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Abstract

Discovery of novel anti-obesity agents is a chaieg and promising research area. Based on ouigueworks,
we synthesized 40 novglindoloquinazoline analogues by altering the skelednd introducing preferential side
chains, evaluated their lipid-lowering activity asdmmarized the structure-activity relationshipscémbination
with an evaluation of the lipid-lowering efficacieBMP-dependent activated protein kinase (AMPK)vating
ability and liver microsomal stability, compour2@ (named asQZ23) was selected for further studid€z23
exerted a high efficacy in decreasing the trigligeetevel (EGy= 0.033uM) in 3T3-L1 adipocytes. Mechanistic
studies revealed the lipid-lowering activity ldpZ23 was dependent on the AMPK pathway by modulating@ AT
synthase activity. This activation was accompaiiganitochondrial biogenesis and oxidation capaicityeased,
and insulin sensitivity enhanced in pertinent eetidels by various interventions. Corresponding@Z23 (20
mg/kg, i.p.) treatment significantly reversed high fat andlekterol diet (HFC)- induced body weight increases
and accompanying clinical symptoms of obesity ieartbut without indicative toxicity. These resultglicate that
1QZ23 could be a useful candidate for the treatmenbekiy and related metabolic disorders.

KEYWORDS
synthesis; 3T3-L1 adipocyte; AMPK activation; olbgsimetabolic disorders.

Abbreviations

ACC: acetyl-CoA carboxylase; ACSL: long-chain aBdA synthetase; AMP: adenosinéngonophosphate;
AMPK: adenosine "monophosphate activated protein kinase; ATP: asleadriphosphate; C/EBP
CCAAT-enhancer binding proteing CH: chow diet; CPTf: carnitine palmitoyl transterasg:;1FAS: fatty acid
synthase; GTT: glucose tolerance test; H&E: hemyditoeosin staining; HFC: high fat and cholestedtt; ITT:



insulin tolerance test; LDH: lactate dehydrogenase; 2-NBDG:
2-deoxy-2-[(7-nitro-2,1,3-benzoxadiazol-4-yl)amifd]glucose; NRF2: nuclear factor erythroid-2-retafactor 2;
OCR: oxygen consumption ratio; ORO: oil-red O; PGC-peroxisome proliferator activated receptor gamma
coactivator-t; PI3K: phosphatidylinositol’&inase; PPAR peroxisome proliferator-activated receptpSCD-1:
stearoyl-CoA desaturase 1; SREBP-1c: sterol respgredement binding protein-1c; TFAM: transcriptifactor A
mitochondria; TG: triglyceride.
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1. Introduction

Diet and lifestyle contribute to the high incidenoé obesity in developed and developing
countries. Currently, approximately 65% of the agqudpulation is overweight, with a body mass
index of greater than or equal to 25 k&/mnd over 30% of the adult population is obeseyboass
index of greater than or equal to 30 k§yifi]. Over the past 3 decades, the number of oigt
and obese individuals global is increasing expaakyt especially in Europe, America and other
countries and the number have increased over ibrbilR]. Obesity is associated with an increased
risk for diabetes mellitus, cancer, and heart diseand it often causes a shortening of human life
and economic burdens [3]. Advances in the treatroémtbesity have thus far been rather limited
with few drugs available to control abnormal fat@anulation [4]. Most anti-obesity agents are
based on altering the appetite by acting on recgpiothe brain. Some drugs in this class (such as
fenfluramine) have been withdrawn from the markeg tb their unexpected toxicity or physical side
effects [5]. Recent attempts to develop compouhds inhibit the absorption of fat through the
gastrointestinal tract (such as orlistat) may impranti-obesity treatment. Nevertheless, even the
most effective drugs can only reduce body weightupyto 5%, and strict dieting is required for
further weight loss [4]. Apart from these treatnsgnpromoting energy expenditure is another
approach to the treatment of obesity and assocthseadses [6].

AMP-dependent activated protein kinase (AMPK) isnaster metabolic regulator and maintains
energy homeostasis by regulating the balance batwatabolism and anabolism involved in all
branches of cellular metabolism. AMPK’s activatisndependent on energy status and upstream
kinase, such as liver kinase B1 (LKB1) and CaMKHKlgium/calmodulin-dependent protein kinase

kinase). In relation to metabolic diseases, theaobn of AMPK has been shown to play a vital role



in increasing glucose uptake, fatty acid oxidatfbBAO), mitochondrial biogenesis, and autophagy,
while suppressing the synthesis of fatty acids,ledterol, and protein [7, 8]. Regarding these
beneficial effects, several direct or indirect AMRItivators have shown efficacy in ameliorating
obesity and related clinical syndromes [9, 10], aacently some of them have been included in
clinical trials, such as Metabolaid and ActivAMPA[11.2].

Indole and quinazoline are common drug pharmac@s@and their derivatives have extensive
bioactivities, such as anticancer, resistant tomicrobstructive pulmonary disease, and anti-hgpati
They have been characterized as “dominant strigture drug design since they have strong
affinities with some receptors. Several compourm#aining indole and quinazoline were reported
to have efficacy in treating obesity and diabesesh ad3C andKZL-1 [13, 14]. Our preliminary
studies have indicated that the natural alkaloidchardatine (Figure 1) ameliorated high-fat diet
(HF) induced obesity in mice (~14.6% decrease idybmeight)via regulating energy metabolism
[15]. In addition, a series of derivatives weretbgsized and some of them, such as comp&id
(Figure 1), were reported to significantly improwg lipid-lowering activity [16, 17], as well as
anti-obesity activity in mice (data not shown), thar indicating that thesg-indoloquinazoline
analogues should be considered as promising mekedal treating obesity and related metabolic
disorders. Thus, it would be of great significaritoedevelop more detailed information on the
structure-activity relationships (SARs) of thesalagues and on candidates likely to respond well to
drug therapy for obesity and related metabolic rdiers.

In this study, to explore new molecules with higpid-lowering activity and good druglike
properties, 4 series of novglindoloquinazoline analogues (totally 40 compoundsje designed

and synthesized based on the structures of ourgueg-indoloquinazoline derivatives (Figure 1).



First, to analyze the importance of NH (at 13-poasitin the indole ring, we replaced the NH with
an oxygen atom, or introduced a substitute (meathydenzyl group) at the nitrogen atom, to give 7
compounds for Series 1{7). Second, we further expanded the types of sidendcit the 5-position
by changing the NH into an oxygen or sulfur atomgénerate 10 compounds for Series8H1{).
Third, we introduced a methoxy group at 10-posit@mmprove water-solubility and bioavailability
and to give 6 compounds for Series 1B{23). Finally, we replaced the aldehyde group at the
8-position with a methyl group to further check thecessity of the aldehyde group, since our
previous studies have confirmed that the replacémithe aldehyde with a halogen group would
affect the activity of the compounds [18]; meanwhilve also replaced the NH at the 13-position
with an oxygen or sulfur atom, to produce 17 conmusufor Series 1V 24-40). Their biological
activities and SARs were investigated. After comabional screening assays including the efficacies
in triglyceride (TG) decreasing and AMPK activatimg well as liver microsomal stability, the best
compound was further evaluated. We assessed bpidring activity, adipocyte differentiation, and
lipid synthesisinhibitory activitiesvia AMPK activation, improvement of insulin sensitiiand
mitochondrial biogenesis, pharmacokinetics propsstand anti-obesity and associated metabolic

disorders effects using a mouse model inducediglafat and cholesterol diet (HFC).

2. Results and discussion

2.1 Chemistry.

To improve the lipid-lowering activity, physicocheral properties, and further explore the SARs,
we designed and synthesized four series of compo(tothlly 40 new compounds) based on our

preliminary studies [17, 18]. The synthetic rouéesl chemical structures of the target compounds



are shown in Scheme 1 and Table 1, respectivelyyl B-methylbenzofuran-2-carboxylate)(
originated from the reaction with 2-hydroxyacetoptree and ethyl bromoacetate and was treated
with sodium hydroxide solution to obtain the candaxacid b. The intermediatéd was prepared
into the carbonyl chloride to react with 2-aminob@mide to givec, which was subjected to
intramolecular cyclization to get the intermedidteCompoundd was reacted with NBS to give the
bromidese which then reacted with DMSO to produce the intdtratef. The compoundy, by
chlorinating the carbonyl group 6f reacted with the desired amine to get the Sérgesmpounds
(1-5). The intermediaté was prepared bg-aminobenzamide according to the preliminary ditere
procedure [15], and it was introduced into the ryletin benzyl group at the nitrogen atom of the
indole ring to get the intermediateandj, respectively, followed by substitution and forntida to

get Series | compound and 7. 1H-indole-2-carboxylic acidk andl) was reacted with oxalyl
chloride to give the corresponding acyl chloride #imen reacted with 2-aminobenzamide in one-pot
to generate the intermediatas and n, respectively. The compouna could be formylated and
chlorinated in one-pot by the treatment of PO&id DMF to give the compoura We added the
amines, thiols or alcohols with different alkalitegminal groups to obtain the series Il compounds
(8-17). Similarly, starting from compound, through the intermediafe the series Il compounds
(18-23) could be obtained. The key intermediat®as prepared according to the literature procedure
[16]. In addition, the intermediate was prepared by a similar reaction with the prafpan of m
from starting materiall. The series IV compound24-40) were synthesized by compourd]s, and
streated with POGland DMF (to give compoundsu, andv, respectively), followed by the amines

or alcoholsvia nucleophilic substitution.

2.2 Evaluation of the Lipid-Lowering Activity of the Derivatives Using the 3T3-L1 Adipocyte Model.



By using the 3T3-L1 adipocyte cell model, the Iqmgvering activities of all the newly
synthesized compounds were evaluated, and the SsRcancluded.

As shown in Figure 2Aand Table S1, after a 6-day stimulation using the agimic cocktail (a
mixture of dexamethasone, insulin, and IBMX), ymgride (TG) levels in mature adipocytes were
highly elevated, with a 5-fold increase comparedutalifferentiated (UND) cells. As reported,
treatment by compoun®17 significantly reversed the stimulation of the ajpnic cocktail as
indicated by an approximate decrease of 79.2% &@8P8in TG levels at 1 and oM [16, 17],
respectively, compared with differentiation (CohtrcCtrl) cells. Meanwhile, metformin, a
well-known AMPK activator, as positive control alkal to a decrease of 60.3% in TG level at a
concentration of 1 mM. It was shown that most & tlewly synthesized compounds were effective
in inhibiting lipid synthesis and accumulation irdase-dependent manner. Among them, 11 of the
40 compounds showed a reduction of over 50% in&u@l$ at a concentration ofuM. Especially,

4 compoundsid, 20, 21, 23) showed an equal or an improved lipid-loweringcaify compared
with R17 at the concentration of M. Furthermore, The TG inhibitory effects of compdul, 20,

21, and23 were also confirmed by Oil-red O (ORO) stainingg(ife 2B). To exclude the adverse
effect of cytotoxicity, we determined the cytotdkycof these derivatives at the concentration of 5
uM in 3T3-L1 adipocytes after 6 days of incubatignléactate dehydrogenase (LDH) releasing assay.
As noted, the incubation of all the derivatives dmt alter the LDH releasing levels in the culture
medium when compared with Ctrl cells (Figure Slg¢mdnstrating that these derivatives were
well-tolerated by 3T3-L1 adipocytes at the concatitn of 5uM, and the lipid-lowering activity of
these derivatives was not due to their toxicity.

Based on the evaluation results, the SAR was suinethas follows. First, we found that the NH



group in the indole ring could be important. As whoin Figure 2A and Table S1, an obvious
reduction of TG level suppression was observed émieS | compounds. For example, with
replacement of the NH at 13-position of compodfdvith an oxygen atom to give compouBcthe
TG level went from 34.9% to 88.7% atuM, and with substitution of hydrogen for the NHtbke
positive compoundr17 with methyl for compound and benzyl group for compourd the TG
levels went from 20.8% to 70.4% and 57.1%, respelsti Second, we investigated the effect of the
NH group at the 5-position. It was shown that thglacement of NH (such &7, 10, and3a [17])

at the 5-position with oxygeri4, 17, and13, respectively) or sulfur aton8) would be unfavorable
for the lipid-lowering activity of the compounds.dwover, it was found that the length of the side
chain also affected the activity. Third, the intnotion of a methoxy group at the 10-position (Serie
Il compoundsl8-23) seems to be beneficial for the decrease of théeV@ since the TG contents
were kept at a lower level (10.1 ~48.8%) after tiresnt with the five compounds compared with
those of compounds without a methoxy group. Finally explored the importance of the aldehyde
group. For Series IV compound4{40), replacement of the aldehyde group at the 8-jposwith a
methyl group and/or the NH group at 13-positionhvan oxygen or sulfur atom, it was shown that
the lipid-lowering activity of derivatives was deased when the aldehyde group changed into a

methyl group.

2.3 Evaluation of Adipocytes Differentiation Inhibition and AMPK Activation of 6 Potent

Compounds.

On the basis of lipid-lowering activity and the SARthe compounds above, we selected 4 potent
molecules 11, 20, 21, and23) for additional studies. In the first experimeritee 4 compounds, plus

R17 for comparison, were tested for their needed aanagon for 50% of maximal effect (kg on



decreasing TG levels. As shown in Figure 3A, tieatment of derivatives at 0, 0.01, 0.1, 0.3, 1, 3,
and 10uM concentrations yielded dose-dependent decrenses ievels in 3T3-L1 adipocytes, with
ECso values being at 0.5LM, 0.92 uM, 0.31 uM and 0.033uM, respectively. Specifically,
compound23 has a higher efficacy in decreasing TG levels amegh withR17 as judged by a
comparable Eg value (0.033:M vs 0.091uM).

Studies have revealed that adipocyte maturatioegslated by a network of genes that strictly
initiate the processes of adipogenesis and lipagern#8]. Among them, adipogenic factors, such
as CCAAT/enhancer-binding prot@in 6, and o (C/EBP B, 8, and a) and peroxisome
proliferator-activated receptor (PPARy), play an essential role in controlling the eastpge of
adipocyte differentiation, namely, adipogenesisjcWhs followed by an activation of lipogenesis.
Coinciding with the TG-decreasing effect, we nestedmined the effects of these potent derivatives
on the expression level of adipogenic factors.tlird mM of metformin treatment efficiently
decreased the expression level of C/EBPS( ) and PPAR (Figure S2A). Cell treated with our
derivatives dose-dependently blocked the stimutatd the adipogenic cocktail as indicated by
decreases in the mRNA level of C/EBR R, o) and PPAR after 24 h incubation (Figure 3B-3E). In
comparison withR17, compound23 showed a stronger inhibition effect at each cotration in
blocking the activation of these adipogenic markesdsich were well related to the TG decreasing
ability. Notably, at a lower concentration of 0.QM, 23 treatment exerted a higher efficacy in
blocking the activation of these adipogenic markers

Our previous studies have demonstrated thatAmedoloquinazoline derivatives which could
inhibit adipocyte differentiation in cells and amoehte obesity-related metabolic disorders in mice

were association with an activation of the AMPKhvedy [8]. We next determined the stimulation



effect of these derivatives on AMPR17 and metforminilet) were loaded as a positive control. As
expected, botliR17 andMet treatment significantly increased the phosphoegldével (Thr-172) of
AMPKa, and activated AMPK pathway (Figure S2B). Cellsated with the 4 derivatives also
significantly increased the activity of AMPK in 393 adipocytes as indicated by an increment in
the phosphorylated level of AMRK and23 showed a more enhanced effect on AMPK activity than
R17. And compoun@3 supplemented yielded a higher efficacy in actnggAMPK pathway at each
concentration compared wiRl7-treated cells (Figure 3F and Figure S2B). In lighthe data, there
seems to be a positive correlation between AMPattbn and TG-lowering activity, compounds
with higher activity on AMPK activation yielding lsigher efficacy in decreasing TG levels (Figure

S20).

2.4 Assay of Aqueous Solubility and Liver Microsomal Stability of 6 Potent Compounds.

To understand the druggability of the compounds,fuvther determined the aqueous solubility
and liver microsomal stability of the 4 most poteatmpounds. As shown in Table 2, compared with
R17, compounds20, 21, and 23, which introduced a methoxy group at 10-positiomovged an
increase in aqueous solubility, demonstrating thatintroduction of methoxy is prone to improve
the aqueous solubility of derivatives. Especialympared withR17, the water-solubility of
compound23 with the best lipid-lowering activity was signiéintly improved from 41.1 to 73.3
ug/mL. For the liver microsomal stability assaytosserone was selected as a control compound. As
shown in Table 2, compountd, 20, 23 showed better stability in Sprague Dawley (SD) linzr
microsomal in comparison witR17. We next determined the stability of the most pbtkerivative
23 in different species microsomal, including dog,nkey and human liver microsomal. These

results indicated tha23 was stable enough as indicated by the valueg,ofvere 187.3, 630.1,



1155.2 and 630.1 min, respectively (Table 2, FigB®&). Furthermore, pharmacokinetics assay
revealed that23 had similar orally bioavailability and more favbla maximum plasma drug
concentration compared witR17 (Table 3), and also had less individual differeaoeong mice.
This improved pharmacokinetics feature23f may partly due to its increase in aqueous sotybili
[19, 20]. In conclusion, we selected compo@3d(named a3QZ23) as a hit compound from the

library for further study.

2.51QZ23 Blocked Adipocytes Differentiation Related to AMPK Pathway Activation.

As reported, 3T3-L1 pre-adipocytes differentiatéoimature white adipocytes by undergoing
three pivotal stages, namely, adipogenesis (Day), OiBogenesis (Day 3-6) and terminal
differentiation (Day 6-9). During the stage of amlyenesis, the adipogenic factors, such as C4=BP
PPARy, and SREBP-1c, are activated in a time-dependanhar, which is followed by an initiation
of lipogenesis by increasing the expression of/fatid synthesis related proteins [21]. Studiesshav
demonstrated that the interruption of adipogenesis an effective approach to block the maturation
of 3T3-L1 adipocytes [22]. Correspondingly, celteated with1QZ23 decreased TG levels in
adipocytes in a time-dependent manner as indidayean approximate decrease of 74.2%, 61.8%
and 35.3% during the periods of Day 0-3, 3-6 arflj &spectively. Furthermore, there was no major
difference in the TG level whileQZ23 was incubated during the periods of Day 0-3, 0+6 @-9
(Figure 4A, Figure S4A), demonstrating thbéZ23 inhibited adipocyte differentiation by
interrupting the stage of adipogenesis. Westerhdseays revealed thEDZ23 treatment markedly
decreased the protein level of adipogenic factor&EB€u, PPAR;, and sterol regulatory
element-binding protein 1c (SREBP-1c)) after 24rdatiment as well as the level of fatty acid

synthesis related proteins fatty acid synthase JFA&etyl CoA carboxylase (ACC), stearoyl-CoA



desaturase 1 (SCD1) after 6 days of treatment (&igB-C). The inhibition of adipogenic markers
was also observed in metformin-treated cells (FBdgs2A). It is worth noting thdiQZ23 showed a
stronger inhibitory effect on these proteins coregawith R17 at a concentration of iM, which
accorded with the TG-decreasing effect in 3T3-Lipadytes.

Moreover, cells treated withQZ23 and R17 moderately blunted ATP synthase activity,
decreased ATP levels and thus increased the ra#ddi®-to-ATP (Figure 4D-F). These changes in
ATP levels and AMP-to-ATP ratio accorded well wAMPK activation (Figure 3F). To reveal the
relationship between AMPK activation and the TGrdasing effect mediated B¥Z23, 3T3-L1
adipocytes were transfected with AMRISIRNA (50 nM) in the presence or absencd QZ23.
Knockdown of AMPKu blocked AMPK activation and efficiently abolish#te stimulation effect of
1QZ23 on the AMPK pathway. This abolishment of AMPK aation led to a reversal in the protein
level of C/EBR, PPAR and TG level in 3T3-L1 adipocytes when compareith WQZ23 treatment
alone (Figure 4G-H, Figure S4B), suggesting 1@ 23 blocked 3T3-L1 adipocyte differentiation

via AMPK activation.

2.6 1QZ23 Improved Insulin Sensitivity in C2C12 Myoblasts via the AMPK Pathway.

Studies have linked AMPK activation with the stimidn of glucose uptake and utilization in
muscles and the liver, which are pivotal for mamtay glucose and insulin homeostasis and often
malfunction due to obesity [8, 23]. As shown in U#ig 5A-B, similar to insulin, botlR17 and
1QZ23 and also metformin alone treatment significantigreased glucose uptake (red foci) in
C2C12 cells by 2-NBDG assay, an additive effeglutose uptake was observed in the combination
of drug and insulin compared with drug or insuliore, andlQZ23 showed a slightly enhanced

effect in improving insulin sensitivity comparedtiR17 in the presence or absence of insulin.



Moreover, the stimulation effect 617 and1QZ23 was in parallel with AMPK pathway activation
while no major change was observed in the total pihdsphorylated (Ser-308) levels of AKT
(Protein kinase B) (Figure 5C), which plays a kelerin insulin-mediated phosphatidylinositol
3-kinase (PI3K)/AKT pathway activation. Moreover,3RI pathway inhibitor LY-294002 addition
was able to block glucose uptake and the phospdte/I(Ser308) level of AKT in C2C12 cells,
while its addition did not abolish the stimulatiah 1QZ23 on glucose uptake as well as the
activation of AMPK (Figure 5D-E). These resultsosgly demonstrated thdQZ23 stimulated
glucose uptake in C2C12 myoblasts through the AMRkway rather than the insulin-signaling

pathway.

2.7 1QZ23 Increased Mitochondria Oxidation Capacity.

Another important beneficial effect mediated by AKARctivation is mitochondria biogenesis and
oxidative capacity increase, which burns and comsufatty acids [24]. AICAR, a classic AMPK
activator, was viewed as a control compound. Aseetqul, AICAR,R17 and1QZ23 treatment
increased mitochondria copy number (red foci) iIr8-X1L adipocytes. This stimulation effect of
AICAR, R17, andl QZ23 were partially blocked by addition of AMPK pathwimhibitor Compound
C (CC) (Figure 6A-B). Moreover, cells treated w7 and 1QZ23 activated the expression of
mitochondria biogenesis markers (PG&-1TFAM) and a network of genes indicative of
mitochondrial oxidation capacities, such as CBTACSL, and NRF2 (Figure 6C). Correspondingly,
mitochondrial oxidation capacity iIR17 and1QZ23 treated cells was increased as indicated by an
increment in oxygen consumption in 3T3-L1 adiposyising an extracellular Flux Analyzer (Figure

6D).



2.81QZ23 Amdliorated HFC Induced Obesity and Related Metabolic Disorders.

To assess whethdQZ23 exertsin vivo therapeutic effects on obesity and related mei@bol
syndromes devoid of the influence on calorie intake used a high fat (60%) containing 1%
cholesterol diet (HFC) induced mouse model to eaalthe anti-obesity, anti-hypoglycemic and
anti-hypolipidemic effects ofQZ23. After 8 weeks of induction, mice were randomlyided into
two subgroups, and one group of mice received elieatment (HFC saline group), while another
group of mice was treated with 20 mg/kg16§Z23 (HFC41QZ23 group) by intraperitoneal.p.)
injection every other day for 6 weeks.

As shown in Figure 7A-B and Figure S5A, HFC-feedinduced a large increase in body weight
compared to the group fed with chow diet (CH groapyd 1QZ23 administration significantly
reversed the increase in body weight to the let¢h® chow group mice as indicated by a 27.4%
decrease compared with vehicle-treated mice. Thly lbeeight reduction was accompanied by a
large decrease in fat mass content and lean md<$3Z8a3 treated mice (Figure 7C, Figure S5B).
Consistent with the reduction of fat mabQZ23-treated mice displayed a marked reduction in the
size of adipocytes as indicated by hematoxylinfe@di&E) staining of white adipose tissue (Figure
S5C). Interestingly, the total food intake over éeks in thd QZ23-treated group showed no major
difference compared with the vehicle-treated migure 7D), indicating that the anti-obesity effect
of 1QZ23 is not mediated by limiting calorie intake.

Next, we measured relevant plasma parameters ssuktweights to examine whether there was
any indication of toxicity. Of note, HFC-feedingdumced an increase in the size of organs and no
major difference was observed liQZ23-treated mice regarding the weight of the tissuadisd

when compared with vehicle-treated mice, whilegaisicant decrease was observed in the weight of



livers in 1QZ23-treated mice (Figure S5D)QZ23 administration also significantly reversed the
increase in the activity of serum alanine aminatfarase (ALT) and aspartate transaminase (AST)
as well as total bilirubin (TBIL), albumin (ALB),lbod urea nitrogen (BUN) and creatine (CRE)
after 14 weeks of HFC stimulation (Table 4). Moreg\acute toxicity experiments revealed the half
lethal dose (LBy) of 1QZ23 in mice is over 500 mg/kg in mice, indicating tH&Z23 was
well-toleratedn vivo.

Dyslipidemia and hyperglycemia are the main clgyadromes that often accompany obesity [8].
As expected, mice treated witQZ23 had large decreases in plasma levels of free &aitls (FFA),
TG, glucose, insulin, LDL-c as well as the ratioldiL-c/HDL-c, to a similar level to that of chow
mice (Table 4). At the same time, we also deterthittee acute effect ofQZ23 on improved
hyperglycemia. HFC feeding mice were injected MZ 23 once, plasma glucose was decreased in
a time-dependent manner, and an obvious anti-hiywengic effect occurred 6 h post-injection
(Figure 7E). Consistent with this, GTT and ITT enpeents further confirmed the anti-obesity effect
of 1QZ23 in mice. Afterl QZ23 administration, the mean area under curve (AUGHOT and ITT
in 1QZ23-treated mice was much lower than that of the Jekireated mice (Figure 7F-G), strongly
indicating the effectiveness bf)Z23 for treating of obesity and relevant metaboliodiers.

Nonalcoholic fatty liver disease (NAFLD) is a commmetabolic disorder accompanying obesity,
and it is characterized by lipid ectopic accumolat(FFA flux and glucose-induced lipogenesis)
leading to hepatocyte injury in the liver [25]. ldbty, mice treated withQZ23 experienced reduced
liver weight and TG levels (Figure 8A-B). H&E andRO staining assays further confirmed the
efficacy of IQZ23 in protecting the liver from hepatic steatosisg(ffe 8C). These results were in

agreement with a reduction in AST and ALT actist{@able 4).



3. Conclusions

In the present study, we synthesized 4 nd¥@hdoloquinazoline analogues (a total of 40
compounds) by altering skeleton structures or duoing preferential side chains and substitutes
based on our previous findings’ The lipid-lowering activity of these compounds vested, and
the SAR was summarized in line. Based on the etialuaf the efficacies in lipid reduction, liver
microsomal stability, aqueous solubility, and AMRi€tivation, 1QZ23 was selected as the most
potent candidate for further study of the molecutechanism and evaluation of the anti-obesity
effect. Of note, an introduction of methoxy at tH@position was effective at improving aqueous
solubility, stability and pharmacokinetic propestief indoloquinazoline analogues, such @ 23.

In cells, 1QZ23 was effective at decreasing lipid content with D5, value of 0.036uM. This
TG-decreasing effect was associated with AMPK atitim by blunting ATP synthase activity and
decreasing ATP levels. Furthermore, compared tdralsn 1QZ23 treatment improved insulin
sensitivity in myoblasts and increased mitochondiadation capacity in adipocytes, all of which
were beneficial effects accompanying AMPK activatidor treating obesity. Accordingly,
administration ofl QZ23 significantly reversed HFC induced body weight dadmass increases.
Analyses of plasma and liver revealed thHDPZ23 treatment significantly ameliorated
obesity-induced dyslipidemia, hyperglycemia, angdatie steatosis without indications of toxicity
vivo. Pharmacokinetics studies and liver microsomaayssiemonstrated th&QzZ23 was more
stable and soluble with a preferable bioavailapil{t48.6%)in vitro, which was better than control
compoundR17. As shown above]QZ23 should be taken into consideration as a potential

anti-obesity agent for treating obesity and relatedabolic disorders.



4. Experimental section

4.1. Chemistry

All commercial chemicals used as starting matenedse analytical grade and utilized without
further purificationH and**C NMR spectra were recorded using TMS as the iatestandard in
DMSO-ds, MeOD-d,; or CDCE with a Bruker Avance 1l spectrometer at 400 MHzass spectra
(MS) were recorded on Agilent 6120 Quadrupole LC/MStrument with an ESI mass selective
detector, and high-resolution mass spectra (HRM&gwecorded on Shimadzu LCMS-IT-TOF. All
synthesized compounds were purified by using flasltumn chromatography with silica gel
(200-300 mesh). The purities of synthesized com@gswmere confirmed to be higher than 95% by
using analytical HPLC equipped with a dual pumpn&idzu LC-20AB system with an AnalaRic
C18 column (4.6 x 250 mm,Bn), which was eluted with methanol-water (50:5@8%015, v:v) at a
flow rate of 0.5 mL-mitt. Melting points (m.p.) were determined by usingiltary tubes with an
MSRS-OptiMelt automated melting point instrumentheut correction.

Ethyl 3-methylbenzofuran-2-carboxylate (a). To a stirred suspension of 2-hydroxyacetophenon
(5.4 g 40 mmol) in DMF(16 mL) was added ethyl bromoacef{@®g 120mmol) and potassium
carbonat€22.1 g 160 mmoD, and the mixture was stirred at 80 °C for 1 h, tueth up to 160 °C for
2 h. After the reaction solution was cooled, it wasired into a large amount of water and extracted
with dichloromethane three times. The organic pheas washed with saturated sodium chloride
solution for three times, dried with anhydrous sodisulfate and removed the solvent under vacuum
to give the crude product, which was then purifiegd using column chromatography with
dichloromethane/petroleum ether, resulting in @impound (3.2 g, 38.4%fH NMR (400 MHz,

CDCly) 6 7.62 (d,J = 6.6 Hz, 1H), 7.54 (d] = 8.3 Hz, 1H), 7.44 () = 7.7 Hz, 1H), 7.29 (§ = 7.9



Hz, 1H), 4.50 — 4.41 (q} = 7.5 Hz, 2H), 2.59 (s, 3H), 1.43 Jt= 7.1 Hz, 3H). MS (ESI + APCHVz
205.1 [M+HT.

3-Methylbenzofuran-2-carboxylic acid (b). The compouna was added to the mixture of a mixture
of 2 M NaOH (20 mL) and methanol (30 mL), stirriaf room temperature for 4 h. Removing
methanol under vacuum, regulating the pH to 1 widhcentrated hydrochloric acid, precipitating a
large number of white solid, and extracting threeets by ethyl ether, and finally removing the
organic phase. It resulted in solid (1.77g, 99%4)NMR (400 MHz, CDCJ) § 10.85 (s, 1H), 7.69 (d,
J=7.8 Hz, 1H), 7.60 (d] = 8.4 Hz, 1H), 7.51 () = 7.7 Hz, 1H), 7.35 () = 7.5 Hz, 1H), 2.67 (s,
3H). MS (ESI + APCIYWz 177.1 [M+HT.

N-(2-Carbamoyl phenyl)-3-methyl benzofuran-2-carboxamide (c). The intermediaté (0.7 g, 3.98
mmol) dissolving in sulfoxide chloride (6 mL), wasirred at 82 °C for 2 h. After the reaction
solution cooling, removing sulfoxide chloride undexcuum to give the light green solid. It was
dissolved in dichloromethane, following to dropairthe solution of aminophenolamide (0.54 g, 4
mmol) in dichloromethane (20 mL) at ice-bath forhlOhe dichloromethane was removed by
filtration. The crude was washed with a small anmaefrethanol, and dried to obtain a white solid
(0.89 g, 83%)MS (ESI + APC)m/z 295.1 [M+HT].

2-(3-Methylbenzofuran-2-yl)quinazolin-4(3H)-one (d). The compouna (0.89 g, 3.03 mmol) was
added to the mixture of 2 M KOH and ethanol (v 31al 80C for overnight. Removing ethanol
under vacuum, regulating the pH to 3 with diluteditochloric acid and filtering to give a large
number of white solid (0.7 g, 80%H NMR (400 MHz, DMSOd) 6 8.10 (d,J = 7.7 Hz, 1H), 7.73
(d,J = 7.6 Hz, 2H), 7.69 (d] = 7.2 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.46 — 7.4 {H), 7.39 (tJ =

7.5 Hz, 1H), 7.34 (t) = 7.4 Hz, 1H), 2.75 (s, 3H). MS (ES| + AP@#jz 277.1 [M+H].



2-(3-(Dibromomethyl) benzofuran-2-yl) quinazolin-4(3H)-one (e). The compoundd (1 g, 3.62
mmol) dissolving in CGI (60 mL) was added NBS (1.61 g, 9.05 mmol) andlgtaamount of
benzoperoxide. Then it was heated at 90 °C for 2#4he CCj was removed by using a rotary
evaporator. The residue was purified by using columchromatography with
dichloromethane/petroleum ether to give compoe(@.8 g, 51%)H NMR (400 MHz, DMSOsdg)

5 12.88 (s, 1H), 8.41 (s, 1H), 8.20 Jt= 8.3 Hz, 2H), 7.96 — 7.86 (m, 2H), 7.77 Jcs 8.2 Hz, 1H),
7.60 (dgJ = 15.3, 7.2 Hz, 3H). MS (ESI + APOYz 432.9 [M+HT].
2-(4-Oxo0-3,4-dihydroquinazolin-2-yl) benzofuran-3-carbaldehyde (f). The compouneé (196 mg

0.45 mmol) was dissolved in DMSO (4 mL) then waatbd at 100 °C for 2 h. Next, the mixture
was poured into ice-water, filtered, and desiccateder vacuum to give the crude product, which
was then purified by using column chromatographiyhwichloromethane/petroleum ether, resulting
in a yellow solid (80 mg, 60%JH NMR (400 MHz, DMSOds) § 13.07 (s, 1H), 10.98 (s, 1H), 8.22
(t, J=7.0 Hz, 2H), 7.90 (] = 9.3 Hz, 2H), 7.81 (d] = 8.1 Hz, 1H), 7.62 (g] = 7.6 Hz, 2H), 7.55 —
7.49 (m, 1H). MS (ESI + APCHVz 291.1 [M+HT.

2-(4-Chloroquinazolin-2-yl) benzofuran-3-carbaldehyde (g). The compound (0.2 g 0.68 mmol)
dissolving in POGI (3 mL) was heated at 60 °C for 2 h. Next, the ortwas poured into ice-water
and extracted with dichloromethane. The combineghmic layers were dried over anhydrous
NaSQ,, filtered, and concentrated under reduced pres3ime crude product was purified by using
column chromatography with dichloromethane/petnoieather, resulting in a pale yellow solid (30
mg, 14%).*H NMR (400 MHz, CDC}) 5 8.71 (s, 1H), 8.32 (d} = 9.1 Hz, 1H), 8.26 (d] = 7.8 Hz,
1H), 8.22 (dJ = 8.5 Hz, 1H), 8.03 () = 8.4 Hz, 1H), 7.78 (t) = 7.7 Hz, 1H), 7.73 (d] = 8.3 Hz,

1H), 7.50 (tJ = 7.8 Hz, 1H), 7.42 ({] = 7.5 Hz, 1H). MS (ESI + APCHvz 309.0 [M+HT.



The compounch was prepared by 2-aminobenzamide according topaelmminary literature
procedure [17].

General method A for the preparation of the compounds i-j. To a solution of compounth
dissolving in DMF was added KOH (1.2 eq) and iodtitare (1.2 eq) or benzyl bromide (1.6 eq).
After being stirred for 2 h, the reaction was quettwith water and extracted with dichloromethane.
The combined organic layers were dried over anhyglfdaSQ,, filtered, and concentrated under
reduced pressure. The crude product was purifiedidiyg column chromatography to give the
desired product.

General method B for the preparation of the compounds m-n, s. To a stirred suspension of
carboxylic acidk, | or g in dry dichloromethane was added acyl chloride dB ad two drops of
DMF, and the mixture was stirred at room tempegafar 2 h. Next, the acyl chloride was removed
by using a rotary evaporator. The residue was blisdan tert-butanol, then anthranilamide (1 eq)
and potassiuntert-butoxide (2 eq) were added, and it was heate@@&tC for 8 h. The solution was
poured into ice-water, and the pH was adjusted@o The residue was filtered, washed with water,
and desiccated under vacuum to give the crude ptodidnich was then purified by using column
chromatography to give the desired product.

General method C for the preparation of the compounds o-p. Vilsmeier reagent was prepared by
the reaction of phosphorus oxychloride with N, Midthylformamide at the volume ratio of 2:1 in
an ice bath for 0.5 hm or n was slowly added to Vilsmeier reagent and reacteédaan temperature
for 1 h. Next, the reaction solution was slowlypghed into the ice water and neutralized with 10%
NaOH to give the product. The crude product wagfipdrby using column chromatography to give

the desired product.



The compoundr was prepared by 2-aminobenzamide according toinprery literature
procedure [18].

General method D for the preparation of the compounds t-v. The compoundl, r-s dissolving in
excess POGlwas heated at 50 ~ 80 °C for 6 ~ 10 h. The salutias poured into ice-water, and pH
was adjusted to 7.0 by saturated solution of NaklQ®e residue was filtered, washed with water,
and desiccated under vacuum to give the crude ptodavhich was purified by using column
chromatography to give the desired product.

4-Chloro-2-(1-methyl-1H-indol-2-yl)quinazoline (i). Following general method A, the compound
was obtained fronm (0.50 g, 1.79 mmol) as a yellow solid (136 mg, 27%) NMR (400 MHz,
CDCl) ¢ 8.27 (d,J = 8.3 Hz, 1H), 8.10 (d] = 8.5 Hz, 1H), 7.95 (t] = 7.0 Hz, 1H), 7.83 — 7.71 (m,
2H), 7.71 — 7.64 (m, 1H), 7.46 (@= 8.4 Hz, 1H), 7.39 — 7.33 (m, 1H), 7.18)t 7.4 Hz, 1H), 4.40
(s, 3H). MS (ESI + APClivz 294.1[M+HT".

2-(1-Benzyl-1H-indol-2-yl)-4-chloroquinazoline (j). Following general method A, the compoynd
was obtained fronh (200 mg , 0.72 mmolds a pale red solid (200 mg, 76%). NMR (400 MHz,
CDCl) ¢ 8.21 (d,J = 8.3 Hz, 1H), 7.89 (dd} = 18.2, 8.9 Hz, 3H), 7.78 (d,= 7.8 Hz, 1H), 7.62 (1]
= 6.8 Hz, 1H), 7.42 (d] = 8.2 Hz, 1H), 7.36 — 7.27 (m, 2H), 7.24 {d= 6.9 Hz, 1H), 7.21 (s, 1H),
7.19 (s, 1H), 7.18 — 7.11 (m, 2H), 6.30 (s, 2H). &SI + APCI)m/z 370.1[M+HT"

2-(1H-Indol-2-yl)quinazolin-4(3H)-one (m). Following general method B, the compoumdwas
obtained fronk (500 mg 3.11 mmol)as a white solid (0.63 g, 78%H NMR (400 MHz, DMSO#)
§12.61 (s, 1H), 11.80 (s, 1H), 8.16 (dds 7.9, 1.0 Hz, 1H), 7.88 — 7.83 (m, 1H), 7.75J¢, 7.9 Hz,
1H), 7.67 (d,J = 1.5 Hz, 1H), 7.65 (d] = 8.0 Hz, 1H), 7.56 — 7.48 (m, 2H), 7.26 — 7.21, (tH),

7.07 (t,J= 7.2 Hz, 1H) MS (ESI + APC)m/z 262.1[M+HT.



2-(5-Methoxy-1H-indol-2-yl)quinazolin-4(3H)-one (n). Following general method B, the
compoundn was obtained from (0.96 g, 5 mmolgs a yellow solid (1.02 g, 70%H NMR (400
MHz, DMSO-ds) 5 12.56 (s, 1H), 11.64 (s, 1H), 8.16 (t= 7.4 Hz, 1H), 7.84 (t) = 7.1 Hz, 1H),
7.73 (d,J = 7.9 Hz, 1H), 7.59 (s, 1H), 7.50 {t= 7.2 Hz, 1H), 7.43 (d] = 8.8 Hz, 1H), 7.11 (s, 1H),
6.89 (d,J = 7.9 Hz, 1H), 3.79 (s, 3H). MS (ESI + APQ@ijz: 292.1[M+HTJ".

2-(4-Chloroquinazolin-2-yl)-1H-indole-3-carbaldehyde (0). Following general method C, the
compoundo was obtained fronm (100 mg, 0.38 mmol) as a pale yellow solid (113 8itf6). H
NMR (400 MHz, DMSO#€g) § 12.79 (s, 1H), 11.22 (s, 1H), 8.35 (d= 8.1 Hz, 1H), 8.30 (d] = 7.8
Hz, 1H), 8.20 (q,) = 8.0 Hz, 2H), 7.93 () = 6.8 Hz, 1H), 7.67 (d] = 8.0 Hz, 1H), 7.36 () = 7.5
Hz, 1H), 7.28 (tJ = 7.3 Hz, 1H).X*C NMR (101 MHz, DMSQds) § 189.6, 162.3, 153.7, 151.2,
140.4, 136.9, 136.7, 130.6, 129.0, 126.5, 126.8,6223.6, 122.6, 122.6, 117.7, 113.5. MS (ESI +
APCI) m/z. 308.2[M+H]".

2-(4-Chloroquinazolin-2-yl)-5-methoxy-1H-indole-3-car baldehyde (p). Following general method
C, the compoung was obtained from (1 g- 3.13 mmol)as a yellow solid (0.87 g, 75%H NMR
(400 MHz, DMSO#g)  12.70 (s, 1H), 11.20 (s, 1H), 8.34 (= 8.2 Hz, 1H), 8.24 — 8.14 (m, 2H),
7.91 (t,J = 6.1 Hz, 1H), 7.78 (d] = 2.2 Hz, 1H), 7.57 (d] = 8.9 Hz, 1H), 6.99 (d] = 2.5 Hz, 1H),
3.83 (s, 3H). Purity: 99.1% by HPLC. HRMS (ESI + @lP mVz: calcd for GgH12N3O.Cl, [M+H]"
338.0691, found 338.0694.

2-(3-Methylbenzo[ b] thiophen-2-yl)quinazolin-4(3H)-one (s). Following general method B, the
compounds was obtained from (8 g, 41.7 mmoljas a white solid (5.3 g, 43%H NMR (400 MHz,
DMSO-ds) 6 12.49 (s, 1H), 8.18 (d} = 7.8 Hz, 1H), 8.08 — 8.02 (m, 1H), 7.97 — 7.91 {iH), 7.86

(t, J = 7.6 Hz, 1H), 7.73 (d] = 8.0 Hz, 1H), 7.56 ({J = 7.5 Hz, 1H), 7.52 (d] = 3.1 Hz, 1H), 7.51



(d,J = 3.3 Hz, 1H), 2.65 (s, 3H). MS (ESI + APCI) m283.1[M+HT".

4-Chloro-2-(3-methylbenzofuran-2-yl) quinazoline (t). Following general method D, the
compoundt was obtained frondl (1 g 3.13 mmol) at 50 °C for 10 h, resulting in a yellsolid
(0.68 g, 64%)'H NMR (400 MHz, DMSO#dg) 6 7.73 (d,J = 7.6 Hz, 2H), 7.69 (d] = 7.2 Hz, 1H),
7.65 — 7.58 (m, 2H), 7.46 — 7.41 (m, 1H), 7.39@ 7.5 Hz, 1H), 7.34 (t) = 7.4 Hz, 1H), 2.75 (s,
3H). MS (ESI + APCIyWz 295.1 [M+HT .

4-Chloro-2-(3-methyl-1H-indol-2-yl) quinazoline (u). Following general method D, the compound
u was obtained from (60 mg, 0.22 mmol) with two drops DMF at 80 °C €h, resulting in a pale
yellow solid (50 mg, 78%)'H NMR (400 MHz, CDCJ) J 9.39 (s, 1H), 8.22 (d] = 8.3 Hz, 1H),
8.02 (d,J = 8.4 Hz, 1H), 7.97 — 7.88 (m, 1H), 7.72 Jc& 8.0 Hz, 1H), 7.62 (t, 1H), 7.43 (d= 8.2
Hz, 1H), 7.32 (tJ = 8.1 Hz, 1H), 7.16 (] = 7.9 Hz, 1H), 2.94 (s, 3H). MS (ESI) m/z 294.14M]".

4-Chloro-2-(3-methyl benzo[ b] thiophen-2-yl) quinazoline (v). Following general method D, the
compoundv was obtained frors (1 g, 3.42 mmol) with two drops DMF at 80 °C fohgresulting in
a white solid (0.91 g, 86%JH NMR (400 MHz, CDCJ) 6 8.12 (d,J = 8.3 Hz, 1H), 7.97 (d] = 8.4
Hz, 1H), 7.83 (dJ = 8.3 Hz, 1H), 7.81 — 7.74 (m, 2H), 7.54Xt 7.6 Hz, 1H), 7.35 — 7.29 (m, 2H),
2.96 (s, 3H). MS (ESIz 311.0[M+HT.

General method E for the preparation of the target compounds 1-5 (series 1) A mixture of
intermediateg (30 mg, 0.1 mmol), triethylamine (36L), and the respective amine (1 mmol) in
toluene (10 mL) was heated at 80 °C for 1 h. Nexast of the toluene was removed by using a
rotary evaporator. The crude product was purifigal lash chromatography to give the desired
product.

General method F for the preparation of the target compounds 6-7 (series 1) A mixture of



intermediata orj (100 mg), triethylamine (3(0L), and the respective amine (1 mmol) in toluene (1
mL) was stirred for 1 h. Next, most of the toluem&s removed by using a rotary evaporator, then
dissolved it in the prepared Vilsmeier reagentsc<tNine mixture solution was poured into ice-water
and be well stirred, then the pH was adjusted ®), Tittered, and desiccated under vacuum to give
the crude product, which was purified via flasharhatography to give the desired product.

General method G for the preparation of the target compounds 8-9 (series //) To a solution of
the respective thiol chain (3.3 mmol) in DMF (5 mkg¢re added sodium hydride (72 mg, 3 mmol).
Until the solution changed from colorless clarifioa to white turbidity, the compounal (100 mg,
0.33 mmol) was added and the reaction was heat@d &€ for 8 h. Next, the mixture solution was
poured into ice-water and be well stirred, then piewas adjusted to 7, filtered, and desiccated
under vacuum to give the crude product, which wa#ipd by column chromatography to give the
desired product.

General method H for the preparation of the target compounds 10-12 (series /) To a solution of
0 (100 mg, 0.33 mmol) in DMF (5 mL) were addedd; (91 mg, 0.66 mmol) and the respective
amine (3.3 mmol). After being stirred for 1~4 he tteaction was quenched with water, then the pH
value was adjusted to 8, filtered, and desiccateteuvacuum to give the crude product, which was
purified by column chromatography to give the dasiproduct.

General method | for the preparation of the target compounds 13-17 (series /) and 31-35 (series
IV) A solution of the respective alcohol chain (1 mmoljetrahydrofuran (4 mL) was added sodium
hydride (24 mg, 1 mmol). Until no bubbles were beblup, the compounal (59 mg, 0.2 mmol) o
(59 mg, 0.2 mmol) was added and the reaction waediat room temperature for 1 h. Next, most of

the tetrahydrofuran was removed by using a rotaaperator. The residual solution was poured into



ice-water and be well stirred, filtered, and desied under vacuum to give the crude product, which
was purified by column chromatography to give tkesickd product.

General method J for the preparation of the target compounds 18-23 (series I11) A mixture of
intermediatep (150 mg 0.44 mmol), triethylamine (30L), and the respective amine (4.4 mmol) in
toluene (5 mL) was heated at 60 °C for 6 h. Néxd,mixture solution was poured into ice-water and
be well stirred, then the pH was adjusted to 7i#&réd, and desiccated under vacuum to give the
crude product, which was purified via flash chroogaéphy to give the desired product.

General method K for the preparation of the target compounds 24-30 (series 1V) A mixture of
intermediatau (100 mg 0.34 mmol), triethylamine (30L), and the respective amine (2.5 mmol) in
toluene (5 mL) was heated at 80 °C for 6 h. Ndad,rmixture solution was poured into ice-water and
well stirred, then the pH was adjusted to 9, fdtkrand desiccated under vacuum to give the crude
product, which was then purified via flash chrongasmphy on a silica gel to give the desired product.

General method L for the preparation of the target compounds 36-40 (series 1V) A mixture of
intermediatev (100 mg, 0.32 mmol), triethylamine (3), and the respective amine (3.2 mmol) in
toluene (5 mL) was heated under 25 ~ 60 °C for Rléxt, the mixture solution was poured into
ice-water and be well stirred, then the pH was stéjito 7, filtered, and desiccated under vacuum to
give the crude product, which was purified via fl@hromatography to give the desired product.

2-(4-((2-(Dimethylamino)ethyl)amino)quinazolin-2-yl )benzofur an-3-carbaldehyde (1). Following
general method E, the compouhdvas obtained frong andN,N-dimethylethane-1,2-diamine as a
pale yellow solid (21 mg, 59%): m.p. 124.8-128@ *H NMR (400 MHz, CDCJ) § 11.40 (s, 1H),
8.42 (d,J = 8.5 Hz, 1H), 8.35 (d] = 7.2 Hz, 1H), 8.04 (d] = 8.1 Hz, 1H), 7.83 (§J = 7.8 Hz, 1H),

7.71 (d,J = 7.7 Hz, 1H), 7.66 — 7.58 (m, 1H), 7.49 — 7.431(), 7.43 — 7.37 (m, 1H), 4.13 (br, 2H),



3.35 (br, 2H), 2.86 (s, 6H}*C NMR (101 MHz, DMSOdg) 6 190.6, 160.3, 160.0, 153.8, 153.0,
149.4,134.1, 128.7, 127.7 (2C), 125.7, 125.2,9223.1, 120.8, 115.0, 112.4, 56.1, 43.5 (2C)3.37.
Purity: 98.5% by HPLC. HRMS (ESiz calcd for GiH20N4O2, [M+H] "361.1659, found 361.1649.

2-(4-((3-(Dimethylamino)propyl )ami no)quinazolin-2-yl ) benzofur an-3-car bal dehyde (2).
Following general method E, the compoun® was obtained from g and
N,N-dimethylpropane-1,3-diamine aspale yellow solid (26 mg, 70%): m.p. 99.4-102a; H
NMR (400 MHz, CDC}) 6 11.48 (s, 1H), 8.95 (s, 1H), 8.36 (t= 7.5 Hz, 1H), 8.04 (d] = 8.3 Hz,
1H), 8.00 (dJ = 7.9 Hz, 1H), 7.80 () = 7.6 Hz, 1H), 7.72 (d] = 8.2 Hz, 1H), 7.56 (J = 7.6 Hz,
1H), 7.48 — 7.43 (m, 1H), 7.40 (t= 7.4 Hz, 1H), 3.88 (q] = 5.1 Hz, 2H), 2.95 — 2.91 (m, 2H), 2.65
(s, 6H), 2.18 — 2.11 (m, 2H}°C NMR (101 MHz, DMSOds) 6 190.8, 160.1, 160.1, 153.8, 153.2,
149.4,133.9, 128.7, 127.6 (2C), 125.7, 125.3,3,223.1, 120.8, 114.9, 112.4, 56.3, 44.2 (2CR 40.
25.2. Purity: 99.8% by HPLC. HRMS (ESi¥z calcd for GoH2oN4O,, [M+H]"375.1816, found
375.1807.

2-(4-((4-(Dimethylamino)butyl yamino)quinazolin-2-yl )benzofur an-3-carbal dehyde (3). Following
general method E, the compouBdvas obtained frong andN,N-dimethylbutane-1,4-diamine as a
yellow solid (22 mg, 58%): m.p. 121.6-123®; *H NMR (400 MHz, CDC}) ¢ 11.50 (s, 1H), 8.37
(d,J=7.1 Hz, 2H), 8.03 (§ = 9.4 Hz, 2H), 7.79 (] = 7.5 Hz, 1H), 7.73 (d] = 8.0 Hz, 1H), 7.54 {(t,
J=7.5Hz, 1H), 7.48 — 7.37 (m, 2H), 3.72 Jgz 5.2 Hz, 2H), 2.66 () = 6.0 Hz, 2H), 2.50 (s, 6H),
2.01 — 1.91 (m, 2H), 1.90 — 1.82 (m, 2£C NMR (101 MHz, CDGJ) 6 191.3, 159.9, 159.8, 154.2,
153.6, 149.5, 133.0, 129.0, 126.9, 126.8, 125.8,912123.4, 121.9, 121.5, 114.8, 112.0, 58.8, 44.9
(2C), 41.6, 26.3, 24.8. Purity: 99.8% by HPLC. HRMESI) m/z calcd for GszH24N4O,,

[M+H] *389.1972, found 389.1962.



2-(4-((2-(Pyrrolidin-1-yl)ethyl)amino)quinazolin-2-yl )benzofur an-3-carbal dehyde (4). Following
general method E, the compoufavas obtained frong and2-(pyrrolidin-1-yl)ethanamine aspale
yellow solid (23 mg, 61%): m.p. 139.9-141°€; *H NMR (400 MHz, CDC}) 6 11.46 (s, 1H), 8.37
(d,J=7.5 Hz, 1H), 8.15 (d] = 6.9 Hz, 1H), 8.06 (d] = 8.3 Hz, 1H), 7.86 — 7.80 (m, 1H), 7.72 Jd,
= 8.1 Hz, 1H), 7.61 (t) = 7.5 Hz, 1H), 7.49 — 7.44 (m, 1H), 7.42Jt 7.6 Hz, 1H), 3.96 (br, 2H),
3.19 (br, 2H), 3.01 (br, 4H), 2.03 (br, 4H5C NMR (101 MHz, CDGJ) 6 190.8, 159.7, 159.6, 154.2,
153.2, 149.5, 133.4, 129.1, 127.5, 126.9, 125.8,012123.4, 122.2, 121.5, 114.6, 112.0, 54.5, 54.2
(2C), 39.1, 23.5 (2C). Purity: 99.6% by HPLC. HRME&SI) m/z calcd for GsH2N4O,,
[M+H]*387.1816, found 387.1806.

2-(4-((3-(Pyrrolidin-1-yl) propyl )amino)quinazolin-2-yl )benzofur an-3-car bal dehyde (5). Following
general method E, the compoubdavas obtained frong and 3-(pyrrolidin-1-yl)propan-1-amine as a
yellow solid (24 mg, 61%): m.p. 90.7-920; *H NMR (400 MHz, MeOD#d,) 5 11.39 (s, 1H), 8.28
(d,J = 7.8 Hz, 1H), 8.11 (d] = 8.2 Hz, 1H), 7.95 (d] = 8.4 Hz, 1H), 7.87 () = 7.3 Hz, 1H), 7.71
(d,J=8.3 Hz, 1H), 7.62 ( = 8.0 Hz, 1H), 7.53 (] = 7.7 Hz, 1H), 7.44 (1 = 7.5 Hz, 1H), 3.75 (t,
J=7.0 Hz, 2H), 2.91 — 2.79 (m, 6H), 2.14 — 2.05 2i), 1.91 (br, 4H)*C NMR (101 MHz, CDG))
0 191.3, 159.9, 159.8, 154.2, 153.7, 149.4, 13320, 11 126.9, 126.8, 125.5, 124.9, 123.4, 121.8,
121.5, 115.0, 112.0, 55.4, 54.1 (2C), 29.7, 243% 22C). Purity: 99.7% by HPLC.HRMS (ESW)z
calcd for G4H24N40,, [M+H] *401.1972, found 401.1961.

2-(4-((3-(Dimethylamino)propyl)amino)quinazolin-2-yl)- 1-methyl - 1H-indol e-3-car bal dehyde  (6).
Following general method F, the compound was obtained from i and
N,N-dimethylpropane-1,3-diamine aspale yellow solid (43 mg, 47%): m.p.108.1-108®; ‘H

NMR (400 MHz, DMSO#g) 6 10.41 (s, 1H), 8.74 (i = 5.0 Hz, 1H), 8.32 (d] = 8.2 Hz, 1H), 8.29



(d, J=7.9 Hz, 1H), 7.90 — 7.81 (m, 2H), 7.72 {c= 8.2 Hz, 1H), 7.66 — 7.59 (m, 1H), 7.41Jt
7.4 Hz, 1H), 7.33 (t) = 7.4 Hz, 1H), 4.10 (s, 3H), 3.63 @= 6.3 Hz, 2H), 2.38 (] = 6.5 Hz, 2H),
2.18 (s, 6H), 1.89 — 1.79 (m, 2HJC NMR (101 MHz, DMSOds) § 188.4, 159.9, 154.6, 149.5,
147.5, 137.7, 133.6, 128.5, 127.2, 124.9, 124.3,51223.3, 122.0, 116.3, 114.2, 111.6, 57.2, 45.4
(2C), 39.7, 32.7, 26.7. Purity: 99.3% by HPLC. HRNESI) m/z calcd for GsHasNsO, [M+H]"
388.2132, found 388.2122.

Benzyl-2-(4-((3-(dimethylamino)propyl )amino)qui nazolin-2-yl)-1H-indol e-3-car bal dehyde .
Following general method F, the compound was obtained from j and
N,N-dimethylpropane-1,3-diamine aspale yellow solid (68 mg, 54%)m.p.119.0-119.9C; *H
NMR (400 MHz, DMSOeg) J 10.47 (s, 1H), 8.65 (] = 5.0 Hz, 1H), 8.34 — 8.23 (m, 2H), 7.87 —
7.81 (m, 1H), 7.79 (d] = 8.0 Hz, 1H), 7.61 (] = 7.4 Hz, 1H), 7.56 (d] = 8.3 Hz, 1H), 7.35 — 7.26
(m, 2H), 7.23 (tJ = 7.1 Hz, 2H), 7.19 (d) = 6.8 Hz, 1H), 7.13 (dJ = 7.5 Hz, 2H), 6.03 (s, 2H),
3.46 (g, = 6.5 Hz, 2H), 2.20 (1) = 6.9 Hz, 2H), 2.11 (s, 6H), 1.71 — 1.63 (m, 2HL NMR (101
MHz, DMSO-dg) ¢ 188.7, 159.8, 154.5, 149.4, 147.1, 138.0, 13733,6, 128.8 (2C), 128.4, 127.6,
127.1, 127.0 (2C), 125.2, 124.8, 123.5, 123.2,1,216.8, 114.1, 112.1, 57.3, 48.1, 45.4 (2C), ,39.6
26.8. Purity: 99.8% by HPLC. HRMS (ES#Vz calcd for GgHaoNsO, [M+H]" 464.2445, found
464.2437.

2-(4-((2-(Dimethylamino)ethyl)thio)quinazolin-2-yl)-1H-indole-3-carbaldehyde (8). Following
general method G, the compou8dvas obtained frono and 2-(dimethylamino)ethane-1-thiol as a
yellow solid (114 mg, 92%): m.p.178.9-179G; *H NMR (400 MHz, CDC}) ¢ 11.57 (s, 1H), 11.47
(s, 1H), 8.52 (dJ = 7.4 Hz, 1H), 8.01 (d] = 8.2 Hz, 1H), 7.95 (d] = 8.4 Hz, 1H), 7.84 (t) = 7.7

Hz, 1H), 7.54 (tJ = 7.6 Hz, 1H), 7.40 (d] = 7.6 Hz, 1H), 7.36 — 7.27 (m, 2H), 3.47J& 6.7 Hz,



2H), 2.75 (tJ = 6.7 Hz, 2H), 2.41 (s, 6H}°C NMR (101 MHz, CDGJ) 6 190.4, 171.2, 153.0, 148.4,
141.6, 135.7, 134.3, 129.2, 127.7, 127.1, 125.3,9223.5, 123.2, 122.7, 118.0, 111.6, 59.1, 45.3
(2C), 28.9. Purity: 99.5% by HPLC. HRMS (ESHyz calcd for GiHooN4OS, [M+H]" 377.1431,
found 377.1434.

2-(4-((2-(Diethylamino)ethyl)thio)quinazolin-2-yl)-1H-indole-3-carbaldehyde  (9).  Following
general method G, the compoufidvas obtained frono and 2-(diethylamino)ethane-1-thiol as a
yellow solid (75 mg, 56%): m.p.113.8-1142; 'H NMR (400 MHz, DMSOdg) 6 12.54 (s, 1H),
11.21 (s, 1H), 8.32 (d = 7.9 Hz, 1H), 8.20 (d] = 8.2 Hz, 1H), 8.13 — 8.01 (m, 2H), 7.76J& 7.0
Hz, 1H), 7.68 (dJ = 8.1 Hz, 1H), 7.37 (t) = 7.5 Hz, 1H), 7.28 (t) = 7.4 Hz, 1H), 3.67 (t} = 5.7
Hz, 2H), 2.82 (br, 2H), 2.64 — 2.53 (m, 4H), 0.84)(= 6.9 Hz, 6H)*C NMR (101 MHz, DMSOdg)
0 189.5, 172.4, 153.3, 147.9, 142.2, 136.4, 135.9,112128.9, 126.6, 125.3, 124.3, 123.3, 122.6,
122.4, 117.3, 113.3, 51.5, 46.6 (2C), 28.2, 120)(Purity: 98.4% by HPLC. HRMS (EStVz
calcd for GsH24N40S, [M+H] 405.1744, found 405.1757.

2-(4-((3-(Pyrrolidin-1-yl)propyl Jamino)quinazolin-2-yl)-1H-indol e-3-car bal dehyde (20).
Following general method H, the compoundO0 was obtained from o and
3-(pyrrolidin-1-yl)propan-1-amine as a golden sqi&l mg, 62%): m.p.176.9-177%€; *H NMR
(400 MHz, CDC}) ¢ 11.36 (s, 1H), 10.44 (s, 1H), 9.12 (s, 1H), 842)(= 4.6 Hz, 1H), 7.65 (d] =
8.2 Hz, 1H), 7.54 (t) = 7.5 Hz, 1H), 7.47 (d] = 8.0 Hz, 1H), 7.25 (J = 7.0 Hz, 2H), 7.18 (d] =
5.2 Hz, 2H), 3.62 (dJ = 3.4 Hz, 2H), 2.69 (J = 6.8 Hz, 2H), 2.56 (br, 4H), 1.82 (br, 4H), 179
1.73 (m, 2H).13C NMR (101 MHz, CDG) ¢ 190.2, 158.6, 153.6, 148.2, 142.0, 133.9, 13128,11
126.0, 124.8, 123.7, 122.2, 121.8, 120.4, 116.8,6/1110.4, 55.2, 53.1 (2C), 42.1, 24.1, 22.6 (2C).

Purity: 99.7% by HPLC. HRMS (ESiz calcd for G4H2sNsO, [M+H]" 400.2132, found 400.2126.



2-(4-((4-(Pyrrolidin-1-yl)butyl )amino)quinazolin-2-yl)-1H-indole-3-carbaldehyde (11). Following
general method H, the compoutilwas obtained frono and 4-(pyrrolidin-1-yl)butan-1-amine as a
yellow green solid (22 mg, 16%): m.p.83.6-82Ct *H NMR (400 MHz, DMSO#) § 12.33 (s, 1H),
11.33 (s, 1H), 8.58 (f] = 4.8 Hz, 1H), 8.31 (] = 8.2 Hz, 2H), 7.88 — 7.80 (m, 2H), 7.67 Jc= 8.1
Hz, 1H), 7.56 (tJ = 5.7 Hz, 1H), 7.31 () = 7.5 Hz, 1H), 7.24 (f) = 7.4 Hz, 1H), 3.68 (q] = 5.8
Hz , 2H), 2.48 — 2.38 (m, 6H), 1.78 — 1.71 (m, 2HB5 — 1.60 (m, 4H), 1.60 — 1.47 (m, 2H¢
NMR (101 MHz, DMSOsdg) ¢ 190.2, 160.1, 154.9, 149.6, 143.8, 136.1, 133.8,2,2126.7, 126.7,
124.8, 123.4, 123.0, 122.4, 116.9, 114.6, 113.2%,5.9 (2C), 41.3, 27.0, 26.3, 23.5 (2C). Purity:
99.6% by HPLC. HRMS (ESHVz calcd for GsH27NsO, [M+H]" 414.2288, found 414.2273.

2-(4-((4-(Diethylamino)butyl )Jamino)quinazolin-2-yl)-1H-indole-3-carbaldehyde (12). Following
general method H, the compouf® was obtained frone and N,N-diethylbutane-1,4-diamine as a
golden solid (90 mg, 66%): m.p.122.9-12%7 'H NMR (400 MHz, CDC}) ¢ 11.38 (s, 1H), 10.29
(s, 1H), 8.45 (dJ = 6.2 Hz, 1H), 7.82 (d] = 7.5 Hz, 1H), 7.73 (d] = 7.8 Hz, 1H), 7.63 (t} = 7.5
Hz, 1H), 7.52 (br, 1H), 7.36 (br, 2H), 7.28 — 7(b7, 2H), 3.61 (br, 2H), 3.12 — 2.82 (m, 2H), 2.68 —
2.52 (m, 4H), 1.76 (br, 2H), 1.70 — 1.61 (m, 2HQ3L(t,J = 6.3 Hz, 6H)}*C NMR (101 MHz,
CDCl) ¢ 190.0, 158.7, 153.4, 148.4, 141.9, 133.9, 13129,2, 126.0, 125.1, 123.9, 122.3, 122.0,
120.8, 116.5, 113.4, 110.4, 51.0, 45.6 (2C), 40%6, 23.6, 9.4 (2C). Purity: 99.8% by HPLC.
HRMS (ESI)m/z calcd for GsHogNsO, [M+H]" 416.1445, found 416.2442.

2-(4-(2-(Dimethylamino)ethoxy)quinazolin-2-yl)-1H-indole-3-carbaldehyde  (13).  Following
general method I, the compoub8 was obtained frono and 2-(dimethylamino)ethan-1-ol as a pale
yellow solid (50 mg, 72%): m.p. 176.6-177®; *H NMR (400 MHz, CDC}) § 11.42 (s, 1H), 10.18

(s, 1H), 8.53 (d = 7.8 Hz, 1H), 8.17 (d] = 8.2 Hz, 1H), 7.95 (d] = 8.2 Hz, 1H), 7.89 — 7.81 (m,



1H), 7.60 — 7.52 (m, 1H), 7.50 @@= 7.9 Hz, 1H), 7.41 — 7.34 (m, 1H), 7.34 — 7.28 {), 4.77 (t,
J=5.5 Hz, 2H), 2.93 (t) = 5.5 Hz, 2H), 2.44 (s, 6H)°C NMR (101 MHz, CDGJ) ¢ 190.1, 166.7,
153.4, 151.0, 141.1, 135.2, 134.3, 127.6, 127.5,0.2125.34, 123.8, 123.5, 123.3, 118.0, 115.5,
111.4, 65.9, 57.7, 46.0 (2C). Purity: 99.9% by HPIHRMS (ESI)m/z calcd for GiHooN4O»,
[M+H] *361.1659, found 361.1657.
2-(4-(3-(Dimethylamino)propoxy)quinazolin-2-yl)-1H-indole-3-carbaldehyde  (14). Following
general method I, the compouidl was obtained fror and 3-(dimethylamino)propan-1-ol as a pale
yellow solid (61 mg, 80%): m.p. 199.9-202@; *H NMR (400 MHz, CDC}) § 11.46 (s, 1H), 10.26
(s, 1H), 8.54 (dJ = 7.6 Hz, 1H), 8.20 (d] = 8.1 Hz, 1H), 7.98 (d] = 8.3 Hz, 1H), 7.89 (t) = 7.7
Hz, 1H), 7.60 (tJ = 7.3 Hz, 1H), 7.54 (d] = 8.1 Hz, 1H), 7.38 () = 7.0 Hz, 1H), 7.33 (J = 7.5
Hz, 1H), 4.78 (tJ = 6.4 Hz, 2H), 2.61 (tJ = 7.1 Hz, 2H), 2.35 (s, 6H), 2.23 — 2.13 (m, 2HjC
NMR (101 MHz, DMSOsdg) 6 189.8, 166.8, 154.0, 151.1, 142.0, 136.4, 13528,4], 128.1, 126.6,
125.3, 124.2, 123.4, 122.6, 117.3, 115.4, 113.8,65.1, 43.8 (2C), 25.1. Purity: 99.9% by HPLC.
HRMS (ESI)m/z calcd for GoH2oN40,, [M+H] *375.1816, found 375.1813.
2-(4-(4-(Dimethylamino)butoxy)quinazolin-2-yl)-1H-indole-3-carbaldehyde  (15).  Following
general method I, the compourdd was obtained frono and 4-(dimethylamino)butan-1-ol as a
yellow solid (52 mg, 68%): m.p. 181.6-183@; *H NMR (400 MHz, DMSOdg) & 12.64 (s, 1H),
11.29 (s, 1H), 8.31 (d = 7.9 Hz, 1H), 8.26 (d] = 8.0 Hz, 1H), 8.09 — 8.01 (m, 2H), 7.75& 7.8
Hz, 1H), 7.70 (dJ = 8.1 Hz, 1H), 7.36 () = 7.5 Hz, 1H), 7.28 () = 7.5 Hz, 1H), 4.79 (t) = 5.0
Hz, 2H), 3.19 (tJ = 7.5 Hz, 2H), 2.73 (s, 6H), 2.04 — 1.88 (m, 48¢ NMR (101 MHz, DMSOde)
0 189.8, 166.8, 154.0, 151.1, 142.0, 136.4, 135328,46, 128.1, 126.6, 125.3, 124.2, 123.4, 122.6,

117.3, 115.4, 113.4, 67.4, 45.8, 42.5 (2C), 25182.2Purity: 97.5% by HPLC. HRMS (ESi¥z



calcd for GsH24N40,, [M+H] *389.1972, found 389.1977.
2-(4-(2-(Pyrrolidin-1-yl)ethoxy)quinazolin-2-yl)-1H-indole-3-carbaldehyde ~ (16).  Following
general method I, the compouf@ was obtained frono and 2-(pyrrolidin-1-yl)ethan-1-ol as a pale
yellow solid (64 mg, 85%): m.p. 213.3-218@; *H NMR (400 MHz, CDC}) & 11.46 (s, 1H), 10.45
(s, 1H), 8.53 (dJ = 7.7 Hz, 1H), 8.20 (d] = 8.1 Hz, 1H), 7.98 (d] = 8.4 Hz, 1H), 7.89 (t) = 7.6
Hz, 1H), 7.60 (tJ = 7.6 Hz, 2H), 7.38 () = 7.5 Hz, 1H), 7.35 — 7.30 (m, 1H), 4.98 (br, 2BIR5 —
3.19 (m, 2H), 2.90 (br, 4H), 1.93 (br, 4H}3C NMR (101 MHz, DMSOdg) J 189.8, 166.5, 153.9,
151.2, 141.9, 136.4, 135.5, 128.7, 128.1, 126.6,312424.5, 123.4, 122.6, 117.4, 115.3, 113.4, 54.3
(2C), 53.3, 23.4 (2C). Purity: 99.9% by HPLC. HRNESI) m/z calcd for GaH2oN4O», [M+H]™
387.1816, found 387.1811.
2-(4-(3-(Pyrrolidin-1-yl)propoxy)quinazolin-2-yl)-1H-indole-3-carbaldehyde  (17). Following
general method I, the compouhdwas obtained from and 3-(pyrrolidin-1-yl)propan-1-ol aspale
yellow solid (60 mg, 78%)m.p. 73.8-76.0°C; 'H NMR (400 MHz, DMSO€s) & 12.58 (s, 1H),
11.29 (s, 1H), 8.31 (d = 7.9 Hz, 1H), 8.23 (d] = 8.0 Hz, 1H), 8.09 — 8.00 (m, 2H), 7.75& 7.2
Hz, 1H), 7.68 (dJ = 8.1 Hz, 1H), 7.36 (t) = 7.6 Hz, 1H), 7.27 (t) = 7.5 Hz, 1H), 4.80 (t) = 6.2
Hz, 2H), 2.74 (br, 2H), 2.56 (br, 4H), 2.17 — 2.0@, 2H), 1.70 (br, 4H)**C NMR (101 MHz,
DMSO-0g) 6 189.7, 166.9, 154.1, 151.1, 142.1, 136.4, 13528.6] 128.1, 126.6, 125.3, 124.1,
123.3, 122.6, 117.4, 115.4, 113.3, 66.5, 54.1(20)1, 27.9, 23.5 (2C). Purity: 99.5% by HPLC.
HRMS (ESI)m/z calcd for G4H24N40,, [M+H] ©401.1972, found 401.1964.
2-(4-((2-(Dimethylamino)ethyl Jami no)quinazolin-2-yl)-5-methoxy-1H-indol e-3-car bal dehyde (18).
Following general method J, the compound8 was obtained from p and

N,N-dimethylethane-1,2-diamine a®eown solid (44 mg, 26%): m.p. 185.5-196G *H NMR (400



MHz, DMSO-dg) & 12.28 (s, 1H), 11.30 (s, 1H), 8.48 (br, 1H), 8@9J = 3.7 Hz, 1H), 7.89 — 7.77
(m, 3H), 7.56 (br, 2H), 6.95 (d,= 5.8 Hz, 1H), 3.81 (br, 5H), 2.61 (br, 2H), 2.25 §H).*°C NMR
(101 MHz, DMSOsdg) ¢ 190.0, 160.0, 156.5, 154.8, 149.6, 143.6, 133B71,Q, 128.2, 127.4, 126.6,
123.4,116.7, 115.3, 114.5, 114.2, 103.3, 58.(,,5%6.8 (2C), 39.4. Purity: 99.9% by HPLC. HRMS
(ESI)m/z calcd for GoH23Ns0,, [M+H] ™ 390.1925, found 390.1929.

2-(4-((3-(Dimethylamino)propyl Jamino)quinazolin-2-yl)-5-methoxy-1H-indol e-3-car bal dehyde (19).
Following general method J, the compound9 was obtained from p and
N,N-dimethylpropane-1,3-diamine as a red-orange SABP mg, 74%): m.p.234.5-235.0 °&H
NMR (400 MHz, DMSOds) 5 12.44 (s, 1H), 11.30 (s, 1H), 9.02Jt 5.4 Hz, 1H), 8.51 (d] = 8.3
Hz, 1H), 7.86 — 7.81 (m, 2H), 7.80 @@= 2.4 Hz, 1H), 7.70 (d] = 8.9 Hz, 1H), 7.59 — 7.54 (m, 1H),
6.97 (dd,J = 8.9, 2.5 Hz, 1H), 3.90 — 3.85 (m, 2H), 3.833H), 3.08 (t,J = 7.0 Hz, 2H), 2.64 (s,
6H), 2.16 — 2.06 (m, 2H}.3C NMR (101 MHz, DMSQOdg) 6 190.2, 160.1, 156.5, 154.8, 149.7, 143.6,
133.7, 131.0, 128.2, 127.4, 126.6, 123.9, 116.6,211114.6, 114.4, 103.2, 55.7, 55.5, 43.1 (2C),
38.7, 24.6. Purity: 99.7% by HPLC. HRMS (ESWz calcd for GsHasNsO,, [M+H] " 404.2081,
found 404.2085.

2-(4-((4-(Diethylamino)butyl )Jamino)quinazolin-2-yl)-5-methoxy-1H-indol e-3-carbal dehyde  (20).

Following general method J, the compoun@0 was obtained from p and
N,N-diethylbutane-1,4-diamine asrad-orange solid (116 mg, 63%): m.p.84.5-8209 'H NMR
(400 MHz, DMSO#ds) & 12.26 (s, 1H), 11.29 (s, 1H), 8.73 Jt= 5.2 Hz, 1H), 8.41 (d] = 8.3 Hz,
1H), 7.89 — 7.82 (m, 2H), 7.79 (d,= 2.3 Hz, 1H), 7.63 — 7.53 (m, 2H), 6.96 (dds 8.9, 2.4 Hz,
1H), 3.82 (s, 3H), 3.76 (d,= 5.0 Hz, 2H), 3.07 (br, 6H), 1.80 (br, 4H), 1(t7) = 7.2 Hz, 6H)*C

NMR (101 MHz, DMSOsdg) ¢ 190.1, 160.1, 156.5, 154.9, 149.7, 143.7, 133.1,113128.2, 127 .4,



126.6, 123.7, 116.7, 115.3, 114.6, 114.2, 103.37,951.0, 46.5 (2C), 40.5, 26.1, 21.3, 8.9 (2C).
Purity: 100% by HPLC. HRMS (ESIwz calcd for GgHaiNsO,, [M+H]" 446.2551, found
446.2558.

5-Methoxy-2-(4-((2-(pyrrolidin-1-yl)ethyl)amino)quinazolin-2-yl)- 1H-indol e-3-car baldehyde (21).
Following general method J, the compoun@l was obtained from p and
2-(pyrrolidin-1-yl)ethanamine as a pale yellow dofL10 mg, 60%): m.p.153.2-1548; *H NMR
(400 MHz, CDC4) 6 11.33 (s, 1H), 10.33 (s, 1H), 8.11 {d= 7.9 Hz, 1H), 7.92 (s, 1H), 7.84 (s, 1H),
7.73 (d,J = 8.1 Hz, 1H), 7.66 (t) = 7.5 Hz, 1H), 7.43 () = 7.4 Hz, 1H), 7.35 (d] = 8.5 Hz, 1H),
6.91 (dd,J = 8.7, 2.1 Hz, 1H), 3.93 — 3.88 (m, 2H), 3.853H), 3.11 (tJ = 4.1 Hz, 2H), 2.98 (br,
4H), 1.98 — 1.90 (m, 4H)1.3C NMR (101 MHz, CDG) ¢ 189.6, 158.7, 155.8, 152.9, 148.5, 141.8,
132.3, 129.0, 127.1, 126.8, 125.8, 121.5, 116.5,0,1113.4, 111.6, 102.8, 54.8, 53.7, 53.1 (2C),
37.5, 22.4 (2C)Purity: 99.6% by HPLC. HRMS (ESivz calcd for GsH2sNsO,, [M+H]" 416.2081,
found 416.2090.

5-Methoxy-2-(4-((3-(pyrrolidin-1-yl)propyl Jamino)quinazolin-2-yl)- 1H-indol e-3-car bal dehyde
(22). Following general method J, the compoun2? was obtained fromp and
3-(pyrrolidin-1-yl)propan-1-amine as a yellow solj@4 mg, 39%): m.p.124.4-125%; 'H NMR
(400 MHz, DMSO#) 6 12.29 (s, 1H), 11.33 (s, 1H), 8.79 (s, 1H), 8.31J(d 7.8 Hz, 1H), 7.89 —
7.77 (m, 3H), 7.65 — 7.53 (m, 2H), 6.99 (= 8.3 Hz, 1H), 3.85 (s, 3H), 3.78 (= 3.8 Hz, 2H),
2.66 (br, 2H), 2.56 (br, 4H), 1.97 — 1.88 (m, 28)72 (br, 4H)**C NMR (101 MHz, MeODdy) &
191.2, 159.8, 156.8, 154.3, 149.4, 144.1, 132.0.613127.7, 127.2, 126.0, 121.8, 116.5, 114.9,
114.1, 112.7, 103.1, 54.6, 53.7 (2C), 53.6, 39629,222.7 (2C). Purity: 99.9% by HPLC. HRMS

(ESI)m/z calcd for GsHo7NsO,, [M+H] ™ 430.2238, found 430.2245.



5-Methoxy-2-(4-((4-(pyrrolidin-1-yl)butyl yamino)quinazolin-2-yl)-1H-indol e-3-car baldehyde (23).
Following general method J, the compow28i (also named abQZ23) was obtained fronp and
4-(pyrrolidin-1-yl)butan-1-amine as a red-orangéids@®5 mg, 49%): m.p.95.1-96 2C; *H NMR
(400 MHz, DMSO#ds) 6 12.20 (s, 1H), 11.30 (s, 1H), 8.54 Jt= 5.3 Hz, 1H), 8.31 (d] = 8.2 Hz,
1H), 7.83 — 7.81 (m, 2H), 7.79 (d,= 2.4 Hz, 1H), 7.59 — 7.53 (m, 2H), 6.96 (dds 8.8, 2.5 Hz,
1H), 3.82 (s, 3H), 3.70 (¢, = 6.7 Hz, 2H), 2.46 (d] = 7.9 Hz, 2H), 2.43 (br, 4H), 1.80 — 1.72 (m,
2H), 1.67 — 1.61 (m, 4H), 1.61 — 1.54 (m, 2£AC NMR (101 MHz, DMSOdg) § 190.1, 160.0,
156.5, 154.9, 149.7, 143.6, 133.6, 131.0, 128.7,4,2126.6, 123.4, 116.8, 115.3, 114.6, 114.1,
103.3, 55.7, 55.7, 54.0 (2C), 41.3, 27.0, 26.3523C). Purity: 98.6% by HPLC. HRMS (EStyz
calcd for GeH2oNs0,, [M+H]" 444.2394, found 444.2381.

N*N*-Dimethyl-N>-(2-(3-methyl-1H-indol -2-yl)quinazolin-4-yl )ethane-1,2-diamine (24).
Following general method K, the compound®4 was obtained from u and
N,N-dimethylethane-1,2-diamine as avhite solid (110 mg, 94%): m.p.131.0-132@; *H NMR
(400 MHz, DMSO#l) § 11.14 (s, 1H), 8.22 (d, = 8.0 Hz, 2H)7.80 — 7.70 (m, 2H), 7.60 (d,= 7.9
Hz, 1H), 7.51 (dJ = 8.1 Hz, 1H), 7.48 — 7.42 (m, 1H), 7.16Jt 7.5 Hz, 1H), 7.01 () = 7.4 Hz,
1H), 3.83 (g,J = 6.3 Hz, 2H), 2.83 (s, 3H), 2.63 (&= 6.7 Hz, 2H), 2.25 (s, 6H}*C NMR (101
MHz, DMSO-dg) 0 159.8, 157.2, 150.2, 136.3, 133.2, 132.5, 1229,7, 125.3, 123.4, 123.2, 119.7,
119.0, 113.9, 113.7, 112.4, 58.2, 45.8 (2C), 39142. Purity: 99.7% by HPLC. HRMS (EStyz
calcd for GiH23Ns, [M+H] " 346.2026, found 346.2016.

N N*-Dimethyl-N>-(2-(3-methyl-1H-indol -2-yl )quinazolin-4-yl)propane-1,3-diamine (25).
Following general method K, the compound®5 was obtained from u and

N,N-dimethylpropane-1,3-diamine aspale yellow solid (113 mg, 93%): m.p.109.3-116C H



NMR (400 MHz, DMSQds) 6 11.09 (s, 1H), 8.39 (fl = 5.0 Hz, 1H), 8.20 (d] = 8.3 Hz, 1H), 7.80
— 7.72 (m, 2H), 7.60 (d] = 7.9 Hz, 1H), 7.51 (d] = 8.1 Hz, 1H), 7.49 — 7.42 (m, 1H), 7.16J&
8.0, 7.1 Hz, 1H), 7.01 (8 = 7.4 Hz, 1H), 3.75 (q] = 6.7 Hz, 2H), 2.83 (s, 3H), 2.40 {t= 7.1 Hz,
2H), 2.20 (s, 6H), 1.93 — 1.84 (m, 2KC NMR (101 MHz, DMSQds) J 159.8, 157.3, 150.3, 136.3,
133.1, 132.5, 129.8, 127.7, 125.3, 123.4, 123.2,711119.0, 113.9, 113.7, 112.4, 57.6, 45.6 (2C),
39.4, 27.0, 11.2. Purity: 99.3% by HPLC. HRMS (ESIx calcd for GH,sNs, [M+H]* 360.2183,
found 360.2176.

N*,N*-Dimethyl-N*-(2-(3-methyl-1H-indol-2-yl)quinazolin-4-yl)butane-1,4-diamine (26).
Following general method K, the compound®6 was obtained from u and
N,N-dimethylbutane-1,4-diamine as a brown product (&2 80%): m.p.97.3-98.8C; 'H NMR
(400 MHz, DMSO#€l) § 11.08 (s, 1H), 8.36 — 8.29 (m, 1H), 8.24Jd; 8.3 Hz, 1H), 7.80 — 7.72 (m,
2H), 7.60 (dJ = 7.7 Hz, 1H), 7.50 (d] = 8.1 Hz, 1H), 7.48 — 7.38 (m, 1H), 7.16J& 7.4 Hz, 1H),
7.01 (t,J = 7.4 Hz, 1H), 3.73 (4) = 6.5 Hz, 2H), 2.82 (s, 3H), 2.40 — 2.33 (m, 2R)9 (s, 6H),
1.80 — 1.72 (m, 2H), 1.62 — 1.55 (m, 2fC NMR (101 MHz, DMSOds) 6 159.8, 157.2, 150.2,
136.3, 133.2, 132.5, 129.9, 127.7, 125.2, 123.3,2,219.7, 119.0, 113.9, 113.7, 112.4, 59.1, 45.3
(2C), 41.1, 26.9, 24.9, 11.2. Purity: 99.4% by HPHRMS (ESI)m/z calcd for GsHp7Ns, [M+H]*
374.2339, found 374.2328.

2-(3-Methyl-1H-indol-2-y1)-N-(2-(pyrrolidin-1-yl)ethyl )quinazolin-4-amine ~ (27).  Following
general method K, the compoud@ was obtained fronu and 2-(pyrrolidin-1-yl)ethanamine as a
pale yellow solid (123 mg, 98%): m.p.90.0-93Gt *H NMR (400 MHz, DMSO#dg) ¢ 11.10 (s, 1H),
8.29 —8.21 (m, 2H), 7.80 — 7.72 (m, 2H), 7.60)d,8.0 Hz, 1H), 7.50 (d] = 8.1 Hz, 1H), 7.46 ({]

= 7.1 Hz, 1H), 7.16 () = 7.5 Hz, 1H), 7.01 (1 = 7.4 Hz, 1H), 3.86 (q] = 6.5 Hz, 2H), 2.85 — 2.77



(m, 5H), 2.57 (br, 4H), 1.70 (br, 4HFC NMR (101 MHz, DMSOds) 5 159.8, 157.2, 150.2, 136.3,
133.2, 132.5, 129.9, 127.7, 125.2, 123.4, 123.9,711119.0, 113.9, 113.7, 112.4, 54.9, 54.3 (2C),
49.1, 23.7 (2C), 11.3. Purity: 95.3% by HPLC. HRM&SI) nVz calcd for GzHzsNs,
[M+H] *372.2183, found 372.2167.

2-(3-Methyl-1H-indol-2-y1)-N-(3-(pyrrolidin-1-yl)propyl )quinazolin-4-amine  (28).  Following
general method K, the compouB8 was obtained fronn and 3-(pyrrolidin-1-yl)propan-1-amine as
ayellow solid (113 mg, 86%): m.p.108.0-1092; *H NMR (400 MHz, CDCJ) 6 9.92 (s, 1H), 8.55
(s, 1H), 7.66 (dJ = 8.3 Hz, 1H), 7.53 (d] = 7.9 Hz, 1H), 7.50 — 7.42 (m, 2H), 7.17 — 7.09 ),
7.05 (t,J = 7.3 Hz, 1H), 6.96 (t) = 7.4 Hz, 1H), 3.65 (q] = 5.3 Hz, 2H), 2.78 (s, 3H), 2.60 — 2.52
(m, 2H), 2.45 (br, 4H), 1.72 (br, 6HY’C NMR (101 MHz, CDG)) § 158.5, 156.2, 148.9, 134. 6,
131.2, 131.1, 129.2, 126.7, 123.5, 122.3, 120.8,711117.8, 113.9, 112.8, 110.1, 54.8, 53.0 (2C),
41.3, 24.5, 22.4 (2C), 9.9. Purity: 99.8% by HPHRMS (ESI)m/z calcd for G4Hp7Ns, [M+H]*
386.2339, found 386.2343.

N, N™-Diethyl-N?-(2-(3-methyl-1H-indol-2-yl)quinazolin-4-yl Jethane-1,2-diamine (29). Following
general method K, the compou€é was obtained fronu andN,N-diethylethane-1,2-diamine as a
pale yellow solid (102 mg, 81%): m.p.101.5-109C9 *H NMR (400 MHz, DMSOsg) 6 11.08 (s,
1H), 8.25 — 8.13 (m, 2H), 7.81 — 7.72 (m, 2H), 7(6Q) = 7.7 Hz, 1H), 7.55 — 7.41 (m, 2H), 7.15 (t,
J=7.5Hz, 1H), 7.01 (t) = 7.3 Hz, 1H), 3.81 (q] = 5.8 Hz, 2H), 2.83 (s, 3H), 2.76 {t= 7.1 Hz,
2H), 2.58 (q,J = 6.8 Hz, 4H), 0.98 (t) = 7.1 Hz, 6H).X*C NMR (101 MHz, DMSQsdg) § 159.8,
157.2, 150.2, 136.3, 133.1, 132.5, 129.9, 127.5.22123.4, 123.1, 119.7, 119.0, 113.9, 113.6,
112.3, 51.8, 47.3 (2C), 39.7, 12.4 (2C), 11.2. tyufi9.9% by HPLC. HRMS (ESivz calcd for

Co3H27Ns, [M+H]+ 374.2339, found 374.2326.



N N™-Diethyl-N*(2-(3-methyl-1H-indol-2-yl)quinazolin-4-yl butane-1,4-diamine (30). Following
general method K, the compouB@ was obtained fronu and N,N-diethylbutane-1,4-diamine as a
yellow solid (78 mg, 57%): m.p.138.2-1389; 'H NMR (400 MHz, DMSOdg) 6 11.11 (s, 1H),
8.36 (s, 1H), 8.26 (d] = 8.1 Hz, 1H), 7.79 — 7.71 (m, 2H), 7.59 Jc 7.9 Hz, 1H), 7.50 (d] = 8.1
Hz, 1H), 7.45 (tJ = 7.0 Hz, 1H), 7.16 () = 7.4 Hz, 1H), 7.01 (t) = 7.3 Hz, 1H), 3.74 (4] = 5.7
Hz, 2H), 2.82 (s, 3H), 2.65 (br, 6H), 1.81 — 1.7, @H), 1.67 — 1.57 (m, 2H), 1.00 &= 6.3 Hz,
6H). 3¢ NMR (101 MHz, DMSOdg) 0 159.8, 157.2, 150.3, 136.3 133.1, 132.5, 129.9,71225.1,
123.3, 123.3, 119.6, 119.0, 113.9, 113.6, 112.41,56.7 (2C), 41.0, 26.9, 23.7, 11.1, 11.0 (2C).
Purity: 99.9% by HPLC. HRMS (ESiWz calcd for GsHs:Ns, [M+H]*402.2652, found 402.2646.

N,N-Dimethyl -2-((2-(3-methyl benzofuran-2-yl)quinazolin-4-yl)oxy)ethan-1-amine (31). Following
general method I, the compouBt was obtained frorh and 2-(dimethylamino)ethan-1-ol as a white
solid (60 mg, 86%): m.p. 81.8-838; 'H NMR (400 MHz, CDC}) 6 8.20 (d,J = 8.0 Hz, 1H), 8.13
(d,J=8.3 Hz, 1H), 7.86 (§ = 7.6 Hz, 1H), 7.68 (t] = 6.7 Hz, 2H), 7.55 (] = 7.4 Hz, 1H), 7.42 (t,
J=7.6 Hz, 1H), 7.32 (d] = 7.3 Hz, 1H), 4.84 () = 5.5 Hz, 2H), 2.96 () = 5.4 Hz, 2H), 2.88 (s,
3H), 2.45 (s, 6H).13C NMR (101 MHz, CD) ¢ 166.4, 154.8, 154.6, 151.6, 148.1, 133.8, 130.7,
128.1, 126.7, 126.3, 123.6, 122.7, 120.9, 120.8,111112.1, 65.6, 57.9, 46.0 (2C), 10.4. Purity598
by HPLC. HRMS (ESIWz calcd for GiH21NzO,, [M+H] ¥ 348.1707, found 348.1703.

N,N-Dimethyl-3-((2-(3-methyl benzofur an-2-yl)qui nazolin-4-yl )oxy)propan-1-amine (32).
Following general method |, the compound32 was obtained from t and
3-(dimethylamino)propan-1-ol as a white solid (58, 0%): m.p. 198.6-200.°C; *H NMR (400
MHz, CDCk) & 8.13 (t,J = 8.0 Hz, 2H), 7.86 (t) = 7.7 Hz, 1H), 7.66 (d] = 8.5 Hz, 2H), 7.55 (t]

= 8.0 Hz, 1H), 7.40 (t) = 8.1 Hz, 1H), 7.31 (t) = 7.7 Hz, 1H), 4.80 () = 6.0 Hz, 2H), 3.03 (br,



2H), 2.85 (s, 3H), 2.68 (s, 6H), 2.50 — 2.38 (m).Z¥C NMR (101 MHz, CDCJ) 5 166.1, 154.7,
154.5, 151.6, 147.9, 134.0, 130.6, 128.2, 126.6,41223.3, 122.8, 121.1, 120.4, 114.8, 112.1,,64.9
55.7, 43.8 (2C), 25.7, 10.5. Purity: 99.9% by HPIMRMS (ESI)m/z calcd for GsHasN3Oy,
[M+H] " 362.1863, found 362.1855.

N,N-Dimethyl-4-((2-(3-methyl benzofur an-2-yl)quinazolin-4-yl )oxy)butan-1-amine (33). Following
general method I, the compouB8 was obtained frorh and 4-(dimethylamino)butan-1-ol as a white
solid (52 mg, 70%): m.p. 47.4-49°8; *H NMR (400 MHz, CDC}) ¢ 8.16 (d,J = 8.0 Hz, 1H), 8.11
(d,J=8.4 Hz, 1H), 7.84 ( = 7.6 Hz, 1H), 7.71 — 7.62 (m, 2H), 7.53Xt 7.5 Hz, 1H), 7.40 (4 =
7.5 Hz, 1H), 7.30 (dJ = 8.0 Hz, 1H), 4.72 (] = 6.2 Hz, 2H), 2.86 (s, 3H), 2.58 — 2.44 (m, 22{B2
(s, 6H), 2.05 — 1.98 (m, 2H), 1.85 — 1.76 (m, 233 NMR (101 MHz, CDCJ) 6 166.5, 154.9, 154.5,
151.5, 148.1, 133.8, 130.7, 128.1, 126.7, 126.3,5222.7, 120.9, 120.3, 115.1, 112.1, 67.2, 59.3,
45.3 (2C), 26.7, 24.1, 10.4. Purity: 99.7% by HPIMRMS (ESI)m/z: calcd for GsHasNzOo,
[M+H]+ 376.2020, found 376.2026.

2-(3-Methylbenzofuran-2-yl)-4-(2-(pyrrolidin-1-yl)ethoxy)quinazoline (34). Following general
method |, the compoun84 was obtained fromh and 2-(pyrrolidin-1-yl)ethan-1-ol as a white solid
(67 mg, 90%): m.p. 69.6-71°C; *H NMR (400 MHz, CDCJ) 6 8.17 (d,J = 8.1 Hz, 1H), 8.11 (d]
= 8.4 Hz, 1H), 7.83 (t) = 7.7 Hz, 1H), 7.65 (t] = 7.2 Hz, 2H), 7.53 () = 7.6 Hz, 1H), 7.39 (] =
7.6 Hz, 1H), 7.30 (dJ = 7.5 Hz, 1H), 4.85 (t) = 5.7 Hz, 2H), 3.10 (] = 5.7 Hz, 2H), 2.85 (s, 3H),
2.74 (br, 4H), 1.85 (br 4H}3C NMR (101 MHz, CDGJ) § 166.3, 154.8, 154.6, 151.6, 148.0, 133.8,
130.7, 128.1, 126.7, 126.3, 123.6, 122.7, 120.0,31215.1, 112.1, 66.7, 54.9 (2C), 54.5, 23.6 (2C)
10.4. Purity: 99.9% by HPLC. HRMS (EStyz calcd for GsH23N30,, [M+H]+ 374.1863, found

374.1870.



2-(3-Methylbenzofuran-2-yl1)-4-(3-(pyrrolidin-1-yl)propoxy)quinazoline (35). Following general
method I, the compoun8b was obtained fronh and 3-(pyrrolidin-1-yl)propan-1-ol as a white sbli
(61 mg, 78%): m.p. 186.6-187°6; 'H NMR (400 MHz, CDC}) 6 8.13 (t,J = 8.5 Hz, 2H), 7.86 (1
= 7.7 Hz, 1H), 7.67 (d] = 8.6 Hz, 2H), 7.55 () = 7.5 Hz, 1H), 7.41 (§ = 8.1 Hz, 1H), 7.31 ({J =
7.7 Hz, 1H), 4.79 (t) = 5.9 Hz, 2H), 3.21 — 2.90 (m, 6H), 2.85 (s, 3252 — 2.40 (m, 2H), 2.03 (br,
4H).13C NMR (101 MHz, CDGJ) 6 166.1, 154.7, 154.5, 151.6, 147.8, 134.0, 13(8,2, 126.9,
126.4, 123.3, 122.8, 121.1, 120.4, 114.8, 112.10,68.1 (2C), 53.3, 26.9, 23.5 (2C), 10.5. Purity:
99.9% by HPLC. HRMS (ESHVz calcd for G4H2sN30,, [M+H] *388.2020, found 388.2015.

N*,N*-Dimethyl-N>-(2-(3-methyl benzo[ b] thiophen-2-yl)quinazolin-4-yl Jethane-1,2-diamine ~ (36).
Following general method L, the compound6 was obtained from v and
N,N-dimethylethane-1,2-diamine as a white solid (67 §896): m.p. 125.7-127.7 3C"H NMR (400
MHz, DMSO-dg) 6 11.11 (s, 1H), 8.23 (d] = 8.1 Hz, 1H), 7.79 — 7.71 (m, 2H), 7.59 Jds 7.9 Hz,
1H), 7.49 (dJ = 8.1 Hz, 1H), 7.45 () = 6.3 Hz, 1H), 7.15 () = 7.5 Hz, 1H), 7.01 () = 7.4 Hz,
1H), 3.83 (g,J = 6.5 Hz, 2H), 2.82 (s, 3H), 2.62 (= 6.8 Hz, 2H), 2.25 (s, 6H)°C NMR (101
MHz, DMSO-dg) 0 159.7, 158.7, 150.0, 142.1, 139.7, 138.8, 133.3,2,328.0, 126.0, 125.8, 124.4,
123.2, 123.2, 122.7, 113.9, 58.1, 45.8 (2C), 38450. Purity: 99.9% by HPLC. HRMS (EStyz
caled for GiH2:N4S, [M+H]" 363.1638, found 363.1614.

N*,N*-Dimethyl-N>-(2-(3-methyl benzo[ b] thiophen-2-yl)quinazolin-4-yl )propane-1,3-diamine (37).
Following general method L, the compound7 was obtained from v and
N,N-dimethylpropane-1,3-diamine aspale yellow solid (46 mg, 38%): m.p. 105.1-106.5 *8
NMR (400 MHz, DMSO¢g) & 8.49 (t,d = 5.3 Hz, 1H), 8.21 (d] = 8.0 Hz, 1H), 7.97 — 7.91 (m, 1H),

7.91 - 7.85 (m, 1H), 7.78 @,= 7.5 Hz, 1H), 7.72 (d] = 8.1 Hz, 1H), 7.49 (0 = 8.1 Hz, 1H), 7.46



— 7.40 (m, 2H), 3.68 (g} = 6.7 Hz, 2H), 3.02 (s, 3H), 2.40 {= 7.1 Hz, 2H), 2.20 (s, 6H), 1.93 —
1.85 (m, 2H).13C NMR (101 MHz, DMSOdg) ¢ 159.7, 158.7, 145.0, 142.1, 139.6, 138.7, 133.7,
133.3,128.0, 126.1, 125.9, 124.5, 123.3, 123.2,71213.9, 57.6, 45.6 (2C), 40.0, 26.9, 14.0.tRuri
99.9% by HPLC. HRMS (ESKvz calcd for GoH24N4S, [M+H]*377.1794, found 377.1785.

2-(3-Methylbenzo[ b] thiophen-2-yl)-N-(2-(pyrrolidin-1-yl)ethyl )quinazolin-4-amine (38).
Following general method L, the compound8 was obtained from v and
2-(pyrrolidin-1-yl)ethanamine as yellow solid (110 mg, 89%): m.p. 88.2-91.0 °&&{ NMR (400
MHz, DMSO-g) 6 8.41 (t,J = 4.4 Hz, 1H), 8.24 (d] = 8.1 Hz, 1H), 7.97 — 7.92 (m, 1H), 7.91 —
7.86 (m, 1H), 7.81 — 7.75 (m, 1H), 7.73 Jck 7.5 Hz, 1H), 7.50 (t] = 7.4 Hz, 1H), 7.46 — 7.40 (m,
2H), 3.81 (qJ = 6.3 Hz, 2H), 3.02 (s, 3H), 2.84 (br, 2H), 2.61, @H), 1.72 (br, 4H)}*C NMR (101
MHz, DMSO-dg) 0 159.7, 158.6, 150.0, 142.1, 139.6, 138.6, 133.8,413.28.0, 126.1, 125.9, 124.6,
123.3, 123.3, 122.7, 113.8, 54.7, 54.2 (2C), 392806 (2C), 14.0. Purity: 98.5% by HPLC. HRMS
(ESI)m/z calcd for GaHo4N4S, [M+H]" 389.1794, found 389.1785.

2-(3-Methylbenzo[ b] thiophen-2-yl)-N-(3-(pyrrolidin-1-yl)propyl )quinazolin-4-amine (39).
Following general method L, the compound9 was obtained from v and
3-(pyrrolidin-1-yl)propan-1-amine aswhite solid (111 mg, 86%): m.p. 127.5-129.0 °&; NMR
(400 MHz, CDC}) 6 8.75 (s, 1H), 7.80 — 7.75 (m, 2H), 7.74 — 7.68 {id), 7.63 — 7.57 (m, 1H),
7.58 (d,J = 8.2 Hz, 1H), 7.34 — 7.23 (m, 3H), 3.79 Jc& 4.9 Hz, 2H), 2.97 (s, 3H), 2.75 {t= 6.8
Hz, 2H), 2.61 (br, 4H), 1.96 — 1.88 (m, 2H), 1.88..84 (m, 4H)}*C NMR (101 MHz, CDG)) ¢
158.4, 158.3, 149.1, 141.2, 139.0, 137.6, 132.8,23127.4, 124.1, 123.9, 122.6, 121.6, 121.2,
120.2, 112.8, 55.2, 53.2 (2C), 41.6, 24.6, 22.6)(2€.8. Purity: 99.5% by HPLC. HRMS (ESz:

caled for G4H2eN4S, [M+H]" 403.1951, found 403.1950.



2-(3-Methylbenzo[ b] thiophen-2-yl)-N-(4-(pyrrolidin-1-yl)butyl )quinazolin-4-amine (40).
Following general method L, the compoundl0 was obtained from v and
4-(pyrrolidin-1-yl)butan-1-amine as faright yellow product (88 mg, 66%): m.p. 80.0-82®; 'H
NMR (400 MHz, DMSOdg) 68.53 (t,J = 4.8 Hz, 1H), 8.29 (d] = 8.2 Hz, 1H), 7.95 (t) = 7.6 Hz,
1H), 7.87 (d,J = 8.0 Hz, 1H), 7.80 — 7.77 (m, 2H), 7.49Xt 7.4 Hz, 1H), 7.46 — 7.39 (m, 2H), 3.67
(g, J = 6.0 Hz, 2H), 3.03 (s, 3H), 2.65 — 2.55 (m, 6HB2 — 1.76 (M, 2H), 1.69 (br, 4H), 1.67 — 1.61
(m, 2H).13C NMR (101 MHz, DMSOdg) 6 159.7, 158.7, 149.9, 142.1, 139.6, 138.7, 133.3,3.3
128.0, 126.1, 125.8, 124.5, 123.3, 123.3, 122.3,91155.5, 53.8 (2C), 41.1, 26.8, 25.8, 23.4 (2C),
14.0. Purity: 98.9% by HPLC. HRMS (ESi¥z calcd for GsH2eN4S, [M+H]" 417.2107, found

417.2089.

4.2. Pharmacology
4.2.1 Cdl Lines and Cell culture.

3T3-L1 pre-adipocyte and C2C12 myoblast were obthinom American Type Culture Collection.
The cells were maintained in DMEM (Geneon, USA) demented with 10% fetal bovine serum
(BI, USA) and 1% penicillin and streptomycin (GihddSA) in a humidified atmosphere containing

5% CQ in air at 37 °C.
4.2.2 3T3-L1 Adipocyte Differentiation Assay.

Briefly, the 3T3-L1 fibroblast differentiation predure was carried out as follows. After
confluence (day 0), the cells were changed to ferdifitiation cocktail mixture containing 0.5 mM

3-isobutyl-1-methylxanthine (Sigma, USA), 100 ng/méxamethasone (MP, USA), andu@/mL



insulin (Sigma, USA) in DMEM with 10% (v/v) FBS arido (v/v) penicillin and streptomycin for 3
days (day 3). Thereafter, the medium was replagetObo FBS/DMEM containing Ag/mL insulin

for another 3 days (day 6). Stock solutions oftést compounds were made and stored at —20 °C.
The compounds were added on day 0 in the diffexgoti induction medium for 3 days and replaced
with another aliquot in post differentiation medidon another 3 days. The undifferentiation cells
group (UND group) and the differentiation cell gpo(control group) were supplemented with the

same volume of DMSO as vehicle control for all ekpents.

4.2.3 Oil-red O Saining and TG Determination.

Oil Red O staining was performed as reported [BéiEfly, the 0.3% ORO working solution was
prepared by mixing 6 mL of 0.5% ORO (w/v in isopaopl, Sigma) with 4 mL of dd}® followed
by filtration through a 0.2am filter (Millipore). The cells were washed with iceld PBS (pH7.4)
and then fixed with 4% formaldehyde for 1 h at rotemperature. The cells were stained with
freshly prepared Oil Red O working solution for 8n at room temperature in dark and washed
twice with ddHO. The ORO staining images were captured using aNMPUS CKX41
microscope and camera (OLYMPUS, Japan). For TGrugtation, treated-cell were lysed with
distilled water containing 0.2% Triton X-100 (MPdBnedicals, China) for 1 h at room temperature
and then ultrasonicated for 15 min. The lysateseweilected and centrifuged at 4 °C, 3 000g for 15
min. The triglyceride content of the cells was mead using GPO-POD assay kits (Jiancheng Bio,
China), and the protein levels were determinedguBi@A protein assay kits (Pierce, USA). Then,
the results were expressed as “mmol triglycerideptotein” as previously described.25 The TG
level in control group cells was viewed as 100%J #re TG level in compounds treatment group

was expressed as % of the control group.



4.2.4 Lactate Dehydrogenase (LDH) Releasing Assay.

The toxicity of compounds was determined by LDHasling determined kit (Beyotime, China).
After the cells were treated with the compoundstiier 6 days, the plates were centrifuged at 3000
rpm for 5 min and supernatant was carefully coldcind subjected to LDH activity determination
according to the manufacturer’s protocol. The disoce of the samples was read at 490 nm with a
microplate reader (Biotek, USA). The LDH releasilmyel was determined as followed: LDH
releasing level (fold) = [(compound treated cellarix group cell)/(control group cell — blank group
cell)]. The LDH releasing level in control group svaeiewed as 1, then fold in compounds treatment
group were calculated. Blank group: without treattneControl group: without the compound
treatment but added the same volume of DMSO asnapeond treatment group. Compound
treatment group: with the compound treatment. Tigadr level of the LDH releasing in compound

treatment indicated more cytotoxicity of the treatrtncompounds in cells.

4.2.5 RNA Extraction and RT-gPCR.

Total RNA was extracted from cells using RNAiso l(Takara, China) according to the
manufacturer’s instructions. cDNA was synthesizgdibing Oligo dT from Jug of total RNA in a
20 uL reaction by reverse transcription kits (Takarhin@), and cDNA was used for amplification of
specific target gene by quantitative real-time PGihgithe ABI Prism 7900 HT real-time PCR
machine (Applied Biosystems) and the SYBR Green RERter Mix (Qiagen, Chinap-actin was
viewed as the internal control for normalizatioheTollowing SYBR Green primer sequences were
synthesized by Generay Biotech (China) and listebhable S2. The thermal cycle conditions were as

follows: after heating at 95 °C for 10 min, PCR d&ifiqgation was done with 30 cycles of



denaturation at 95 °C for 30 s, the respective alimgetemperature (58~60 °C) for 45 s, extension at

72 °C for 1 min, followed by a terminal extensidrva °C for 10 min.

4.2.6 \\estern Blot.

Cultured cells were washed with ice-cold PBS (pH),7which were lysed with lysis buffer
containing protease inhibitor cocktail (Roche, @hiron ice for 0.5 h. Then, the lysates were
centrifuged at 4 °C, 12000 g for 30 min to remoebris. The protein concentrations of the lysates
were determined using a BCA protein assay kit (fegrChina). Protein samples were denatured in
6-fold SDS loading buffer (Beyotine, China) andaleed by SDS-PAGE, then transferred to a
polyvinylidene difluoride membrane (Millipore, Chip After blocking with TBS/T (0.1%)
containing 5% bovine serum albumin (BSA, Sigma)30rmin at room temperature, the membrane
was incubated with different primary antibodiedtC overnight. The antibodies information used
for Western blot were listed in Table S3. The maambrwas washed with TBS/T for four times to
remove the unbound antibody and then incubated twéitHRP-conjugated secondary antibody (Cell
Signaling Technology, China) for 1 h at room tenapere. Representative images were captured, and
densitometry analysis was performed using Quamite Software (Bio-Rad Laboratories, USA)

and relative protein levels were quantified by nalizing to loading control Actin.

4.2.7 Mouse Liver Microsome Sability and Aqueous Solubility Assay.

Aqueous solubility and mouse liver microsome sigbimeasurements were performed as
reported [27]. fuL of 20 mM compound was added to @0 of mouse liver microsomes (10 mg/mL)
in 285uL of Tris-HCL (50 mM, pH7.4). Then 200L of pre-warmed3-NADPH solution (3.3 mM

MgCL,, 1.3 mM B-NADPNg, 3.3 mM glucose-6-phosphate, 4 U/mL glucose-6-phate



dehydrogenase) was added to initiate the reacti@®Y &C. Aliquots of 4QuL of the mixture were
collected at 0, 15, 30, 45, 60 min, and then pnstevere precipitated with 500L of ice-cold
acetonitrile. The supernatants were collected aatrifugation at 125009 for 10 min and then the
supernatant was subjected to LC-MS/MS analysis. fidteral log of the amount of compound
remaining was plotted against the time to deternthree half-life of the tested compounBor
agueous solubility assay, eight 2-fold serial diog of the test compound with an initial
concentration at 10 mM were prepared in DMSQLbf the compound solution is added to 149

pf phosphate-buffered saline (pH 7.4) buffer, amel final compound concentrations range between
3.90 uM and 500uM. After 24 h incubation, the solution was centgiéd, and the absorbance of
supernatant is measured at the maximum absorbah@#0 nm and the kinetic solubility is
estimated from the concentration of the test comdowhich has a higher absorbance than the

background.
4.2.8 ATP Level Determination

ATP levels in 3T3-L1 adipocytes were quantified lging commercial ATP determination kit
following the manufacturer's instructions (Prome@hina) by normalized to protein level following

the manufacturer's instructions.
4.2.9 siRNA Transfection

3T3-L1 cells (2 x 18) were seeded on a six-well plate (Corning, USAfeAthe density reached
80%, cells were transfected with 50 nM AM&KIRNA or negative controls (RiboBio, China) for 24
h using Lipofectamine 3000 (Thermo, China) accaydio the manufacturer instructions. After

confluence, 3T3-L1 cells were exposed to adipogeaaktail to induce adipocyte differentiation as



above described.

4.2.10 2-NBDG Assay

The glucose uptake assay was performed by usinBR&\probe as reported [28]. Briefly, after
treatment, cells were washed with PBS and co-inedbaith 30uM 2-NBDG (Thermo, China) and
hochest 33342 (for a nucleus, 1:1000) for 30 mithandark at 37 °C. Microscopies were captured
by Zeiss Confocal microscopy (Germany, Zeiss). Tamtive fluorescence of 2-NBDG was

guantified by a fluorescence spectrophotometergu488 nm Ex and 519 nm Em filter settings.

4.2.11 Mitochondria Copies Determination and Confocal Microscopy

Mitochondrial copies were measured by determinimg atio of mtDNA/NnDNA [29]. Genome
DNA from cells was extracted by using a DNA isadatkit (Sangon Biotech, China). The primers of
cytochrome C (for mitochondrial) and 18S rRNA (farcleus) used for PCR were listed in Table S2.
The microscopy images were captured by using M#okier probe (Thermo, China) [30]. Briefly,
after treatment, cells were incubated withM Mito-Tracker (for mitochondria) and hochest 33342
probe (for a nucleus, 1:1000) (Thermo, China) ilture medium solution for 30 min in the dark at

37 °C. The microscopies were captured under theagion of 633 nm and 405 nm.

4.2.12 Oxygen Consumption Ratio (OCR) determination

3T3-L1 cells were seeded in XF 96-well cell cultamgroplate in quintuplicate at 5000 cells/well
in 0.1mL growth medium and then incubated at°@7in 5% CQ. Mitochondria isolated from
tumors of mice were planted into XF 96-well celltate and centrifuged at 2000 g for 5 min. Assays
were initiated by removing the growth medium froacle well and replacing it with 1QQ. of assay

medium pre-warmed to 3. The cells were incubated at ¥7 for 30min to allow media



temperature and pH to reach equilibrium beforefilsé-order rate measurement. Prior to each rate
measurement, the XF-96 Analyser gently mixed tlsayasnedia in each well for 10in to allow the
oxygen partial pressure to reach equilibrium. Reifg mixing, OCR was measured simultaneously
for 3-5min to establish a baseline rate. The assay mediasithen gently mixed again for 3rdn
between each rate measurement to restore normgeonxgnsion and pH in the microenvironment
surrounding the cells. After the baseline measurete20ul of a testing agent prepared in assay
medium was then injected into each well to reaehdésired final working concentration. This was
followed by mixing for 5-10nin to expedite compound exposure to cellular pmsteafter which
OCR measurements were then made. Generally, ttfwde baseline rates and two or more response
rates (after compound addition) were measured, tla@dverage of two baseline rates or test rates
was used for data analysis. For time-resolved éxgerts, multiple measurements, as well as
compound injections, were made at the time pointicated. The value of OCR reflects the
metabolic activity of the cells and the number eli<being measured. Typically, at the end of each

assay cells are treated for cell counted number.

4.2.13 Animal Study

Male C57BL/6J mice (aged 7-8 weeks) bred at theotabry Animal Centre of Sun Yat-sen
University (Guangzhou, China) were used for thelgtill animal procedures were approved by the
Sun Yat-sen University Committee on Ethics for thee of Laboratory Animals in accordance with
the Animal Welfare Legislation of China. Animal dies are reported in compliance with the
ARRIVE guidelines [31, 32]. The mice were kept &t21°C on a 12 h light/dark cycle with free
access to food and water. After 1 week of acclinaditon to the environment of this study, mice were

randomly assigned to receive either a chow diet, (@ith 70% calories from starch) or an HFC diet



(60% fat and 1% cholesterol, ResearchDiet, #12482ibitum for up to 14 weeks. HFC group mice
were randomly divided into two subgroups at theimr@gg of week 9 to receive the treatment with
1QZ23 or its vehiclel QZ23 was dissolved in normal saline containing 10% mthand 10% castor
oil and intraperitoneal injection at a dosage ofni2@fkg every other day for 6 weeks. The control
subgroup mice were administered the same voluntieeo¥ehicle. Bodyweight and food intake were

monitored daily.

4.2.14 Acute Effect of 25 on Glucose Level

Mice were randomly divided into two subgroups: cohgiroup mice andlQZ23-treated mice. To
determine the acute effect lPZ23 on glucose level, mice were intraperitonegd.) injection with
saline (control group mice) orQZ23 (20 mg/kg) once time, the plasma glucose level was

determined at 0, 0.5, 1, 2, 4, 8, 12, 24 h withoadb glucose monitor, respectively.

4.2.15 Glucose Tolerance Test (GTT) and Insulin Tolerance Test (ITT)

A glucose tolerance test (GTT) was performed asrteg [33].After 3 weeks of treatment with
1QZ23, mice were fasted for a period of 6 h and therap#ritoneal injected with glucose (2 g/kg,
Sigma, China). For ITT, after 6 weeks of treatmesith 1QZ23, mice have fasted for 6 h and
intraperitoneally injected with 0.4 U insulin peroose (Sigma, China). The glucose level was
determined at 0, 15, 30, 60, 120 min after injectMth a blood glucose monitor. Blood samples for
both GTT and ITT were taken from the tail vein untieal anesthesia with saline containing 2%

lidocaine to ensure animal well-being and thataswot subjected to significant discomfort.

4.2.16 Chemical Determination in Plasma

At the end of the study, mice were fasted for 6nld @anesthetized by anp. injection of



ketamine/xylazine. After the mice were fully anedibed, the eyeball was removed to collect blood
samples in a tube containing 1mM EDTA (Hoff, 20006) the measurement of relevant plasma
parameters. After the blood samples were colledtesl anesthetized mice were killed by cervical
decapitation; the tissues of interest were weiglfietze-clamped or fixed in a 4% formaldehyde
solution. Plasma levels of TG, FFA, total cholestiet DL cholesterol, HDL cholesterol, alkaline

phosphatase (ALP), alanine transaminase (ALT) apdrdéate aminotransferase (AST), total protein,
urea, blood urea nitrogen, creatinine, total biin) and albumin were determined by an Olympus
AU 600 auto-analyzer (Olympus, Japan). Plasma dewdl insulin were detected using an

ultra-sensitive insulin ELISA Kkit.

4.2.17 Histological Analysis

The tissues fixed in 4% formaldehyde solution wemgbedded in paraffin after dehydration in a
graded ethanol series (70-100%). Embedded sammes sectioned (4um thick) with a rotary
microtome and stained with hematoxylin and eosi&E) Oil-red O, and Sirius O for microscopic
examination. Sections were viewed with a light méoope (Olympus) and photographed at x200
magnification. The section of the immunohistochemisnage was first labeled by an identification
number code without the information of the groupifige numbers and sizes of adipocytes of each
slide were calculated with IMAGE J software (USA) Bervicebio Company (Beijing, China).
Quantification analysis was performed in six rantdomselected fields per sample in a blinded

manner.

4.2.18 Pharmacokinetics Sudy

1QZ23 was dissolved in ethanol/saline (5: 95). Male §peaDawley (SD) rats (n = 3) weighing



180-220 g were injected with these compounds ietrausly (2 mg/kg) or intragastrically (5 mg/kg).
Blood plasma samples were collected at 0, 30 mich &m, 2 h, 4 h, 8 h, 12 h, 24 h after
administration of compounds, and then immediategtgfuged (12000 rpm, 10 min) to obtain
plasma samples. The concentration of compounddasna was measured by LC-MS/MS. The

pharmacokinetic parameters were calculated usingtiGa 4.4 software.
4.2.19 Satistical analysis

Each experiment was repeated four times indepehdevith three replicates. Results were
expressed as mean + SEM and analyzed using Grapghi®z 5 Software from three independent
experiments. The Mann-Whitney and one-way ANOVAstesere used to compare data sets.

Statistical significance was set& 0.05.

Conflict of interest

The authors declare no competing financial interest

Acknowledgements

This work was supported by the National NaturaleS8ce Foundation of China (21672265,
81930098, and 81872732 to ZH, 81703336 to YR);Special Fund for Science and Technology
Development in Guangdong Province (2016A0202170®4ZH); the Science and Technology
Program of Guangzhou (201704020104 to ZH), the fd&t8cience Foundation of Guangdong
Province (2017A030308003 to ZH), the 111 Projecd@®47), the Ministry of Education of China
(IRT-17R111) and the Fundamental Research Funds for the Céhireérsities (31610915), the

Local Innovative and Research Teams Project of @Gdamg Pearl River Talents Program



(2017BT01Y093), the Guangdong Provincial Key Laboma of Construction Foundation

(2017B030314030).

Appendix A. Supporting infor mation

Additional experimental resultéH and**C NMR spectra, HRMS and HPLC assay data for final

compounds and a CSV file of molecular formula gfsimre available free of charge via the Internet

at

References

[1]

[2]

[3]

[4]
[5]

[6]

[7]

Kopelman PG. Obesity as a medical problem. NatQde(2000) 635643.

Ng M, Fleming T, Robinson, M, Thomson, B, Graetz Mdargono, C, et al. Global, regional,
and national prevalence of overweight and obesighildren and adults during 1980-2013: a
systematic analysis for the global burden of disesigdy 2013. Lancet 2014; 384:78681.
Masuzaki H, Paterson J, Shinyama H, Morton NM, MslllJ, Seckl JR, et al. A transgenic
model of visceral obesity and the metabolic syndro8tience 294 (2001) 2168170.

Rankin W, Wittert G. Anti-obesity drugs. Curr. @pLipidol. 26 (2015) 536-543.

Bray GA, Fruhbeck, G, Ryan DH, Wilding J PH. Managat of obesity. Lancet 387 (2016)
1947-1956.

Spiegelman BM, Flier JS. Obesity and the regulatib@nergy balance. Cell 104 (2001) 531
543.

Day EA, Ford RJ, Steinberg GR. AMPK as a therapdatget for treating metabolic diseases.

Trends Endocrinol. Metab. 28 (2017) 55850.



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ruderman NB, Carling D, Prentki M, Cacicedo JM. AJFAnsulin resistance, and the
metabolic syndrome. J. Clin. Invest. 123(2013) 2264 2.

Garcia D, Shaw RJ. AMPK: Mechanisms of cellular rggesensing and restoration of
metabolic balance. Mol. Cell. 66 (2017) 789-800.

Sharma H, Kumar S. Natural AMPK Activators: an adtgive approach for the treatment and
management of metabolic syndrome. Curr. Med. Ci2&n2017) 10071047.

Lee YS, Yang WK, Kim HY, Min B, Caturla N, Jones,el al. Metabolail combination of
lemon verbena and hibiscus flower extract prevéngh-fat diet-induced obesity through

AMP-activated protein kinase activation. Nutrieh@(2018) 10241041.

Park SH, Huh TL, Kim SY, Oh MR, Tirupathi PichiaBPChae SW, et al. Antiobesity effect
of gynostemma pentaphyllum extract (Actiponin): a randomized, double-blind,
placebo-controlled trial. Obesity 23 (2015) 252520.

Chang HP, Wang ML, Hsu CY, Liu ME, Chan MH, Chen .Ytuppression of
inflammation-associated factors by indole-3-carbinanice fed high-fat diets and in isolated,
co-cultured macrophages and adipocytes. Int. Js(3i2011) 15301538.

Van Huijsduijnen RH, Bombrun A, Swinnen D. Selegtiprotein tyrosine phosphatases as
drug targets. Drug. Discov. Today. 7 (2002) 1aiRL9.

Natural alkaloid bouchardatine ameliorates metabdisorders in high-fat diet-fed mice by
stimulating the sirtuin 1/liver kinase B-1/AMPK axiBr. J. Pharmacol. 174 (2017) 2457
2470.

Rutaecarpine analogues reduce lipid accumulation adipocytes via inhibiting

adipogenesis/lipogenesis with AMPK activation arfRJsuppression. ACS. Chem. Biol. 10



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

(2015) 1570-1571.

Synthesis and biological evaluation of novel boudhéne derivatives as potential
adipogenesis/lipogenesis inhibitors for anti-olyesikatment. J. Med. Chem. 58 (201) 9395
9413.

Gao L, Xu Z,Rao Y, Lu YT, Hu YT, Yu H, et al. Dgsi, synthesis and biological evaluation
of novel bouchardatine analogs as potential inbiibibf adipogenesis/lipogenesis in 3T3-L1
adipocytes. Eur. J. Med. Chem. 147 (2018)1911.

Censi R, Di Martino P. Polymorph impact on the kamkbility and stability of poorly
soluble drugs. Molecules 20 (2015) 18758776.

Capsoni D, Quinzeni I, Bruni G, Friuli V, Maggi LBini M. Improving the carprofen
solubility: synthesis of the ZAl-LDH hybrid compound. J. Pharm. Sci. 107 (2018y-272.
Laplante M, Sabatini DM. An emerging role of mTORIipid biosynthesis. Curr. Biol. 19
(2019) R10461052.

Moseti D, Regassa A, Kim WK. Molecular regulatioh adipogenesis and potential
anti-adipogenic bioactive molecules. Int. J. Mali. 37 (2016) 124147.

Kjgbsted R, Munk-Hansen N, Birk JB, Foretz M, ValB, Bjérnholm M, et al. Enhanced
muscle insulin sensitivity after contraction/exsecis mediated by AMPK. Diabetes 66 (2017)
598-612.

Herzig S, Shaw RJ. AMPK: guardian of metabolism amidchondrial homeostasis. Nat. Rev.
Mol. Cell. Biol. 19 (2019) 121135.

Choi W, Namkung J, Hwang I, Kim H, Lim A, Park Ha, al. Serotonin signals through a

gut-liver axis to regulate hepatic steatosis. Hatmmun. 9 (2019) 4824832.



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Maekawa T, Jin W, Ishii S. The role of ATF-2 familsanscription factors in adipocyte
differentiation: antiobesity effects of p38 inhidwis. Mol. Cell. Biol. 30 (2010) 61825.

Shao H, Li XK, Moses MA, Gilbert LA, Kalyanaraman ¥oung ZT, et al. Exploration of
benzothiazole rhodacyanines as allosteric inhibitdrprotein-protein interactions with heat
shock protein 70 (Hsp70). J. Med. Chem. 61 (2018366177.

Yamada K, Saito M, Matsuoka H, Inagaki N. A reak¢i method of imaging glucose uptake
in single, living mammalian cells. Nat. Protoc.2®Q7) 753762.

Zhang Z, Zhang H, Li B, Meng X, Wang J, Zhang YaktBerberine activates thermogenesis
in white and brown adipose tissue. Nat. Commur208.4) 54935507.

Nishimura Y, Yoshinari T, Naruse K, Yamada T, SiniMitani H, et al. Active digestion of
sperm mitochondrial DNA in single living sperm raled by optical tweezers. Proc. Natl.
Acad. Sci. USA. 103 (2016) 1382387.

Kilkenny C, Browne W, Cuthill IC, Emerson M, AltmddG. Animal research: reporting in
vivo experiments: the ARRIVE guidelines. Br. J. Rhacol. 160 (2010) 1571579.

McGrath JC, Lilley E. Implementing guidelines onpoeting research using animals
(ARRIVE etc.): new requirements for publicationBdP. Br. J. Pharmacol. 172 (2015) 3189—
3193.

Pollard AE, Martins L, Muckett PJ, Khadayate S, murA, Clausen M, et al. AMPK
activation protects against diet induced obesitgugh Ucpl-independent thermogenesis in
subcutaneous white adipose tissue. Nat. Metab019(2340-349.

Wang Z, Hu J, Yang X, Feng X, Li X, Huang L, et Besign, synthesis, and evaluation of

orally bioavailable quinoline-indole derivatives amovative multitarget-directed ligands:



promotion of cell proliferation in the adult muringppocampus for the treatment of

alzheimer's disease. J. Med. Chem. 61 (2018)183%4.



Figure and Scheme Captions

Figure 1. Chemical structures of bouchardatiRd,7, and 4 series of nefd+indoloquinazoline

analogues.

Figure 2. Evaluation of the lipid-lowering activity gf-indoloquinazoline analogues in 3T3-L1
adipocytes. After totally confluence, 3T3-L1 pragtyte were exposed to differentiation cocktail |
(a mixture of IBMX, dexamethasone, insulin) for &yd, then switched to differentiation cocktail Il
(insulin) and incubated for another 3 days; complsunere diluted with the differentiation cocktail
and added. At day 6, the TG level in the cells watermined by a TG assay or by staining with
ORO working solution as described in MethoB4.7 and Metformin (1 mM) were viewed as the
control compound. (A) Determination of the effedf derivatives on the TG level in 3T3-L1
adipocytes. The concentrations of derivatives wkerand 5uM. (B) Representative microscopy
images of the 3T3-L1 adipocytes were captured aftenpounds (1uM) were treated by ORO
staining (x200). UND: undifferentiated group cellghout the stimulation of an adipogenic cocktail.
Ctrl (Control): differentiated group without treaemt with the compounds. N = 4 independent

experiments.

Figure 3. Inhibition of adipocyte differentiation and aaion of AMPK by 4 potent compounds in
3T3-L1 adipocytes. (A) Confluent 3T3-L1 pre-adiptas/were treated with derivativés, 20, 21,
and 23 at 0, 0.01, 0.1, 0.3, 1, 3 and 1M for 6 days during differentiation. On day 6, the

intracellular TG content was determingh a TG assay and Egvalues were calculated using



Origin 8 software (CA, USA). (B-F) Confluent pretpdcytes were exposed to a differentiation
cocktail for 24 h with or without the treatmenttbese potent derivatives (0, 0.01, 0.1 aneM),
cells were harvested and subjected to mMRNA levabdgdogenic markers and protein level of AMPK
pathway by RT-qPCR and Western blot assay, resadgt(B-E) mMRNA level of adipogenic markers
C/EBR, C/EBR, C/EBRy, and PPAR, the level of the gene of Ctrl group was viewedlagF)
AMPK activity determination. The expression levelspAMPKa (Thr-172) were determined and
guantified using Quantity One software. Proteirelswere normalized to loading control Actin, the
pAMPKa level of the Ctrl group was viewed as 1, compotredtment groups were calculated, and
the high level of pAMPI& (Thr-172) indicates a higher activity of AMPK. N 4 independent

experiments.

Figure 4. Inhibition of adipocyte differentiationia AMPK pathway activation byQZ23. (A)
Confluent 3T3-L1 pre-adipocyte were exposed to dipagenic cocktail in the presence or absence
of 1QZ23 (1 uM) treatment during different periods of differation. At day 9, cells were collected
for TG level determination. (B-C) Effects 6Z23 on the protein level of adipogenic factors and
fatty acid synthesis related proteins in 3T3-L1padytes. 3T3-L1 pre-adipocyte were exposed to the
adipogenic cocktail in the presence RL7 (1 uM) or 1QZ23 (0.3 and 1uM) treatment. After
treatment, cells were collected and expressionldeskadipogenic factors (Day 1) and fatty acid
synthesis related proteins (Day 6) were determi(i2d:) Effects ofl QZ23 on ATP synthase activity,
ATP level and AMP-to-ATP ratio in 3T3-L1 adipocyt&¥T3-L1 pre-adipocyte were exposed to an
adipogenic cocktail in the presencd QiZ23 (0.3, 1uM) treatment for 24 h, cells were collected and

ATP synthase activity, ATP level, and AMP/ATP rati@re determined as described in Methods.



(G-H) AMPK knockdown abolishes the inhibition effexf 1QZ23 in 3T3-L1 adipocytes. After the
cell density reached 80%, cells were transfecteth WD nM AMPKo siRNA for 24 h. After
confluence, cells were exposed to adipogenic cdakith or withoutl QZ23 treatment for 1 day and
6 days, then cells were harvested and relevantmedess were determined. (G) Protein level of
AMPK pathway and adipogenic factors after differamon induction for 1 day. (H) TG level
determination on Day 6. Values are expressed asdan + SD. UND: undifferentiated group cells
without the stimulation of an adipogenic cocktallontrol (Ctrl): differentiated group without
treatment with the compound® < 0.05,"p < 0.01,""p < 0.001, compared with UND group cell.

*p < 0.05, **p < 0.01, ***p < 0.001, compared with the control grofp < 0.05,9% < 0.01,

compared with QZ23-treated cells. N = 4 independent experiments.

Figure 5. Increase of insulin sensitivity in C2C12 myobsaga AMPK pathway byl QZ23. (A-B)
1QZ23 increases glucose uptake distinguished from thalimsignaling pathway. C2C12 myoblasts
were treated with insulin (10g/mL), 1QZ23 (0.3, 1uM), R17 (1 uM), metformin (Met, 1 mM)
alone or together for 6 h, then the culture medwas replaced with fresh medium containing 30
mM 2-NBDG and Hoechst 33342 (for nucleus, 1:100@ubated at 37 °C for 30 min, the
fluorescence intensity of 2-NBDG in cells was meadiat the wavelength of Ex/Em of 465/540 nm,
and representative images were captured using ss Adicroscopy System. Magnification, x100.
The fluorescence in the control group was viewed,and relative compound-treated group values
were calculated. (C) Protein level of pAMEBKand AKT pathway in the cells treated wi#i7 (1
uM), 1QZ23 (1 uM), insulin (10 pg/mL) or combination of each other, and quantifwat (D-E)

Effects of P4K inhibitor LY-294002 (10uM) on the glucose uptake and protein levels gKIAKT



pathway in the presence bPZ23. Cells were treated withQZ23 (1 uM) or LY-294002 (10uM)

alone or together for 6 h, and the glucose uptake mweasured as described above and protein levels
of pAMPKa and pAKT were determined and quantified. Valuesexpressed as the mean + Sp. *

< 0.05, **p < 0.01, ***p < 0.001, compared with the control grofp < 0.05, compared with

insulin-treated cells. N = 4 independent experirment

Figure 6. Promotion of mitochondria biogenesis and oxidatiapacity in 3T3-L1 adipocytes by
1QZ23. (A-B) Effects of R17 and1QZ23 in mitochondrial contents in 3T3-L1 adipocytes.li€e
were treated with AICAR (2 mM)R17 (1 uM), 1QZ23 (1 uM) in the presence or absence of
compound C (CC, 2(M) for 24 h, then cells were stained with hoche&&342 (for nucleus, 1:1000)
and mito-tracker (for mitochondria, 1:5000) at &7 for 30 min, the fluorescence intensity of
Mito-tracker in cells was measured under the wagile of ExX/Em of 579/599 nm and
representative images were captured using a Zeissoddopy System. Magnification, x100. The
fluorescence in the control group was viewed amnil, relative compound-treated group values were
calculated. (C) Effect dR17 andl QZ23 on the mRNA level of mitochondrial regulated ger@slls
were treated witlR17 (1 uM) and1QZ23 (0.3, 1uM) for 24 h, cells were collected and subjected to
RNA extraction followed by RT-gPCR for the indicdtgenes assay. (D) Effect BfL7 (1 uM) and
1QZ23 (1 uM) on oxygen consumption in 3T3-L1 adipocytes ascdeed in Method. j < 0.05, *p

< 0.01, **p < 0.001, compared with the control grofip< 0.05,"p < 0.01, compared with AICAR,

R17 or1QZ23 or treated cells. N = 4 independent experiments.

Figure 7. Amelioration of HFC diet feeding induced obessyd metabolic disorders dyRZ23.



Male C57BL/6J mice were fed with an HFC diet forwideks, andQZ23 was administered in the
last 6 weeks at a dose of 20 mg/kg every othefbgayp. injection; control group mice were injected
with saline. GTT and ITT were determined at weekahtl week 13. After treatment, mice were
anesthetized, plasma and tissues studied werddadodéend weighted, and the chemicals in plasma
were determined. (A) Appearance of mice. (B) Bodghe (C) Fat mass. (D) Total food intake
during 6 weeks of treatment witlpZ23. (E) Acute effects ofQZ23 on improved plasma glucose in
mice. (F-G) GTT, ITT and the area under the cuA®dE). N = 15 mice in each group, values are
expressed as the mean £SP.< 0.05, *p <0.01, **p <0.01, compared with CH group (fed with

chow diet); # < 0.05, ## < 0.01, ### < 0.01 compared with HFC group.

Figure 8. Inhibition of hepatic steatosis in HFC-micell§yZ23. Male C57BL/6J mice were fed with
an HFC diet for 14 weeks, an@Z23 was administered in the last 6 weeks at a dos® aohg/kg
every other day by.p. injection. After treatment, livers were isolateddaweighed, and relative
parameters were determined. (A) Liver weight. (Bjek TG. (C) H&E and Oil red O staining in
livers. N = 15 mice in each group, values are esged as the mean +Sh ¥ 0.05, *p <0.01, ***p

<0.01, compared with CH groupp# 0.05, ## < 0.01, ##$ < 0.01 compared with HFC group.

Scheme 1. Synthesis of compounds40. Reagents and conditions: (i»®0;, DMF, 160 °C, 2 h; (ii)
2 M NaOH, rt, 6 h; (iii) a: SOGJ 82 °C, 2 h; b: anthranilamide,s&t10 h, 0 °C; (iv) 2 M KOH,
reflux, 8 h; (v) benzoperoxide, NBS, 90 °C, 24\h) DMSO, 100 °C, 2 h; (vii) POGJ 60 °C, 2 h;

(viii) amines, EiN; (ix) a: triethyl orthopropionate, 130 °C, 12 lx; Br,, 60 °C, 4 h; c: phenyl



hydrazine, reflux, 10 h; d: PPA, 130 °C, 16 h; @d®, 100 °C, 4 h; (x) iodomethane/benzyl
bromide, KOH; (xi) aN, N-dimethylpropane-1,3-diamine, toluene, 80 °C; bRODMF, 1 h; (xii)
a: (COCIy, rt, 1 h; b: anthranilamide;BuOK, 80-100°C; (xiii) POG| DMF, 0°C—rt, 1 h; (xiv)
thiol, K.CO;, 90 °C, 8 h; (xv) amines, KOs, (xvi) alcohols, NaH, rt, 1 h; (xvii) a: triethyl
orthobutyrate, 130 °C, 12 h; b: B60 °C, 4 h; c: phenylhydrazine, reflux, 10 hPdA, 130 °C, 16 h.

(xviii) POCls, DMF, 50-80 °C.



Table 1. Structures of the synthesizgdndoloquinazoline derivatives.

Series compd. X Y R Series compd. R

1 O NH %/yr‘l\ 21 NH NH zN’D
2 O NH ¥ 0 2 NH NH ¥
3 O  NH  mne 23 NH NH ‘%_/\/VNO

0 4 O NH ,{VD 24 NH NH Emr‘«\
5 O NH TN 25 NH NH ¥ W
6 NMe NH 7N 26 NH NH o ~he
7 NBn  NH wOTNT 27 NH NH %/\/NO
8 NH S M 286 NH NH ¥ 7N
9 NH S >y 29 NH NH
10 NH NH ¥ 7N 30 NH NH
11 NH  NH EMD il o o E/v"‘\
12 NH  NH A 0 32 O O TN

0
13 NH 0] E/Vb‘l\ 33 O O E/\N’“\
14 NH 0 WO 34 o) o) a/V'D
15 NH O Emr‘«\ 35 o o ¥
16 NH O %NNO 36 S NH E/Vr‘«\
17 NH O TN 37 S NH W
18 NH  NH E/Vr‘«\ 38 S NH %NNO

0 19 NH NH %W 39 S NH TN
20 NH  NH o d 40 S NH zMD




Table 2. Determination ohqueousolubility and rat liver microsomal stability of {gmt derivatives.

K tys Clin? Aqueous solubility
Compd. Stability (%)
(min™) (min) (uL/min/mg) (ng/mL)
11 83.88 0.0028 247.6 2.8 15.1
20 84.02 0.0027 256.7 2.7 65.9
21 66.58 0.0066 105 6.6 56.4
23 80.69 0.0037 187.3 3.7 73.3
R17 71.05 0.0053 130.8 6.3 41.1
testosterorfe 2.1

& Clyy: intrinsic clearance.

®The positive control testosterone exhibited metatsthbility that was consistent with the literatand internal validation data



Table 3. Pharmacokinetics assay2§ andR17 in SD rat8

23 (also named a€Z23)

i.v. (2 mg/kg) p.o. (5 mg/kg) i.v. (5 mg/kg) p.o. (5 mg/kg)
t12 (h) 44+04 42+0.3 3.14+0.5 5.1+3.8
Tmax (h) NA 4.0+0.38 NA 47+1.2
Crmax (ng/mL) NA 37.1+7.0 NA 23.75+5.1
AUC 0.y (h*ng/mL) 307.8+£17.0 374.1+64.2 634.7 £19.7 246.9 £124.1
AUC o) (h*ng/mL) 314.1+£18.2 383.6 £67.3 670.8 £9.3 293.9 +167.8
MRT (o) (h) 5.7+0.3 75+04 3.56+0.3 9.62+5.0
Vz (L/kg) 40.7+3.1 NA 33.8+5.7 NA
CL (L/h/kg) 6.4+0.4 NA 75+0.1 NA
F (%) 48.6 + 8.3 43.8+25.0

& Pharmacokinetic parameters were calculated framsnph concentration-time data and are reported @ Me SD for n = 3.

Intravenous i(V.) and oral p.0.) pharmacokinetics were conducted in male SD r8wlution formulation foriv and oral

pharmacokinetics included 10% ethanol, 10% cast@and 90% normal saline. NA = not applicable.



Table 4. Chronic effects 0ofQZ23 on metabolic parameters in HFC mfce
CH-group HFC-group HFC4QZ23 group
ALT (U/L) 49.6+1.5 231.9+18. 5%+ 52+7.68"
AST (U/L) 216.7+9.7 341.6+23.8% 163.7+17.57
ALB (mM) 35.9+1.1 38.7+1.8 30.4+4%4
TBIL (mM) 1.1+0.07 1.3+0.12 0.9+0"2
BUN (mM) 11.6+1.5 14.6+1.4%* 11.5+1%0
CRE (iM) 16.3+0.5 14.9+2.8 14.5+2.0
Glucose (mM) 9.7+0.29 11.8+1.3* 9.3+
FFA (UM) 452.1+23.6 1668.5+144 6% 694.4+6970
TG (mM) 0.9+0.06 1.2+0.02** 0.92+0%2
CHO (mM) 3.440.2 6.2+0.3** 4.7+0%
Insulin (ng/mL) 1.96+0.2 3.5+0.6%* 2.2+0'5
LDL-c (mM) 0.4+0.03 0.9+0.4** 0.81+0.15
LDL-c/HDL-c 0.2+0.02 0.4+0.13* 0.25+0.0%5

2 HFC mice were treated witl9Z23 by i.p. at the dosage of 20 mg Rgeach other day for 6 weeks, the

HFC-control mice were administrated with the salifiee results were expressed as the mean + S.DLINmice

each group. ® Fasting blood glucosep 0.05; **p< 0.01; ***p < 0.001 vs CH group micép < 0.05;*p < 0.01;

##5 < 0.001 vs HFC group mice.
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Highlights

< 40 novel novel p-indoloquinazoline analogs were designed and synthesized.

< Thelipid-lowering activity was evaluated based on 3T3-L 1 adipocyte model.

<> Compound 1QZ 23 shows a good drug-like properties and effectiveness on obesity mice.

< Compound 1QZ23 activatesAMPK pathway by modulating ATP synthase activity.
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