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Abstract: Type 2 diabetes mellitus (T2DM) is a chronic, coexpand multifactorial
metabolic disorder, and targeting gluconeogenesigition is a promising strategy
for anti-diabetic drug discovery. This study disemad a new class of
thieno[2,3b]pyridine derivatives as hepatic gluconeogenesisbitors. First, a hit
compound DMT: ICse= 33.8 uM) characterized by a thienopyridine core was
identified in a cell-based screening of our prigéd small molecule library. Structure
activity relationships (SARs) study showed thataeed the Ckin the thienopyridine
core could improve the potency and led to the disppof8e (ICse= 16.8uM) and9d
(ICso= 12.3 uM) with potent inhibition of hepatic glucose prodioa and good
drug-like properties. Furthermore, the mechanisrBeofor the inhibition of hepatic
glucose production was also identified, which cduddeffective through the reductive
expression of the mRNA transcription level of glneogenic genes including
glucose-6-phosphatase (G6Pase) and hepatic phospppeivate carboxykinase
(PEPCK). Additionally,8e could also reduce the fasting blood glucose arutone
the oral glucose tolerance and pyruvate toleranabidbmice. The optimization of
this class of derivatives had provided us a stamtpto develop new anti-hepatic

gluconeogenesis agents.

Keywords: Thieno[2,3b]pyridine derivatives; Structure-activity relatidmngs (SARS);
Hepatic gluconeogenesis; Type 2 diabetes mellit@®OW).



1. Introduction

Diabetes Mellitus is a serious and increasing dldlealth burden problem [1],
and type 2 diabetes mellitus (T2DM) accounts f0198@6 of all cases of diabetes [2].
T2DM is a chronic and multifactorial metabolic dise with complicated
pathogenesis characterized by hyperglycemia, imgekistance and relative lack of
insulin [3]. As an important part of glucose metign in liver, hepatic
gluconeogenesis is responsible for the formatiomglo€ose from non-carbohydrate
precursors, such as pyruvate, lactate, lipids,egblcand glucogenic amino acids [4].
Meanwhile, hepatic gluconeogenesis plays a sigmficole in maintaining normal
plasma glucose levels to avoid hypoglycemia and/igeofuels for other organs
during prolonged starvation [Ffepatic gluconeogenesis is regulated systemicglly b
hormones including insulin and glucagon in respoteséasted and fed states [6].
Glucagon could bind to glucagon receptor (GCGR) arttates @Gs/cCAMP/protein
kinase A (PKA)/CREB/CRTC2 signaling pathway to stlate gluconeogenesis
[7,8,9]. On the other hand, insulin could supprglssoneogenesis through insulin
receptor (IR)/IR substrates (IRSs)/phosphatidyitobgl,5-bisphosphate 3-kinase
(PI13K)/protein kinase B (AKT) pathway [10] and smltucible kinase 2
(SIK2)/CREB/CRTC2 signaling pathway [11,1ZJwo gluconeogenic enzymes,
PEPCK and G6Pase, which were highly regulated mcagjon and insulin in
correlation with gluconeogenic flux [13,14], haveeln thought to be rate-limiting
enzymes for gluconeogenesis in diabetes [15].

Though a number of anti-diabetic drugs are extahgiused in clinic, such as
biguanides [16], glucagon-like peptide-1 (GLP-1)alagues [17], dipeptidyl
peptidase 4 (DPP4) inhibitors [18,19] and sodiumpted glucose cotransporter 2
(SGLT?2) inhibitors [20,21], many of the availabletiaT2DM drugs are facing limited
efficacy and long-time tolerability by exhibitingde effects [3]. Therefore, it is urgent
to explore novel therapeutic approaches for intgirea of T2DM. In patients with
T2DM, gluconeogenesis is aberrantly activated, mtes hepatic glucose production
and excessively evaluates the blood glucose level [ZY. previous reported,

metformin improves hyperglycemia mainly through thsuppression of



gluconeogenesis in liver [23]. Hence, regulation giiconeogenesis and hepatic
glucose production could be a promising strategsetulate blood glucose levels in
T2DM [24].

Our research group has been interested in the rdesygthesis and biological
evaluation of anti-diabetic agents. In a previoel-locased screening of our privileged
small molecule library, a thienopyridine derivatifi@M T, Figurel) with an Ig of
33.8uM in the hepatic glucose production assay was seenl. We also found that
DMT could inhibit gluconeogenic genes transcriptifPEPCK and G6Pase) and
efficiently decrease fasting blood glucose and tgtotmn Alc (HbAlc) levels, and
improve glucose tolerance and pyruvate tolerancss ten db/db mice [25].
Additionally, we identified that DMT antagonizedettglucagon-mediated hepatic
gluconeogenesis by regulating thead®hospholipase C (PLC)/IP3R-mediated
Ca'/calmodulin (CaM)/PI3K/AKT/forkhead box protein O@FOXO1) signaling
pathway [25]. All results have highlighted the pate of targeting gluconeogenesis
inhibition in the treatment of T2DM and the potahtof DMT as an anti-T2DM drug
lead compound. To the best of our knowledge, thehapatic glucose production
activity of thienopyridine derivatives was firstparted. In this manuscript, detailed
SAR investigation of DMT was carried out for therpose of developing compounds
with the aim of promoting anti-hepatic glucose pratibn efficacy (Figure 1). As part
of ongoing research, herein we report the synthésésstructure-activity relationship
study and preliminary biological evaluation of thmew class of anti-hepatic

gluconeogenesis agents.
Figurel

2. Resultsand discussions
2.1. Chemistry

In this manuscript, the compounds were synthes{&eleme 1). Treatment of
ketonel with ethyl trifluoroacetate or ethyl acetate und&aong basic condition in
toluene provided 1,3-dione® or 3, respectively. Condensation of with

N,N-dimethylformamide dimethyl acettdD MF-DMA) in DMF afforded enaminones



4. Subsequently, the key building blocks pyridin€tBH-thiones6 were prepared by
treating 1,3-diones (for RCF;and CH), enaminones (for RH) and5 (for Ri=CH)
with cyanothioacetamide in the presence of trigthighe or triethylenediamine
(DABCO). Condensation 06 with 2-chloro-acetamid yielded the intermediate
which was condensed with corresponding aldehydesigih refluxing in AcOH to
yield the desired product8. In addition, condensation @@ with corresponding
acetamids produced the desired prod@ctnd 10, respectively. The compourid
was synthesized by oxidation &MT with 1,2-dichloro-4,5-dicyanobenzoquinone
(DDQ) in THF (Scheme 2). Finally, compoundl2 was obtained via deamination of
9d with tert-butyl nitrite in DMF Scheme 3). These compounds were assayed for
their inhibitory for the anti-hepatic glucose protlan in long-time fasting primary
hepatocytes with the presence of glucagon.

Scheme 1

Scheme 2

Scheme 3
2.2. Biological evaluation
2.2.1. In vitro cellular activity and structure-agty relationships

The derivatives were evaluated in the cellular yaseaasuring the anti-hepatic

glucose production potency in long-time fastingmary hepatocytesGlucagon (10
nM) was used to mimic hyperglucagonemia stimulagxgessive gluconeogenesis.
DMT was used as the positive control. The biologieahdvere listed ifable 1 and
Table 2.

Tablel
The inhibition of hepatic glucose production in@ea significantly Table 1)
when induced the electron-drawing group on the &eezing compared to the lead
compoundDMT (ICsp: 24.8 uM for 8a, 30.2 uM for 8b and 1.7uM for 8c,
respectively). Replaced the ©With H atom in the thienopyridine scaffold (¢€15.4
uM for 8d and 16.8uM for 8e, respectively), the potency of anti-hepatic glucose

production was increased. The result was indicthed electron-drawing group in



thienopyridine scaffold could reduce the potencyanfi-hepatic glucose production.
Whenthe thiophene group in 2-position of thienopyridseaffold was replaced by
methyl (IG¢>100 uM for 8f), a sharp loss of anti-hepatic glucose producti@s
observed, which implied that an aromatic group waigl in 2-position of
thienopyridine scaffold. Given that the chiral aanof six-membered ring IDMT
could bring difficulty on the subsequent drug depehent, we remove the chiral
center of the six-membered ring. FiIrBIMT was oxidized by DDQ and obtained
compound 11, which occupied poor water solubility. Thereforge opened the
six-membered ring as the second strategy to rertiw/ehiral center obM T, which
led to the discovery of derivativ€sand10.
Table 2

As shown inTable 2, the first compound®a in this series, containing a amide
bond, was found to be equipotent8®in the cell proliferation assay (¢ 12.3uM
for 9a vs 16.8uM for 8e, respectively). This crucial result reinforced tiagionale to
optimize the series further. The potency of anpdie glucose production decreased
with the induction of electro-drawing group in thenzene ring (165: 33.4uM for 9c
vs 19.1uM for 9b, respectively). Replacing the benzene rin@afvith heterocyclic
pyridine yielded derivative8d and9e, which exhibited equivalently potent inhibition
of the hepatic glucose production £C 12.3 uM for 9d vs 24.7 uM for 9e,
respectively). Introducing the halogen group to #ngl ring yielded compoun@f
(ICs0: 14.6 uM), which had no significant impact compared 9a. In order to
investigate the influence of steric hindrance, cooma9g with 5-aminobenzodioxole
was prepared (I§>100uM for 9g), and the result showed that steric hindrancedcoul
decreased the potency. Comparison of the cell pgteh9h and9i allowed one to
point out that adding hydrophilic group at this itiosa could increase cell penetration
and potency as well (kg 14.2 uM for 9i vs >100uM for 9h, respectively).
Replacing the benzene ring @ with a hydrophilicaryl ring yielded derivative$j
(ICs0: 8.04 uM), which exhibited more potent inhibition of theepgatic glucose
production compared t@a. Based on the structure @dl, we synthesized compounds

9k and 9l to investigate the effecting of thiophene ring &@B; in nucleus core.



Introducing CH to the nucleus core yielded compoudkd (IC50>100 uM), which
showed no potency for the inhibition of hepatic agise production. The results
indicated that increasing the electron in nuclease acould decrease the potency.
Furthermore, replacing the thiophene ring with leezring yielded®l (ICsy: 14.4
uM), which could maintain the potency compare®do

In order to explore the appropriate length betwéenaryl ring and amide bond,
compound9m-90 with one carbon tether were synthesized. The refidwed that
these derivatives maintained the potency for thieibition of hepatic glucose
production compared to compourfas9c, respectively. The result described that one
carbon tether between the aryl ring and amide bmmdd maintain the efficiency.
Replacing the benzene ring @h with pyrrole ring yielded compour@p (ICso: 54.0
uM), which decreased the potency for the inhibitadnhepatic glucose production.
Additionally, the phenylethylamine-substituted caupd 99 (ICs0>100 uM) with
two carbon tether between the aryl ring and amidadbshowed a significant
reduction of potency, which exhibited that two @arbinear chain was negative for
the potency.

Table 3

In order to investigate the potency of titenethyl of amide irb-series,10-series
was synthesized and evaluated in hepatic primdly. d8-series withN-methyl at the
amide bond showed the similar SARs compared taénivatives ofo-series Table
3). However, they also exhibited weaker potencytlierinhibition of hepatic glucose
production.

Among all the potent derivatives with d€below 20uM, the compounds which
selected for further biological evaluation and wytiation, were not only have potent
pharmacological activity, but also with favorableigtlike properties. Therefore, the
drug-like properties were taken into account, arel wged the ACD-Labs 6.0 to
calculate cLog P values. The results demonstratatl the cLog P values of the
compounds8e and 9d were lower, these two compounds might have good
physicochemical properties. Hence, the compo@edsnd9d were chosen for more

extensive in vitro and in vivo anti-diabetic efftga However9d was not effective in



the reducing of the key genes G6pase and PEPClkemdtic gluconeogenesis and
was not continued in the following study.
2.2.2. 8e reduced the mRNA levels of gluconeogenic genesa$g6FPEPCK in
hepatic primary cell

In this assay, the primary hepatocytes were obdaiinem 9-week-old male
C57BL/6 mice. Sodium lactate (20 mM) and sodiumupgte (2 mM) were used as
gluconeogenic substrates, while glucagon (10 nM3§ wsed to stimulate excessive
gluconeogenesis mimicking hyperglucagonemia. Intabaof 8e with glucagon
obviously reduced the mRNA levels of gluconeogareoes G6Pase and PEPCK in
dose-dependent manner compared with glucagon teeatrasults Kigures 2A and
2B), which then inhibited hepatic glucose produciioprimary hepatocytes.

Figure2

2.2.3. In vivo experiment

Given to the an-hepatic gluconeogenesis poten@eah vitro, we examined its
capability in ameliorating hyperglycemia againspdy2 diabetic model mice.
8-week-old female mice were divided into 3 groupsfasting blood glucose and
body weight. Vehicle 08e (25 mg/Kg) was administrated by intraperitoneggtion
daily for 5 weeks. Rosiglitazone, a PPARgonist and clinical effective anti-diabetes
drug, used as a positive control, was dosed atd/®gnFasting blood glucose levels
from 6h fasted mice were measured weekly. The tesieémonstrated thade
treatment could reduce the fasting blood glucdsgufes. 3A) in dose-dependent
manner. MeanwhileBe could improve the glucose toleran¢ggures. 3B andC) and
pyruvate toleranceHgures. 3D and E), respectively. All results indicated th@e
ameliorated hyperglycemia ab/dbmice and could be developed as a drug candidate
for the treatment of type 2 diabetes patient.

Figure3

3. Conclusions

In conclusion, novel thieno[2 B}pyridine analogues were identified as inhibitors
of hepatic glucose production. Previous cell-basa@@ening of our privileged small

molecule library led to the discovery odDMT which characterized by a



thienopyridine core. As we previously reported, DMa@ntagonized the
glucagon-mediated hepatic gluconeogenesis by riiggléhe Gig/phospholipase C
(PLC)/IP3R-mediated G&calmodulin (CaM)/PI3K/AKT/forkhead box protein O1
(FOXO01) signaling pathway. SARs study on four regiof theDMT was carried out
to improve its anti-hepatic glucose production pote The detailed SARs research
showed that the eliminating of €k the nucleus core could improve the potency of
anti-hepatic glucose production, and the substituan benzene ring slightly
influenced the activity. The structure modificatiohDMT led to the discovery of
two derivatives8e and 9d, which showed good anti-hepatic glucose production
potency and excellent drug-like properties. Furtiee, 8e could also reduce the
MRNA levels of gluconeogenic genes in hepatic prynezlls, including G6Pase and
PEPCK. Additionally,8e could also ameliorate hyperglycemia and improve th
glucose tolerance and pyruvate tolerancdlfdb mice. These data indicated ti&at
was a promising drug candidate for the treatmetypd 2 diabetes.
4. Experimental section
4.1. Chemistry
4.4.1 Genaral methods

All final compounds are >95% pure based on HPLC. fdsgents (chemicals)
were purchased from Adamas-fetalfa Aesar, and Shanghai Chemical Reagent Co.
and used without further purification. Nuclear magneresonance (NMR)
spectroscopy was performed on AMX-400 NMR (IS asS)MChemical shifts were
reported in parts per million (ppnd) downfield from tetramethylsilanéH NMR
multiplicity data are denoted by s (singlet), ddket), t (triplet), and m (multiplet).
HRESIMS were determined on a Micromass Q-Tif Globelss spectrometer and
ESI-MS were run on a Bruker Esquire 3000 Plus 3pewtter. Anhydrous solvents
were purchased from commercial suppliers.
4.1.2. General procedure for the preparation of poomds2 and3

To a toluene (10 mL) suspension of potassium taidwbde (1.35 g, 12 mmol)
and methyl ketone (10 mmol) was added dropwisel dttflporoacetate (for3) or

ethyl acetate (fo4) at 0°C. The reaction mixture was allowed to stir for itiddal 12



h until the starting materials were consumed agragehed by LC-MS. Then the
solvent was removed under reduced pressure, falldweextracted with ethyl acetate
(200 mL) and water (100 mL). The combined orgaaiets were dried (N8Qy),
filtered and the filtrate was concentrated under agedpressure. The crude product
was added to DCM (20 mL) and gave a suspensiomdlidune solid precipitate was
collected by filtration, washed with DCM and driadder reduced pressure to give
the products as yellow solid (@82%). The precipitate was used without further
purification in the next step.

4.1.3. General procedure for the preparation of poomds4

To a mixture of aryl ketond (1.1 mL) in anhydrous DMF (20 mL) at room
temperature was addégN-dimethylformamide dimethyl acetal (5.0-10.0 equive
resulting mixture was warmed to 8C and stirred for 2 h. Then the solvent was
evaporated under reduced pressure untii DMF-DMA fu#ly removed. The crude
products can be straight used for the next stepowit future purification. Yield:
100%.

4.1.4. General procedure for the preparation of poomdst

A mixture of 1,3-dionesZ, 3 or 5) (1 mmol) in anhydrous ethanol (2 mL) at room
temperature was addeds;Ht(30 uL) and cyanothioacetamide (120 mg, 1.2 mmol).
The resulting mixture was warmed to 8D and stirred for 2 h. Then the solvent was
evaporated under reduced pressure. The crude psddlaan be straight used for the
next step without future purification.

To a mixture of compound (1 mmol) in anhydrous ethanol (2 mL) at room
temperature was added DABCO (168 mg, 1.5 mmol) @m@hothioacetamide (120
mg, 1.2 mmol). The resulting mixture was warme®@JC and stirred for 2 h. Then
the solvent was evaporated under reduced presshee.crude producté can be
straight used for the next step without future focation.

4.1.5. General procedure for the preparatiorD®dI T and compound8

To a solution of crude produc&from above procedure in DMF (3 mL) added

aqueous 10% KOH solution (3 mL) followed by the iidd of 2-chloro-acetamid at

room temperature. The resulting mixture was stigedrnight at room temperature.



Then HO (3 mL) was added to the mixture so that the depmoduct can be
precipitated. The solid precipitate was collectgdiliration, washed with MeOH (2
mL) and dried under reduced pressure to give thdymts7 as yellow solid in 90%
yield. To a mixture of compound (0.5 mmol) in AcOH (2 mL) at room temperature
added corresponding aldehydes (0.75 mmol). Thdtmgunixture was stirred and
warmed to 106C to reflux. Once the reaction was completed aateld by LC-MS,
the reaction mixture was concentrated under vacuinMeOH (2 mL) was added to
give a suspension liquid. The solid precipitate w@ected by filtration, washed with
MeOH (2 mL) and dried under reduced pressure te gmne desired producBMT
and8a-8f as yellow solid.

4.15.1
2-(2,4-dimethoxy-3-methylphenyl)-7-(thiophen-294)rifluoromethyl)-2,3-dihydrop
yrido[3',2":4,5]thieno[3,2-d]pyrimidin-4(1H)-one@MT)

Yellow solid; Yield 85%H NMR (400 MHz, DMSOeg) 5 8.39 (d,J = 2.6 Hz, 1H),
8.31 (s, 1H), 8.23-8.20 (m, 1H), 7.86—7.83 (m, 1H}5 (dd,J = 8.6, 3.6 Hz, 2H),
6.76 (d,J = 8.7 Hz, 1H), 6.15 (ddl = 6.0, 2.7 Hz, 1H), 5.95 (d,= 6.1 Hz, 1H), 3.77
(s, 3H), 3.76 (s, 3H), 2.08 (s, 3HJC NMR (151 MHz, DMSOdg) 5 162.49, 161.10,
158.54, 156.43, 151.84, 142.12, 141.37, 132.27182d05 and 131.82 and 131.60 (q,
2Jcr = 33.9 Hz), 131.22, 129.09, 129.04, 124.92 (2@%.15 and 123.33 and 121.51
and 119.70 (qcr = 274.2 Hz), 118.91, 118.12, 112.79 and 112.761d4r&i72 and
112.67 (q,3)ce = 5.2 Hz), 112.31, 105.98, 62.74, 61.21, 55.5879ESI-MS m/z:
506.4 [M+H]; HRMS (ESI) m/z calcd for GsH1gFsN3O,S," [M+H]*: 506.0814;
found: 506.0807.

4.1.5.2
2-phenyl-7-(thiophen-2-yl)-9-(trifluoromethyl)-2d8hydropyrido[3',2":4,5]thieno[3,2
-d]pyrimidin-4(1H)-one @a). Yellow solid; Yield 64%;'H NMR (400 MHz,
DMSO-ds) & 8.83 (d,J = 4.1 Hz, 1H), 8.32 (s, 1H), 8.20 (d#i= 3.8, 1.0 Hz, 1H),
7.84 (dd,J = 5.0, 1.0 Hz, 1H), 7.49 (d,= 7.6 Hz, 2H), 7.35-7.31 (m, 2H), 7.29-7.23
(m, 2H), 6.68 (d,) = 6.2 Hz, 1H), 6.01-5.95 (dd,= 6.2, 4.1 Hz, 1H)**C NMR (126
MHz, DMSO-g) 6 162.47, 160.49, 151.91, 142.14, 141.93, 140.7@.513 and



132.25 and 131.98 and 131.71 {d;r = 33.6 Hz), 131.22, 129.08, 129.03, 128.17
(2C), 127.88, 125.87 (2C), 125.79 and 123.61 ard4®and 119.25 (dJcr = 274.7
Hz), 118.18, 112.72 and 112.68 and 112.63 and 91@}5°Jcr = 5.6 Hz), 112.13,
64.91; ESI-MS m/z: 432.6 [M+H] HRMS (ESI) m/z calcd for GoHi13F3N3OS"
[M+H] *: 432.0447; found: 432.0441.

4.1.5.3
2-(4-hydroxy-3-methoxyphenyl)-7-(thiophen-2-yla$Hgoromethyl)-2,3-dihydropyri
do[3',2":4,5]thieno[3,2-d]pyrimidin-4(1H)-one8b). Yellow solid; Yield 87%;H
NMR (400 MHz, DMSO#ds) § 8.98 (s, 1H), 8.72 (d] = 3.8 Hz, 1H), 8.31 (s, 1H),
8.21 (dd,J = 3.8, 0.9 Hz, 1H), 7.83 (dd,= 5.0, 0.9 Hz, 1H), 7.25 (dd,= 5.0, 3.8
Hz, 1H), 7.10 (d)J = 1.9 Hz, 1H), 6.86 (dd] = 8.2, 1.9 Hz, 1H), 6.70 (d,= 8.2 Hz,
1H), 6.50 (dJ = 6.2 Hz, 1H), 5.87 (dd] = 6.2, 3.8 Hz, 1H), 3.69 (s, 3HC NMR
(126 MHz, DMSOe€k) ¢ 162.42, 160.62, 151.80, 147.34, 146.36, 142.16,714
132.43 and 132.17 and 131.90 and 131.63](,{51,: 33.4 Hz), 132.40, 131.16, 129.04,
129.02, 125.82 and 123.64 and 121.46 and 119.28)¢g,= 274.6 Hz), 118.48,
118.30, 114.73, 112.70 and 112.65 and 112.61 aﬁtﬂi&f(q,3JCF = 6.1 Hz), 112.42,
110.12, 65.06, 55.31; ESI-MS m/z: 478.7 [M¥HHRMS (ESI) m/z calcd for
C21H15F3N30sS;" [M+H] ™ 478.0501; found: 478.0512.

4154
2-(4-nitrophenyl)-7-(thiophen-2-yl)-9-(trifluorontstl)-2,3-dihydropyrido[3',2":4,5]th
ieno[3,2-d]pyrimidin-4(1H)-ong8c). Yellow solid; Yield 85%;'H NMR (400 MHz,
DMSO-ds) 5 8.99 (d,J = 4.4 Hz, 1H), 8.33 (s, 1H), 8.24-8.18 (m, 3HR47(dd,J =
4.9, 1.0 Hz, 1H), 7.73 (d,= 8.7 Hz, 2H), 7.25 (dd] = 4.9, 3.9 Hz, 1H), 6.89 (d,=
6.6 Hz, 1H), 6.10 (dd) = 6.6, 4.4 Hz, 1H)**C NMR (126 MHz, DMSOds) 5
162.52, 160.10, 152.11, 149.72, 147.26, 142.09,5140132.62 and 132.35 and
132.08 and 131.81 (§Jcr = 34.0 Hz), 131.35, 129.23, 129.07, 127.22 (2@%.17
and 123.59 and 121.41 and 119.28 0gr = 271.5 Hz), 123.47 (2C), 118.14, 112.84
and 112.80 and 112.76 and 112.723(]@F = 4.9 Hz), 112.49, 64.40; ESI-MS m/z:
477.7 [M+H]; HRMS (ESI) m/z calcd for GoH1FsN4OsS," [M+H]*: 477.0297;
found: 477.0287.



4.1.55
2-(2,4-dimethoxy-3-methylphenyl)-7-(thiophen-22;3-dihydropyrido[3',2":4,5]thien
0[3,2-d]pyrimidin-4(1H)-one(8d). Yellow solid; Yield 72%:'H NMR (400 MHz,
DMSO-dg) 5 8.41 (d,J = 8.6 Hz, 1H), 8.00 (d] = 8.6 Hz, 1H), 7.94 (ddl = 3.7, 1.0
Hz, 1H), 7.89 (s, 1H), 7.84 (s, 1H), 7.74 (dd&; 5.0, 1.0 Hz, 1H), 7.55 (d,= 8.7 Hz,
1H), 7.21 (dd,J = 5.0, 3.7 Hz, 1H), 6.89 (d,= 8.7 Hz, 1H), 6.16 (s, 1H), 3.81 (s, 3H),
3.74 (s, 3H), 2.11 (s, 3HY*C NMR (126 MHz, DMSOds) & 162.48, 161.31, 158.79,
156.83, 152.02, 145.55, 143.64, 132.12, 129.74,78B28127.07, 126.42, 124.14,
122.80, 118.39, 115.31, 106.63, 103.01, 63.11,6585.75, 9.07; ESI-MS m/z: 438.6
[M+H]"; HRMS (ESI) m/z calcd for GaH2oN30sS," [M+H]™: 438.0941; found:
438.0945.

4.1.5.6
2-phenyl-7-(thiophen-2-yl)-2,3-dihydropyrido[3'2,5]thieno[3,2-d] pyrimidin-4(1H)
-one Be). Yellow solid; Yield 61%:*H NMR (400 MHz, DMSOds) & 8.44 (d,J = 8.6
Hz, 1H), 8.21 (dJ = 10.7 Hz, 2H), 8.03 (dl = 8.6 Hz, 1H), 7.95 (d] = 3.2 Hz, 1H),
7.75 (d,J = 5.0 Hz, 1H), 7.60 (d] = 10.7 Hz, 2H), 7.48-7.37 (m, 3H), 7.25-7.19 (m,
1H), 5.99 (s, 1H)**C NMR (126 MHz, DMSOdg) & 161.98, 161.27, 152.07, 145.05,
143.61, 140.17, 132.01, 129.77, 128.80, 128.73,328C), 127.20 (2C), 127.09,
122.79, 115.37, 103.03, 68.07; ESI-MS m/z: 364.6-Hyf; HRMS (ESI)m/z calcd
for CigH14N30S," [M+H]™: 364.0573; found: 364.0579.

4.1.5.7
2-(2,4-dimethoxy-3-methylphenyl)-7-methyl-9-(toflomethyl)-2,3-dihydropyrido[3',
2":4,5]thieno[3,2-d]pyrimidin-4(1H)-one &f). Yellow solid; Yield 68%;H NMR
(400 MHz, DMSO€g) & 8.34 (d,J = 2.6 Hz, 1H), 7.76 (s, 1H), 7.23 (@= 8.7 Hz,
1H), 6.74 (dJ = 8.7 Hz, 1H), 6.13 (dd] = 5.8, 2.6 Hz, 1H), 5.91 (d,= 5.8 Hz, 1H),
3.76 (s, 3H), 3.75 (s, 3H), 2.69 (s, 3H), 2.073(3); 1°C NMR (126 MHz, DMSOdy)

6 162.22, 161.21, 159.58, 158.51, 156.42, 141.24.4¥3and 131.17 and 130.91 and
130.64 (q2Jcr = 33.7 Hz), 125.80 and 123.62 and 121.44 and T1@2J)cr = 274.1
Hz), 124.93, 124.89, 118.89, 117.60, 117.16 and1P”1@nd 117.08 and 117.03 (q,
3)ce = 5.6 Hz), 111.78, 105.96, 62.75, 61.19, 55.570249.05; ESI-MS m/z: 438.6



[M+H]"; HRMS (ESI) m/z calcd for GgH1gF3NsO3S™ [M+H]™: 438.1094; found:
438.1085.
4.1.6. General procedure for the preparation of poomds9 and 10

To a solution of crude produc&from above procedure in DMF (3 mL) added
aqueous 10% KOH solution (3 mL) followed by theifidd of chloroacetamides (for
9 and 10, respectively) at room temperature. The resultingture was stirred
overnight at room temperature. ThegCH3 mL) was added to the mixture so that the
desire product can be precipitated. The solid prete was collected by filtration,
washed with MeOH (2 mL) and dried under reducedsree to obtain the produ@s
and10 as yellow solid.
4.1.6.1 3-amino-N-phenyl-6-(thiophen-2-yl)thien8fp]pyridine-2-carboxamidedg).
Yellow solid; Yield 47% (two stepsjH NMR (400 MHz, DMSOds) & 9.45 (s, 1H),
8.52 (d,J = 8.6 Hz, 1H), 8.04 (d] = 8.6 Hz, 1H), 7.97 (d] = 3.6 Hz, 1H), 7.75 (d
= 5.0 Hz, 1H), 7.69 (dJ = 7.8 Hz, 2H), 7.40 (s, 2H), 7.33 (&= 7.8 Hz, 2H), 7.23
(dd,J = 5.0, 3.6 Hz, 1H), 7.08 (§,= 7.3 Hz, 1H)**C NMR (126 MHz, DMSOds) &
163.80, 158.64, 152.54, 146.92, 143.67, 138.92,6831129.60, 128.71, 128.41 (2C),
126.99, 124.62, 123.45, 121.23 (2C), 115.14, 96E®I-MS m/z: 352.6 [M+H];
HRMS (ESI)m/zcalcd for GgH1aN30S," [M+H]": 352.0573; found: 352.0565.
4.1.6.2
3-amino-N-(4-methoxyphenyl)-6-(thiophen-2-yl)thien®-b]pyridine-2-carboxamide
(9b). Yellow solid; Yield 49% (two steps)H NMR (400 MHz, DMSOds) & 9.35 (s,
1H), 8.50 (d,J = 8.6 Hz, 1H), 8.03 (d] = 8.6 Hz, 1H), 7.96 (d] = 3.4 Hz, 1H), 7.74
(d,J = 4.9 Hz, 1H), 7.57 (d] = 9.0 Hz, 2H), 7.35 (s, 2H), 7.23 (dii= 4.9, 3.4 Hz,
1H), 6.91 (dJ = 9.0 Hz, 2H), 3.74 (s, 3H}*C NMR (126 MHz, DMSOds) § 163.60,
158.57, 155.56, 152.40, 146.53, 143.70, 131.79,5831129.53, 128.70, 126.92,
124.69, 123.07 (2C), 115.10, 113.57 (2C), 96.701&FESI-MS m/z: 382.6 [M+H]
HRMS (ESI)m/zcalcd for GgH1eN30.S," [M+H]™: 382.0678; found: 382.0673.
4.1.6.3
3-amino-N-(4-nitrophenyl)-6-(thiophen-2-yl)thiengB2b] pyridine-2-carboxamide
(9c). Yellow solid; Yield 49% (two stepsjH NMR (400 MHz, DMSOd) 5 10.03 (s,



1H), 8.57 (dJ = 8.6 Hz, 1H), 8.24 (d] = 9.3 Hz, 2H), 8.06 (d] = 8.6 Hz, 1H), 8.03
(d,J=9.3 Hz, 2H), 7.99 (dd} = 3.8, 1.0 Hz, 1H), 7.76 (dd,= 5.0, 1.0 Hz, 1H), 7.62
(s, 2H), 7.23 (dd) = 5.0, 3.8 Hz, 1H)**C NMR (126 MHz, DMSOds) & 164.08,
158.96, 153.04, 148.39, 145.74, 143.53, 142.00,9831129.84, 128.75, 127.25,
124.59 (2C), 124.26, 120.05 (2C), 115.29, 95.48:\S m/z: 397.6 [M+H]; HRMS
(ESI)m/zcalcd for GgH1aN403S," [M+H] ™ 397.0424; found: 397.0412.

41.6.4
3-amino-N-(pyridin-4-yl)-6-(thiophen-2-yl)thienob]pyridine-2-carboxamidedg).
Yellow solid; Yield 61% (two stepsjH NMR (400 MHz, DMSOds) & 9.78 (s, 1H),
8.56 (d,J = 8.6 Hz, 1H), 8.43 (d] = 6.1 Hz, 2H), 8.05 (d] = 8.6 Hz, 1H), 7.98 (d]

= 3.8 Hz, 1H), 7.79-7.73 (m, 3H), 7.58 (s, 2H),37(8d,J = 5.0, 3.8 Hz, 1H)**C
NMR (126 MHz, DMSOedg) 6 164.32, 158.90, 152.99, 149.97 (2C), 148.19, #46.1
143.54, 131.97, 129.80, 128.75, 127.22, 124.30,281914.30 (2C), 95.50; ESI-MS
m/z: 353.6 [M+H]; HRMS (ESI)m/z calcd for G7H13N4OS" [M+H]™: 353.0525;
found: 353.0529.

4.1.6.5
3-amino-N-(pyridin-2-yl)-6-(thiophen-2-yl)thienob]pyridine-2-carboxamide9g).
Yellow solid; Yield 53% (two stepsjH NMR (400 MHz, DMSOds) & 9.71 (s, 1H),
8.54 (d,J = 8.6 Hz, 1H), 8.36 (d] = 3.7 Hz, 1H), 8.07 (d] = 8.3 Hz, 1H), 8.04 (d]

= 8.6 Hz, 1H), 7.97 (d] = 3.1 Hz, 1H), 7.86—7.77 (m, 1H), 7.75 (= 4.9 Hz, 1H),
7.48 (s, 2H), 7.23 (dd] = 4.9, 3.7 Hz, 1H), 7.17-7.09 (m, 1¢ NMR (126 MHz,
DMSO-dg) 6 163.90, 158.89, 152.76, 152.01, 147.88, 147.58,6774 137.92, 131.91,
129.75, 128.75, 127.11, 124.51, 119.42, 115.12,81186.47; ESI-MS m/z: 353.6
[M+H]"; HRMS (ESI) m/z caled for G/H1aN4 OS' [M+H]™: 353.0525; found:
353.0528.

4.1.6.6
3-amino-N-(4-chloro-3-(trifluoromethyl)phenyl)-@a{bphen-2-yl)thieno[2,3-b] pyridi
ne-2-carboxamide9). Yellow solid; Yield 63% (two stepsfH NMR (400 MHz,
DMSO-ds) & 9.83 (s, 1H), 8.55 (d] = 8.6 Hz, 1H), 8.35 (d] = 2.4 Hz, 1H), 8.08—
8.00 (m, 2H), 7.99-7.93 (m, 1H), 7.77-7.72 (m, 1H$7 (d,J = 8.8 Hz, 1H), 7.54 (s,



2H), 7.22 (dd,J = 5.0, 3.8 Hz, 1H)*C NMR (126 MHz, DMSOds) & 164.00,
158.83, 152.88, 147.95, 143.56, 138.71, 131.90,7131129.73, 128.72, 127.15,
126.78 and 126.54 and 126.30 and 126.05J4,= 30.5 Hz), 126.11 and 124.37 and
121.77 and 119.60 (dQJcr = 245.9 Hz), 125.35, 123.94, 123.79, 119.44 ar@l4nl
and 119.36 and 119.31 @&jcr = 5.2 Hz), 115.25, 95.36; ESI-MS m/z: 454.6 [MH]
HRMS (ESI)m/zcalcd for GoH1-,CIFsN30S," [M+H]™: 454.0057; found: 454.0045.
4.1.6.7
3-amino-N-(benzo[d][1,3]dioxol-5-yl)-6-(thiophenyg)thieno[2,3-b]pyridine-2-carb
oxamide 9g). Yellow solid; Yield 59% (two steps)H NMR (400 MHz, DMSOds) &
9.35 (s, 1H), 8.50 (d] = 8.6 Hz, 1H), 8.02 (dJ = 8.6 Hz, 1H), 7.97-7.93 (m, 1H),
7.76=7.71 (m, 1H), 7.35 (s, 2H), 7.34 (d= 2.0 Hz, 1H), 7.22 (dd] = 4.9, 3.8 Hz,
1H), 7.10 (ddJ = 8.4, 2.0 Hz, 1H), 6.88 (d,= 8.4 Hz, 1H), 6.01(s, 2H}*C NMR
(126 MHz, DMSOe€) 6 163.64, 158.58, 152.46, 146.84, 146.71, 143.63,.214
133.06, 131.62, 129.56, 128.70, 126.95, 124.63,1715114.37, 107.73, 103.52,
100.95, 96.47; ESI-MS m/z: 396.6 [M+H] HRMS (ESI) m/z calcd for
C1oH14N30:S," [M+H]™: 396.0471; found: 396.0464.

4.1.6.8 3-amino-N-cyclohexyl-6-(thiophen-2-yl)tlagh3-b]pyridine-2-carboxamide
(9h). Yellow solid; Yield 45% (two stepsiH NMR (400 MHz, DMSOds) & 8.43 (d,

J = 8.5 Hz, 1H), 7.99 (d] = 8.5 Hz, 1H), 7.93 (dJ = 3.6 Hz, 1H), 7.72 (d] = 5.0
Hz, 1H), 7.41 (dJ = 8.1 Hz, 1H), 7.21 (dd] = 5.0, 3.6 Hz, 1H), 7.16 (s, 2H), 3.81—
3.68 (m, 1H), 1.84-1.68 (m, 4H), 1.65-1.55 (m, 1H32 (tt,J = 20.5, 10.5 Hz, 4H),
1.17-1.05 (m, 1H)?*C NMR (126 MHz, DMSOds) § 164.05, 158.26, 152.00,
145.25, 143.75, 131.35, 129.31, 128.64, 126.71,9124114.95, 97.52, 48.13, 32.45
(2C), 25.25, 25.16 (2C); ESI-MS m/z: 358.6 [M¥HHRMS (ESI)m/z calcd for
C1sH20N30S" [M+H]™: 358.1042; found: 358.1048.

41.6.9
3-amino-N-(piperidin-4-yl)-6-(thiophen-2-yl)thieryB-b]pyridine-2-carboxamide
hydrochloride ©i). Yellow solid; Yield 53% (two steps}H NMR (400 MHz,
DMSO-dg) 5 9.04 (d,J = 11.9 Hz, 1H), 8.93 (d] = 11.9 Hz, 1H), 8.48 (d] = 8.5 Hz,
1H), 7.99 (dJ = 8.5 Hz, 1H), 7.96—7.89 (m, 1H), 7.78 {d= 7.2 Hz, 1H), 7.72 (d]



= 4.7 Hz, 1H), 7.26-7.16 (m, 1H), 5.22—3.58 (m, 33430 (d,J = 10.9 Hz, 2H), 2.96
(g, J = 10.9 Hz, 2H), 2.00-1.76 (m, 4HFC NMR (126 MHz, DMSQsdg) & 164.57,
158.43, 152.21, 145.79, 143.70, 131.54, 129.43,6828126.85, 124.75, 115.02,
96.89, 44.38, 42.38 (2C), 28.30 (2C); ESI-MS m&9.8 [M-HCI+H]": HRMS (ESI)
m/zcalcd for G/H1gN4OS" [M-HCI+H]™: 359.0995; found: 359.0986.

4.1.6.10
3-amino-N-(4-(2-(4-methylpiperazin-1-yl)ethoxy)pyigb-(thiophen-2-yl)thieno[2,3-
b]pyridine-2-carboxamide9). Yellow solid; Yield 59% (two stepsjH NMR (400
MHz, DMSO-ds) 5 9.37 (s, 1H), 8.54 (d] = 8.5 Hz, 1H), 8.03 (d] = 8.5 Hz, 1H),
7.96 (d,d = 3.2 Hz, 1H), 7.74 (d] = 4.9 Hz, 1H), 7.58 (dJ = 8.8 Hz, 2H), 7.36 (s,
2H), 7.28-7.18 (m, 1H), 6.93 (d,= 8.8 Hz, 2H), 3.12-2.58 (m, 15HJC NMR (126
MHz, DMSO-dg) 6 163.61, 158.56, 154.59, 152.41, 146.58, 143.68,663 129.61,
129.56, 128.72, 126.96, 124.68, 123.01 (2C), 11511%.26 (2C), 96.63, 65.54,
55.66, 52.43 (2C), 49.62 (2C), 45.39; ESI-MS m@4.6 [M+H]"; HRMS (ESI)m/z
calcd for GsH2gNs0.S," [M+H]™: 494.1679; found: 494.1675.

4.1.6.11
3-amino-4-methyl-N-(pyridin-4-yl)-6-(thiophen-2#iieno[2,3-b]pyridine-2-carboxa
mide Ok). Yellow solid; Yield 53% (two steps)H NMR (400 MHz, DMSOsd) &
9.80 (s, 1H), 8.43 (d] = 5.9 Hz, 2H), 7.94 (d] = 3.5 Hz, 1H), 7.79 (s, 1H), 7.74 (m,
3H), 7.23 (ddJ = 5.0, 3.5 Hz, 1H), 7.15 (s, 2H), 2.84 (s, 3t} NMR (126 MHz,
DMSO-ds) 6 164.66, 159.50, 152.34, 150.19, 150.03 (2C), Bi61@5.89, 143.28,
129.68, 128.69, 127.04, 123.42, 117.32, 114.46,(®6)62, 20.15; ESI-MS m/z:
367.6 [M+H]; HRMS (ESIl)m/zcalcd for GgH15N4,OS" [M+H]™: 367.0682; found:
367.0686.

4.1.6.12 3-amino-6-phenyl-N-(pyridin-4-yl)thiend@2h]pyridine-2-carboxamide).
Yellow solid; Yield 34% (three steps¥ NMR (400 MHz, DMSOds) 6 9.81 (s, 1H),
8.63 (d,J = 8.6 Hz, 1H), 8.44 (dd] = 4.9, 1.4 Hz, 2H), 8.23-8.17 (m, 2H), 8.10d,
= 8.6 Hz, 1H), 7.78 (dd] = 4.9, 1.4 Hz, 2H), 7.61 (s, 2H), 7.58-7.48 (m):3fC
NMR (126 MHz, DMSOdg) § 164.40, 159.25, 157.25, 150.00 (2C), 148.10, B16.1
137.77, 132.16, 129.82, 128.91 (2C), 127.07 (2@4¥.G4, 116.54, 114.27 (2C),



95.78; ESI-MS m/z: 347.6 [M+H] HRMS (ESI)m/zcalcd for GgH15N4OS™ [M+H] ™
347.0961; found: 347.0956.

4.1.6.13 3-amino-N-benzyl-6-(thiophen-2-yl)thien8{B] pyridine-2-carboxamide
(9m). Yellow solid; Yield 71% (two stepsfH NMR (400 MHz, DMSOedg) & 8.46 (d,
J = 8.6 Hz, 1H), 8.30 (t) = 6.0 Hz, 1H), 8.01 (d] = 8.6 Hz, 1H), 7.94 (dd] = 5.0,
3.6 Hz, 1H), 7.73 (dd] = 5.0, 3.6 Hz, 1H), 7.34-7.31 (m, 4H), 7.25-7.80 4H),
4.43 (d,J = 6.0 Hz, 2H);*C NMR (126 MHz, DMSOds) & 164.87, 158.29, 152.186,
145.60, 143.73, 140.07, 131.49, 129.41, 128.66,202@C), 127.21 (2C), 126.79,
126.62, 124.88, 115.02, 96.88, 42.30; ESI-MS m8.8 [M+H]": HRMS (ESI)m/z
calcd for GoH1eN30S," [M+H] ™ 366.0729; found: 366.0724.

4.1.6.14
3-amino-N-(4-methoxybenzyl)-6-(thiophen-2-yl)th{er®-b]pyridine-2-carboxamid
(9n). Yellow solid; Yield 57% (two steps)H NMR (400 MHz, DMSOd) & 8.45 (d,
J=8.5Hz, 1H), 8.24 (t] = 6.0 Hz, 1H), 8.00 (d] = 8.5 Hz, 1H), 7.93 (d] = 3.6 Hz,
1H), 7.72 (dJ = 5.0 Hz, 1H), 7.25 (d] = 8.6 Hz, 2H), 7.21 (m, 3H), 6.89 (@= 8.6
Hz, 2H), 4.35 (dJ = 6.0 Hz, 2H), 3.72 (s, 3H}°C NMR (126 MHz, DMSOdg) &
164.75, 158.27, 158.11, 152.12, 145.51, 143.73,0432131.47, 129.39, 128.66,
128.61 (2C), 126.78, 124.89, 115.01, 113.61 (2C)0® 55.04, 41.73; ESI-MS m/z:
396.6 [M+H]; HRMS (ESIl)m/zcalcd for GoH1sN30,S," [M+H]™: 396.0835; found:
396.0841.

4.1.6.15

3-amino-N-(4-nitrobenzyl)-6-(thiophen-2-yl)thiendzb] pyridine-2-carboxamide
(90). Yellow solid; Yield 62% (two stepsfH NMR (400 MHz, DMSO#ds) & 8.46 (m,
2H), 8.22 (dJ = 8.7 Hz, 2H), 8.02 (d] = 8.6 Hz, 1H), 7.95 (d] = 2.9 Hz, 1H), 7.73
(d, J = 5.0 Hz, 1H), 7.58 (d] = 8.7 Hz, 2H), 7.25 (s, 2H), 7.21 (dii= 5.0, 2.9 Hz,
1H), 4.54 (d,J = 5.8 Hz, 2H)*C NMR (126 MHz, DMSOds) & 165.05, 158.33,
152.31, 148.20, 146.36, 145.94, 143.68, 131.59.482928.68, 128.18 (2C), 126.87,
124.79, 123.48 (2C), 115.08, 96.36, 42.10; ESI-MS 1.6 [M+H]; HRMS (ESI)
m/zcalcd for GgH15N4OsS," [M+H]™: 411.0580; found: 411.0585.

4.1.6.16



3-amino-N-(furan-2-ylmethyl)-6-(thiophen-2-yl)thed8,3-b]pyridine-2-carboxamide
(9p). Yellow solid; Yield 68% (two steps}H NMR (400 MHz, DMSOds) & 8.46 (d,

J = 8.6 Hz, 1H), 8.22 (t) = 5.7 Hz, 1H), 8.00 (d] = 8.6 Hz, 1H), 7.94 (dd] = 3.6,
1.0 Hz, 1H), 7.73 (dd) = 5.0, 1.0 Hz, 1H), 7.58 (d,= 1.9 Hz, 1H), 7.28-7.17 (m,
3H), 6.40 (dd,) = 3.0, 1.9 Hz, 1H), 6.25 (d,= 3.0 Hz, 1H), 4.41 (d] = 5.7 Hz, 2H);
¥C NMR (126 MHz, DMSOdg) 6 164.75, 158.37, 152.83, 152.22, 145.77, 143.73,
141.83, 131.54, 129.45, 128.68, 126.83, 124.80081310.47, 106.76, 96.71, 35.67;
ESI-MS m/z: 356.6 [M+H], HRMS (ESI)m/z calcd for G/H1aN30,S," [M+H]™
356.0522; found: 356.0527.

4.1.6.17 3-amino-N-phenethyl-6-(thiophen-2-yl)tin3-b]pyridine-2-carboxamide
(99). Yellow solid; Yield 59% (two steps}H NMR (400 MHz, DMSOds) 5 8.45 (d,
J=8.5Hz, 1H), 7.99 (d] = 8.5 Hz, 1H), 7.93 (d] = 3.2 Hz, 1H), 7.79 (J = 5.5 Hz,
1H), 7.71 (dJ = 4.9 Hz, 1H), 7.33-7.16 (m, 8H), 3.49-3.41 (m),2H89—2.81 (m,
2H); 3¢ NMR (126 MHz, DMSOdg) 6 164.80, 158.19, 152.07, 145.27, 143.74,
139.55, 131.44, 129.38, 128.65, 128.63 (2C), 128285, 126.75, 126.07, 124.93,
114.99, 97.20, 40.69, 35.47; ESI-MS m/z: 380.6 [NI*HHRMS (ESI)m/zcalcd for
CaoH1sN30S" [M+H]™: 380.0886; found: 380.0875.

4.1.6.18

3-amino-N,N-dimethyl-6-(thiophen-2-yl)thieno[2,339tidine-2-carboxamide 10a).
Yellow solid; Yield 42% (two steps)H NMR (400 MHz, DMSOsdg) & 8.18 (d,J =
8.2 Hz, 1H), 7.97 (dd] = 3.7, 1.0 Hz, 1H), 7.83 (dd,= 5.0, 1.0 Hz, 1H), 7.78 (d,=

8.2 Hz, 1H), 7.23 (ddj = 5.0, 3.7 Hz, 1H), 4.33 (s, 2H), 3.18 (s, 3HB&(S, 3H);
3%C NMR (126 MHz, DMSOdg) 6 165.82, 158.72, 151.46, 143.86, 142.77, 131.24,
129.25, 128.61, 126.58, 124.62, 114.88, 98.58, 73712C); ESI-MS m/z: 304.6
[M+H]"; HRMS (ESI) m/z calcd for G4H14/N:OS" [M+H]": 304.0573; found:
304.0576.

4.1.6.19
3-amino-N-(4-methoxyphenyl)-N-methyl-6-(thiopheyhthieno[2,3-b]pyridine-2-car
boxamide 10b). Yellow solid; Yield 64% (two steps)H NMR (400 MHz, DMSO#dg)

$ 8.42 (d,J = 8.6 Hz, 1H), 7.92 (d] = 8.6 Hz, 1H), 7.88 (d] = 3.9 Hz, 1H), 7.68 (d,



J=4.9 Hz, 1H), 7.48 (s, 2H), 7.30 @@= 8.8 Hz, 2H), 7.17 (dd] = 4.9, 3.9 Hz, 1H),
7.02 (d,J = 8.8 Hz, 2H), 3.83 (s, 3H), 3.25 (s, 3 NMR (126 MHz, DMSOdg) 5
165.71, 159.66, 159.06, 152.13, 147.92, 143.76,8133.31.31, 130.44 (2C), 129.35,
128.60, 126.71, 123.25, 114.74 (2C), 114.66, 958138, 38.72; ESI-MS m/z: 396.6
[M+H]"; HRMS (ESI) m/z calcd for GoHigN3O.S," [M+H]™: 396.0835; found:
396.0833.

4.1.6.20
3-amino-N-methyl-N-(4-nitrophenyl)-6-(thiophen-2tyleno[2,3-b] pyridine-2-carbo
xamide 10c). Yellow solid; Yield 52% (two stepsiH NMR (400 MHz, DMSOdg) &
8.47 (d,J = 8.6 Hz, 1H), 8.27 (d] = 9.0 Hz, 2H), 7.97 (d] = 8.6 Hz, 1H), 7.93-7.89
(dd, J = 3.6, 1.0 Hz, 1H), 7.74-7.68 (ddl= 4.9, 1.0 Hz, 1H), 7.61 (d, = 9.0 Hz,
2H), 7.49 (s, 2H), 7.18 (dd,= 4.9, 3.8 Hz, 1H), 3.38 (s, 3HC NMR (126 MHz,
DMSO-dg) 6 166.17, 159.49, 152.61, 149.83, 148.34, 145.18,514 131.77, 129.68,
128.64, 128.02 (2C), 127.02, 124.74 (2C), 123.54,99, 95.98, 37.97; ESI-MS m/z:
411.6 [M+H]; HRMS (ESIl)m/zcalcd for GgH15N403S," [M+H]*: 411.0580; found:
411.0583.

4.1.6.21

3-amino-N-cyclohexyl-N-methyl-6-(thiophen-2-y)tiog2,3-b] pyridine-2-carboxami
de (10d). Yellow solid; Yield 68% (two steps)H NMR (400 MHz, DMSOe) & 8.44
(d,J = 8.6 Hz, 1H), 8.01 (d] = 8.6 Hz, 1H), 7.93 (d] = 3.8 Hz, 1H), 7.72 (d] = 4.9
Hz, 1H), 7.20 (ddJ = 4.9, 3.8 Hz, 1H), 6.64 (s, 2H), 4.26—-4.08 (m),1493 (s, 3H),
1.75 (dd,J = 26.8, 11.9 Hz, 4H), 1.66—-1.50 (m, 3H), 1.39-1(2Q 2H), 1.18-1.03
(m, 1H);°C NMR (126 MHz, DMSOdg) § 165.78, 158.56, 151.56, 143.84, 143.68,
131.20, 129.26, 128.60, 126.59, 124.68, 114.91329855.70, 30.02 (2C), 29.52,
25.34 (2C), 24.91; ESI-MS m/z: 372.6 [M+H]HRMS (ESI) m/z calcd for
C1oH2oN30S," [M+H]™: 372.1199; found: 372.1191.

4.1.6.22
3-amino-N-methyl-N-(piperidin-4-yl)-6-(thiophen-Bthieno[2,3-b]pyridine-2-carbo
xamide hydrochloride 10e). Yellow solid; Yield 58% (two steps)H NMR (400
MHz, DMSO-dg) & 9.16-8.98 (m, 2H), 8.49 (d,= 8.5 Hz, 1H), 8.01 (dJ = 8.5 Hz,



1H), 7.95-7.91 (m, 1H), 7.71 (d,= 4.9 Hz, 1H), 7.20 (ddl = 4.9, 3.8 Hz, 1H), 5.19
(brs, 5H), 4.48-4.37 (m, 1H), 3.34 (U= 11.8 Hz, 2H), 3.07-2.97 (m, 2H), 2.23-2.00
(m, 2H), 1.86 (dJ = 12.6 Hz, 2H)**C NMR (126 MHz, DMSOd;) & 166.14, 158.67,
151.69, 143.82, 143.40, 131.45, 129.40, 128.69,74284.24.70, 114.98, 98.56, 51.06,
42.72 (2C), 30.18, 25.51 (2C); ESI-MS m/z: 373.6-fi@I+H]*; HRMS (ESI)m/z
caled for GgH21N40S," [M-HCI+H]": 373.1151; found: 373.1164.

4.1.6.23
3-amino-N-benzyl-N-methyl-6-(thiophen-2-yl)thien8fB]pyridine-2-carboxamide
(10f). Yellow solid; Yield 71% (two stepsfH NMR (400 MHz, DMSOsdg) & 8.47 (d,

J = 8.6 Hz, 1H), 8.01 (d] = 8.6 Hz, 1H), 7.93 (dJ = 3.5 Hz, 1H), 7.71 (d] = 5.0
Hz, 1H), 7.42—7.35 (m, 2H), 7.32—7.27 (m, 3H), 7(86,J = 5.0, 3.5 Hz, 1H), 6.86
(s, 2H), 4.74 (s, 2H), 3.04 (s, 3HIC NMR (126 MHz, DMSOds) & 166.34, 158.67,
151.76, 144.20, 143.79, 137.56, 131.35, 129.36,6228128.59 (2C), 127.29 (2C),
127.18, 126.68, 124.44, 114.96, 97.34, 52.47, 3%E51-MS m/z: 380.6 [M+H];
HRMS (ESI)m/zcalcd for GoH1gN3OS" [M+H]™: 380.0886; found: 380.0892.

4.1.7
2-(2,4-dimethoxy-3-methylphenyl)-7-(thiophen-294rifluoromethyl)pyrido[3',2":4,
5]thieno[3,2-d]pyrimidin-4(3H)-onell).

To a mixture of DMT (50.5 mg, 0.1 mmol) in THF (2 mL) added
1,2-dichloro-4,5-dicyanobenzoquinone (DDQ, 45.4 m@2 mmol) at room
temperature. The resulting mixture was allowed émnwto 60°C over 1 h. Once the
reaction was completed as indicated by LC-MS, tlaction mixture was
concentrated under reduced pressure and MeOH (2 was added to give a
suspension liquid. The solid precipitate was codldcby filtration, washed with
MeOH (2 mL) and dried under reduced pressure te ¢ine desired product as a
yellow solid (45.3 mg, 90%). Yellow solidH NMR (400 MHz, DMSOdg) 5 12.47
(s, 1H), 8.46 (s, 1H), 8.29 (dd,= 3.8, 0.9 Hz, 1H), 7.89 (dd,= 5.0, 0.9 Hz, 1H),
7.82 (d,J = 8.8 Hz, 1H), 7.29 (ddl = 5.0, 3.8 Hz, 1H), 7.04 (d,= 8.8 Hz, 1H), 3.90
(s, 3H), 3.65 (s, 3H), 2.16 (s, 3H); ESI-MS m/z48 [M+H]"; HRMS (ESI)m/z
caled for GsH17F3N303S," [M+H] *: 504.0658; found: 504,0671.



4.1.8. N-(pyridin-4-yl)-6-(thiophen-2-yl)thieno[2[pyridine-2-carboxamidel@).

A solution of9d (246 mg, 0.7 mmol) in DMF (3 ml) was added dropwisea
solution of t-BUONO(2.0 equiv) in DMF (3 ml) at 6Q. After stirring for 0.5 h, the
reaction mixture was poured into hydrochloric adidN, 20 mL) to give a suspension
liquid. The solid precipitate was collected byrélion. To the mixture of the solid
precipitate in EtOH (6 mL) was added Zn power (19§, 3 mmol) at room
temperature. The resulting mixture was allowed &mnwto 100°C. Once the reaction
was completed as indicated by LC-MS, the reactiaxture was concentrated under
reduced pressure. The appropriate compound wasebtéollowing purification by
silica gel column chromatography. Yellow solid; Nie73% (two steps)'H NMR
(400 MHz, DMSOdg) & 10.91 (s, 1H), 8.52 (dd,= 4.9, 1.4 Hz, 2H), 8.48 (d,= 8.5
Hz, 1H), 8.39 (s, 1H), 8.10 (d,= 8.5 Hz, 1H), 8.00 (ddl = 3.8, 1.0 Hz, 1H), 7.81-
7.75 (m, 3H), 7.23 (ddJ = 4.9, 3.8 Hz, 1H)*C NMR (126 MHz, DMSOds) &
161.57, 160.85, 151.49, 150.46 (2C), 145.30, 143.89.80, 134.53, 131.23, 129.86,
128.76, 127.22, 125.11, 116.60, 113.97 (2C); ESI4MS: 338.6 [M+H]; HRMS
(ESI) m/zcalcd for G;H1o2N30S," [M+H]*: 338.0416; found: 338.0411.

4.2 Biological evaluation
4.2.1. Hepatic glucose output assay

HGP assay was conducted according to the previtudy svith modification
(Zhang, et al. 2013). In the assay, freshly isdlat®ouse hepatocytes were seeded
onto 48-well plates with standard Williams’ E mediuAfter 4-h attachment, cells
were changed to serum-free minimum essential medMEM) and incubated with
corresponding compounds and 10 nM glucagon for .18fter washing with PBS
twice to remove the remaining glucose, cells waibated with compounds and
10nM glucagon in 500 pL glucose production detecbaffer (glucose-free DMEM
without phenol red containing 20 mM sodium lactatel 2 mM sodium pyruvate).
After 6-h incubation, 50 pL detection buffer wadlected for glucose concentration
measurement with a colorimetric glucose assay Man{ing Jiancheng, Nanjing,
China) according to the manufacturer’s instructibime results were normalized to the

total protein concentration measured by BCA protain(Thermo Scientific, MA,



USA).
4.2.2. The mRNA levels of G6Pase and PEPCK Assay
Primary hepatocytes were seeded onto 6-well pl#&#sr 4-h attachment, cells

were replaced to MEM supplemented with 10% FBS, WOAL penicillin and 100
mg/mL streptomycin. Cells were incubated with cep@nding compounds for 24 h
and stimulated with 10 nM glucagon together forthao 2 h. Total RNA from
cultured mouse hepatocytes or mashed liver tissues extracted using TRIzol
reagent according to the manufacturer’s protocakéfa Bio Inc, Dalian, China).
Complementary DNAs were generated by PrimeScripff™dagent Kit (Takara Bio
Inc, Dalian, China) and analyzed qPCR assay usWiBR® Premix Ex Tagq™
(Takara Bio Inc, Dalian, China) on a Bio-Rad CFXn@ect™ Real-Time System
(Bio-Rad Company, CA, USA). The mRNA levels of dfiegenes were normalized
to GAPDH. The primers for g°PCR were generated fangon Biotech (Shanghai,
China) as follows:

G6Pase (+), TAATTGGCTCTGCCAATGGCGATC;

G6Pase (-), ATCAGTCTGTGCCTTGCCCCTGT;

PEPCK (+), CTGCATAACGGTCTGGACTTC;

PEPCK (-), CAGCAACTGCCCGTACTCC;

GAPDH (+), ACAGCAACAGGGTGGTGGAC;

GAPDH (-), TTTGAGGGTGCAGCGAACTT.
4.2.3. In vivo assay

All animals were received humane care, and anielated protocols were

approved by the Institutional Animal Care and UsenGittees at Shanghai Institute
of Materia Medica, Chinese Academy of Scienctdb mice (BKS.Cgbock7™"*
Lepr™/J) were from Jackson Laboratory (CA, USA). 8-wetk-mice were divided
into 2 groups by fasting blood glucose and bodygiveiVehicle or8e (25 mg/KQ)
was administrated by intraperitoneal injection gaibr 5 weeks. Fasting blood
glucose levels from 6-h fasted mice were measurmesekly. At the termination of the
assay, mice were sacrificed and liver tissues weneed at-80 °C for analysis.

Oral glucose tolerance test (OGTT) - For the gledo¢erance test, the mice were



fasted for 16 h at the fourth week, 1.5 g/Kg glecess administered orally with a
gavage needle. Glucose levels were measured fribweta blood samples at 0, 15,
30, 60, 90 and 120 min by ACCU-CHEK active bloogausystem (Roche, Basel,
Switzerland).

Pyruvate tolerance test (PTT) - For the pyruvaterémce test, the mice were
fasted for 16 h at the fifth week and then injectettaperitoneally with sodium
pyruvate (1.5 g/Kg). Blood glucose levels were mead with tail vein blood samples
at 0, 15, 30, 60, 90 and 120 min.
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Table 1. Inhibition of hepatic glucose production activitigh 8a-8f

Compd. R R, Rs ICso (LM)? cLog P
DMT 339 4714
8a Cﬁo CF 248  4.246
S
OH
/
8b \\ CFs o 30.2  3.735
S
NO,
8c @D CFs 17  3.756
S
OMe
8d C;/O H 154 4127
S
OMe
8e Cﬁo H 16.8  2.986
S

8f CHs Ck NA 3.661
OMe

%Cso: 50% inhibitory concentration. The biological das@e generated from at least three
independent experiments.

® The cLog P values were calculated by ACD-Labsgiéa 6.0).

NA: compound showing 1§ value > 10QuM.



Table 2. Inhibition of hepatic glucose production activétieith 9a-9q and12

Rz NH,
SN
Ri N/ S HN-R,
Compd. R R, Ry ICso (uM)*  cLog P
DMT 33.9 4.714
% ©/O H O—@ 12.3 3.661
S
9b ©/O H O—@o/ 19.1 3.744
S
9% ©/O H O—@NOQ 33.4 3.800
S
- _
ad @S/O H \ N 12.3 2.858
9 x H \ 24.7 3.066
Cl
of Cﬁo H 14.6 4.928
S CF3
9g @D H O_QO NA 3.266
4 B
oh ©/O H O—<:> NA 3.931
S
Oi ©/O H O—CNH' HCl 14.2 2.715
S
O\_\
9j Gﬁo H N 8.0 3.490
\_o Q



ok ©/O CHs \_ N NA 3.187
S
ql ©/O H \_ N 14.4 3.234
om Cﬁo H O—Q 12.4 4.132
S
O_
on ©/O H O_Q 10.3 4.198
S
NO,
% ©/O H O_Q 34.1 3.450
S
~
9p ©/O H <>:o 54.0 3.388
S
9 ©/O H O_\_Q NA 4.514
S
12 65.3 3.878

%Cso: 50% inhibitory concentration. The biological daa@e generated from at least three
independent experiments.

® The cLog P values were calculated by ACD-Labsgiém 6.0).

NA: compound showing 1§ value > 10QuM.

Table 3. Inhibition of hepatic glucose production activétieith 10a-10f

R2  NH,

P

S N—-R
R1 N / 5



Compd. R R Rs ICso (uM)®  clLog P

DMT 33.9 4.714
10a @S/O H CHs NA 3.224
10b @/O H O—@o/ 26.3 3.882
10c @S/O H O—@NOQ 37.8 3.129
10d @S/O H O—<:> NA 4.073
10e @/O H O—CNH * HCl 22.1 2.782
10f CSKO H O—Q 17.8 4.452

%Cso: 50% inhibitory concentration. The biological daa@e generated from at least three
independent experiments.

® The cLog P values were calculated by ACD-Labsgiém 6.0).

NA: compound showing 1§ value > 10QuM.



Figure 1. The structure oDMT and the four regions SARs study focused on
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Figure 2. 8e inhibited hepatic gluconeogenic genes G6Pase se-dependent
manner (A) and PEPCK (B). All data were obtainednfrthree independent
experiments and presented as means + SEM (**p<@§is0.001).
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Figure 3. 8e ameliorated hyperglycemia db/dbmicein dose-dependent manner.
(A). Fasting blood glucose levels were detectedkiyei@a db/dbmice with treatment
of 8e (25 mg/Kg/day) (n=8) and Rosiglitazone (10 mg/ky/d (n=8); (B & C).
OGTT assay was performed dio/db mice after treatment witBe (25 mg/Kg/day)
and Rosiglitazone (10 mg/Kg/day) for 4 weeks (n=); & E) PTT assay was
performed indb/db mice after treatment witBe (25 mg/Kg/day) and Rosiglitazone

(10 mg/Kg/day) for 5 weeks (n=8). All data were g@eted as means +* SEM
(*p<0.05, **p<0.01).
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Scheme 1. Reagents and conditions: (a) ethyl trifluoroaceftde 3) or ethyl acetate
(for 4), potassium tert-butoxide, toluene O-rt; (b) DMF-DMA, DMF, 80°C; (c)
cyanothioacetamide, triethylamine, ethanol,’80 (d) cyanothioacetamide, DABCO,
ethanol, 80°C; (e) DMF, KOH (10%), 2-chloro-acetamid (f@), chloroacetamides
(for 9 and10); (f) aldehydes, AcOH, reflux.
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Scheme 3. Synthesis routine of compouda: (a) tert-butyl nitrite, DMF, 86C.



Highlights
(). Regulation of gluconeogenesis could regulate blood glucose levelsin T2DM.
(2). Severa DMT derivatives were designed and synthesized.
(3). Systematic SAR investigation of DM T derivatives.

(4). 8e exhibited more potent biological activity in vitro and in vivo.



