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Abstract

Glucokinase (GK) is an enzyme that plays an impbntale as a glucose sensor while
maintaining whole body glucose homeostasis. Allostctivators of GK (GKAs) have
the potential to treat 2 diabetes mellitus. To tdgnnovel GKAs, a series of
compounds based on a thiophenyl-pyrrolidine scaffeére designed and synthesized.
In this series, compoun88 was found to inhibit glucose excursion in an gialcose
tolerance test (OGTT) in mice. Optimization 38 using a zwitterion approach led to
the identification of the novel GKA9. GKA 59 exhibited potent blood glucose control
in the OGTT test as well as a favorable safety ileofOwing to low pancreatic
distribution, compoun®9 primarily activates GK in the liver. This charatséc could
overcome limitations of other GKAs, such as hypogiynia, increased plasma

triglycerides, and loss of efficacy.
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1. Introduction

Diabetes is one of the most common chronic diseasekiwide. According to the
International Diabetes Federation, diabetes afteafgproximately 425 million people
in 2017, and this number is expected to rise to B#8on by 2045. The increasing
prevalence of diabetes is driven by a variety ofdes, including diet, urbanization, and
obesity. Type 2 diabetes mellitus (T2DM) is thedaminant form of the disease and
constitutes the majority of adult cases worldwitl@]. T2DM is typically characterized
by hyperglycemia, insulin resistance, abnormallgvated hepatic glucose production,
and inadequate glucose-stimulated insulin secré®8IS) from pancreatig-cells [3].
Insufficient blood glucose control increases thek f vascular complications such as
coronary artery disease, peripheral arterial dessestsoke, nephropathy, neuropathy, and
retinopathy [4]. Although various oral anti-hyperggmic agents are available,
monotherapy or combination regimens are frequantigequate for maintaining blood
glucose levels in the long term. Furthermore, maihthese agents exhibit side effects
such as hypoglycemia, weight gain, gastrointestsidé effects, and genitourinary
infection [5,6]. Therefore, an unmet need existsrfwre effective therapies offering
improved efficacy and safety for the managememliathetes.

GK, also called hexokinase IV or D, is a glycolyenzyme that converts glucose to
glucose-6-phosphate. GK has unique characteristorapared with those of the
ubiquitously expressed hexokinase isoforms |-l & predominantly expressed in the
pancreas and liver. In pancreafiecells, GK regulates the threshold for GSIS. In
hepatocytes, GK regulates glycogen synthesis apdticeglucose production, and its
activity is controlled by glucokinase regulatorypf@in (GKRP) [7-9]. Considering that
the activation of GK in the pancreas and liver doelad to increased insulin secretion
from pancreatid3-cells and glucose uptake in the liver, allosteaativators of GK
(GKAs) have emerged as attractive targets forrdtinent of T2DM [10].

Following the initial discovery of RO0281675 [11],18veral GKASs, including phenyl
acetamides, benzamides, and imidazolylacetamidage feen reported (Figure 1)
[13-18].
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Figure 1. Representative structures of glucokinase actigdtom the literature and the
structure of our lead compouiid

To date, several GKAs have advanced to clinicaflistiand have demonstrated an
ability to lower blood glucose levels in both haglsubjects and patients with T2DM.
However, in these clinical studies hypoglycemiaréased plasma triglycerides (TG),
and loss of efficacy within several months, wertedained to be the main obstacles to
developing GKAs as therapeutic agents for T2DM 19§, It is believed that
hypoglycemia is caused by the overstimulation &tig-cell GK, while increased
plasma TG is the result of overstimulation of liveK. However, the cause of the loss
of efficacy in the short term remains to be elu@dg20]. To mitigate these limitations,
various types of GKAs have been discovered and Ipavgressed to human clinical
trials [18]. Although most were terminated at Phaser Phase Il, some GKAs
(including vTv Therapeutics’'s TTP399 and Hua Meuits HMS5552) remain
currently active and have shown positive resulteegent clinical trials [21-23]. These
two compounds exhibit characteristics that are wmig@mong GKAs. TTP399 is a
liver-selective GKA that does not affect the inkitm of GK by GKRP in the liver. The
manufacturer suggests that disruption of the GK-BGKknteraction leads to
hypoglycemia and dyslipidemia. HMS5552 has an ararid-based structure, which is
markedly different from that of other GKAs. The d®mpment of GKA as a clinical
agent for the treatment of T2DM therefore requites identification of a new type of
GKA with characteristics different from those ohet GKAs. Herein, we report the

discovery of a new type of hepatoselective GKA watlunique structure, robust GK
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activation potency, and benign safety profile. kidiion, a favorable distribution
pattern in the pancreas and liver was observedhddest of our knowledge, an orally
active GKA exhibiting such characteristics haslmen disclosed to date.

In a previous report, the discovery of novel smalblecule 7, using molecular
modeling-aided medicinal chemistry approaches, described [24]. This compound
has a characteristic structure with an amide pordonnecting the phenyl thiophene
ring and cyclopentathiazole. GKAs with this typestifucture are poorly represented in
the literature. Therefore, compoundwas selected as the lead compound for our
discovery series.

2. Results and discussion

2. 1. Chemistry

The compounds prepared for this study are showiables 1-6. Syntheses were
carried out as outlined in Schemes 1-4. The roseel fior the synthesis of compounds
(16, 18-21) is described in Scheme 1. Commercially availabiephene-3-carboxylic
acid 8 was converted to thiophene methyl edt@by methylation of the 2-position of
thiophene with methyl iodide and esterification endcidic conditions. Treatment of
thiophene 10 with N-bromosuccinimide (NBS) and subsequent Suzuki-Migau
cross-coupling with 2-formylphenylboronic acid gaaklehydel2. Aldehydel2 was
converted to carboxylic acit3 by pinnick oxidation, and subsequent amide cogpdih
acid 13 with 2-aminoethanol provided estié4. Hydrolysis of ested4 under alkaline
conditions gave carboxylic acid 15. Amidation of 15  with
5,6-dihydro-4H-cyclopentafl]thiazol-2-amine afforded alcohal6. Alcohol 16 was
converted to iodidd7 via Appel reaction using land PP} followed by {2 reaction
of 17 with NaCN to afford nitrile19. Nitrile 19 was converted to tetrazoR9 using
BusSnNs and to amide21 by hydrolysis of19 using a platinum-containing catalyst
prepared as previously described [25]. The reaabioiodine 17 with dimethylamine
gave amind.8.



Scheme 1Synthesis of phenyl thiophenyl derivatives; Re&agand conditions: (a) (i)
diisopropylaminen-BuLi, THF, 0 °C, (ii) Mel,—60 °C to rt, 85%; (b) SOCl,, MeOH,
reflux, 96%; (c) NBS, DMF, rt, 96%; (d) 2-formylpm@boronic acid, Pd(PRJx,
KoCOs, DME, reflux, 74%; (e) NaCle) NaHPQ,, 2-methyl-2-butend;BuOH, HO, rt,
68%; (f) 2-aminoethanol hydrochloride, EDCI, HOBIPEA, DMF, rt, 96%; (g) 5 N
aqueous NaOH, THF, MeOH, 50 °C, 41%; (h)
5,6-dihydro-4H-cyclopentafl]thiazol-2-amine, EDCI, HOBt, DIPEA, DMF, 50 °C,
39%; (j) b, PPh, imidazole, THF, 0 °C, 86%; (k) NaCN, DMSO, rt%21(I) BusSnNs,
toluene, 130 °C, 48%; (m) [PtH(PMaH)(PMeO),H], EtOH, KO, reflux, 55%; (n)
Me;NH, THF, rt, 72%.



Scheme 2 shows the preparation of compoGis 26b, 29a and29b. Ketones22a
and22b were prepared from estif in two steps: a Grignard exchange reactiod f
with i-PrMgBr, and reaction of the resulting Grignardgesat with N-Boc-protected
cyclic amide. Intramolecular reductive amino alkyla of ketone22a and22b gave
pyrrolidine23aand piperidin€3b respectively. After acetylation of ami@8aand23b,
amide 24a and 24b were hydrolyzed under alkaline conditions followeyl coupling
with  5,6-dihydro-H-cyclopentaflthiazol-2-amine to give 26a and 26b. A
Cu-catalyzed coupling reaction dafL with 2-pyrrolidone and 2-piperidone afforded
esters27a and 27b [26]. Hydrolysis of ester27a and 27b and subsequent amide
coupling with 5,6-dihydro-A-cyclopentafl]thiazol-2-amine gave29a and 29b,
respectively.
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Scheme 2. Synthesis of heterocycloalkyl thiophenyl derivaBy Reagents and
conditions: (a) (i) i-PrMgBr, THF, -40 °C, (i) 1-Boc-2-pyrrolidone or
1-Boc-2-piperidone, —40 °C to rt, 51-62%,; (b) (iFA, CH.Cl,, 0 °C to rt, (ii)
NaBH;CN, conc. HCI,i-PrOH, 0 °C, 63-70%; (c) acetyl chloride, pyridi@iCl,

0 °C to rt, 85-98%; (d) LiOH-$©, MeOH, HO, 50 °C, 80-98%; (e)
5,6-dihydro-4H-cyclopentaflthiazol-2-amine, EDCI, HOBt, DIPEA, DMF, rt,
21-43%; (f) 2-pyrrolidone or 2-piperidone, CI,N’-dimethylethylenediamine, ¥CO;s,
toluene, reflux, 17-33%; (g) LIOH-B, THF, HO, 50 °C, 80-87%.

The routes for the synthesis of compouB8s-33¢ 34d, 34¢ 38, and42 are shown in
Scheme 3. Compound33a-33¢ 34d, and 34e were synthesized from est@3a
obtained in Scheme 2. Treatment28a with (Boc)O in the presence of triethylamine
in CH,CIl, followed by hydrolysis of the ester group by aqueoLiOH gave
Boc-carboxylic acid30. Next, amidation of30 with a corresponding thiazole amine
afforded amidegla-31c Removal of the Boc group &la-31c using trifluoroacetic
acid followed by coupling with the correspondinghmxylic acid afforded34a-34e
Deprotection of the Boc group 8#a-34c under acidic conditions gaw&8a-33c To
investigate the most efficient chiral-resolving aigéor optical resolution of racemic
amine23a commercially available acidic resolving agentsewesed. Optical resolution
of racemic estel3a was accomplished through diastereomeric salt foomawith
(-)-dibenzoyl-L-tartaric acid monohydrate (96.6%),dellowed by salt decomposition,
Boc protection and hydrolysis, to gi@é. Next, (+)-enriched amin23awas recovered
as a condensate by evaporating the methanolic méther of the first resolution
followed by salt decomposition through treatmenthwsaturated aqueous NaHEO
Optical resolution of liberated (+)-enriched ami@8a was accomplished through
diastereomeric salt formation with (+)-dibenzoylt®taric acid monohydrate.
Compounds37 and 41 were synthesized in a similar manner to that shéevnthe
synthesis of34e by the reaction of chiral carboxylic aci@86 and40. Treatment of37
and 41 with 4 N HCI in 1,4-dioxane afforded hydrochloridgalts 38 and 42,
respectively. The crystal structure of the resoltzethric acid sal85was determined by
X-ray crystallographic analysis. As a result, thesaute configuration at the chiral
center in the pyrrolidine ring a85 was confirmed to be théS)configuration (see
Supplementary data).
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Scheme 3 Synthesis of compoun@6a analogs; Reagents and conditions: (a) (i)
(Boc)O, EgN, CHCl,, rt, (ii) LIOH-H,O, MeOH, HO, 50 °C, 96% (2 steps); (b)
corresponding thiazoleamine, EDCI, HOBt, DIPEA, DMI® °C, 48-88%; (c) TFA,
CH.ClIy, 0 °C to rt, 27-97%; (d) corresponding carboxgaid, EDCI, HOBt, DIPEA,
DMF, rt, 27-95%; (e) (-)-dibenzoyl-L-tartaric acidonohydrate, MeOH, rt, 48% in
theory; (f) (i) saturated aqueous NaH§ GHCU, rt; (i) (Boc)O, EgN, CHyCly, rt; (iii)
LIOH-H,O, MeOH, HO, 50 °C, 87-94%; (g) (i) 2-amino-5-chlorothiazole

hydrochloride, EDCI, HOBt, DIPEA, DMF, 50 °C, (iljFA, CH,Cl,, 0 °C to rt, (i)
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N,N-dimethylglycine, EDCI, HOBt, DIPEA, DMF, 49-58% &eps); (h) 4 N HCI in
1,4-dioxane, CkECl,, 0 °C to rt, 70-97%; (j) saturated aqueous NaklGIHCE, rt;

(k) (+)-dibenzoyl-D-tartaric acid monohydrate, MeQt] 45% in theory?(+)-enriched
enantiomer.

The route for the synthesis of compoudds-48b, 51, 53a-53¢ and58a-59 is shown
in Scheme 4. Compound47a48b and 51 were synthesized from amin&lc
Condensation of amin@1c with the corresponding carboxylic acid, followeg b
deprotection of the Boc group, gave amidés and46b. Amines46a and46b were
treated with mesyl chloride to give mesylated coumus47a and47b. Furthermore,
aminesA6aand46b were treated with acetyl chloride to give acegdatompoundd48a
and 48b, respectively. Chloroacetylation of ami®dc followed by treatment with
glycine tert-butyl ester and subsequent removal of ttest-butyl ester using
hydrochloric acid, afforded carboxylic ac#il. Fluorothiazole derivativel6c was
synthesized in a similar manner as that for theoroftiiazole counterpart6b.
Treatment of amined6b and 46¢ with bromo ester derivatives ¢ert-butyl acrylate
followed by deprotection of the ester group gavebeaylic acids53a-53e Chiral
isomers58a 58b, and59 were synthesized from chiral acd® obtained in Scheme 3.
Carboxylic acid 36 was converted to amineS6a-56¢ in a four-step sequence:
condensation with 2-amino-5-fluorothiazole, depctten of the Boc group, and
condensation with the correspondiig3oc amino acid, followed by deprotection of the
Boc group. Compounds8a, 58b, and59- HCl were synthesized in a similar manner to
that shown for the synthesis 58a-53e from 46b and46¢ by the reaction of amines
56a-56¢ Finally, we sought to establish a method forasoh of the zwitterion of
59-HCI. As a result, zwitterion produ&9 was crystallized directly from the reaction
mixture with 84% vyield after pH adjustment to tlseelectric point of pH 5.8 with 1 N
aqueous NaOH.
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(c) glycine derivatives, EDCI, HOBt, DIPEA, DMF,, 180-99%; (d) mesyl chloride,
pyridine, CHCI,, 0 °C to rt, 69-81%; (e) acetyl chloride, pyridit&H,Cl,, 0 °C to rt,
74-85%; (f) chloroacetyl chloride, 2,6-trt-butylpyridine, CHCI,, 0 °C to rt, 83%;
(9) glycinetert-butyl ester hydrochloride, DIPEA, DMF, 50 °C, 68%h) 4 N HCI in
1,4-dioxane, CECl,, 0 °C to rt, or 1 N aqueous NaOH, MeOH, rt, tdeN HCI in
1,4-dioxane, 0 °C to rt, 68-99%; (jert-butyl ester derivatives, DIPEA, DMF or
tert-butyl acrylate, benzyltrimethylammonium hydroxiseMeOH, DMF, rt to 60 °C,
22—-77%; (K) corresponding Boc-amino acid, EDCI, HOBIPEA, DMF, rt, 82—99%;
() 4 N HCl in 1,4-dioxane, C§Cl, or 4 N HCI in AcOEt, CHCl,, 0 °C to rt, 71-99%;
(m) 1 N agueous NaOH, MeOH @, rt, 84%.
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2. 2. Identification of a pyrrolidine-thiophene-ba®d glucokinase activator

Since compound?7 had potent glucokinase activity in 5 mM glucosds i
glucose-lowering effects were assessed by OGTTige.nunfortunately, compound
did not exhibit glucose-lowering effects in our OG$tudy at 30 mg/kg (p.o.), and
had poor bioavailability following oral dosing {& < 1 UM, data not shown). To
convert7 to the orally bioavailable GKA, we considered tstoategies: the first was to
significantly improve the GK activation potency Bfand the second was to improve
the physicochemical properties piaffecting bioavailability. In our previous workye
nitrogen atom in the thiazole ring, amide NH, armatboxyl oxygen of terminal
carbamoyl group of were expected to form hydrogen bonds with amind eesidues
in the GK active site. Given the existing interans of compound with the GK active
site, we chose a strategy to improve the propeofi@swhile keeping maintaining these
interactions (Figure 2).

S solubility RS
| // Improvement \ Y
HN" =0 ——>
0 0
HN HN

Figure 2. First design of hydrophilic analogs from lead campd?.

The results of our mouse OGTT study demonstratettiie clearance rate dfwas not
rapid, suggesting that metabolic stability7oivas not the cause of poor bioavailability.
Furthermore, the membrane permeability’ afas considered adequate (Ldg/alue at
pH 7.4 was 3.23) [27]. Therefore, we hypothesizeat improvements in solubility
would lead to increased plasma exposure. From mwuiqus modeling-aided studies,
the cavity of the GKA binding site in which the lbamoyl group of7 binds is
composed of hydrophilic amino acid residues, anmmb@enodates the introduction of
functional groups. Therefore, we introduced varipotar groups with hydrogen bond
donors and acceptors to this position. Table lildefae structure—activity relationship

(SAR) of polar groups at the 2-position of the pfleing, and the effect of conversion
12



of the phenyl ring irY into a saturated hetero ring. GK activation poyesiccompounds
were determined in a biological assay monitoring tate of glucose 6-phosphate
formation using G6PDH/NADP coupling. Compounds weharacterized for relative
GK activation using compountl (RO0281675) as a reference, and to determine batch
variability. Aqueous solubilities were determinegerimentally using a nephelometric
assay in phosphate buffered saline (pH 7.4). Athgounds with a basic amino moiety
were used in the free form unless otherwise st&sdhown in Table 1, hydroxyl ethyl
derivative 16 and dimethylamino derivativd8 preserved GK activation potency.
Unfortunately,16 and18 did not show an improvement in solubility relatieethat of7.
Tetrazole derivativ0 and amide derivativel showed improvement in solubility, but
had decreased GK activation potency compared whigt f 7. Although the
introduction of polar groups in this part of the lstule was well tolerated, a promising
compound with good solubility and GK activation gty was not identified. Therefore,
we sought an alternative scaffold to replace thenghcore. Lovering and colleagues
found previously that carbon bond saturation cates with solubility [28], we
therefore designed molecules with a saturated heiteg adjacent to the thiophene ring
instead of the phenyl grou@2@a 26b, 29a and 29b). Although the piperidine and
piperidone derivative26b and29b exhibited no improvement in solubility relative to
that of 7, the pyrrolidine and pyrrolidone derivative6a and29a showed more than a
two-fold improvement in solubility compared withathof 7. These differences were
thought to derive from differences in hydrophijcand molecular weight. Pyrrolidine
derivatives have a lower LoD value at pH 7.4 and a lower molecular weight than
piperidine derivatives. Sincg6a was approximately four-fold more soluble thaand
maintained GK activation potency to some extent, fa®ised our attention on the
synthesis of pyrrolidine derivatives.

13



Table 1.

SAR for analogs of compountd

Activation at 5 mM glucoge Solubility?
Compound R )
Fold’ Relativé (UM; pH 7.4)
7 % 6.23 £0.03 0.699 = 0.004 1.95
H,N" Y0
16 3.89+0.08 0.373 £0.011 0.98
HO\/\N o
H
18 \ 4.31 £0.04 0.428 = 0.005 1.95
AN N0
H
20 N/\«N”\JN\AN 1 03‘ 0.84 £0.01 -0.019 £ 0.001 31.3
H
21 9 1 > 2.56 £0.03 0.187 £ 0.004 3.91
HQNM” 0
26a i“j?i 2.53 +£0.02 0.187 £ 0.002 7.81
[0}
26b (Nj?i 1.13+£0.00 0.017 £ 0.001 0.98
Ao
29a N 2.41 +£0.01 0.168 = 0.002 3.91
o
29b Q‘ﬁ 2.96 £ 0.04 0.235 £ 0.004 0.98
o

®Values are the mean + SEM far= 3. °Glucokinase activity at 1QuM relative to
DMSO control.“Glucokinase activity at 1M relative to 10uM of 1 as a standard
activator (DMSOQO:0;1:1). quueous solubility was determined experimentallingsa
nephelometric assay in PBS (pH 7.4).

14



The optimization of the pyrrolidine derivatiZ®ais shown in Table 2. The amino ethyl
derivative 33a was more potent thaB6a although the solubility of33a was low.
Considering that the hydrophobicity of cyclopeniatble moiety was extremely high,
the non-substituted thiazole anal88b was prepared. The GK-activation potency of
33b decreased, although the solubility 88b improved. Next, the aminomethyl
derivative 33c and the dimethylaminomethyl derivatiddd were synthesized. These
derivatives were comparable 26ain solubility, with good GK activation potency. &h
Cl derivative34ewas also evaluated. Introduction of a Cl groughat5-position of the
thiazole ring resulted in decreased solubility caned with that o84d, but34eshowed
strong GK activation potency.

15



Table 2

SAR for analogs of compouritba

N S
R |
(0]
HN\
R2
Activation at 5 mM glucoge  Solubilit
Compound R R? 9 _ Y
Fold’ Relativé  (uM; pH 7.4)
Hon
26a Wf s /f 253+0.02  0.187 +0.002 7.81
H,N %N
33a “ﬁf s /f 3.46£0.02  0.274 +0.002 0.98
HoN %N
33b YUt 0 286+002  0175+0.002 15.6
33c WwOrt ) 367£001  0.203+0.001 7.81
34d \wﬁf ;é' 470+0.04  0.380 +0.004 7.81
34e WOYT $) 6.81£005  0.598 +0.005 3.91

Cl
®Values are the mean + SEM far= 3. "Glucokinase activity at 1QiM relative to

DMSO control.“Glucokinase activity at 1M relative to 10uM of 1 as a standard
activator (DMSOQO:0;1:1). quueous solubility was determined experimentallingsa
nephelometric assay in PBS (pH 7.4).
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Thus, with a promising compound showing good GHKvatibn potency and improved
solubility identified, chiral isomers oB4e were synthesized and assessed for GK
activation potency to confirm the effect of the n@yidine chiral center on GK activity
(Table 3). Both isomer38 and42 showed GK activation potency, althoug® showed
stronger potency tha#2. Therefore, the biologically active form was comfed to be
the (S)configuration. Next, the effect of the compounds iasulin secretion was
evaluated in MIN-6 cells, a mouse pancreatic bethloe [29]. Compoun®8 showed

a good insulin secretory effect in this cell line.
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Table 3.

The effect of the chiral center of compous¥ke

Activation at 5 mM glucoge Insulin secretion Solubility®

Compound R from MIN-6 M; pH
P Fold’ Relativé e (uM: p
cells (relativey 7.4)
34e K(E}( 6.81+0.05 0.598+0.005 1.62+0.27 3.91
/N\ ©
38 K(Eﬁ 104 +£0.1 0.650 £+ 0.010 1.61+0.21 7.81
/N\ ©
I,
47 KQ 499+0.12 0.381+0.011 1.15+0.06 1.95
(0]

—

N
2Values are the mean + SEM for= 3. "Glucokinase activity at 1M relative to

DMSO control.“Glucokinase activity at 1M relative to 10uM of 1 as a standard
activator (DMS0:01:1). %Insulin secretion activity at 0M relative to 10uM of 1 as a
standard activator (DMSO:0;1:1). °Aqueous solubility was determined
experimentally using a nephelometric assay in RBS7.4)."Hydrochloride salt.

Given the promising in vitro GK activation potenagd effect on insulin secretioB3
was evaluated for the ability to reduce glucoselewn rodents. The effect & on
blood glucose was tested using OGTT in non-dial{€&7BL/6j) mice. Animals were
subjected to an overnight fast. Compod&iwas orally administered 15 min prior to
the administration of 2 g/kg of glucose. Blood gise was measured at 0, 20, 40, 60, 90,
and 120 min after glucose administration. Compas@®decreased blood glucose levels
dose-dependently in C57BL/6j mice at 10 and 30 mpgkigure 3). As expected,
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compound38, which demonstrated good solubility, exhibitedrimoavailability in this
study (Grax> 9uM at 30 mg/kg).
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Figure 3. Oral glucose tolerance test (OGTT)3# in male C57BL/6] mice. Effect on
(a) blood glucose level and (b) incremental blohadtgse AUC during OGTT. Data are
expressed as (a) mean + SEM 8) and (b) mean + SEM (= 8). The data was
analyzed using Dunnett's multiple comparison tgst.***: p < 0.05, p < 0.001 vs.
vehicle control.
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For progression of compoun®@8 as a preclinical development candidate, the
cardiovascular safety profile was evaluated. Unifuately, 38 appeared to bind to the
human ether-a-go-go related gene (hERG) channklhigh affinity (1IGo < 0.3uM).

Inhibition of the a-subunit of IKr channels, which is encoded by hER@n cause
delayed ventricular cell repolarization. This phewmon is observed by electro
cardiogram as a prolongation of the QT interval] eepresents a major hurdle in drug
development [30]. As it was crucial that our GKieation candidate compounds did
not exhibit this property, it was necessary to cedine hERG binding ability &8.

2. 3. Reduction of hERG inhibitory activity to disover 59

To reduce the hERG inhibitory activity @8, an extensive survey of the medicinal
chemistry literature was conducted. Some effectivategies to minimize hERG/IKr
activity have been previously reported [31]. Amahgse, we selected two modification
strategies: the attenuation of pKa and the formatiiozwitterions (Figure 4).
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Figure 4. Strategy to reduce the inhibitory activity of &R

Table 4 shows the result of the modification 3& First, we reduced the terminal
nitrogen pKa. It is reported thatcation interactions between aromatic residuesiwith
the cavity of the hERG channel and the basic ammagety in the ligand play a role in
binding affinity. Therefore, reducing the protomatiof molecules at physiological pH
by lowering the pKa of a basic nitrogen could didrany putativetcation interactions
between ligand and hERG [32, 33]. To confirm thieafof this strategy, compounds
whose nitrogen atom’s basicity was weakened bylfarsg group @7a and47b) or
acetyl group48aand48b) were assessed. Within this seridanethyl derivatives47b
and48b) showed a significant drop in GK potency, but Ndetivatives 47aand48a)
showed moderate GK activation potency. Furthermwese N-H derivatives showed a
marked decrease in hERG binding affinity.

Next, we turned our attention to the introductidraa@witterionic characteristic to the
molecule. The zwitterion approach has been widehpleyed for the attenuation of
hERG activity [34, 35]. Introduction of a carboxylacid moiety into our potential
template led to the synthesis of the zwitterionmmpounds51 and 53a These
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compounds showed a substantial decrease in hERIgiaffinity. Among these53a
showed a strong GK activation potency, comparaliie 38.

Table 4.

SAR for analogs of compourg8

Activation at 5 mM glucose Insulin
, hERG
secretion from .
Compound R . inhibition
Fold® Relativé MIN-6 cells (O
)
(relative}?
3g 9 ]N% 10.4+0.1 0.650 + 0.010 1.61+0.21 101 +1
%
47a fg\:o 6.21+0.04 0.460+0.004 0.690+0.226 16+1
(0]
~E
47b Yo 324003  0.168 +0.002 . .
(0]
48a “”i 5.32+0.08 0.395 +0.007 1.17 +0.16 3+1
48b \”i 2.57+0.04 0.118 + 0.003 - -
519 "YNF 475+0.02 0438+0.003 0.994+0043 28+1

0]

53 Y 8.35:008 0.718+0.008  1.12%0.22 11+2

®Values are the mean + SEM far= 3. "Glucokinase activity at 1iM relative to
DMSO control.°Glucokinase activity at 1M relative to 10uM of 1 as a standard
activator (DMS0:01:1). %Insulin secretion activity at 10M relative to 10uM of 1 as a
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standard activator (DMSO:Q;1). ®Percentage of inhibition of hRERG potassium channel
at 30pM. Chiral isomer®Hydrochloride salt.

Based on these findings, compoub8a was chosen as the starting point for further
optimization (Table 5). We prepared a series of paumds with a 5-F substituted
thiazole ring and various tether lengths of thébcaylic acid. 5-F-substituted thiazole
analogb3b was as potent as its 5-Cl-substituted thiazolenmyparts3aand showed no
hERG binding affinity at 3QuM. However,53b showed low insulin secretion in MIN-6
cells. The compound whose tether part was extefroed ethanoic acid to propanoic
acid 639 showed moderate GK activation potency, good MinNsulin secretion, and
low hERG binding activity. A fine balance was oh&#t between these parameters
Compounds with a longer tether th&8c (53d and53€ had favorable GK activation
potency relative t®3¢ but unfortunately had relatively strong hERG lgdaffinity.
Compounds53a and 53c demonstrated favorable GK activation potency, linsu
secretion, and low hERG binding affinity. As a ésthe in vivo efficacy ofb3a and
53cwas evaluated by OGTT in normal C57BL/6j mice. @oomds were dosed orally
at 30 mg/kg, 30 min prior to glucose loading. Utdoately, only53c showed a
significant glucose lowering effect. Incrementabdd glucose AUG120 min Values of
53a and53c relative to those of vehicle control were 82% @186, respectively. To
investigate differences in the hypoglycemic effedfs these compounds, plasma
concentrations were determined following oral adstration. Compoun&3c showed a
more than six-fold higher plasma concentration thda[36]. From these result§3c
was considered the most promising compound in ¢énes The chiral isomer of this
compound was synthesized and evaluated in vitro.
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Table 5.

SAR for analogs of compouri8a

Activation at 5 mM glucose Insulin

secretion hERG

Compound R X , from MIN-6  inhibition
Fold® Relativé ot
cells (%)™
(relative)®
53a Cl -CH,- 8.35+0.08 0.718+0.008 1.12+£0.22 11+2
53b F -CH- 6.92+0.02 0.710%+0.0030.379+£0.091 -6%2
53c F -(CH).- 4.89+0.04 0.466 +0.005 1.19 +0.06 17+£3
53d F -(CH)s- 6.86+0.03 0.610+0.003 1.21 +0.17 78 £2
53e F -(CHy)s- 6.95+0.01 0.619 +£0.0010.807 £0.119 771

Hydrochloride salt®Values are the mean + SEM for= 3. ‘Glucokinase activity at
10 uM relative to DMSO controfGlucokinase activity at 1M relative to 10uM of 1
as a standard activator (DMSOD1). ®Insulin secretion activity at 1AM relative to
10 uM of 1 as a standard activator (DMSODY). Percentage of inhibition of hERG
potassium channel at 30M.
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As expected, the chiral isomer 88c (58a) showed favorable GK activation potency
and promoted insulin secretion in MIN6 cells (Tab)e Unexpectedly, this compound
showed a stronger hERG binding affinity (49% apB0 relative to racemic compound
53c This suggested that the enantiomer58& had a lower hERG binding affinity
relative to53¢, and that the carboxylic acid series proved thigaly sensitive to minor
structural changes. Therefore, minor modificatiorb®a could decrease hERG binding
affinity. Thus, we designed and synthesized twesypf ethanoic acid derivatives8b
and59-HCI. As expected, these derivatives showed good GKadittn potency with
low hERG binding59-HCI demonstrated higher insulin secretion relativ®8b, and
was selected for further study.
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Table 6.

GK activity, insulin secretion, and hERG bindingabiral analogs

<
¥

=z

Activation at 5 mM glucose Insulin
secretion hERG
from MIN-6 inhibition

Compound R

Fold"® Relativé
cells (%)°
(relative)®
>
58a HOW/VNV\ 7.26 £ 0.05 0.686 +0.0050.930 +0.017 49+1
(o}
58b Hom 8.80+£0.15 0.832+0.0160.436 +0.039 40
ot
59.-HCI HO)&Nj 8.60+0.10 0.870+0.0110.830+0.165 -1+1

aHydrochloride salt®Values are the mean + SEM for= 3. ‘Glucokinase activity at
10 uM relative to DMSO controf’Glucokinase activity at 1M relative to 10uM of 1
as a standard activator (DMSOD1). ®Insulin secretion activity at 1AM relative to
10 uM of 1 as a standard activator (DMSOMD1). ‘Percentage of hERG potassium
channel inhibition at 3QM.

Based on these encouraging resub8;HCI| was evaluated for its glucose-lowering
effect in rodents via an OGTT study in normal C57&Land diabetic ob/ob mice
59-HCl induced a significant reduction in blood glucogeuwgsion in a dose-dependent
manner in both C57BL/6J and ob/ob mice, and showeshtisfactory PK profile

(Figures 5 and 6; Table 7). Moreover, in a 4 weegeated administration study,
59-HCI decreased blood glucose levels on day 0, 14, 8rid @b/ob mice (Figure 7).

Compounds9 also showed low toxicity in a cell toxicity assaging Chinese hamster
ovary cells and rat hepatocyte cells G100 uM), and showed no significant
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inhibition of the hERG channel in patch clamp expents using human embryo
kidney 293 cells (I6p > 300uM) (Table 8).
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Figure 5. Oral glucose tolerance test (OGTT) #89-HCI in male C57BL/6] mice.

Effect on (a) blood glucose level and (b) increraéhtood glucose AUC during OGTT.
Data are expressed as (a) mean + SBEM 8) and (b) mean + SEM & 8). The data
was analyzed using Dunnett's multiple compariseh te**, ***: p < 0.05, p < 0.01, p

< 0.001 vs. vehicle control.
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Figure 6. Oral glucose tolerance test (OGTT) &9-HCIl in male ob/ob mice. Effect on
(a) blood glucose level and (b) incremental blohatgse AUC during OGTT. Data are
expressed as (a) mean + SEM< 8) and (b) mean + SEM (= 8). The data was
analyzed using Dunnett's multiple comparison tgst*, ***: p < 0.05, p < 0.01, p <
0.001 vs. vehicle control.
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Table 7.Pharmacokinetic parametersi¥in male ICR mice

Dose Route Chax  Tmax AUCoins CL, Vdss T12(h) BA
(mg/kg) (ng/mL) (h) (ng-h/mL) (mL/h/kg) (mL/kg) «a B (%)
2 v 8580 233 310 0.47 1.6
10 PO 3020 0.25 8600 2.0 20.0

Table 8. Toxicological profiles 069

Cell toxicity hERG patch
CHO-K1 rat hepatocyte clamp
59 CGCsp > 100uM CCsp> 100pM  ICs0> 300uM
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Figure 7. Repeated administration 6B for 28 days in glucose intolerant male ob/ob
mice. Compoun®9 was administered orally twice daily for 28 daysrale ob/ob mice.
Effect on (a) blood glucose level and (b) liver Te8el after 28 days treatment. Data are
expressed as (a) mean =+ SEM= 10) and (b) mean + SEM & 10). The data was
analyzed using Dunnett's multiple comparison tgst*, ***: p < 0.05, p < 0.01, p <
0.001 vs. vehicle control.
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To characterize the plasma glucose lowering eftéctompound59, a comparative
study was performed with compourdd (piragliatin) using normal mice (Figure 8).
Compound is a clinical drug candidate, which has progredsdehase Il clinical trial.
Although development was terminated at Phase Iltduan unfavorable risk-benefit
ratio, beneficial information on this compound igagable. Compound exhibits
activity in both pancreatif-cells and hepatocytes and demonstrates a gluoossihg
effect in humans. The administration of 100 mg2oWas associated with a higher
incidence of patients requiring glucose infusionptevent hypoglycemia [19]. In our
study, 59 and 2 decreased plasma glucose levels dose-dependentty59 showed
almost the same efficacy @sat a dose of 10 mg/kg. Compoudvas associated with
hypoglycemia at a dose of 30 mg/kg, B@tdid not cause hypoglycemia at doses less
than 100 mg/kg. These data suggest @fatoffers a superior therapeutic window
compared with that dI. To investigate the differences betwégand2, the effects on
increasing plasma insulin and tissue distributiérthese compounds were evaluated
(Figure 9, Table 9). The insulin secretion2cdt 30 mg/kg was higher than that5% at
100 mg/kg. Compoun&9 showed a characteristic pattern of distributiodi—@3-fold
liver to pancreas ratio of tissue distribution) gared with that o (2.9-3.1-fold liver

to pancreas ratio of tissue distribution). Thesailts indicate that one of the causes of
differences in hypoglycemic risk is the differenceinsulin secretion between these
compounds, which is thought to derive from theffedent tissue distribution patterns.
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Figure 8. Evaluation of hypoglycemic risk & and59. Compounds were administered
to 2 h-fasted male C57BL/6] mice. Data are expissemean + SEMh(= 8). The data
was analyzed using Dunnett's multiple compariseh te**, ***: P < 0.05, P < 0.01, P
< 0.001 vs. vehicle control. Hypoglycemia was defiras plasma glucose level of < 60

mg/dL.

34



50 =O=Vehicle

E 40 -e-2 (Piragliatin)
£ 10 mg/kg
(] 3-0 B *kk
5 —e—2 (Piragliatin)
©
g 59
© 1.0 ——n 10 mg/kg
o ' ‘

0.0 - , =59

0 30 60 100 mg/kg

Time (min)

Figure 9. Effects of 2 and 59 on plasma insulin level in male

C57BL/6j mice.
Compounds were administered to 2 h-fasted male C&yBnice. Data are expressed

as mean + SEMn(= 8). The data was analyzed using Dunnett's neltpmparison

test. **, **: P <0.01, P <0.001.

Table 9. Tissue distribution after a single oral adminigtra of 2 and 59 in male

C57BL/6j mice

Dose AUCq_1 sn(ng-h/mL or ng-h/g) (K* L/P

(mg/kg) Plasma Liver Pancreas ratio”
10 6750 + 2200 8910 + 865 (1.3) 433 +75(0.064) .620

59 30 17700 £ 4770 32300 £ 7670 (1.6) 1430 £ 599 (D08 22.5

100 86900 + 4290 148000 + 24300 (1.7) 10500 + B7¥2) 14.0
) 5 351+ 70 1470 + 159 (4.2) 505 + 94 (1.4) 2.9
(Piragliatin) 10 574 + 83 3230 £ 270 (5.6) 1020 + 37 (1.8) 3.2
30 2330+ 78 15700 + 1210 (6.8) 5030 229 (2.2) 1 3.

®AUC was expressed as mean + 3$D=(3). K, value was calculated using the AUC.

(Kp = AUCiissud AUC plasmd. "LIP ratio; AUGe/ AUC pancreadatio.
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The hepato-selective GKBO not only a lowered the risk of hypoglycemia, bisbahad
promising characteristics for development as aaghyefor T2DM. Compoun®9 has a
low distribution volume (Vssis 310 mL/kg), and Kvalues of approximately 1.5 and
0.1 in liver and pancreas, respectively. To thea bésur knowledge, these values are
markedly lower than those of other reported GKAEXisting hepato-specific GKAs
use organic anion transporter (OATP) proteins (ORBE, OATP1B3, and OATP2B1)
that expressed predominantly in hepatocytes [18, @Y use of OATPSs is a superior
approach to ensure hepato-selective distribution dimall molecules, but OATP
substrates are frequently involved in drug-drugrattions (DDIs) [38], which could
limit the use of OATP specific GKAs in the treatmheh chronic disease. Based on the
low K, value in the liver59is not considered a substrate of OATPs. HepateBeity

of 59 derives from an extremely low pancreatic distiidmut Therefore59 has a lower
risk of DDI than liver-specific GKAs. Furthermoré a clinical study of GKAs,
increased plasma TG was reported [16]. Althoughnteehanism of this increase is not
fully understood, overstimulation of hepatic GK tbie the cause of this adverse
effect, considering the experimental findings mnggenic mice with high GK activity
[39]. Compoundb9 is distributed not only to hepatocytes but alspdaacreatid3-cells
while its plasma concentration is high, and exgsthiypoglycemic effects through the
activation of GK in both the pancreas and livereidfore, the risk of overstimulation of
hepatic GK byb9 at therapeutic doses is lower than that of otlepalo-specific GKAS.
Compoundb9 did not affect hepatic TG levels in our study biab mice (Figure 7).

Loss of GKA efficacy within several months has dieen reported in clinical trials [16,
40]. This is a significant limitation in the devploent of GKAs for T2DM. Although
the cause of this effect has not been clarifiedag been reported that genetic activation
of GK causes apoptosis in pancreafiecells in animal studies [41]. Therefore,
over-activation of pancreatic GKA for long periodsuld be a cause of the transient
effects of GKAs observed in clinical trials. Compob9 mainly activates GK in the
liver, and activates GK in the pancreas only ahlptasma concentration. Therefore, the
risk of overstimulating pancreatf:cells is lower than for other systems (i.e., lvand
pancreas-acting). In our study in ob/ob mice, tabtlylaxis was not observed (Figure 7).
Thus, 59 has the potential to overcome the limitations thfeo GKAs. Therefore, we
selecteb9 as a candidate for further clinical studies.

The optimum profile 069 as a GKA derives from its high polarity (I@y= 0.023 at pH
7.4) [27]. The introduction of a zwitterion charmastic to the molecule, along with
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good physical properties, represents an effectyaraach to the discovery of novel
GKAs.

3. Conclusions

To identify an orally active, structurally uniqueK@, conversion of the phenyl group of
water-insoluble compound led to the discovery of the pyrrolidinyl-thienykkvative
38. This compound had favorable solubility and inovefficacy in a mouse model for
OGTT. Unfortunately38 had a high binding affinity to hERG potassium atels. The
optimization of38 using a zwitterion approach led to the discovermavel GKA 59.
This compound produced a significant reductionloot glucose levels in normal and
diabetic mice, and had a benign safety profileokidological studies. Due to favorable
in vivo properties and low pancreatic distributioB9 exhibited a low risk of
hypoglycemia as well as properties unique amongratiported GKAs. These results
prompted us to selebB as our clinical candidate.

4. Experimental Section
4.1. Chemistry
4.1.1. General

All reagents and solvents were commercially avéelahnd used without further
purification. Flash column chromatography was penied using silica gel 60 (particle
size 0.040-0.050 mm, Kanto Kagaku) or Ultra Packu@as (silica gel, particle size
0.040 mm, Yamazen Corporation) unless otherwigeditdd NMR and**C NMR were
recorded using a JEOL-ECP400 or Varian-400MR spsaetter in solvent as indicated.
Data are reported as follows: chemical shift in p@nrelative to tetramethylsilane,
multiplicity (s = singlet, d = doublet, t = tripleg = quartet, quint = quintet, dd = doublet
of doublets, td = triplet of doublets, br = broad~= multiplet), coupling constant (Hz),
integration. Infrared spectra (IR) were recordedaalASCO FT/IR-4200 spectrometer
with a single reflection diamond ATR unit. LC/MSexjra were determined on a Waters
ZMD2000 equipped with a Waters 2690 injector an®P@A detector operating at
210-400 nm and interfaced with a Micromass ZMD nsgesctrometer or Waters SQD
equipped with an Acquity ultra performance liquidramatography (UPLC) system.
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High-resolution mass spectra (HRMS) were obtaingidgia Thermo LTQ Orbitrap.
Melting points were determined using a Yanaco MRicfo melting point apparatus and
are given as uncorrected values. The specific iootaivas measured on a Rudolph
AUTOPOL IV polarimeter. The purity of the test cooynds was determined by UPLC
analysis using an Acquity BEH C18 column (fui, 2.1 x 50 mm) with UV detection at
290 and 300 nm (5 min; 0.4 mL/min flow rate) andtiein with binary solvent systems A
and B using a gradient elution (A, 0.1% [v/v] HCO@Hueous solution; B, 0.1% [v/V]
HCOOH in MeCN). All tested compounds were confirmede> 95% purity via this
method.

4.1.2. 2-Methylthiophene-3-carboxylic acid (9).

Compound 9 was synthesized as reported previously [24]. Tosdaution of
diisopropylamine (233 g, 2.30 mol) in THF (2.3 I8),solution ofn-BuLi (1.6 M in
n-hexane, 1.50 L, 2.40 mol) was added dropwise &C.OAfter stirring at the same
temperature for 40 min, the reaction mixture wasled to —60 °C, compourngl (223 g,
1.74 mol) in THF (500 mL) added dropwise, and stirat the same temperature for 1 h.
After the addition of Mel (254 g, 1.79 mol), theaction mixture was allowed to warm
to room temperature and stirred for 1 h. Next, mh&ture was concentrated under
reduced pressure, acidified with 6 N aqueous HEpH 1), and extracted with AcOEt.
The organic layer was washed with brine and driegkr NaSQO,. After filtration, the
solvent was concentrated under reduced pressuréhangsidue was crystallized with
H,O/AcOH to give 209 g (85%) o® as a pale-yellow solid*H NMR (400 MHz,
CDCly) 8 7.45 (d,J = 5.4 Hz, 1H), 7.01 (d] = 5.4 Hz, 1H), 2.78 (s, 3H); MS (ESt)/z
143 (M+H)", 141 (M-H).

4.1.3. Methyl 2-methylthiophene-3-carboxylate (10).

Thionyl chloride (200 mL, 2.76 mol) was slowly add#ropwise to a solution & (100

g, 703 mmol) in MeOH (500 mL). After stirring atflex for 3 h, the mixture was
concentrated under reduced pressure. The residaedikded with CHCI,, washed
with water, saturated aqueous NaHCeénd brine, and dried over p&0,. After
filtration, the solvent was concentrated under cedlupressure to give 105 g (96%) of
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10 as a brown oil*H NMR (400 MHz, CDCJ) & 7.38 (d,J = 5.4 Hz, 1H), 6.98 (d] =
5.4 Hz, 1H), 3.85 (s, 3H), 2.74 (s, 3H); MS (EBI)z 157 (M+H)..

4.1.4. Methyl 5-bromo-2-methylthiophene-3-carboxylate (11)

To a solution ofL0 (156 g, 999 mmol) in DMF (750 mL), NBS (178 g, @.®ol) was
added at room temperature and stirred overnigtg.réhaction mixture was diluted with
water and extracted witin-hexane. The organic layer was washed with satlirate
aqueous NaHC®and brine and dried over p&0,. After filtration, the solvent was
concentrated under reduced pressure to give 296%)(of11 as a yellow oil*H NMR
(400 MHz, CDC}) 6 7.33 (s, 1H), 3.83 (s, 3H), 2.67 (s, 3H).

4.1.5. Methyl 5-(2-formylphenyl)-2-methylthiophene-3-carboylate (12).

A mixture of 11 (100 mg, 0.425 mmol), 2-formylphenylboronic ac&RB8.0 mg, 0.533
mmol), Pd(PP¥), (24.6 mg, 0.0213 mmol), and,®O; (176 mg, 1.27 mmol) in DME
(650 uL) was stirred at 85 °C for 1.5 h. After coolingrwom temperature, the reaction
mixture was filtered through celite and the filealvas concentrated under reduced
pressure. The residue was diluted with AcOEt, waski¢h water and brine, and dried
over NaSQ,. After filtration, the solvent was concentrateddenreduced pressure and
the residue was purified by preparative TLC oncailgel (AcOEtt-hexane = 1/5) to
give 82.0 mg (74%) of2 as a pale-yellow solidH NMR (400 MHz, CDC}) & 10.23

(s, 1H), 8.01 (ddJ = 8.1, 1.4 Hz, 1H), 7.65-7.59 (m, 1H), 7.53-7.41 2H), 7.35 (s,
1H), 3.87 (s, 3H), 2.80 (s, 3H); MS (EStyz 261 (M+H)'.

4.1.6. 2-(4-(Methoxycarbonyl)-5-methylthiophen-2-yl)benzot acid (13).

To a solution ofL2 (50.0 mg, 0.192 mmol) and 2-methyl-2-butene (g442.30 mmol)

in tert-BuOH (500puL), NaClO, (138 mg, 1.53 mmol) and N4PO, (327 mg, 2.30
mmol) in water (50QuL) were added at room temperature. After stirringh® same
temperature for 2.5 days, 1 N aqueous HCI was addddthe mixture was extracted
with AcCOEt. The organic layer was washed witfOHand brine and dried over p&O;.
After filtration, the solvent was concentrated undeduced pressure and the residue
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was triturated with EO/n-hexane to give 35.8 mg (68%) 8 as a white solid*H
NMR (400 MHz, CDC}) & 7.95-7.89 (m, 1H), 7.57—7.51 (m, 1H), 7.48-7.40 Zi),
7.35 (s, 1H), 3.83 (s, 3H), 2.75 (s, 3H); MS (EQIg 277 (M+H), 275 (M-H).

4.1.7. (Methyl
5-(2-((2-hydroxyethyl)carbamoyl)phenyl)-2-methylthophene-3-carboxylate
(14).

To a solution ofL3 (216 mg, 0.782 mmol) and 2-aminoethanol hydrodati&o(152 mg,
1.56 mmol) in DMF, EDCI (299 mg, 1.56 mmol), HOE1d mg, 1.56 mmol), and
DIPEA (403pL, 2.35 mmol) were added. After stirring at roormpeerature for 2 h, the
reaction mixture was diluted with AcOEt and waskéith 1 N aqueous HCI, water, and
brine, and dried over N&80O,. After filtration, the solvent was concentrateddan
reduced pressure and the residue was purified &shflcolumn chromatography
(CHCIy/MeOH = 40/1 to 30/1) to give 240 mg (96%) Bbf as a white solid*H NMR
(400 MHz, CDC}) 8 7.57—7.52 (m, 1H), 7.49 (s, 1H), 7.45-7.34 (m,,34)9-6.05 (m,
1H), 3.86 (s, 3H), 3.77-3.66 (m, 2H), 3.53-3.43 2id), 2.74 (s, 3H), 2.54 (br s, 1H);
MS (ESI)m/z 320 (M+H), 318 (M-H).

4.1.8. 5-(2-((2-Hydroxyethyl)carbamoyl)phenyl)-2-methylthiophene-3-carboxylic
acid (15).

To a solution ofi4 (226 mg, 0.708 mmol) in MeOH (2.00 mL) and THFO@mL), 5 N
aqueous NaOH (708 uL, 3.54 mmol) was added. Afimirgy at 50 °C overnight, the
reaction mixture was diluted with water and washaith Et,O. The resulting aqueous
solution was acidified with 1 N aqueous HCI and-a&stied with CHGJ and the organic
layer was dried over N&O,. After filtration, the solvent was concentrateddan
reduced pressure to give 87.6 mg (41%)6fas a white solid*H NMR (400 MHz,
DMSO-dg) 6 12.67 (br s, 1H), 8.34 (§,= 5.7 Hz, 1H), 7.50-7.43 (m, 2H), 7.42-7.34 (m,
3H), 4.66-4.57 (m, 1H), 3.45-3.38 (m, 2H), 3.22)&, 6.4 Hz, 2H), 2.68 (s, 3H); MS
(ESI)m/z 306 (M+H)", 304 (M-H).
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4.1.9. N-(5,6-Dihydro-4H-cyclopentad]thiazol-2-yl)-5-(2-((2-hydroxyethyl)carba
moyl)phenyl)-2-methylthiophene-3-carboxamide (16).

A mixture of 15 (270 mg, 0.884 mmol), 5,6-dihydrd44cyclopentafi]thiazol-2-amine
(248 mg, 1.77 mmol), EDCI (339 mg, 1.77 mmol), HGBY1 mg, 1.77 mmol), and
DIPEA (303pL, 1.77 mmol) in DMF (2.00 mL) was stirred at rooemperature for 1 h
and then stirred at 50 °C for 13 h. After cooligrbom temperature, the reaction
mixture was diluted with AcOEt, washed with 1 N aqus HCI, water, saturated
aqueous NaHC® and brine and dried over p&0O,. After filtration, the solvent was
concentrated under reduced pressure and the rewidsepurified by flash column
chromatography (toluene/AcOEt = 1/4 to 1/5) to gi48 mg (39%) ofl6 as a
pale-yellow foam:g = 2.73 min (UPLC purity: 98.4%JH NMR (400 MHz, CROD) &
7.61-7.32 (m, 5H), 3.65 3,= 5.7 Hz, 2H), 3.43 (1) = 5.7 Hz, 2H), 2.90 () = 7.1 Hz,
2H), 2.81-2.71 (m, 5H), 2.59-2.42 (m, 2Hc NMR (101 MHz, CROD) 5173.0,
163.6, 163.3, 156.7, 149.3, 139.1, 137.7, 132.5,81331.2, 131.1, 129.6, 129.3, 129.0,
126.9, 61.4, 43.5, 28.5, 28.3, 27.4, 15.1; IR (ATB34, 1525 cit; MS (ESl)m/z 428
(M+H)*, 426 (M-H); HRMS calcd for GH»:N30sS, (M+H)" 428.1097, found
428.1093.

4.1.10.N-(5,6-Dihydro-4H-cyclopentald]thiazol-2-yl)-5-(2-((2-iodoethyl)carbamoyl)
phenyl)-2-methylthiophene-3-carboxamide (17).

To a solution ofl6 (148 mg, 0.346 mmol) in THF (5.50 mL), PP{82 mg, 0.692
mmol), imidazole (47.1 mg, 0.692 mmol), and176 mg, 0.692 mmol) were added at
0 °C and stirred at the same temperature for 40 Trhe reaction mixture was diluted
with water and extracted with AcOEt. The organigelawas washed with saturated
aqueous N#5,03, water, and brine and dried over 8. After filtration, the solvent
was concentrated under reduced pressure and theaesas purified by flash column
chromatography (AcOEthexane = 3/2) to give 160 mg (86%)1af as a colorless oil:
'H NMR (400 MHz, CDCJ) 3 9.99 (br s, 1H), 7.58 (dd,= 7.3, 1.6 Hz, 1H), 7.50-7.36
(m, 3H), 7.31 (s, 1H), 6.01 3,= 5.6 Hz, 1H), 3.70 (q] = 6.1 Hz, 2H), 3.25 () = 6.1
Hz, 2H), 2.87 (tJ = 7.1 Hz, 2H), 2.81 (s, 3H), 2.66 {t= 7.2 Hz, 2H), 2.41 (quint] =
7.2 Hz, 2H); MS (ESljn/z 538 (M+HY), 536 (M-H).
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4.1.11.N-(5,6-Dihydro-4H-cyclopentad]thiazol-2-yl)-5-(2-((2-(dimethylamino)ethyl
)carbamoyl)phenyl)-2-methylthiophene-3-carboxamid€18).

To a solution ofl7 (22.6 mg, 0.0421 mmol) in THF (500L), 2.0 M solution of
Me,NH in THF (210uL, 0.421 mmol) was added at room temperature. Aftiering at
the same temperature for 2.5 days, the reactiotuneixvas concentrated under reduced
pressure and the residue was purified by prepaaivC on silica gel (CHGIMeOH =
8/1) to give 13.7 mg (72%) di8 as a white foamgt= 2.08 min (UPLC purity: 96.7%);
'H NMR (400 MHz, CDCJ) & 7.55-7.49 (m, 1H), 7.44-7.34 (m, 2H), 7.33-7.25 (m
2H), 6.43 (tJ = 4.6 Hz, 1H), 3.39 (q] = 5.5 Hz, 2H), 2.85 (1] = 7.1 Hz, 2H), 2.80 (s,
3H), 2.59 (t,J = 7.1 Hz, 2H), 2.43-2.27 (m, 4H), 2.09 (s, 6 NMR (101 MHz,
CDCl;) 6169.3, 161.4, 161.0, 155.5, 149.0, 138.1, 136.4,(013130.2, 129.9 (2C),
128.4 (2C), 128.3, 125.4, 57.4, 44.8 (2C), 37.24227.3, 26.7, 15.3; IR (ATR); 1658,
1642, 1548, 1523 cfy MS (ESI)m/z 455 (M+HY, 453 (M-H); HRMS (ESI) calcd
for CoaH2eN40,S, (M+H)™ 455.1570, found 455.1567.

4.1.12.5-(2-((2-Cyanoethyl)carbamoyl)phenyl)N-(5,6-dihydro-4H-cyclopentafd]thi
azol-2-yl)-2-methylthiophene-3-carboxamide (19).

To a solution ofL7 (160 mg, 0.298 mmol) in DMSO (2.70 mL), NaCN (218, 0.596
mmol) was added at room temperature and stirréldeasame temperature for 4 h. The
reaction mixture was diluted with water and extedcwvith AcOEt. The organic layer
was washed with water and brine and dried oveiSRa After filtration, the solvent
was concentrated under reduced pressure and theaesas purified by flash column
chromatography (CH@MeOH = 80/1 to 70/1) to give 27.0 mg (21%) 1 as a
pale-yellow solid*H NMR (400 MHz, CDCJ) 8 7.60—7.55 (m, 1H), 7.49-7.33 (m, 4H),
6.26—6.15 (m, 1H), 3.56 (4,= 6.3 Hz, 2H), 2.85 () = 7.0 Hz, 2H), 2.80 (s, 3H), 2.76
(s, 1H), 2.68-2.59 (m, 4H), 2.40 (quidt= 7.2 Hz, 2H); MS (ESIn/z 437 (M+H),
435 (M-H).

4.1.13.5-(2-((2-(H-Tetrazol-5-yl)ethyl)carbamoyl)phenyl)N-(5,6-dihydro-4H-cycl
openta[d]thiazol-2-yl)-2-methylthiophene-3-carboxamide (20Q)

To a solution ofl9 (60.2 mg, 0.138 mmol) in toluene (9QMQ), BusSnN; (190 pL,

0.690 mmol) was added at room temperature. Afterirgj at 130 °C for 5 h, the
42



reaction mixture was cooled to room temperaturethadsolvent was evaporated under
reduced pressure. The resulting residue was pdirifieflash column chromatography
(10% w/w anhydrous ¥COs-silica; CHC/MeOH = 1/0 to 9/1) to give 32.0 mg (48%)
of 20 as a pale-yellow solid: mp 254-256 °§=2.71 min (UPLC purity: 99.7%YH
NMR (400 MHz, DMSOsdg) & 12.16 (br s, 1H), 8.61 (8 = 5.6 Hz, 1H), 7.78 (s, 1H),
7.61-7.56 (m, 1H), 7.51 (td,= 7.5, 1.5 Hz, 1H), 7.42 (td,= 7.4, 1.2 Hz, 1H), 7.35 (dd,
J=7.6, 1.3 Hz, 1H), 3.57 (d,= 6.6 Hz, 2H), 3.11 () = 7.1 Hz, 2H), 2.85 (1 = 7.0
Hz, 2H), 2.74-2.65 (m, 5H), 2.45-2.35 (m, 24} NMR (101 MHz, DMSOds)
0168.8, 161.2, 161.0, 155.1, 154.0, 147.5, 136.6,2,3130.7, 129.8, 129.5, 129.2,
127.8, 127.6, 126.9, 126.5, 37.2, 27.0, 26.7, 28310, 14.8; IR (ATR) 1636, 1524
cm Y MS (ESl)m/z 480 (M+HY), 478 (M-H); HRMS (ESI) calcd for &Hx1N7O0.S,
(M+H)" 480.1271, found 480.1266.

4.1.14.5-(2-((3-Amino-3-oxopropyl)carbamoyl)phenyl)N-(5,6-dihydro-4H-cyclope
nta[d]thiazol-2-yl)-2-methylthiophene-3-carboxamide (21)

To a solution ofl9 (10.9 mg, 0.0250 mmol) in EtOH (6QfL) and water (30QuL)
[PtH(PM&eOH)(PMeO).H] (2.00 mg, 0.00464 mmol) was added at room teatpes
and refluxed for 19 h. The reaction mixture wasoemtrated under reduced pressure
and the residue was washed with CHltol give 6.20 mg (55%) d1 as a white solid:
mp 246—247 °C;qt= 2.63 min (UPLC purity: 96.3%fH NMR (400 MHz, DMSOds)
512.24 (s, 1H), 8.42 (] = 5.6 Hz, 1H), 7.78 (s, 1H), 7.60-7.55 (m, 1HK07(td,J =
7.5, 1.6 Hz, 1H), 7.44-7.33 (m, 2H), 6.99 (s, 13443-3.28 (m, 2H), 2.85 @,= 7.0 Hz,
2H), 2.76-2.65 (m, 5H), 2.46-2.36 (m, 2H), 2.33J(t 7.2 Hz, 2H);**C NMR (101
MHz, DMSO-dg) $172.7, 168.5, 161.2, 155.2, 155.0, 147.5, 136.8,6,3.30.6, 129.8,
129.3, 129.2, 127.8, 127.6, 126.9, 126.3, 35.73,3%.0, 26.7, 26.1, 14.9; IR (ATR);
1668, 1638, 1556 crfy MS (ESI)m/z 455 (M+H), 453 (M-H); HRMS (ESI) calcd
for CooH2oN405S, (M+H)™ 455.1206, found 455.1204.

4.1.15.Methyl
5-(4-((tert-butoxycarbonyl)amino)butanoyl)-2-methylthiophene-3carboxyla
te (22a).
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To a solution ofL1 (40.1 g, 170 mmol) in THF (150 mL), a solutionig?rMgBr (0.78

M in THF, 229 mL, 179 mmol) was added dropwise 40 °C and stirred at the same
temperature for 1.5 h. Next, a solution ofettbutoxylcarbonyl-2-pyrrolidinone (31.6
g, 170 mmol) in THF (180 mL) was added dropwise-&D °C. After stirring at the
same temperature for 1.5 h and then stirring amré@mperature for 1 h, the reaction
was quenched with saturated aqueous®IHThe reaction mixture was extracted with
AcOEt, and organic layer was washed with water lbride and dried over N&O,.
After filtration, the solvent was concentrated undeduced pressure and the residue
was recrystallized with AcOHEt/hexane to give 29.5 g (51%) BRa as a pale-yellow
solid: '"H NMR (400 MHz, CDCJ) 5 7.98 (s, 1H), 4.64 (br s, 1H), 3.87 (s, 3H), 41
J=6.3 Hz, 2H), 2.92 (f) = 7.2 Hz, 2H), 2.78 (s, 3H), 1.92 (quidtz 7.0 Hz, 2H), 1.43
(s, 9H); MS (ESIm/z 340 (M—-H).

4.1.16 Methyl
5-(5-((tert-butoxycarbonyl)amino)pentanoyl)-2-methylthiophene3-carboxyl
ate (22b).

Compound22b was prepared frorhl using the same procedure as describe@Zarto
yield a yellow oil (yield 62%)*H NMR (400 MHz, CDCY) & 7.97 (s, 1H), 4.57 (br s,
1H), 3.88 (s, 3H), 3.21-3.08 (m, 2H), 2.89)(t 7.3 Hz, 2H), 2.78 (s, 3H), 1.76 (quint,
J=7.5Hz, 2H), 1.70-1.38 (m, 11H); MS (E8l)z 356 (M+H).

4.1.17 Methyl 2-methyl-5-(pyrrolidin-2-yl)thiophene-3-carboxylate (23a).

To a solution o22a(29.5 g, 86.4 mmol) in CKl, (120 mL), trifluoroacetic acid (17.1
mL, 216 mmol) was added dropwise at 0 °C and stileroom temperature for 3 h.
The mixture was then concentrated under reducesspre, diluted with CHG| and
washed with saturated aqueous NaHCThe organic layer was separated and dried
over NaSQ,. After filtration, the solvent was evaporated undsduced pressure and
the residue was dissolved irPrOH (450 mL). Conc. HCI (45.0 mL) and NaREN
(10.9 g 173 mmol) were added slowly to the mixtated °C and stirred at the same
temperature for 5 h. Next, the reaction mixture wasified with 50% agueous NaOH
to pH 9, evaporated to remorOH and extracted with CHELIThe organic layer was
washed with brine and dried over J$&. After filtration, the solvent was concentrated
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under reduced pressure and the residue was pubfidthsh column chromatography
(CHCl/MeOH = 9/1 to 4/1) to give 13.6 g (70%) 28a as a pale-yellow oiftH NMR
(400 MHz, CDC}) & 7.18 (s, 1H), 4.32 (1] = 7.1 Hz, 1H), 3.82 (s, 3H), 3.19-3.09 (m,
1H), 3.06—-2.96 (m, 1H), 2.68 (s, 3H), 2.25-2.12 i), 2.01-1.72 (m, 3H); MS (ESI)
m/z 226 (M+H)'".

4.1.18.Methyl 2-methyl-5-(piperidin-2-yl)thiophene-3-carbaxylate (23b).

Compound23b was prepared fror2b using the same procedure as describe@3ar
to yield a colorless oil (yield 63%)H NMR (400 MHz, CDCJ) & 7.19 (s, 1H),
3.85-3.76 (m, 4H), 3.19-3.12 (m, 1H), 2.82-2.72 1), 2.68 (s, 3H), 1.97-1.81 (m,
2H), 1.57-1.40 (m, 4H); MS (ESt)/z 240 (M+HY'.

4.1.19.Methyl 5-(1-acetylpyrrolidin-2-yl)-2-methylthiophene-3-carboxylate (24a).

To a mixture of23a (50.0 mg, 0.222 mmol) and pyridine (5316, 0.666 mmol) in
CHCI; (1.00 mL), acetyl chloride (47)3L, 0.666 mmol) was added at O °C and stirred
at room temperature for 30 min. The reaction mixtwas diluted with CHGJ) washed
with saturated aqueous NaHg@nd brine, and dried over p&0,. After filtration, the
solvent was concentrated under reduced pressuréhamesidue was purified by flash
column chromatography (AcOBthexane = 3/1 to 9/1) to give 58.0 mg (98%)da

as a colorless oitH NMR (400 MHz, CDCY): 5 7.12 (s, 1H), 5.02 (dl = 7.7 Hz, 1H),
3.83 (s, 3H), 3.74-3.45 (m, 2H), 2.69 (s, 3H), 2891 (m, 7H); MS (ESIjn/z 268
(M+H)".

4.1.20.Methyl 5-(1-acetylpiperidin-2-yl)-2-methylthiophene 3-carboxylate (24b).

Compound24b was prepared fror23b using the same procedure as describe@4ar

to yield a colorless oil (yield 85%JH NMR (400 MHz, CDC}): & 7.10 (s, 1H), 6.03
(br s, 1H), 5.16 (br s, 1H), 4.65-4.50 (m, 1H), 38, 3H), 3.71-3.58 (m, 1H),
3.24-3.09 (m, 1H), 2.76-2.62 (m, 3H), 2.25-2.12 4H), 1.99-1.36 (m, 3H); MS
(ESI)m/z 282 (M+H)..

4.1.21.5-(1-Acetylpyrrolidin-2-yl)-2-methylthiophene-3-carboxylic acid (25a).
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A mixture of24a(34.6 mg, 0.129 mmol), LIOH-4 (16.3 mg, 0.388 mmol), and water
(200 pL) in MeOH (1.00 mL) was stirred at 50 °C for 19 The mixture was then
neutralized with 1 N aqueous HCI at 0 °C and exé&caevith CHC}. The organic layer
was dried over N&O,. After filtration, the solvent was concentratedden reduced
pressure to give 32.0 mg (98%)28aas a colorless oifH NMR (400 MHz, CDCY) &
7.18 (s, 1H), 5.36 (d] = 6.7 Hz, 1H), 3.76-3.46 (m, 2H), 2.67 (s, 3H1221.88 (m,
7H); MS (ESI)m/z 254 (M+HY, 252 (M-H).

4.1.22.5-(1-Acetylpiperidin-2-yl)-2-methylthiophene-3-carloxylic acid (25b).

Compound25b was prepared fror4b using the same procedure as describe@%ar
to yield a colorless oil (yield 80%)H NMR (400 MHz, CDCY) & 7.17 (s, 1H), 6.04 (br
s, 1H), 5.18 (br s, 1H), 4.59 (@= 12.7 Hz, 1H), 3.66 (dl = 14.1 Hz, 1H), 3.17 (] =
12.7 Hz, 1H), 2.78-2.62 (m, 3H), 2.28-2.14 (m, 3H00-1.38 (m, 4H); MS (ESiy/z
268 (M+H)', 266 (M—H).

Compounds 26a and 26b were prepared from
5,6-dihydro-4H-cyclopentafl]thiazol-2-amine and the appropriate carboxylidacsing
the same procedure as describedlbr

4.1.23.5-(1-Acetylpyrrolidin-2-yl)- N-(5,6-dihydro-4H-cyclopentad]thiazol-2-yl)-2-
methylthiophene-3-carboxamide (26a).

Yield 26%; White solid: mp 173-175 °Cz £ 2.91 min (UPLC purity: 95.5%)'H
NMR (400 MHz, CROD) & 7.23 (s, 1H), 5.34-5.26 (m, 1H), 3.81-3.46 (m,, 240 (t,
J=7.1 Hz, 2H), 2.81-2.63 (m, 5H), 2.53-1.91 (m);9¥C NMR (101 MHz, CROD)
0172.3, 163.5, 163.3, 156.8, 147.4, 144.3, 130.8,5,2124.3, 57.5, 47.4, 34.6, 28.5,
28.3, 27.4, 25.0, 22.5, 15.1; IR (ATR); 1620, 155332 cm*; MS (ESI)m/z 376
(M+H)*, 374 (M-H); HRMS (ESI) calcd for gH21N30,S, (M+H)" 376.1148, found
376.1151.

4.1.24 5-(1-Acetylpiperidin-2-yl)-N-(5,6-dihydro-4H-cyclopentad]thiazol-2-yl)-2-
methylthiophene-3-carboxamide (26b).
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Yield 21%: mp 182-183 °Cit= 3.25 min (UPLC purity: 97.2%fH NMR (400 MHz,

CDCl): 89.63 (br s, 1H), 6.97 (s, 1H), 6.05 (br s, 1HL%(br s, 1H), 4.58 (dl = 11.8

Hz, 1H), 3.67 (dJ = 11.7 Hz, 1H), 3.14 (1] = 12.8 Hz, 1H), 2.90 (] = 7.1 Hz, 2H),
2.79-2.57 (m, 5H), 2.46 (d,= 7.3 Hz, 2H), 2.18 (s, 3H), 2.00-1.38 (m, 4HE NMR

(101 MHz, CDC}) 6 169.5, 161.3, 160.9, 155.4, 147.4, 141.3, 129.8,51223.3, 47.7,
42.8, 28.4, 27.3(2C), 26.7, 25.9, 21.7, 19.7, IRIATR) 1621, 1531 cit; MS (ESI)

m/z 390 (M+HY, 388 (M—-H); HRMS (ESI) calcd for @H23N30.S, (M+H)" 390.1304,
found 390.1296.

4.1.25.Methyl 2-methyl-5-(2-oxopyrrolidin-1-yl)thiophene-3-carboxylate (27a).

A mixture of 11 (500 mg, 2.13 mmol), 2-pyrrolidone (210 mg, 2.4ihaot), Cul (20.0
mg, 0.105 mmol)N,N-dimethylethylenediamine (18.5 mg, 0.210 mmol), &€ O;
(580 mg, 4.20 mmol) in toluene (2.50 mL) was refldxXor 12 h. After cooling to room
temperature, the reaction mixture was diluted WAGOEt and filtered through celite.
The filtrate was washed with saturated aqueous NaH&hd brine and dried over
NaSO,. After filtration, the solvent was concentrateddanreduced pressure and the
residue was triturated with 50% (v/v) solution ot@Eth-hexane to give 166 mg
(33%) of27aas a white solid*H NMR (400 MHz, CDC}) & 6.73 (s, 1H), 3.89-3.82 (m,
5H), 2.66 (s, 3H), 2.62 (8 = 8.1 Hz, 2H), 2.25 (quind = 7.7 Hz, 2H); MS (ESIjn/z
240 (M+HY".

4.1.26.Methyl 2-methyl-5-(2-oxopiperidin-1-yl)thiophene-3¢carboxylate (27b).

Compound27b was prepared frorhl using the procedure described fato yield a
white solid (yield 17%)*H NMR (400 MHz, CDC}) & 6.88 (s, 1H), 3.84 (s, 3H), 3.79
(t, J = 6.2 Hz, 2H), 2.67-2.58 (m, 5H), 2.08-1.97 (m) 2t94-1.84 (m, 2H); MS (ESI)
m/z 254 (M+H)'.

Compounds28a and 28b were prepared from the appropriate ester usingstme
procedure as described RBa

4.1.27.2-Methyl-5-(2-oxopyrrolidin-1-yl)thiophene-3-carboxylic acid (28a).
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Yield 87%; white solid*H NMR (400 MHz, CROD) & 6.82 (s, 1H), 3.91 (] = 7.2 Hz,
2H), 2.63 (s, 3H), 2.60 (§ = 8.1 Hz, 2H), 2.24 (quint] = 7.7 Hz, 2H); MS (ESIn/z
226 (M+H)', 224 (M—HY.

4.1.28.2-Methyl-5-(2-oxopiperidin-1-yl)thiophene-3-carboxyic acid (28b).

Yield 80%; colorless oil'H NMR (400 MHz, CROD) & 6.98 (s, 1H), 3.82 (] = 6.1
Hz, 2H), 2.61 (s, 3H), 2.57 (#,= 6.6 Hz, 2H), 2.05-1.96 (m, 2H), 1.91-1.82 (m);2H
MS (ESI)m/z 240 (M+HY, 238 (M-H).

Compounds 29a and 29b were prepared from
5,6-dihydro-4H-cyclopentafl]thiazol-2-amine and the appropriate carboxylidacsing
the same procedure as describedlbr

4.1.29.N-(5,6-Dihydro-4H-cyclopentad]thiazol-2-yl)-2-methyl-5-(2-oxopyrrolidin-
1-yhthiophene-3-carboxamide (29a).

Yield 43%; white solid; mp 235-237 °G; £ 2.89 min (UPLC purity: 97.9%fH NMR
(400 MHz, CDCY) &6 9.60 (br s, 1H), 6.58 (s, 1H), 3.78 Jt= 7.2 Hz, 2H), 2.95-2.85
(m, 2H), 2.74 (s, 3H), 2.71-2.59 (m, 4H), 2.52-2(89 2H), 2.26 (quint) = 7.7 Hz,
2H); **C NMR (101 MHz, CDCJ) 5172.3, 161.6, 161.2, 155.4, 140.0, 136.9, 128.4,
126.0, 108.7, 48.1, 31.0, 27.4, 27.3, 26.8, 14%;1R (ATR) 1679, 1654, 1559, 1526
cm ™ MS (ESl)m/z 348 (M+H), 346 (M-H); HRMS (ESI) calcd for GH1/Ns0.S,
(M+H)" 348.0835, found 348.0840.

4.1.30.N-(5,6-Dihydro-4H-cyclopentad]thiazol-2-yl)-2-methyl-5-(2-oxopiperidin-1-
yhthiophene-3-carboxamide (29b).

Yield 33%; white solid; mp 192—-193 °Gy; £ 3.04 min (UPLC purity: 97.4%fH NMR
(400 MHz, CDCY) &6 9.89 (br s, 1H), 6.69 (s, 1H), 3.66 Jt= 6.1 Hz, 2H), 2.93-2.85
(m, 2H), 2.71 (s, 3H), 2.67-2.59 (m, 4H), 2.48-2(88 2H), 2.05-1.96 (m, 2H),
1.94-1.85 (m, 2H)**C NMR (101 MHz, CDGJ) 5167.9, 162.7, 161.9, 155.1, 141.5,
138.9, 128.1, 125.3, 109.5, 48.4, 32.7, 27.5, 261, 22.9, 20.5, 14.2; IR (ATR) 1647,
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1557, 1523 cil; MS (ESI)miz 362 (M+H), 360 (M-H): HRMS (ESI) calcd for
C1H1aN30,S; (M+H)* 362.0991, found 362.0993.

4.1.31.5-(1-(ert-Butoxycarbonyl)pyrrolidin-2-yl)-2-methylthiophene- 3-carboxylic
acid (30).

To a solution of23a (1.13 g, 5.02 mmol) in C¥l, (25.0 mL), E{N (839 pL, 6.02
mmol) and (Bog)O (1.38 mL, 6.02 mmol) were added at room tempegatAfter
stirring at the same temperature for 1 h, the métwas evaporated under reduced
pressure and azeotroped with toluene. The resicgedigsolved in MeOH (15.0 mL)
and water (2.50 mL) and LiOH-B (634 mg, 15.1 mmol) were added. After stirring at
50 °C for 9 h, the reaction mixture was cooled f&€0and neutralized with 1 N aqueous
HCI. The precipitate was collected by filtratiomsed with HO, and dried to give 1.49
g (96%) of30 as a white solid"H NMR (400 MHz, CRQOD) & 7.11 (s, 1H), 5.06—4.94
(m, 1H), 3.54-3.36 (m, 2H), 2.65 (s, 3H), 2.36-2(bh§ 1H), 2.08-1.87 (m, 3H),
1.53-1.22 (m, 9H); MS (ESiyp/z 310 (M-H).

Compounds31a-31c were prepared frorB0 and an appropriate amine using the same
procedure as described 8.

4.1.32 tert-Butyl
2-(4-((5,6-dihydro-4H-cyclopentad]thiazol-2-yl)carbamoyl)-5-methylthioph
en-2-yl)pyrrolidine-1-carboxylate (31a).

Yield 69%:; white solid*H NMR (400 MHz, CDC}) & 9.89 (br s, 1H), 6.97 (br s, 1H),
5.15-4.86 (m, 1H), 3.62—-3.30 (m, 2H), 2.93-2.84 Zi), 2.74 (s, 3H), 2.65-2.57 (m,
2H), 2.48-2.38 (m, 2H), 2.23 (br s, 1H), 2.03-1(86 3H), 1.56-1.22 (m, 9H); MS
(ES)m/z 434 (M+HY', 432 (M-H).

4.1.33.tert-Butyl
2-(5-methyl-4-(thiazol-2-ylcarbamoyl)thiophen-2-ylpyrrolidine-1-carboxyl
ate (31b).
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Yield 88%; white foam*H NMR (400 MHz, CDCJ) 5 9.49 (br s, 1H), 7.43 (d,= 3.6
Hz, 1H), 7.05-6.95 (m, 2H), 5.19-4.93 (m, 1H), 3833 (m, 2H), 2.76 (s, 3H),
2.34-2.16 (m, 1H), 2.08-1.87 (m, 3H), 1.62—1.21gA); MS (ESI)m/z 394 (M+HY,
392 (M—-H).

4.1.34 tert-Butyl
2-(4-((5-chlorothiazol-2-yl)carbamoyl)-5-methylthigphen-2-yl)pyrrolidine-1
-carboxylate (31c).

Yield 48%:; white foam* NMR (400 MHz, CDC}) 5 9.89 (br s, 1H), 7.18 (br s, 1H),
7.07-6.91 (m, 1H), 5.13-4.91 (m, 1H), 3.60-3.34 Zi), 2.74 (s, 3H), 2.34-2.18 (m,
1H), 2.07-1.89 (m, 3H), 1.53-1.24 (m, 9H); MS (E®Ix 430, 428 (M+H), 428, 426
(M-H)".

4.1.35.N-(5,6-Dihydro-4H-cyclopentad]thiazol-2-yl)-2-methyl-5-(pyrrolidin-2-yl)t
hiophene-3-carboxamide (32a).

To a solution of3la (100 mg, 0.231 mmol) in Gi&l, (1.00 mL), trifluoroacetic acid
(266 L, 3.47 mmol) was added at 0 °C. After stirring@m temperature for 2 h, the
reaction mixture was concentrated under reduceskpre. The residue was diluted with
CHCI;, washed with saturated aqueous NaHG@@d brine, and dried over p&O,.
After filtration, the solvent was concentrated undeduced pressure to give 75.0 mg
(97%) of32aas a pale-yellow foantH NMR (400 MHz, CDCJ) 5 7.04 (s, 1H), 4.33 (t,
J=7.1 Hz, 1H), 3.18-2.98 (m, 2H), 2.89Jt7 7.1 Hz, 2H), 2.74 (s, 3H), 2.67 {~=
7.3 Hz, 2H), 2.50-2.39 (m, 2H), 2.22-2.12 (m, 1HP0-1.68 (m, 3H); MS (ESk/z
334 (M+H)', 332 (M-H).

Compounds32b and32cwere prepared frorBlb and31¢ respectively, using the same
procedure as described f82a

4.1.36.2-Methyl-5-(pyrrolidin-2-yl)- N-(thiazol-2-yl)thiophene-3-carboxamide
(32b).
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Yield 97%:; pale-yellow foam'H NMR (400 MHz, CDC}) & 7.29 (d,J = 3.6 Hz, 1H),
7.11 (s, 1H), 6.96 (d) = 3.6 Hz, 1H), 4.34 (1) = 7.0 Hz, 1H), 3.20-3.09 (m, 1H),
3.07-2.97 (m, 1H), 2.76 (s, 3H), 2.24-2.12 (m, 1H)0-1.70 (m, 3H); MS (ESi/z
294 (M+H)', 292 (M-HJ.

4.1.37 N-(5-chlorothiazol-2-yl)-2-methyl-5-(pyrrolidin-2-yl )thiophene-3-carboxami
de (32¢).

Yield 70%; pale-yellow foam*H NMR (400 MHz, CDCJ) & 7.21 (s, 1H), 7.03 (s, 1H),
4.34 (t,J=7.1 Hz, 1H), 3.18-2.95 (m, 2H), 2.75 (s, 3H2&-2.12 (m, 1H), 1.99-1.70
(m, 3H); MS (ESIm/z 330, 328 (M+H), 328, 326 (M—H).

4.1.38.tert-Butyl
(3-(2-(4-((5,6-dihydro-4-cyclopentad]thiazol-2-yl)carbamoyl)-5-methylthi
ophen-2-yl)pyrrolidin-1-yl)-3-oxopropyl)carbamate (34a).

A mixture of 32a (50.0 mg, 0.150 mmol)\-(tert-butoxycarbonyl)g-alanine (56.8 mg,
0.300 mmol), EDCI (57.5 mg, 0.300 mmol), HOBt (45§, 0.300 mmol), and DIPEA
(103 L, 0.600 mmol) in DMF (1.00 mL) was stirred at rooemperature for 18 h. The
reaction mixture was diluted with saturated aquedalCQ; and extracted with AcOEt.
The organic layer was washed with brine and driegkr NaSQO,. After filtration, the
solvent was concentrated under reduced pressurethendesidue was purified by
preparative TLC (CHGIMeOH = 9/1) to give 20.2 mg (27%) 8#aas a white foam:
'H NMR (400 MHz, CRQOD) & 7.21 (s, 1H), 5.33 (d] = 7.0 Hz, 1H), 3.79-3.46 (m,
2H), 3.37-3.20 (m, 2H), 2.90 @= 7.1 Hz, 2H), 2.75 (§ = 7.2 Hz, 2H), 2.71-1.96 (m,
11H), 1.36 (m, 9H); MS (ESin/z 505 (M+HY), 503 (M-H).

4.1.39.tert-Butyl
(3-(2-(5-methyl-4-(thiazol-2-ylcarbamoyl)thiophen-2yl)pyrrolidin-1-yl)-3-0
xopropyl)carbamate (34b).

Compound34b was prepared frorB2b using the same procedure as describe®4ar
to yield a white foam (yield 62%fH NMR (400 MHz, CRQOD) & 7.50—7.46 (m, 1H),
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7.27-7.23 (m, 1H), 7.15-7.10 (m, 1H), 5.33 Jd&5 6.9 Hz, 1H), 3.81-3.18 (m, 4H),
2.78-1.93 (m, 9H), 1.41 (s, 9H); MS (E8i)z 465 (M+H)', 463 (M-HY.

4.1.40.tert-Butyl
(2-(2-(5-methyl-4-(thiazol-2-ylcarbamoyl)thiophen-2yl)pyrrolidin-1-yl)-2-o
xoethyl)carbamate (34c).

Compound34c was prepared frorB2b using the same procedure as describe®4ar
to yield a white foam (yield 95%¥H NMR (400 MHz, CDCY) & 10.37 (br s, 1H), 7.38
(d,J=2.8 Hz, 1H), 7.23 (s, 1H), 7.02-6.93 (m, 1H8%(br s, 1H), 5.38 (d] = 6.4 Hz,
1H), 4.10-3.87 (m, 2H), 3.80-3.41 (m, 2H), 2.703{d), 2.41-1.93 (m, 4H), 1.44 (s,
9H); MS (ESI)m/z 451 (M+HY, 449 (M-H).

4.1.41 .5-(1-(Dimethylglycyl)pyrrolidin-2-yl)-2-methyl- N-(thiazol-2-yl)thiophene-3-
carboxamide (34d).

Compound34d was prepared frorB2b using the same procedure as describe®4ar
to yield a white foam (yield 80%)z = 1.51 min (UPLC purity: 96.5%JH NMR (400
MHz, CD;0D) & 7.51-7.45 (m, 1H), 7.31-7.25 (m, 1H), 7.16—7.10 k), 5.35 (d,) =
6.5 Hz, 1H), 3.82-3.50 (m, 2H), 3.37-3.19 (m, 2HB8 (s, 3H), 2.44-1.92 (m, 10H);
3C NMR (101 MHz, CROD) 5170.6, 163.8, 160.4, 147.6, 144.4, 138.5, 130.8,512
114.6, 62.3, 57.8, 47.6, 45.9 (2C), 34.3, 25.21:1&R (ATR) 1646, 1536 cit; MS
(ESI) m/z 379 (M+H), 377 (M-H); HRMS (ESI) calcd for GH2N40,S, (M+H)"
379.1257, found 379.1260.

4.1.42 N-(5-Chlorothiazol-2-yl)-5-(1-(dimethylglycyl)pyrrol idin-2-yl)-2-methylthio
phene-3-carboxamide (34e).

Compound34ewas prepared fror@2cusing the same procedure as describe84aito
yield a colorless oil (yield 82%)xt= 2.05 min (UPLC purity: 98.8%)H NMR (400
MHz, CD;OD) & 7.37-7.34 (m, 1H), 7.31-7.26 (m, 1H), 5.34 Jd&= 6.2 Hz, 1H),
3.82-3.53 (m, 2H), 3.35-3.17 (m, 2H), 2.67 (s, 3M%3-1.93 (m, 10H)**C NMR
(101 MHz, CRROD) 6170.6, 163.8, 158.2, 148.3, 144.4, 136.5, 129.8.6,2124.4,
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62.4, 57.8, 47.6, 45.9 (2C), 34.3, 25.2, 15.2; ARR); 1653, 1619, 1534 city MS
(ESI)m/z 415, 413 (M+HJ, 413, 411 (M—H); HRMS (ESI) calcd for §Hx:CIN4O,S,
(M+H)* 413.0867, found 413.0868.

Compounds33a-33c were prepared fronB4a-34¢ respectively, using the same
procedure as described f82a

4.1.43.5-(1-(3-Aminopropanoyl)pyrrolidin-2-yl)- N-(5,6-dihydro-4H-cyclopentad]t
hiazol-2-yl)-2-methylthiophene-3-carboxamide (33a).

Yield 65%; pale-yellow foamgt= 2.12 min (UPLC purity: 100%JH NMR (400 MHz,
CD;s0D) 6 7.29-7.19 (m, 1H), 5.34 (d,= 7.5 Hz, 1H), 3.79-3.50 (m, 2H), 3.02-2.84
(m, 4H), 2.79-2.55 (m, 7H), 2.53-1.93 (m, 6 NMR (101 MHz, CROD) 5 170.9,
163.5, 161.8, 148.6, 144.1, 143.9, 129.7, 125.08,68.57.7, 48.0, 37.1, 36.8, 32.2, 28.3
(2C), 27.5, 25.0, 15.2; IR (ATR) 1623, 1533 ¢nMS (ESI) m/z 405 (M+HY, 403
(M-H)"; HRMS (ESI) calcd for @H24N40,S; (M+H)" 405.1413, found 405.1408.

4.1.44 5-(1-(3-Aminopropanoyl)pyrrolidin-2-yl)-2-methyl- N-(thiazol-2-yl)thiophen
e-3-carboxamide (33b).

Yield 27%; pale-yellow foam:gt= 1.64 min (UPLC purity: 96.9%)'H NMR (400

MHz, CD;OD) 6 7.47 (d,J = 3.6 Hz, 1H), 7.27 (s, 1H), 7.15-7.11 (m, 1HRS(d,J =

6.8 Hz, 1H), 3.79-3.51 (m, 2H), 3.05-2.86 (m, 2MY8-1.94 (m, 9H)**C NMR (101
MHz, DMSOd6) §170.0, 161.6, 158.7, 145.6, 142.4, 137.4, 128.3,112113.3, 56.3,
45.5, 37.3, 37.0, 35.3, 23.6, 14.8; IR (ATR); 161336 cm; MS (ESI)m/z 365

(M+H)", 363 (M-H); HRMS (ESI) calcd for @H»0N40>S, (M+H)* 365.1100, found
365.1103.

4.1.45.5-(1-Glycylpyrrolidin-2-yl)-2-methyl- N-(thiazol-2-yl)thiophene-3-carboxami
de (33c).

Yield 54%; white foam; g = 1.57 min (UPLC purity: 99.0%)H NMR (400 MHz,

CDs;0D) & 7.50-7.46 (m, 1H), 7.30-7.27 (m, 1H), 7.15-7.10 {i), 5.36 (d,) = 6.6

Hz, 1H), 3.80-3.45 (m, 4H), 2.68 (s, 3H), 2.47-1(88 4H); *C NMR (101 MHz,
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DMSO-ds) 8161.4, 161.3, 158.3, 145.9, 142.0, 137.4, 128.8,312113.5, 55.3, 44.9,
42.3, 32.1, 23.5, 14.8; IR (ATR); 1644, 1533°&mMS (ESI)m/z 351 (M+H)', 349
(M-H)™; HRMS (ESI) calcd for GH1aN4O.S, (M+H)" 351.0944, found 351.0948.

4.1.46.Methyl (S)-2-methyl-5-(pyrrolidin-2-yl)thiophene-3-carboxylate
(2R,3R)-2,3-bis(benzoyloxy)succinate (35).

(-)-Dibenzoyl-L-tartaric acid monohydrate (6.681F,.8 mmol) was dissolved in MeOH
(167 mL) at room temperature. A solution28a (4.00 g, 17.8 mmol) in MeOH (100
mL) was added to the above solution. After 10 rthie, mixture was inoculated with the
optically active salt (> 98% de) 85. The resulting mixture was sealed with a stopper
and held at room temperature for 9 h. The predagaitaolid was collected by suction
filtration and rinsed with a small amount of MeQdldive 2.62 g (48% in theory) 86

as a white solid with 96.6% de (HPLC)*: mp 188-19D; ‘H NMR (400 MHz,
DMSO-ds) 6 8.01-7.94 (m, 4H), 7.69-7.61 (m, 2H), 7.52)(t 7.7 Hz, 4H), 7.41 (s,
1H), 5.70 (s, 2H), 4.72-4.62 (m, 1H), 3.77 (s, 3BlR6-3.08 (m, 2H), 2.61 (s, 3H),
2.31-2.17 (m, 1H), 2.03-1.78 (m, 3H); MS (EBI)z 226 (M+HY)'".

4.1.47 Methyl (R)-2-methyl-5-(pyrrolidin-2-yl)thiophene-3-carboxylate
(2S,3S)-2,3-bis(benzoyloxy)succinate (39).

The methanolic mother liquors of the first resauatiwere evaporated to dryness to give
7.71 g (43.6% de) of (+)-enriched diastereometi@savhereby (+)-enriche@3a was
liberated by the extraction of CH{3aturated aqueous NaHgOThe resultant
(+)-enriched23awas optically resolved with (+)-dibenzoyl-D-taitaacid monohydrate
using the same procedure as describe@3do give39 (2.47 g, 45% in theory) to yield
a white solid with 96.6% de (HPLC)*: mp, NMR, MStdare the same as 185.

*The analytical conditions were as follows: colummaicel OD-H; eluent,
hexane/isopropanol/diethylamine = 95/5/0.1; rat, rAL/min; and detection, 254 nm.
The retention times for (+)- and (2Bawere 14.9 and 16.6 min, respectively.
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4.1.48.(5)-5-(1-(tert-Butoxycarbonyl)pyrrolidin-2-yl)-2-methylthiophene- 3-carboxy
lic acid (36).

Diastereomeric salB5 (1.96 g, 3.25 mmol) was liberated by the extractiof
CHCls-saturated aqueous NaHgOThe resulting organic layer was washed with
saturated aqueous NaHg@nd dried over N&Q,. After filtration, the solvent was
concentrated under reduced pressure to give ld@ratamine methyl
(S)2-methyl-5-(pyrrolidin-2-yl)thiophene-3-carboxyats a yellow oil. To a solution
of methyl(S)2-methyl-5-(pyrrolidin-2-yl)thiophene-3-carboxyain CHCl, (15.0 mL),
(BocxO (860 pL, 3.90 mmol) and BN (540 uL, 3.90 mmol) were added at room
temperature. After stirring at the same temperataret h, the reaction mixture was
concentrated under reduced pressure and azeotwafgedoluene. MeOH (12.0 mL),
water (2.00 mL), and LIOH-¥0 (480 mg, 11.4 mmol) were added to the resulting
mixture, which was stirred at 50 °C for 18 h. Aftmoling, water was added and the
mixture was neutralized with 1 N aqueous HCI aC0 The precipitate was collected to
give 950 mg (94%) aB6 as a white solidtH NMR, MS data are the same as 36r

4.1.49.(R)-5-(1-(tert-Butoxycarbonyl)pyrrolidin-2-yl)-2-methylthiophene- 3-carbox
ylic acid (40).

Compound40 was prepared fror89 using the same procedure as describe®éoto
yield a white solid (Yield 87%)}H NMR, MS data are the same as 36r

Compounds37 and 41 were prepared fron36 and 40, respectively, using the same
procedure as described faitc 32¢ and34e

4.1.50.(S)-N-(5-Chlorothiazol-2-yl)-5-(1-(dimethylglycyl)pyrrol idin-2-yl)-2-methylt
hiophene-3-carboxamide (37).

Yield 49%;: white foam'H NMR, MS data are the same as 3de

4.1.51.(R)-N-(5-Chlorothiazol-2-yl)-5-(1-(dimethylglycyl)pyrrol idin-2-yl)-2-methyl
thiophene-3-carboxamide (41).
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Yield 58%: white foam'H NMR, MS data are the same as 3de

4.1.52.(S)-N-(5-Chlorothiazol-2-yl)-5-(1-(dimethylglycyl)pyrrol idin-2-yl)-2-methylt
hiophene-3-carboxamide hydrochloride (38).

To a solution 087 (583 mg, 1.41 mmol) in Ci€l, (8.00 mL), 4 N HCI in 1,4-dioxane
(1.76 mL, 7.05 mmol) was added at 0 °C. After stgrat room temperature for 1.5 h,
Et,O was added and the resulting precipitate wasatelleto give 617 mg (97%) &8
as a white solid: mp 157-159 °G;% 2.05 min (UPLC purity: 97.6%)H NMR (400
MHz, CD;OD) & 7.38-7.36 (m, 1H), 7.34-7.32 (m, 1H), 5.40 Jd= 5.8 Hz, 1H),
4.29-4.17 (m, 2H), 3.85-3.45 (m, 2H), 3.05-2.61 @H), 2.50-1.97 (m, 4H)**C
NMR (101 MHz, CROD) 6 164.5, 163.6, 158.1, 148.7, 143.4, 136.5, 129.%.212
124.9, 59.5, 58.3, 47.2, 45.0, 44.9, 34.3, 25.12;1R(ATR) 1644, 1533 cit; MS
(ESI)m/z 415, 413 (M+H), 413, 411 (M—H); HRMS (ESI) calcd for §H,:CIN4O,S,
(M+H)* 413.0867 found 413.0865 L3> —77.7 (c 0.556, MeOH).

4.1.53.(R)-N-(5-Chlorothiazol-2-yl)-5-(1-(dimethylglycyl)pyrrol idin-2-yl)-2-methyl
thiophene-3-carboxamide hydrochloride (42).

Compound42 was prepared from1 using the same procedure as describe®&ito
yield a white solid (yield 70%)xt= 2.07 min (UPLC purity: 95.7%)H NMR, **C
NMR, IR, MS, HRMS data are the same as3&r[a].o> +80.9 (c 1.00, MeOH).

4.1.54 tert-Butyl
2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methylthiophen-2-yl)pyrrolidine-1-
carboxylate (43).

To a suspension &0 (1.56 g, 5.02 mmol) in toluene (16.0 mL), oxalplaride (4.30
mL, 50.2 mmol) was added at 0 °C. After stirringrabm temperature for 1 h, the
reaction mixture was evaporated under reduced ymes$he residue was azeotroped
with toluene and dissolved with toluene (16.0 mL);amino-5-fluorothiazole
hydrochloride (1.16 g, 7.53 mmol) ahgN-diethylaniline (3.20 mL, 20.9 mmol), which
were added at room temperature. After stirringhat $ame temperature overnight, the
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reaction mixture was diluted with AcOEt, washedhnsaturated aqueous NaHgéand
brine, and dried over N80O,. After filtration, the solvent was concentrateddan
reduced pressure and the residue was purified &shflcolumn chromatography
(AcOEth-hexane = 2/3) to give 1.62 g (78%) 48 as a white solid*H NMR (400
MHz, CD;0D) & 7.24 (br s, 1H), 7.12 (d,= 2.6 Hz, 1H), 5.10-4.99 (m, 1H), 3.59-3.41
(m, 2H), 2.69 (s, 3H), 2.39-2.22 (m, 1H), 2.13-1(80 3H), 1.61-1.24 (m, 9H); MS
(ESI)m/z 412 (M+H)", 410 (M-H).

4.1.55.N-(5-Fluorothiazol-2-yl)-2-methyl-5-(pyrrolidin-2-yl )thiophene-3-carboxam
ide (44).

Compound44 was prepared from3 using the same procedure as describe®2arto
yield a white foam (yield 99%JH NMR (400 MHz, CDCJ) & 7.06 (s, 1H), 6.87 (dl =
2.6 Hz, 1H), 4.33 (tJ = 7.0 Hz, 1H), 3.17-3.07 (1H, m), 3.06-2.94 (m),1H73 (s,
3H), 2.24-2.09 (m, 1H), 2.00-1.64 (m, 3H); MS (B8l 312 (M+H), 310 (M-H).

Compound#5a, 45b, and45cwere prepared frorBlc 31¢ and44, respectively, using
the procedure described fada

4.1.56.tert-Butyl
(2-(2-(4-((5-chlorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrrolidin
-1-yl)-2-oxoethyl)carbamate (45a).

Yield 99%; white solid;'H NMR (400 MHz, CROD) & 7.89 (s, 1H), 7.34 (s, 1H),
5.36-5.27 (m, 1H), 3.99-3.84 (m, 2H), 3.78-3.50 M), 2.66 (s, 3H), 2.48—1.89 (m,
4H), 1.48-1.37 (m, 9H); MS (ES#)/z 487, 485 (M+HJ, 485, 483 (M—H).

4.1.57 tert-Butyl
(2-(2-(4-((5-chlorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrrolidin
-1-yl)-2-oxoethyl)(methyl)carbamate (45b).

Yield 90%; pale-yellow foamtH NMR (400 MHz, CDCY) & 7.23 (s, 1H), 7.12 (s, 1H),
5.38 (d,J = 7.3 Hz, 1H), 4.22-3.45 (m, 4H), 2.96 (s, 3HY&(s, 3H), 2.40-1.81 (m,
4H), 1.59-1.34 (m, 9H); MS (ES)/z 501, 499 (M+HJ, 499, 497 (M—H).
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4.1.58.tert-Butyl
(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrrolidin
-1-yl)-2-oxoethyl)(methyl)carbamate (45c).

Yield 98%; white foam:H NMR (400 MHz, CDC}) & 9.88 (br s, 1H), 7.11 (s, 1H),
7.01-6.92 (m, 1H), 5.38 (d, = 6.8 Hz, 1H), 4.16-4.05 (m, 1H), 3.97-3.86 (m,),1H
3.82-3.44 (m, 2H), 2.96 (s, 3H), 2.75 (s, 3H), 243 (m, 4H), 1.53-1.34 (m, 9H);
MS (ESI)m/z 483 (M+H), 481 (M—HY.

Compounds46a-46¢ were prepared fromi5a45¢ respectively, using the same
procedure as described f82a

4.1.59.N-(5-Chlorothiazol-2-yl)-5-(1-glycylpyrrolidin-2-yl) -2-methylthiophene-3-ca
rboxamide (46a).

Yield 93%; white foam*H NMR (400 MHz, CROD) & 7.35-7.27 (m, 2H), 5.34 (d,=
7.0 Hz, 1H), 3.78-3.39 (m, 4H), 2.66 (s, 3H), 2434 (m, 4H); MS (ESIm/z 387,
385 (M+H)', 385, 383 (M-H).

4.1.60.N-(5-Chlorothiazol-2-yl)-2-methyl-5-(1-(methylglycy)pyrrolidin-2-yl)thioph
ene-3-carboxamide (46b).

Yield 89%; white foam*H NMR (400 MHz, CDCJ) & 7.21 (s, 1H), 7.17 (s, 1H), 5.39
(d,J = 7.3 Hz, 1H), 3.80-3.34 (m, 4H), 2.71 (s, 3H),9224.81 (m, 7H); MS (ESin/z
401, 399 (M+HJ, 399, 397 (M—H).

4.1.61.N-(5-Fluorothiazol-2-yl)-2-methyl-5-(1-(methylglycy)pyrrolidin-2-yl)thioph
ene-3-carboxamide (46c¢).

Yield 99%; white foam*H NMR (400 MHz, CROD) & 7.29-7.24 (m, 1H), 7.12 (d,=
2.5 Hz, 1H), 5.35 (d) = 6.6 Hz, 1H), 3.79-3.41 (m, 4H), 2.67 (s, 3H}721.93 (m,
7H); MS (ESIm/z 383 (M+H)', 381 (M-HY.
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4.1.62.N-(5-Chlorothiazol-2-yl)-2-methyl-5-(1-((methylsulfayl)glycyl)pyrrolidin-2
-yl)thiophene-3-carboxamide (47a).

To a solution of46a (96.2 mg, 0.250 mmol) in Gi€l, (1.00 mL), methanesulfonyl
chloride (39.QuL, 0.500 mmol) and pyridine (41.0 pL, 0.500 mmogrevadded at 0 °C.
After the reaction mixture was stirred at room tenapure for 6 h, it was diluted with
CHCI;, washed with water, and dried over,8@,. After filtration, the solvent was
concentrated under reduced pressure and the resasi@urified by preparative TLC
on silica gel (CHG/MeOH = 10/1) gave 93.5 mg (81%) 47a as a white solid: mp
208-210 °C; ¢ = 2.95 min (UPLC purity: 97.8%} NMR (400 MHz, CROD) &
7.37-7.24 (m, 2H), 5.36-5.27 (m, 1H), 4.10-3.95 Zi), 3.79-3.51 (m, 2H), 2.96 (s,
3H), 2.67 (s, 3H), 2.44-1.92 (m, 4HYC NMR (101 MHz, CROD) 5 169.4, 163.4,
158.0, 148.8, 143.8, 136.4, 129.4, 124.5, 121.11,,58.8, 47.1, 46.1, 34.3, 25.0, 15.3;
IR (ATR):; 1649, 1537 cit; MS (ESI) m/z 465, 463 (M+HJ, 463, 461 (M-H);
HRMS (ESI) calcd for gH19CIN4O4Ss (M+H)™ 463.0329, found 463.0331.

4.1.63.N-(5-Chlorothiazol-2-yl)-2-methyl-5-(1-(N-methyl-N-(methylsulfonyl)glycyl)
pyrrolidin-2-yl)thiophene-3-carboxamide (47Db).

Compound47b was prepared from6b using the same procedure as described Tar
to yield a white solid (yield 69%): mp 225-226 °G;= 3.14 min (UPLC purity:
98.3%); '"H NMR (400 MHz, CDC{) & 10.4 (br s, 1H), 7.22 (s, 1H), 7.11 (s, 1H),
5.39-5.31 (m, 1H), 4.19-3.97 (m, 2H), 3.80-3.43 Zi), 3.05-2.98 (m, 6H), 2.74 (s,
3H), 2.44-1.86 (m, 4H)*C NMR (101 MHz, CDGJ) 5167.0, 161.3, 156.9, 148.1,
142.9, 134.7, 128.2, 123.5, 122.6, 56.6, 52.2,,4885, 35.7, 33.0, 24.5, 15.3; IR
(ATR); 1643, 1534 cit; MS (ESl)m/z 479, 477 (M+H), 477, 475 (M-H); HRMS
(ESI) calcd for GiH21:CIN4O4Sz (M+H)™ 477.0486, found 477.0484.

4.1.64.5-(1-(Acetylglycyl)pyrrolidin-2-yl)- N-(5-chlorothiazol-2-yl)-2-methylthiophe
ne-3-carboxamide (48a).

To a solution o#6a(96.2 mg, 0.250 mmol) in G&l, (1.00 mL), acetyl chloride (36.0
pL, 0.500 mmol) and pyridine (4110., 0.500 mmol) were added at 0 °C. After stirring
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at room temperature for 6 h, the reaction mixtues wiluted with CHG| washed with
water, and dried over N8O, After filtration, the solvent was concentrateddan
reduced pressure and the residue was purified bpapative TLC on silica gel
(CHCI3/MeOH = 10/1) to give 90.6 mg (85%) 48aas a white solid: mp 122-124 °C,;
tr = 2.75 min (UPLC purity: 99.8% NMR (400 MHz, CDC}) & 10.67 (br s, 1H),
7.45-7.34 (m, 1H), 7.19 (s, 1H), 5.35-5.29 (m, 1434-4.23 (m, 1H), 4.05-3.87 (m,
1H), 3.77-3.41 (m, 2H), 2.65 (s, 3H), 2.39-1.79 Tid); **C NMR (101 MHz, CDG))
0170.9, 167.6, 161.2, 161.0, 156.4, 148.6, 141.8,9,3127.8, 123.2, 56.7, 46.0, 42.4,
33.2, 29.7, 22.9, 15.4; IR (ATR) 1651, 1614, 1530 'c MS (ESI) m/z 429, 427
(M+H)", 427, 425 (M-H); HRMS (ESI) calcd for GH19CIN4OsS, (M+H)" 427.0660
found 427.0661.

4.1.65.5-(1-(N-Acetyl-N-methylglycyl)pyrrolidin-2-yl)- N-(5-chlorothiazol-2-yl)-2-m
ethylthiophene-3-carboxamide (48b).

Compound48b was prepared from6b using the same procedure as described 3ar
to yield a white solid (yield 74%): mp 141-142 °&;= 2.87 min (UPLC purity:
98.7%):; 'H NMR (400 MHz, CDC{) 511.17 (br s, 1H), 7.50 (d] = 1.0 Hz, 1H),
7.29-7.22 (m, 1H), 5.35 (d,= 6.9 Hz, 1H), 4.62 (d] = 15.4 Hz, 1H), 3.97-3.87 (m,
1H), 3.59-3.41 (m, 2H), 3.22 (s, 3H), 2.75 (s, 3MB7-1.74 (m, 7H)**C NMR (101
MHz, CDCk) 6172.9, 167.7, 162.0, 161.6, 156.8, 149.2, 140.3,2,3125.6, 124.3,
56.8, 51.3, 46.0, 39.0, 33.2, 23.7, 21.2, 15.5(ARR); 1647, 1622, 1533 cth MS
(ESI)m/z 443, 441 (M+H), 441, 439 (M-H); HRMS (ESI) calcd for @H,:CIN4O3S,
(M+H)" 441.0816, found 441.0818.

4.1.66.5-(1-(2-Chloroacetyl)pyrrolidin-2-yl)- N-(5-chlorothiazol-2-yl)-2-methylthio
phene-3-carboxamide (49).

To a solution of 31c (250 mg, 0.763 mmol) in G, (8.00 mL),
2,6-ditert-butylpyridine (359uL, 1.60 mmol) and chloroacetyl chloride (1R, 1.53
mmol) were added at 0 °C. After stirring at rooomperature for 3 h, the reaction
mixture was diluted with CHGland washed with water and saturated aqueous NgHCO
and dried over N&O,. After filtration, the solvent was concentrateddan reduced
pressure and the residue was purified by flash naolu chromatography
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(AcOEth-hexane = 1/1) to give 257 mg (83%) 48 as a white solid*H NMR (400
MHz, CDCk) 6 9.60 (br s, 1H), 7.24 (s, 1H), 7.13 (s, 1H), 5837 (m, 1H), 4.14-4.09
(m, 1H), 4.01-3.83 (m, 1H), 3.82-3.73 (m, 1H), 3380 (m, 1H), 2.71 (s, 3H),
2.49-1.94 (m, 4H); MS (ESip/z 406, 404 (M+H), 404, 402 (M—H).

4.1.67 tert-Butyl
(2-(2-(4-((5-chlorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrrolidin
-1-yl)-2-oxoethyl)glycinate (50).

A mixture of glycinetert-butyl ester hydrochloride (93.9 mg, 0.560 mmoljl &PEA
(115 pL, 0.672 mmol) in DMF (1.00 mL) was stirred at 50 for 5 min. After the
addition of49 (45.4 mg, 0.112 mmol) in DMF (1.00 mL) at 50 °@e treaction mixture
was stirred at the same temperature for 2 h, dilutéh water, and extracted with
AcOEt. The organic layer was washed with saturaipgeous NaHC®and brine and
dried over NgSOy. After filtration, the solvent was concentratedlenreduced pressure
and the residue was purified by preparative TLGitina gel (CHC{/MeOH = 10/1) to
give 37.7 mg (68%) a0 as a white foanH NMR (400 MHz, CDC}) & 7.31-7.14 (m,
2H), 5.39 (dJ = 6.5 Hz, 1H), 3.79-3.19 (m, 6H), 2.68 (s, 3HA12:1.84 (m, 4H), 1.44
(s, 9H); MS (ESI)m/z 501, 499 (M+H), 499, 497 (M—H).

4.1.68.(2-(2-(4-((5-Chlorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrrolidi
n-1-yl)-2-oxoethyl)glycine hydrochloride (51).

To a solution 060 (112 mg, 0.224 mmol) in Ci€l, (3.00 mL), 4 N HCl in 1,4-dioxane
(1.70 mL, 6.72 mmol) was added at O °C. After stgrat room temperature for 4 h, the
reaction mixture was diluted with £ and stirred for 30 min. The precipitate was
collected and rinsed with #» to give 85.0 mg (79%) 051 as a white solid: mp
174-176 °C; ¢ = 2.17 min (UPLC purity: 95.0%)H NMR (400 MHz, CRQOD) &
7.41-7.37 (m, 1H), 7.35 (s, 1H), 5.39 &= 6.2 Hz, 1H), 4.14 (s, 2H), 4.02-3.44 (m,
4H), 2.68 (s, 3H), 2.61-1.95 (m, 4HJC NMR (101 MHz, CROD) 5 169.0, 165.4,
162.9, 159.3, 150.7, 143.3, 133.7, 128.6, 125.4,9%58.4, 48.4, 47.3, 34.5, 24.9, 22.7,
15.6; IR (ATR); 1647, 1547 cly MS (ESI)m/z 445, 443 (M+HJ, 443, 441 (M-H);
HRMS (ES]I) calcd for §H1sCIN4OsS, (M+H)" 443.0609, found 443.0610.
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4.1.69.tert-Butyl
N-(2-(2-(4-((5-chlorothiazol-2-yl)carbamoyl)-5-methyjthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)-N-methylglycinate (52a).

To a solution of46b (30.0 mg, 0.0752 mmol) in DMF (1.00 mLjert-butyl
chloroacetate (11.4L, 0.0827 mmol) and DIPEA (381L, 0.226 mmol) were added at
room temperature and further stirred at 60 °C fbr Zhe reaction mixture was diluted
with water and extracted with ACOEt. The organigelawas washed with brine and
dried over NgSQ,. After filtration, the solvent was concentratedlenreduced pressure
and the residue was purified by preparative TLGitioa gel (AcOEt/MeOH = 10/1) to
give 28.0 mg (73%) db2aas a colorless oitH NMR (400 MHz, CDC}) 5 10.26 (br s,
1H), 7.28-7.11 (m, 2H), 5.37 (A= 6.6 Hz, 1H), 3.82-3.55 (2H, m), 3.50-3.15 (4H, m
2.72 (3H, s), 2.55-1.89 (7H, m), 1.46 (9H, s); MES() m/z 515, 513 (M+H), 513,
511 (M-H).

4.1.70.tert-Butyl
N-(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)-N-methylglycinate (52b).

Compounds2b was prepared from5c using the same procedure as described2ar
to yield a white solid (yield 70%fH NMR (400 MHz, CDCJ) 5 10.09 (br s, 1H), 7.12
(1H, s), 6.92 (dJ = 2.6 Hz, 1H), 5.36 (d] = 6.2 Hz, 1H), 3.83-3.55 (m, 2H), 3.51-3.13
(m, 4H), 2.71 (s, 3H), 2.52-1.90 (m, 7H), 1.4691d); MS (ESI)m/z 497 (M+H)", 495
(M-H)".

4.1.71 tert-Butyl
3-((2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-mehylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)propanoate (52c)

To a solution of46¢ (46.0 mg, 0.120 mmol) in 1,4-dioxane (1.00 mtgrt-butyl
acrylate (87.7uL, 0.602 mmol) and 1 portion of benzyltrimethylanmman hydroxide
(40 wt.% in MeOH) were added at room temperatufeerAstirring at 60 °C overnight,
the mixture was evaporated under reduced pressutr@zeotroped with toluene. The
residue was purified by preparative TLC on silieh @cOEt/MeOH = 9/1) to give 13.8

mg (22%) of52c as a white solid*H NMR (400 MHz, CROD) & 7.32—7.26 (m, 1H),
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7.14-7.10 (m, 1H), 5.32 (d, = 7.3 Hz, 1H), 3.89-3.49 (m, 2H), 3.41-3.17 (m)2H
2.86-2.59 (m, 5H), 2.50—1.92 (m, 9H), 1.43 (s, 9B (ES)m/z 511 (M+H), 509
(M=H)".

4.1.72 tert-Butyl
4-((2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-mehylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)butanoate (52d).

Compounds2d was prepared from6c using the same procedure as described2ar
to yield a colorless oil (yield 36%IH NMR (400 MHz, CROD) & 7.32—7.23 (m, 1H),
7.14-7.08 (m, 1H), 5.33 (d, = 6.1 Hz, 1H), 3.88-3.46 (2H, m), 3.44-3.19 (2H, m
2.66 (s, 3H), 2.57-1.93 (m, 11H), 1.82-1.57 (2H, h§0-1.37 (9H, m); MS (ESih/z
525 (M+H)', 523 (M—-H).

4.1.73.Methyl
5-((2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-mehylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)pentanoate (52e)

Compoundb2ewas prepared from6cusing the same procedure as describe82aito
yield a white solid (Yield 77%)"H NMR (400 MHz, CROD) & 7.26 (s, 1H), 7.14-7.10
(m, 1H), 5.36-5.30 (m, 1H), 3.88-3.49 (m, 5H), 3347 (m, 2H), 2.66 (s, 3H),
2.55-1.82 (m, 11H), 1.74-1.25 (m, 4H); MS (ESI) d@7 (M+H)", 495 (M-H).

Compounds53a-53d were prepared fronb2a-52d, respectively, using the same
procedure as described fol.

4.1.74 N-(2-(2-(4-((5-Chlorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)N-methylglycine hydrochloride (53a).

Yield 76%; white solid; mp 162—164 °G; + 2.23 min (UPLC purity: 97.7%fH NMR

(400 MHz, CXOD) & 7.42—7.29 (m, 2H), 5.41 (d,= 7.1 Hz, 1H), 4.59-3.99 (m, 4H),

3.86—3.45 (m, 2H), 3.06 (s, 3H), 2.69 (s, 3H), 2598 (m, 4H);*C NMR (101 MHz,

CDsOD) 5168.3, 164.6, 162.9, 159.8, 151.1, 143.1, 132.8,612125.5, 124.8, 58.4,

57.0, 48.0, 44.3, 34.4, 24.8, 22.7, 15.5; IR (ATEF950, 1567 crt; MS (ESI) m/z: 459,
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457 (M+H), 457, 455 (M—-H); HRMS (ESI) calcd for GHCIN4OsS, (M+H)*
457.0765, found 457.0766.

4.1.75.N-(2-(2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-methythiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)N-methylglycine hydrochloride (53b).

Yield 97%:; white solid; mp 164—165 °G; £ 2.00 min (UPLC purity: 98.0%JH NMR
(400 MHz, CQOD) & 7.34-7.28 (m, 1H), 7.20-7.13 (m, 1H), 5.40Jd; 6.9 Hz, 1H),
4.56-4.00 (m, 4H), 3.67-3.49 (m, 2H), 3.05 (s, 3HJA—2.65 (m, 3H), 2.50-1.98 (m,
4H): *C NMR (101 MHz, CROD) 8 176.1, 168.2, 164.5, 163.1, 159.4Jd; 294 Hz),
150.6, 143.1, 129.1, 124.9, 116.6 J&; 16 Hz), 58.4, 58.2, 48.1, 47.1, 44.2, 34.3, 24.9
15.3; IR (ATR); 1664, 1648, 1558, 1206 ¢mMS (ESI) m/z 441 (M+H), 439
(M-H)"; HRMS (ESI) calcd for GH21FN4O4S, (M+H)" 441.1061, found 441.1060.

4.1.76.3-((2-(2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-metylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)propanoic acid tydrochloride (53c).

Yield 68%; pale-yellow solid; mp 142—144 °®;% 2.02 min (UPLC purity: 97.9%fH
NMR (400 MHz, CQOD) & 7.36-7.30 (m, 1H), 7.19-7.12 (m, 1H), 5.39J&, 7.5 Hz,
1H), 4.52-4.17 (m, 2H), 3.92-3.40 (m, 4H), 3.04321®, 8H), 2.51-1.97 (m, 4H)*C
NMR (101 MHz, CRROD) 6173.7, 164.7, 164.6, 163.2, 159.9 Jds 276 Hz), 149.5,
143.0, 129.3, 124.8, 118.4 @= 13 Hz), 58.4, 54.1, 47.2, 42.9, 34.3, 29.6, 2827,
15.3; IR (ATR); 1652, 1558, 1196 ¢ MS (ESI) m/z 455 (M+H), 453 (M—HY);
HRMS (ESI) calcd for @H23FN4O4S, (M+H)" 455.1217, found 455.1214.

4.1.77.4-((2-(2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-metylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)butanoic acid hylrochloride (53d).

Yield 99%; white solid; mp 125-126 °G; £ 2.03 min (UPLC purity: 95.5%JH NMR
(400 MHz, CXOD) & 7.38-7.31 (m, 1H), 7.23-7.17 (m, 1H), 5.39J&; 6.6 Hz, 1H),
4.49-4.17 (m, 2H), 3.90-3.50 (m, 2H), 3.39-3.03 @h{), 2.99-2.89 (m, 3H),
2.74-2.65 (m, 3H), 2.54-1.78 (m, 8HJC NMR (101 MHz, CROD) 5 174.6, 164.6,
162.9, 159.0 (dJ = 289 Hz), 157.9, 151.0, 143.4, 128.6, 124.7,418,J = 11 Hz),
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58.3, 58.2, 58.1, 47.2, 42.9, 34.3, 31.4, 24.88.205.5; IR (ATR); 1648, 1557 cih
MS (ESI) m/z 469 (M+HY, 467 (M—-HY; HRMS (ESI) calcd for G@HasFN4OsS,
(M+H)* 469.1374, found 469.1368.

4.1.78.5-((2-(2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-metylthiophen-2-yl)pyrroli
din-1-yl)-2-oxoethyl)(methyl)amino)pentanoic acid lydrochloride (53e).

To a solution 062e(63.0 mg, 0.127 mmol) in MeOH (1.00 mL), 1 N aquedNaOH
(500 pL, 0.500 mmol) was added at room temperature. Afigrring at room
temperature for 5 h, the reaction mixture was &edliwith 4 N HCI in 1,4-dioxane
(500pL, 2.00 mmol) at 0 °C. After stirring at room tenngiire for 1 h, the mixture was
evaporated and the residue was diluted with@} The mixture was filtered and the
filtrate was concentrated under reduced pressumgvi® 57.6 mg (87%) 0b3e as a
pale-yellow solid: mp 126-128 °G; £ 2.02 min (UPLC purity: 100%}H NMR (400
MHz, CD;0OD) & 7.29 (s, 1H), 7.15-7.11 (m, 1H), 5.37 {d&& 6.3 Hz, 1H), 4.38-4.10
(m, 2H), 3.84-3.48 (m, 2H), 3.24-3.06 (m, 2H), 2386 (m, 3H), 2.83-2.60 (m, 3H),
2.47-1.96 (m, 6H), 1.84-1.46 (m, 4HJC NMR (101 MHz, CQOD) 5173.5, 164.7,
164.6, 163.1, 159.6 (d, = 283 Hz), 150.0, 143.4, 129.2, 124.8, 116.9)(d,12 Hz),
58.6, 58.4, 58.3, 47.4, 42.7, 34.4, 33.9, 24.98,270.6, 15.4; IR (ATR); 1648, 1560,
1279 cm® MS (ESI) m/z 483 (M+H), 481 (M-H); HRMS (ESI) calcd for
C21H27FN4O4S; (M+H)" 483.1530, found 483.1525.

4.1.79.(S)-N-(5-Fluorothiazol-2-yl)-2-methyl-5-(pyrrolidin-2-yl )thiophene-3-carbo
xamide (54).

Compound54 was prepared fro36 using the procedure described #8 and44 to
yield a white foam (58% 2 stepsH NMR, MS data are the same as4dr

Compoundsb5b and 55c¢ were prepared frorb4 and the appropriate carboxylic acid
using the procedure described 3dra
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4.1.80.tert-Butyl
((9)-1-((S)-2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methylthiophen-2-yl)py
rrolidin-1-yl)-1-oxopropan-2-yl)(methyl)carbamate (55b).

Yield 82%; white solid;'H NMR (400 MHz, CROD) & 7.24 (s, 1H), 7.14-7.12 (m,
1H), 5.35-5.20 (m, 1H), 4.98-4.70 (m, 1H), 3.8423(#h, 1H), 3.71-3.56 (m, 1H),
2.85 (s, 3H), 2.67 (s, 3H), 2.37-1.91 (m, 4H), 1(¢79H), 1.39-1.17 (m, 3H); MS
(ESI)m/z 497 (M+HY, 495 (M-HYJ.

4.1.81 tert-Butyl
(S)-ethyl(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5methylthiophen-2-yl)p
yrrolidin-1-yl)-2-oxoethyl)carbamate (55c).

Yield 83%; white solid*H NMR (400 MHz, CDCJ) & 10.34 (br s, 1H), 7.18-7.10 (m,
1H), 6.96-6.78 (m, 1H), 5.38 (d= 7.1 Hz, 1H), 4.17-3.87 (m, 2H), 3.79-3.14 (m),4H
2.75 (s, 3H), 2.42—1.77 (m, 4H), 1.52-1.33 (m, 9H)6-0.98 (m, 3H); MS (ESH/z
497 (M+HY, 495 (M—HY).

Compounds56b and 56¢ were prepared frons5b and 55¢ respectively, using the
procedure described f@2a

4.1.82.N-(5-Fluorothiazol-2-yl)-2-methyl-5-((S)-1-(methyl-L-alanyl)pyrrolidin-2-yl
)thiophene-3-carboxamide (56b).

Yield 88%; white solid*H NMR (400 MHz, CROD) & 7.24 (s, 1H), 7.15-7.10 (m,
1H), 5.45-5.37 (m, 1H), 3.85-3.68 (m, 2H), 3.6273#, 1H), 2.66 (s, 3H), 2.48-1.95
(m, 7H), 1.33-1.21 (m, 3H); MS (ESt)/z 397 (M+H)", 395 (M-H).

4.1.83.(5)-5-(1-(Ethylglycyl)pyrrolidin-2-yl)- N-(5-fluorothiazol-2-yl)-2-methylthiop
hene-3-carboxamide (56c¢).

Yield 87%:; white solid*H NMR (400 MHz, CDC}) & 9.52 (br s, 1H), 9.05 (br s, 1H),
7.45 (s, 1H), 7.03-6.91 (m, 1H), 5.13 Jd; 7.0 Hz, 1H), 4.16-3.58 (m, 4H), 3.31-3.00
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(m, 2H), 2.78-2.57 (m, 3H), 2.35-1.79 (m, 4H), 183 = 7.2 Hz, 3H); MS (ESln/z
397 (M+H)', 395 (M—HY.

4.1.84 tert-Butyl
N-((9)-1-((9)-2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methylthiophen-2-yl)
pyrrolidin-1-yl)-1-oxopropan-2-yl)- N-methylglycinate (57b).

Compounds7b was prepared frorB6b using the same procedure as described2ar
to yield a white solid (32%)'H NMR (400 MHz, CROD) & 7.24-7.22 (m, 1H),
7.14-7.11 (m, 1H), 5.36-5.30 (m, 1H), 4.05-3.94 (MH), 3.85-3.61 (m, 3H),
3.57-3.24 (m, 2H), 2.66 (s, 3H), 2.44-1.93 (m, 7H4,7 (s, 9H), 1.20 (d] = 6.8 Hz,
3H); MS (ES)m/z 511 (M+HY, 509 (M-H).

4.1.85.tert-Butyl
(S)-N-ethyl-N-(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methythiophen-
2-yl)pyrrolidin-1-yl)-2-oxoethyl)glycinate (57c).

Compoundb7cwas prepared frofi6c using the same procedure as describe82aito
yield a white solid (60%)*H NMR (400 MHz, CDC}) & 10.60 (br s, 1H), 7.12 (s, 1H),
6.85 (d,J = 2.6 Hz, 1H), 5.37-5.31 (m, 1H), 3.83-3.54 (m,),28151-3.19 (m, 4H),
2.81-2.58 (m, 5H), 2.38-1.84 (m, 4H), 1.52-1.344h), 1.08 (tJ = 7.2 Hz, 3H); MS
(ESI)m/z 511 (M+H)", 509 (M-H).

4.1.86.(5)-3-((2-(2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-méhylthiophen-2-yl)pyr
rolidin-1-yl)-2-oxoethyl)(methyl)amino)propanoic add hydrochloride (58a).

Compounds58a was prepared frorb4 using the same procedure as describedtbay
46¢ 52¢ and53cto yield a white solid (yield 38% 4 steps): mp 4481 °C; g = 1.92
min (UPLC purity: 96.2%) NMR, *C NMR, IR, MS, HRMS data are same5s;
[a]23° —91.4 (c 1.00, MeOH).
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4.1.87 .N-((9)-1-((9)-2-(4-((5-Fluorothiazol-2-yl)carbamoyl)-5-methylthiophen-2-yl)
pyrrolidin-1-yl)-1-oxopropan-2-yl)- N-methylglycine hydrochloride (58b).

Compoundb8b was prepared frori7b using the same procedure as describe&Ido
yield a pale-yellow solid (yield 71%): mp 155-15Z, % = 2.03 min (UPLC purity:
95.3%);*"H NMR (400 MHz, CROD): 5 7.30 (s, 1H), 7.21-7.15 (m, 1H), 5.47-5.34 (m,
1H), 4.64-4.51 (m, 1H), 4.25-3.93 (m, 2H), 3.79531®, 2H), 3.04 (s, 3H), 2.76-2.61
(m, 3H), 2.53-1.96 (m, 4H), 1.67-1.53 (m, 3H¢ NMR (101 MHz, CROD) 5 173.4,
168.6 (2C), 163.5, 160.0 (d,= 296 Hz), 148.4, 143.4, 130.1, 124.8, 118.7J(¢,13
Hz), 63.4, 58.6, 58.4, 48.3, 34.3, 25.5, 20.5, 18512; IR (ATR); 1644, 1561, 1221
cm ™t MS (ESI)m/z 455 (M+HY)', 453 (M—H); HRMS (ESI) calcd for @H23FN4O4S,
(M+H)" 455.1222, found 455.12163]p3> —74.0 (c 0.973, MeOH).

4.1.88.(S)-N-Ethyl- N-(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methythiophen-
2-yl)pyrrolidin-1-yl)-2-oxoethyl)glycine hydrochloride (59-HCI).

Compoundb9-HCI was prepared using the same procedure as destoibgd to yield

a white solid (yield 99%). Here, 4 N HCI in AcOEf®/ used instead of 4 N HCI in
1,4-dioxane: mp 165-167 °Gy £ 2.08 min (UPLC purity: 98.8%}H NMR (400 MHz,
CD30D): 0 7.39 (br s, 1H), 7.24 (d,= 2.1 Hz, 1H), 5.40 (d] = 6.5 Hz, 1H), 4.61-4.02
(m, 4H), 3.87-3.32 (m, 4H), 2.73-2.62 (m, 3H), 2826 (m, 1H), 2.20-1.94 (m, 3H),
1.47-1.27 (m, 3H)}*C NMR (101 MHz, CROD) 5 168.5, 165.1, 163.1, 162.8, 159.4
(d,J =290 Hz), 150.6, 143.0, 128.7, 125.0, 117.5)(d,15 Hz), 58.6, 57.0, 55.0, 54.3,
48.1, 34.5, 22.7, 15.4, 9.7; IR (ATR) 1651, 156893 cm®’; MS (ESI) m/z 455
(M+H)", 453 (M-H); HRMS (ESI) calcd for @H23FN4O4S, (M+H)" 455.1217 found
455.1213; §i]22° =110 (c 1.00, MeOH).

4.1.89.(S)-N-Ethyl- N-(2-(2-(4-((5-fluorothiazol-2-yl)carbamoyl)-5-methythiophen-
2-yl)pyrrolidin-1-yl)-2-oxoethyl)glycine (59).

A solution of59-HCI (51.2 g, 102 mmol) in MeOH (5.10 L) and Milli-Q vea (0.570
L) was adjusted at pH 5.81 (isoelectric point) bg addition of 1 N aqueous NaOH at
room temperature. The resulting solution was ewatpdrto remove MeOH and diluted
with Milli-Q water (1.70 L). The mixture was ino@itkd with59 and stirred at room

temperature for 10 h, and the resulting precipieds corrected and rinsed with Milli-Q
68



water to giveb9 (39.1 g, 84 %) as a white solid: mp 221-223 ¥G £.08 min (UPLC
purity: 98.9%);'H NMR (400 MHz, CROD) & 7.32 (br s, 1H), 7.12 (d,= 2.5 Hz, 1H),
5.40-5.33 (m, 1H), 4.35-4.17 (m, 2H), 3.92-3.50 4i), 3.40-3.19 (m, 2H), 2.66 (s,
3H), 2.48-1.95 (m, 4H), 1.32 ({,= 7.3 Hz, 3H)*C NMR (101 MHz, CROD) 5 170.2,
165.8, 165.6, 163.4, 160.1 @ = 291 Hz), 148.6, 143.3, 129.9, 125.0, 118.9)(d,13
Hz), 58.4, 57.8, 56.3, 52.8, 47.2, 34.4, 25.1, 15@1; IR (ATR) 1639, 1556, 1190
cm ', MS (ESI)m/z 455 (M+HY)', 453 (M—HY; HRMS (ESI) calcd for @H2sFN404S,
(M+H)* 455.1217, found 455.1213%]ps° —123 (c 1.00, DMSO).

4.2. Biology
4.2.1. Glucokinase assay

The in vitro GK activation potency of compounds vaasessed as described previously
[24]. In 96-well UV plates, 178L/well of GK assay mixture (25 mM HEPES buffer
[pH 7.1], 25 mM KCI, 2 mM MgG, 1 mM NADP, 1 mM dithiothreitol, 2 unit/mL
G6PDH, 5 mM D-glucose, and human GK) was addederAfte addition of 1L of
test compound, positive control)( or negative control (DMSQO), the mixture was
incubated at room temperature for 10 min. Reactiwee initiated by the addition of
20 pL of 20 mM ATP. An absorbance of 340 nm was measu®ng a Spectra Max
Plus 384 Microplate Reader (Molecular Devices, O8A) for 5 min at intervals of 30

s at room temperature and the slope of absorpgamst time was calculated at the first
3 min.

4.2.2. Measurement of insulin secretion

MING cells were seeded onto 24-well plates andytered in DMEM containing 10%
FBS and 61.uM of 3-mercaptoethanol for 2 days. The cells were washddHEPES
balanced Krebs-Ringer bicarbonate buffer (KRH) vitmM glucose and incubated in
KRH at 37 °C under 5% CQOin air for 45 min. Next, the KRH buffer containing
glucose was replaced with test compounds, posto@rol (1), or negative control
(DMSO). After incubation at 37 °C under 5% & air for 45 min, released insulin
was measured according to the manufacture’s prbt@ddouse Insulin ELISA KIT
[TMB]; AKRIN-011T, Shibayagi, Gunma, Japan).
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4.2.3. Solubility test

Five microliters of compound at various concentragi (serial dilutions $IM—2 mM)
was transferred to measurement plates (CosteB681.) and 9%uL of PBS was added.
The solubility of compounds was measured by nepheloy using a NEPHELOSstar
microplate reader (BMG LABTECH GmbH, Ortenberg, @any). Before the
experiment, blank values of the wells were measurbe data from the well in which
blank value was lower than the mean blank valu&b #as used.

4.2.4. SPA-based dofetilide binding assay (hERG binding aay)

A scintillation proximity assay (SPA) was carriedton assay buffer consisting of 50
mM Tris-Cl, 1.0 mM MgC}, and 10 mM KCI, pH 7.4. Test compounds were mixed
with [*H]-dofetilide at a final concentration 10 nM. Ysblg-L-lysine SPA beads, and
hERG-HEK?293 cell membrane and shaken for 1 houadBevere allowed to settle for
3 hours before radioactivity was determined bytdtation counting using a MicroBeta
TRILUX scintillation counter (PerkinElmer Life an@inalytical Sciences, CT, USA).
Negative control (DMSO, 0% inhibition) and positieentrol (E-4031, nonspecific
binding, 100% inhibition) were used to normalize thw data.

4.2.5. Cell viability measurements (CHO-K1 cells)

CHO-K1 cells were seeded onto a 96-well plate @erasity of 6000 cells/well in Ham’s
F12K media containing 2% FBS, 1 mM L-glutamine, @%ts/mL penicillin, and 25
pug/mL streptomycin and incubated overnight at 37utder 5% CQin air. Next, cells
were exposed to each concentration56f(final concentrations 1-10AM), positive
control (benzbromarone), or vehicle control (1% DB®)SFollowing drug incubation
for 24 h, cell viability was assessed using WSTdagent according to the
manufacturer’s instructions.

4.2.6. Cell viability measurements (primary rat hepatocytes)
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Rat primary hepatocytes were isolated from male CIj (SD) rat (7 weeks old) using
a two-step collagenase perfusion method. After washn cold MEM media,
hepatocytes were suspended in modified-WE mediaeirpresence of 10% FBS, 19
M dexamethasone, TOM insulin, 4 mM L-glutamine, 50 units/mL penicilli and 50
pug/mL streptomycin. Viable hepatocytes were seeddd a collagen-coated 96-well
plate at a density of 2—3x4@ells/well and incubated at 37 °C under 5%.,Q@®air.
After 4 h, the culture medium was removed from eaatll and replaced with
modified-WE media in the absence of FBS. At 20-2ftlr seeding, hepatocytes were
exposed to each concentration5® (final concentrations 1-100M), positive control
(benzbromarone), or vehicle control (1% DMSO). &wihg drug incubation for 24 h,
cell viability was assessed using alamarBlue® atiogr to the manufacturer’s
instructions.

4.2.7. hERG patch clamp assay

Experiments were performed using HEK293 cells gtabkpressing the hERG
potassium channel. hERG currents were measured) @siwhole-cell patch clamp
technique. Cells were placed in the recording cleanaimd continuously perfused at a
rate of 120 mL/h with perfusing solution at 26.@28 °C. The perfusing solution was
composed of the following (mM): NaCl 137; KCI 4; Cla 1.8; MgC} 1; HEPES 10;
D-glucose 10; pH 7.4. The pipette solution was cosep of the following (mM): KCI
130; EGTA 5; HEPES 10; Mggll; MgATP 5; pH 7.2. The membrane potential was
held at —80 mV. A depolarization pulse at —40 m\A&8 mV (4 steps) was applied for
1.5 seconds, with a subsequent repolarization patlses0 mV for 1.5 seconds. This
cycle was repeated every 15 seconds. Each contensraf59 (3, 10, 30, 100, and 300
pUM), a positive control (E-4031), and a vehicle ¢oh{0.1% DMSQO) was applied to
the cells. The hERG currents were measured withaaplifier EPC 8 (HEKA
Elektronik Dr. Schulze GmbH, Lambrecht, Germanyjd ahe electric signals were
recorded using analysis software (pClamp 9, Axatriments, Inc.).

4.2.8. Animal Study

All Experiments were approved by the Animal Card &lse Committee of the testing
facility, SANWA KAGAKU KENKYUSHO. Male C57BL/6J mie (8 weeks old),
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B6.Cg-Lepob/J (ob/ob) mice (8 or 9 weeks old) oten@x1j:CD1 (ICR) mice (8 weeks

old) were obtained from Charles River Laboratodiagan, Inc.

4.2.9. Oral Glucose Tolerance Test in mice

Male C57BL/6J mice (8 weeks old) or B6.Cgg””J (ob/ob) mice (8 weeks old) were
obtained from Charles River Laboratories Japan, Wahicle (0.5% methyl cellulase)
was administered orally to fasted animais=(8/group) 15 or 30 min before glucose
loading (2 g/kg). Tail vein blood glucose levelsreveneasured at —15 or —30, 0, 20, 40,
60, 90, and 120 min using a portable glucometerUGEST ProR; Sanwa Kagaku
Kenkyusho, Japan).

4.2.10.Repeated administration study of 59 in ob/ob mice

Male ob/ob mice (9 weeks old) were administeredolet{0.5% MC) o159 orally twice

a day for 4 weeks. Plasma glucose and insulin deael2 weeks and 4 weeks were
measured using a portable glucometer (GLUTEST P&dtiwa Kagaku Kenkyusho,
Japan) and Ultra Sensitive Mouse Insulin ELISA(Kitorinaga Institute of Biological
Science, Inc, Japan) respectively. At the end efdudy, circulating level of TG was
analyzed by biochemistry automatic analyzer 7176f#a¢hi High-Technologies,
Japan).

4.2.11.Assessment of hypoglycemia risk in mice

Compounds were administered orally to 2 h-fastetkr@®7BL/6J mice (8 weeks old)
at time 0 min § = 8/group). Tail vein blood glucose levels wereamged at 0, 60, 120,
180, 240, and 300 min using a portable glucomé&sJTEST ProR; Sanwa Kagaku
Kenkyusho, Japan).

4.2.12 Assessment of casual plasma insulin in mice

Compounds were administered orally to 2 h-fastetbr@®7BL/6J mice (8 weeks old)
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at time 0 min 1§ = 8/group). Tail vein blood insulin levels were asared at 0, 30, and
60 min using an Ultra Sensitive Mouse Insulin ELI&A (Morinaga Institute of
Biological Science, Inc, Japan).

4.2.13.Pharmacokinetic study

Male Crlj:CD1 (ICR) mice (8 weeks old) were houseutler standard conditions with a
12 h light/dark cycle and allowed free access ttewand a commercial diet (CRF-1,
Oriental Yeast Co., LTD., Japan). Mice were fasteernight before dosing, and fed 7 h
post-dose. A single intravenous doses8f(2 mg/kg) in saline or a single oral dose of
59 (10 mg/kg) in 0.5 w/v% MC was administrated toleawuse. Blood samples were
collected using a heparinized capillaries via thgtal venous plexus under anesthesia
at serial time points for 24 h post-dose. Plasms edained by centrifugation at 10700
x g for 10 min at 4 °C and stored at —70 °C umilgsis. Plasma samples were mixed
with acetonitrile and methanol containing an inérstandard. The mixtures were
vortexed and centrifuged, and the supernatant wated three times with 0.1% acetic
acid and subjected to LC/MS/MS analysis. Peak aveax® calculated by Xcalibur
software (Thermo Electron Corporation, UK).

4.2.14 Tissue distribution study

Male C57BL/6J mice (8 weeks old) were housed ustmrdard conditions and allowed
free access to water and a commercial diet. Ord#yebefore the experiment, mice
were fasted until the end of the experiment. A leingral dose o069 (10, 30, 100
mg/kg) or piragliatin (10, 30 mg/kg) in 0.1 w/v% €an80 and 0.5 w/v% MC was
administrated to each mouse. Blood samples wetectedl using heparinized syringes
via the postcaval vein at 0.5, 1, and 1.5 h poseddlasma was obtained by
centrifugation. The liver and pancreas were diggseaut and gently washed with
ice-cold saline. The dissected tissues were hompggrand stored at —70 °C until
analysis. Plasma, liver homogenate, and pancreasdenate samples were mixed with
acetonitrile and methanol containing an internahdard, followed by centrifugation.
The supernatant was subjected to LC/MS/MS analipgiak areas were calculated using
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Xcalibur software (Thermo Electron Corporation, W)d AUC values were calculated

by the trapezoidal rule.

4.2.15.Statistical analysis

The data was analyzed using Dunnett's multiple @ispn test. All statistical analyzes
were performed using the EXSUS statistical softverekage version 8.1.0 (CAC Croit
Corporation, Tokyo, Japan).

Abbreviations

n-BuLi, n-butyllithium; EDCI, 1-ethyl-3-(3-dimethylaminoprgfcarbodiimide
hydrochloride; GK, glucokinase; GKA, glucokinaseiator; GSIS, glucose-stimulated
insulin secretion; hERG, human ether-a-go-go rdlgene; NBSN-bromosuccinimide;
OATP, organic anion transporting polypeptide; OG®ral glucose tolerance test;
T2DM, type 2 diabetes mellitus.

Appendix A. Supplementary data

Supplementary data related to this article carobed at...
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Highlights

* Novel thiophene derivatives as GKAs were designed and synthesized.

* Severa GKAsexhibited high GK activation potency.

*  GKA 59 showed potent activity inthe OGTT in normal and diabetic mouse.
* GKA 59 has afavorable safety profile.



