3-amino-8-azabicyclo[3.2.1]octane-8-carboxylate 7a see: (a) Berdini,
V.; Cesta, M. C.; Curti, R.; D’ Anniballe, G.; Bello, N. D.; Nano, G.; Nicolini, L.; Topai, A.; Allegretti,
M. Tetrahedron 2002, 58, 5669; (b) Kazmierski, W. M.; Aquino, C.; Chauder, B. A.; Deanda, F.;
Ferris, R.; Jones-Hertzog, D. K.; Kenakin, T.; Koble, C. S.; Watson, C.; Wheelan, P.; Yang, H.;
Youngman, M. J. Med. Chem. 2008, 51, 6538. For preparation of tert-butyl exo-3-(aminomethyl)-8-
azabicyclo[3.2.1]octane-8-carboxylate 7b see: (¢) Budzik, B.; Garzya, V.; Shi,/D.; Foley, J. J.; Rivero,
R. A.; Langmead, C. J.; Watson, J.; Wu, Z.; Forbes, I. T.; Jin, J. Bioorg. Med. Chem. Lett. 2010, 20,
3540; (d) Xia, Y.; Boyle, C. D.; Greenlee, W. J.; Chackalamannil, S.; Jayne, C. L. U.S. Patent 0212938
Al, 2011; For preparation of (x)-9-benzyl-3,9-diazabicyclo[4.2.1]nonane 7c see: () Audouze, K.;
Nielsen, E. O.; Olsen, G. M.; Ahring, P.; Jorgensen, T. D.; Peters, D.; Liljefors, T.; Balle, T. J. Med.
Chem. 2006, 49, 3159.

Zhu, L.; Jin, J.; Liu, C.; Zhang, C.; Sun, Y.; Guo, Y.; Fu, D. Bioorg. Med. Chem. 2011, 19, 2797.

-12 -



*Graphical Abstract (for review)

jou
H3CO,S F

human GPR119 agonists
ECso=1uM

“Boc

12a





