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Abstract: It is an urgent need to develop more effective-mfllienza agents due to

the emergence of highly pathogenic and drug-registdluenza viruses. Herein, a
series of 2,4-disubstituted quinazoline derivativesre designed, synthesized and
their antiviral activities against influenza A virwere evaluated. Nine compounds
(10a2 16a 16e€ 16i, 16j, 16n, 160 16p and 16r) showed potent activity against
influenza A virus (IAV) with IGo at the low-micromole level (1.29-9.04M).
Particularly,16eand16r possess good anti-IAV activity (¢ 1.29uM and 3.43uM,
respectively) and acceptable cytotoxicity, and hithihe transcription and replication
of viral RNA. Together with reasonable PK profilesl6g these results suggest their
promising potential as candidates for further imigadion.

Key words: Anti-influenza A virus activity, quinazoline degtives, synthesis,

structure-activity relationships

1. Introduction



Influenza, or “flu”, is a highly contagious respeay infectious diseases caused by
the influenza virus and is responsible for appratety 3—5 million cases of severe
disease, many hospitalisations and about 290,0085®000 respiratory deaths
worldwide every year [1-5]nfluenza virus can be divided into four typesiuehza
A, B, C and D [6]. Among them, influenza A viruAll), a linear, negative-sense,
single-stranded RNA virus, possesses high pathoiggrand is the main cause of
seasonal epidemics and occasional pandemics ofraesy diseases worldwide,

which belongs to th®rthomyxoviridagamily[7—-11].
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Fig. 1. Four classes of approved antiviral agents fotristment of influenza virus infection

However, there are limited options in the clinieatment of influenza infections.
Up to now, only two classes of anti-influenza drags approved by the FDA, namely,
M2 ion-channel blockers (amantadine and rimantgdamel neuraminidase inhibitors
(oseltamivir, zanamivir, peramivir and laninamieictanoate)(Fig. 1)[12]n addition,
as a RNA polymerase inhibitor, Favipiravir(Fig. i@as approved by Japan against
influenza infection in 2014(Fig. 1)[13] and Baloxawmarboxil (BXM)(Fig. 1), an
orally available small molecule inhibitor of cappd®dent endonuclease (CEN), was
approved for the treatment of uncomplicated infagem Japan and the United States
of America in 2018(Fig. 1)[14Jnfortunately, the M2 ion-channel inhibitors are no
longer recommended for treatment of influenza ard iNhibitors have several
limitations in clinical practice due to their drugsistance and severe side effects

[15-19]. Safe and effective therapy for IAV infaxtiis still a high unmet medical



need. Therefore, we are constantly required toldpuweew antiviral agents with new

scaffold and novel mechanism of action.
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Fig. 2 Design of new quinazoline derivatives

In our previous studies [20], a series of substduindole derivatives were
synthesized and most of them displayed signifieaitvity against IAV A/WSN/33
(HIN1) strain. Among them, two compoundsand B with indole and naphthalene
ring displayed more potentiat vitro anti-IAV activity (ICse: 4.18uM and 5.22uM,
respectively, Fig.2). We also reported that 3-gtldst indole derivatives inhibited
IAV replication at the post-entry stage and migirget viral RNA transcription and
replication [21].

Based on the above research results, and as paut piersistent efforts to develop
potential antiviral candidates, we intended to aeel the indole and naphthalene
scaffold with quinazoline scaffold employing theastgies of bioisosterism and
scaffold alteration to explore the structure-atfivelationship (SAR) (Fig. 2). Here,
we designed and synthesized a series of 2,4-sudbdtiuinazoline derivatives
containing S-acetamide and NH-acetamide moietiab e@raluated their anti-IAV
activity in this study, aiming at developing thesempounds into a new class of

anti-lIAV drug candidates.

2. Results and Discussion

2.1. Chemistry

The target compound&—i and10a—bwere synthesized by following the pathway



described in Scheme 1. The quinazoline-2,4(1H,3ba core was constructed by
reacting anthranilic acid with urea at 180. Subsequently, the two carbonyl groups
in compound2 were subjected to chlorination with phosphorylocide (POC)) to
produce the 2,4-dichloroquinazoliBeUnder basic conditions, the 4-position chlorine
of 3 was selectively substituted with ethyl thioglycelab give the key intermediate
To confirm the regioselectivity of this reactionewlid HMBC spectrum analysis of
compound4 and found that there is a coupling between thelyantroduced
methylene hydrogen and the 4-position carbon atdfig. (3). Nucleophilic
substitution of intermediate 4 with pyrrolidine in the presence of
N,N-diisopropylethylamine (DIPEA) yielded the cap®nding compound, which
was hydrolyzed subsequently to give aBidn the presence of HATU and DIPEA,
intermediates reacted with different amines to afford the tag@hpound¥a—7i On
the other hand, the key intermedidte/as hydrolyzed in the presence of LiOH to give
the corresponding acifl. Amidation of acid8 with aniline or benzylamine in the
presence of HATU and DIPEA afforded the amiBlas9h Finally, the chlorine at the
2-position of9a—b was substituted with available piperazine or pgiee derivatives

to provide the target compounti8a—h
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Scheme 1Synthesis of the target compoundsnd10
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Fig. 3. Structure and HMBC spectrum of compouh¢ A: Chemical shift of hydrogen atom in
'HNMR; B: Chemical shift of carbon atom iCNMR; C: Coupling between the newly
introduced methylene hydrogen and the 4-positiabaraatom; D: Part of HMBC-spectrum of
compound4)

The synthesis of quinazoline derivativdd6a—r are shown in Scheme 2.
Commercially available glycingl was protected by ditertbutyl dicarbonate to afford
the corresponding Boc-glycing2. Amidation of 12 with different amines in the
presence of HATU and DIPEA afforded the amid8sThe subsequent deprotection
afforded the desired intermediafel, which underwent a coupling reaction with
2,4-dichloroquinazolin® to generate the key intermedidte Finally, compound45
were reacted with appropriate amines in the preseéwiN-diisopropylethylamine

(DIPEA) to obtain the desired produdi§a—rin moderate to good yields.
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Scheme 2Synthesis of the target compourids

2.2 Anti-influenza virus activity

The target compoundg, 10, and 16 were initially screened for their inhibitory
effectagainst IAV A/WSN/33 (H1N1) at a concentration 6fiiM in HEK293T-Gluc
cells and the results were shown in Fig.1l. Notabipst of the tested compounds
exhibited a moderate to high inhibition ratio to IAV infeatio Among them,
compounds16a 16e and 16] showed the most potent inhibition ratio (95.84%,
99.84%, 98.21%, respectively), which was highentbampounds A and B (90.21%
and 78.04%, respectively). Overall, the potencyhef quinazoline derivatives in this
study depends on both of the groups at C-2 andpGs#tions and the NH-acetamide
derivatives {6) are more active than the S-acetamide4d().
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Fig. 4. Inhibition rate of the target compounds on IAV.
An exploration on C-4 (R) of quinazoline core rdeeaa flat SAR (Fig.1). All the
modifications on R are less beneficial to anti-l1Activity, even decreased the

antiviral activity, except for7e and 7f, suggesting that naphthalen-2-yl and



cyclopropyl are acceptable. Furthermore, insertadna methylene between the
benzene ring and amide bond leads to decreasedtyackor example, N-phenyl
acetamide derivatives provided better anti-IAV watgi than N-benzyl acetamide
derivatives Ta vs 7b, 7c vs 7h). Additionally, replacement of the pyrrolidin-1-gk
C-2 with other amino groups has a significant effat the activity and diethylamino
group (L0a2 10b2) is optimal for the C-2 position.

In the next round of optimization, we replaced slfur atom with nitrogen atom
employing the strategy of bioisosterism with thenadf improving the antiviral
potency. To our delight, we observed the NH-acedenderivatives X6) are much
more active than the S-acetamidésl(0), indicating that nitrogen atom is preferred
over sulfur atom. The naphthalen-2-yl and phenyl-# were identified to be crucial
for antiviral activity. Compound.6a and compound.6e were optimal for excellent
anti-lIAV activity (IR = 99.84% and 95.84%, respeety). On the other hand,
replacing the pyrrolidin-1-yl by other secondary ia@s (from 16] to 16q)
significantly enhances the anti-IAV activity, extefor 16k, 161 and 16m. The
anti-lIAV activity of the quinazoline derivatives this study depends on both of the
groups at the C-4 and C-2 positions and the opticmshbination needs further
discussion in the future.

Thirteen compounds identified with high inhibitigates in the initial screening
were selected for the dose response assays (Tabl&d 1G, of ribavirin used as a
positive control was 15.36M. Among them, eight compound$0@2 16a 16e€ 16i,
16j, 16n, 160 and16p) showed stronger anti-influenza A/WSN/33 (H1N1d\ates
with 1Cso at micromole level (1.29-9.04M). Compoundl6e showed the strongest
inhibitory activity with 1G value of 1.29uM in this study. Subsequently, compound
16r synthesized by replacing the pyrrolidin-1-yl of 16e with
3,4-dihydroisoquinolin-2(1H)-yl ofL6] remains excellent activity (kg 3.43+£0.54
uM) and exhibited lower cytotoxicity with Ggvalues of up to and beyond 10QM.



Tale 1 Anti-influenza virus activity and cytotoxicity dfie selected compounds in HEK293T-Gluc

cells
Cpd. ICs0 (uM) CCso (uM) Sl
7e 36.10+7.88 >100 >2.77
7f 38.24+7.40 >100 >2.61
10a2 7.18+1.89 >100 >13.93
10b2 19.15+0.73 >100 >5.22
16a 1.88+0.10 23.28+2.91 12.38
16d 39.43+0.93 >100 >2.54
16e 1.29+0.01 59.94+3.04 46.46
16i 9.04+0.57 15.86+0.58 1.75
16j 3.88+0.47 36.64+2.24 9.44
16n 6.84+0.68 29.43+0.95 4.30
160 3.83+0.15 >100 >26.11
16p 5.00+1.37 >100 >20.00
16q 11.47+0.54 >100 >8.72
16r 3.43+0.54 >100 >29.15
A 4.18+0.12 43.98+2.17 10.52
B 5.22+0.34 >100 >19.15
ribavirin 15.36+0.93 >100 >6.51

As shown in Table 1, the cytotoxicity of the foume compounds was also
investigated in HEK293T-Gluc cells using a cell osbng kit-8 (CCK-8) assay. Most
compounds displayed low cytotoxic (6 100 uM), whereas the introduction of
nitrogen atom at C-4 resulted in increased cytaioxi(16a 161 and 16n).
Considering both of the activity and cytotoxiciggpmpoundl6eand16r, both of that
hold the higher selective index (Sl >29.15) amdmgsé analogues, could be selected
as a lead compound for further modification.

Encouraged by their strong potency against inflaenus 1AV A/WSN/33

(HIN1) strain, eight compounds were evaluated a&gainfluenza virus IAV



A/PR/8/1934 (H1N1) strain in HEK293T-Gluc cells. Asown in Table 2, all tested
compounds turned out to be potent inhibitors agaimfluenza virus IAV
A/PR/8/1934 (H1N1) with Ig values from 0.12 to 6.0wM, suggesting their
promising potential antiviral activity. In additipwe assessed the cytotoxicity of these
compounds on A549 cells, a cell line that is widebed in 1AV study. The results
showed that most of the compounds displayed lomédium toxicity on A549 cells
(Table 3), similar to what found in 293T cells. P8 of an increasing cytotoxicity of
16e 16i, 16j and16n on A549 compared with 293T, much higher value€Gi, than
ICs indicate that their antiviral activities are natedto cytotoxicity. Furthermore, the
similar cytotoxicity profile of these compounds bath cell lines would help us to

improve their safety by further optimization in theure.

Table 2 Anti-influenza virus activity of the selected cooymds in 293T-GLUC cells

Cpd. ICs0 (nM) Cpd. IC 50 (M)
10a2 1.69-0.21 16n 0.124-0.03
16a 1.47+0.12 160 6.051:0.32
16e 0.63+0.02 16p 5.804-0.68
16i 0.951-0.08 A 0.33+0.01
16j 0.414-0.09

Table 3The cytotoxicity of selected compounds on A549%scel

10a2 >100 16n 12.84+0.03
16a 19.04+1.34 160 >100
16e 4.77+0.13 16p >100
16i 5.92+0.14 A 71.41+3.4
16j 10.72+0.18

2.3 Primary Mechanism of compouh@eagainst IAV
Next, compoundl6e was selected for further mechanisms study agaimest

influenza A virus. We initially carried out a tinté-addition experiment fofl6e to



investigate the possible time-dependent inhibidfgcts on influenza replication, and
the results were shown in Figure 4. When compoil®e was added before viral
infection (from -1 to 0 h), no reduction in viraleld was observed. Howevet6e
displayed a significant inhibitory effect on influea virus when added after viral
infection, particularly in the early stage (fromid4 h), suggesting thabe affects the

early steps of the replication cycle.
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Fig.5. Times-of-addition ofl16e after infected with IAV A549 cells were inoculated with
influenza single-cycle A/WSN/33(H1N1) virus at altiplicity of infection of 0.2 and compound
16e (2.5 uM) was added. Viral yields were determined at 1doht infection by measuring Gluc
activity. In this experiment, DMSO was used asribgative control and ribavirin (3tM) as the
positive control.

In order to further confirm the mode of action loé$e compounds against influenza
virus, we investigated the effect on 1AV RNA tranption and replication using an
IAV mini-genome replicon system. As shown in Figcempared with the negative
control, compoundL6e could significantly inhibited the activity of lUerase in a
dose-dependent manner, and the activity of lugferaas inhibited by more than 80%
at 2.5 uM. These results suggest that these compounds arggttviral RNA

transcription and replication.



Z 12U
£ 100+
k]
& i
£ —
¥
= 404
=
- i) -
i 20 I—I
F
3 0 , s
o e e e
K- i e oF
& 5
& o &
e S

Fo

Fig.6. Inhibition of compound.6eon influenza viral VRNPHEK239T cells were transfected with
pCAGGS expression plasmids encoding PBZB1. PA. NP. pol-LUC and SV40-Relina in the
absence or presence of compourie (1.25uM or 2.5uM). Effect of vVRNA transcription was
evaluated by measuring luciferase and relina ah Zbst-transfection. ** indicates p<0.01 as
compared to negative control.

2.4 Lipinski’s rules and in vivo PK profiles

Lipinski's rules are important guidelines for deteming drug-likeness
compounds [22]The related theoretical values of most ten potemtpounds were
obtained using Molinspiration free online softw@né&ps://www.molinspiration.com).
As shown in Table 4, none violation of Lipinski'sle-of-five was found among
compoundslOa2 16a 16n, 160 16p and16q. The logP of compoundkse 16i, 16j
and16r are out of the recommended range(6gP<5), which indicates they have a
bad hydrophilicity ratio to be bioavailable compdsn However, they are still
incorporate with the Lipinski’s rule-of-five (vidi@ns <1). The calculated polar
surface area values were much lower than 140, giredi adequate intestinal

absorption.



Table 4Parameters of Lipinski’s rules

Lipinski's
nON®  nOHNH* MW °
Cpd. LogP'(s5) TPSA? Vol (A3 violations
(<10) (5) (<500)
(<1)
10a2 477 58.12 5 1 336.96 366.49 0
16a 4.05 70.15 6 2 320.87 347.42 0
16e 5.24 70.15 6 2 364.86 397.48 1
16i 5.34 70.15 6 2 347.94 416.31 1
16j 5.04 70.15 6 2 375.48 409.49 1
16n 4.88 70.15 6 2 392.28 423.52 0
160 3.33 79.38 7 2 346.66 377.45 0
16p 4.24 70.15 6 2 348.03 363.46 0
16q 3.38 73.39 7 2 367.02 390.49 0
16r 6.22 70.15 6 2 419.47 459.55 1

!LogP, logarithm of compound partition coefficiergtiveen n-octanol and water.
2TPSA, topological polar surface area.

® nON, number of hydrogen bond acceptors.

4 NOHNH, number of hydrogen bond donors.

> MW, molecular weight.

In order to identify the oral bioavailability of ése compounds, compouade
was further evaluated fan vivo PK profiles in male SD rats (n = 3), following a
single oral dose (25 mg/kg, n = 3) and an intrausndose administrations (1.25
mg/kg, n = 3). As shown in Table 5, compout&k shows reasonable oral exposure
and bioavailability (AUG.inr: 183 h-ng-mL, F: 22.5%), but a relative high Vs&6(6
L/kg) might lead to unexpected accumulation and paikndixicity risk for basic
molecule. The oral i}, of 25 mg/kg was approximate 2.25 h, suggestingedrfor
further optimization to improve the exposure. Thass all the above results support

compoundl6eto be worth of further investigation.



Table 5Rat PK profiles of compountbe

Dose (mg/kg)

Parameter 1.25 (iv) 25 (po)
Plasma K (h% 1.03+0.12 0.32+0.07
Tip(h) 0.68+0.07 2.25+0.5
tmax(h) - 0.3310.14
Cmax(ng/mL) 58.0£16 78.6+16
Co(ng/mL) 80.8+27 -
AUCq(h-ng/mL) 34.948.9 157+62
AUCqin¢ (h-ng/mL) 39.249.4 183+55
AUMCq(h-h-ng/mL) 18.0+4.2 3134111
AUMC.ins (h-h-ng/mL) 30.616.4 553+85
CL (mL/min/kg) 5574155 -
MRT (h) 0.7940.08 3.184+0.99
Vss (L/kg) 26.619.16 -
F(%) - 22.548.8

The PK study in male SD rats was carried out adngrtb the standard procedures (iv, 1.25 mg/kg;25omg/kg).
Major parameters, including plasma clearance (Cblime of distribution at steady state (Vss)p,Tarea under
the cure (AUC), and oral bioavailability (F), ar@oeted.

3. Conclusions

In summary, we reported the synthesis and charzaten of a series novel
quinazoline derivatives containing S-acetamide Bifttacetamide moieties as new
anti-lIAV agents. Most of them exhibit potent in reit anti-lAV activity. The
subsequent SAR studies showed that nine compoldd® (L6a 16¢ 16i, 16j, 16n,
16qa 16p and 16r) showed much stronger anti-influenza A activitiggh 1Cso at
micromole level (1.29-9.04M). Particularly, 16e and 16r exhibited excellent
anti-lIAV activity (1Cs0:1.29 uM and 3.43uM, respectively) andisplayed acceptable
cytotoxicity. The preliminary mechanism studies iynghat these quinazoline
derivatives exert their antiviral activity at theral post-entry stage. In addition,
compoundl6ewith reasonable PK profiles has been selectedpademtial candidate

for further investigation.

4. Experimental section

4.1. Chemistry



Melting points were obtained from an X4 micrdtimg point meter and the
temperature was uncorrectéti NMR and**C NMR spectra were determined on a
on a Bruker AVANCE IIl 400 MHz, 500 MHz or 600 MHspectrometer (Bruker Inc)
in DMSO-ds, Methanold, or CDCk using tetramethylsilane as an internal standard.
High resolution mass spectra were obtained on dospee Ultima-TOF spectrometer.
The reagents were all of analytical grade or challyipure. TLC was performed on

silica gel plates (Merck, ART5554 60F254).

4.2. Synthesis

4.2.1. Ethyl 2-((2-chloroquinazolin-4-yl)thio)aceta

Quinazoline-2,4(1H,3H)-dione 2 and 2,4-diichloroquinazoline 3 were
synthesized according to previously reported mesfiti24].

To a stirred solution 08 (2.6 g, 13 mmol) and DIPEA (3.4 g, 26 mmol) in THF
(25 mL), ethyl thioglycolate (1.56 g, 13 mmol) wadded dropwise. The reaction
mixture was stirred at r.t. for 1.5 h. The reactimixture was concentrated under
reduced pressure and purified by column chromapdyrgsilica gel) eluting with
petroleum ether and ethyl acetate (15:1, v / \gQdbthe title compound (2.9 g, 80%
from 3) as light yellow solid*H NMR (400 MHz, Chlorofornd) & 8.13 — 8.08 (m,
1H), 7.97 — 7.88 (m, 2H), 7.64 (ddd= 8.2, 6.2, 1.9 Hz, 1H), 4.32 (= 7.1 Hz, 2H),
4.17 (s, 2H), 1.38 (t) = 7.1 Hz, 3H)**C NMR (101 MHz, Chlorofornd) & 172.83,
168.24, 155.59, 149.69, 135.01, 128.08, 127.75,882321.88, 62.18, 32.53, 14.23.

4.2.2. General procedure for the synthesis of camgs7a—7i

Pyrrolidine (0.6 g, 8.4 mmol) was added to the saspn o4 (1.2 g, 4.2 mmol)
and DIPEA (1.1 g, 8.4mmol) in THF (15 mL) and thbe system was heated to/80
for 1 h. The solvent was removed by evaporation thedresidue was purified by
column chromatography (silica gel) eluting with noégum ether and ethyl acetate
(10:1, v / v) to get the title compound1.2 g, 90% from 4) as yellow solid. The solid
was then dissoved in THF (10 mL) and lithium hyddex(2 eq.) in water (10 mL)
was added. The reaction mixture was stirred for t1.&t room temperature and

evaporated under vacuum. The residue in water (20was adjusted to pH 2 with 1



N HCI and the precipitated solid was filtered, washvith distilled water (20 mL) to
give compound as an off-white solid.

A solution of compound (99.8 mg, 0.34 mmol), 2-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphatéA{id) (157.7 mg, 0.42 mmol)
in DMF (2 mL) was stirred at room temperature urtieratmosphere of nitrogen for
5 min. The substituted amines (0.42 mmol) and Njsbdropylethylamine (DIPEA)
(0.70 mmol) was added to the mixture and stirrad4fdn at room temperature. The
mixture was diluted with water and extracted witthyeé acetate. The combined
extracts were washed by saturated brine, dried di&80,. After filtration, the
solvent was removed under reduced pressure. Tldueesvas purified by column
chromatography (silica gel) eluting with hexane®/&t 1 : 1 to give the target
compound¥a—7i

4.2.2.1.N-phenyl-2-((2-(pyrrolidin-1-yl)quinazolin-4-yl)tb)acetamide&’a. According
to the general procedure, employi6g@and aniline afforded compourth as a light
yellow solid, 67% vyield, mp: 227—229'H NMR (500 MHz, Chlorofornd) § 9.10 (s,
1H), 7.82 (dJ = 8.0 Hz, 1H), 7.63 (p] = 9.0, 8.3 Hz, 2H), 7.42 (d,= 8.0 Hz, 2H),
7.32 = 7.23 (m, 2H), 7.16 @,= 7.5 Hz, 1H), 7.07 (t) = 7.5 Hz, 1H), 4.08 (s, 2H),
3.73 (d,J = 6.0 Hz, 4H), 2.00 (d] = 6.0 Hz, 4H)X*C NMR (151 MHz, DMSOdg) 5
169.95, 166.28, 156.17, 151.09, 139.57, 134.51,2829125.99, 124.18, 123.76,
122.13, 119.48, 117.69, 46.88, 34.65, 25.36. HRNBB-HmM/2: Calcd. for
CaooH21NJOS(M+H)': 365.1431, Found: 365.1428.

4.2.2.2. N-benzyl-2-((2-(pyrrolidin-1-yl)quinazo#hyl)thio)acetamid&’b. According
to the general procedure, employi@@nd benzylamine afforded compounb as a
yellow solid, 55% yield, mp: 190-192'H NMR (500 MHz, DMSOdg) & 8.67 —
8.57 (m, 1H), 7.83 (d] = 8.0 Hz, 1H), 7.66 (t) = 7.0 Hz, 1H), 7.45 (d] = 8.0 Hz,
1H), 7.31 — 7.09 (m, 5H), 4.29 (@= 6.0 Hz, 2H), 4.07 (d] = 4.0 Hz, 2H), 3.52 (1)

= 6.0 Hz, 4H), 1.87 (s, 4H)*C NMR (151 MHz, DMSOds) & 169.77, 167.49,
156.15, 139.66, 134.48, 128.63, 127.74, 127.24,9125124.26, 122.04, 117.80,
46.83, 43.13, 33.32, 25.43. HRMS-ESh/9: Calcd. for GiH,3N4OS (M+H)':



379.1587, Found: 379.1593.

4.2.2.3. N-(2-ethoxyphenyl)-2-((2-(pyrrolidin-1-guiinazolin-4-yl)thio)acetamidé&c.
According to the general procedure, employiigand o-phenetidine afforded
compound7c as a Yyellow solid, 57% yield, mp: 176-178'"H NMR (500 MHz,
DMSO-ds) 5 9.27 (s, 1H), 8.08 (d] = 8.0 Hz, 1H), 7.85 (d] = 8.0 Hz, 1H), 7.74 —
7.62 (m, 1H), 7.47 (d] = 8.5 Hz, 1H), 7.28 — 7.17 (m, 1H), 7.07 — 6.94 i), 6.93
—6.84 (M, 1H), 4.26 (s, 2H), 3.95 (= 7.5 Hz, 2H), 3.57 (d] = 6.5 Hz, 5H), 1.87 (s,
5H), 1.12 — 1.03 (m, 3H)*C NMR (151 MHz, DMSOds) & 169.31, 166.58, 156.12,
151.30, 148.10, 134.76, 127.84, 126.05, 124.53,1824122.27, 120.81, 120.58,
117.66, 112.36, 64.27, 46.85, 34.09, 25.39, 14FBMS-ESI (n/2: Calcd. for
C2oH25N40.S (M+H)': 409.1693, Found: 409.1702.

4.2.2.4. N-(furan-2-ylmethyl)-2-((2-(pyrrolidin-Iyguinazolin-4-yl)thio)acetamidéd.
According to the general procedure, employiigand furfurylamine afforded
compound7d as a yellow solid, 60% vyield, mp: 178-280'H. NMR (500 MHz,
DMSO-ds) & 8.61 (t,J = 6.0 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.65 (] = 8.0 Hz, 1H),
7.56 (s, 1H), 7.44 (dl = 8.5 Hz, 1H), 7.17 (t) = 7.5 Hz, 1H), 6.38 (s, 1H), 6.21 @,

= 3.5 Hz, 1H), 4.29 (d] = 5.5 Hz, 2H), 4.04 (s, 2H), 3.53 (@= 6.0 Hz, 4H), 1.91 (s,
4H). *C NMR (151 MHz, DMSOdg) & 169.80, 167.35, 156.10, 152.42, 151.12,
142.62, 134.46, 125.94, 124.19, 122.04, 117.73,881A07.52, 46.82, 36.47, 33.30,
25.47. HRMS-ESI rf/2: Calcd. for GgH21N4O.S (M+H)": 369.1380, Found:
369.1382.

4.2.2.5. N-(naphthalen-2-yl)-2-((2-(pyrrolidin-1}gLinazolin-4-yl)thio)acetamid@e.
According to the general procedure, employ®gand 2-naphthylamine afforded
compound7e as an off-white solid, 66% yield, mp: 236-288H.NMR (500 MHz,
Chloroforms) & 9.35 (s, 1H), 8.15 (s, 1H), 7.84 @z 8.0 Hz, 1H), 7.78 — 7.72 (m,
3H), 7.67 (s, 2H), 7.44 (§ = 7.5 Hz, 1H), 7.38 (t) = 7.5 Hz, 2H), 7.20 (s, 1H), 4.15
(s, 2H), 3.76 (s, 4H), 1.98 (s, 4HJC NMR (151 MHz, DMSOds) & 169.99, 166.57,



156.14, 151.06, 137.15, 134.55, 133.90, 130.23,9028127.94, 127.74, 126.93,
125.96, 125.10, 124.20, 122.18, 120.22, 117.68,.601546.88, 34.73, 25.32.
HRMS-ESI (n/2): Calcd. for G4H2sN4OS (M+H)": 415.1587, Found: 415.1619.

4.2.2.6. N-cyclopropyl-2-((2-(pyrrolidin-1-yl)quiaalin-4-yl)thio)acetamidé&f.
According to the general procedure, employérend cyclopropylamine afforded
compound7f as an off-white solid, 72% vyield, mp: 244—246H NMR (500 MHz,
Chloroforms) & 7.78 (d,J = 8.0 Hz, 1H), 7.60 (d] = 8.0 Hz, 2H), 7.13 (] = 7.5 Hz,
1H), 6.94 (s, 1H), 3.90 (s, 2H), 3.69 (& 6.0 Hz, 4H), 2.65 (dg} = 7.5, 3.9 Hz, 1H),
2.03 (d,J = 6.0 Hz, 4H), 0.73 (d] =7.0 Hz, 2H), 0.39 (d] = 4.5 Hz, 2H)**C NMR
(151 MHz, DMSOsdg) 6 169.96, 168.31, 156.17, 151.11, 134.44, 125.98,18?
122.06, 117.74, 46.86, 33.49, 25.44, 23.18, GHRMS-ESI (n/2: Calcd. for
C17H21N4OS (M+H)": 329.1431, Found: 329.1420.

4.2.2.7. N-(thiazol-2-yl)-2-((2-(pyrrolidin-1-yl)guazolin-4-yl)thio)acetamide 7g.
According to the general procedure, employi®gand 2-aminothiazole afforded
compound7g as a brown solid, 63% vyield, mp: 234-236'H. NMR (500 MHz,
Chloroform4) 6 11.02 — 10.71 (m, 1H), 7.80 (d= 8.0 Hz, 1H), 7.65 (d] = 6.0 Hz,
2H), 7.39 (dJ = 4.0 Hz, 1H), 7.16 () = 7.5 Hz, 1H), 6.96 (d] = 4.0 Hz, 1H), 4.15
(s, 2H), 3.76 (tJ = 6.0 Hz, 4H), 2.01 (dJ = 6.0 Hz, 4H). HRMS-ESIn(/2: Calcd.
for C17H1eNs0S, (M+H)™: 372.0948, Found: 372.0932.

4.2.2.8. N-(2-ethoxybenzyl)-2-((2-(pyrrolidin-1gdjnazolin-4-yl)thio)acetamid&h.
According to the general procedure, employihgnd 2-ethoxybenzylamine afforded
compoundh as a light yellow solid, 89% vyield, mp: 169—1¢1H.NMR (500 MHz,
DMSO-dg) 6 8.29 (s, 1H), 7.83 (dl = 8.0 Hz, 1H), 7.66 (1] = 8.0 Hz, 1H), 7.45 (d]

= 8.5 Hz, 1H), 7.18 () = 8.0 Hz, 2H), 7.08 (d] = 7.5 Hz, 1H), 6.88 (d] = 8.0 Hz,
1H), 6.82 — 6.76 (M, 1H), 4.25 (d= 6.0 Hz, 2H), 4.06 (s, 2H), 3.90 (@= 7.0z Hz,
2H), 3.49 (s, 4H), 1.94 — 1.77 (m, 4H), 1.22J(t 7.0 Hz, 3H)*C NMR (151 MHz,
DMSO-dgs) 6 169.60, 167.46, 156.43, 156.09, 151.23, 134.58,582 128.43, 125.98,



124.23, 122.04, 120.28, 117.78, 111.76, 63.60, 7/4638.52, 33.23, 25.40, 15.05.
HRMS-ESI (m/2: Calcd. for GsH27/N4O,S (M+H)": 423.1849, Found: 423.1866.

4.2.2.9. N-(3,5-dichlorophenyl)-2-((2-(pyrrolidimd)quinazolin-4-yl)thio)acetamide
7i. According to the general procedure, employsngnd 3,5-dichloroaniline afforded
compound7i as a pink solid, 65% vyield, mp: 240-241'*H NMR (500 MHz,
DMSO-dg) 5 10.67 (s, 1H), 7.83 (d, = 8.0 Hz, 1H), 7.65 (s, 3H), 7.44 @= 8.5 Hz,
1H), 7.29 (s, 1H), 7.19 (8 = 8.0 Hz, 1H), 4.23 (s, 2H), 3.52 — 3.43 (m, 4HB2 (s,
4H). *C NMR (151 MHz, DMSOdg) & 169.72, 167.17, 156.15, 151.09, 141.81,
134.62 (dJ = 7.1 Hz), 126.02, 124.15, 123.04, 122.21, 11746390, 34.64, 25.31.
HRMS-ESI (m/2: Calcd. for GoH1oCI,N,0S (M+H)': 433.0651, Found: 433.0675.

4.2.3. General procedure for the synthesis of camgds 10a10b

To a solution of4 (1.3 g, 4.5 mmol) in THF (10 mL) was added lithium
hydroxide (0.38 g, 9.0 mmol) in 10 mL water andret for 1 h at room temperature.
The solvent was removed by evaporation, and therrgbidue was re-dissolved in
water (10 mL) and adjusted to pH 2 with 1 N HCleTgrecipitated solid was filtered,
washed with distilled water (10 mL) to give compd@as a white solid .

A solution of compound8 (0.46 g, 1.8 mmol), 2-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphateA{id) (0.81 g, 2.1 mmol) in
DCM (10 mL) was stirred at room temperature unteratmosphere of nitrogen for 5
min. Aniline or benzylamine (2.1 mmol) and N,N-disopylethylamine (DIPEA)
(3.6 mmol) was added to the mixture and stirred4fdr at the same temperature. The
mixture was washed by water, saturated brine ared dwver NaSQ,. After filtration,
the solvent was removed under reduced pressurghancesidue was recrystallized

from ethyl acetate to obtain a yellow sd@idand an off-white soli@b.

Secondary amines (2 eq.) was added to the suspesisda or 9b ( 0.3 mmol) and
DIPEA (3 eq.) in THF (5 mL) and then the system Wwaated to 110 fd#-12 h. The
mixture was concentrated under reduced pressure thed re-dissolved in
DCM/MeOH(10:1,v/v), washed by water, saturated éramd dried over N&OQ,.

After filtration, the solvent was removed underueeld pressure and the residue was



was recrystallized from ethyl acetate to give #rgét compound$0a 10b.

4.2.3.1.
N-phenyl-2-((2-(3,4-dihydroisoquinolin-2(1H)-yl)eazolin-4-yl)thio)acetamide

10al. According to the general procedure, employinPa and
1,2,3,4-tetrahydroisoquinoline afforded compol@@dlas a yellow solid, 59% vyield,
mp: 192-194.. *H NMR (500 MHz, Chlorofornd) & 8.79 (s, 1H), 7.85 (dl = 8.0 Hz,
1H), 7.66 (dJ = 7.0 Hz, 2H), 7.43 (dJ = 8.0 Hz, 2H), 7.25 — 7.19 (m, 4H), 7.18 —
7.13 (m, 2H), 7.11 (d] = 6.5 Hz, 1H), 7.06 () = 7.5 Hz, 1H), 5.05 (s, 2H), 4.17 {,

= 6.0 Hz, 2H), 4.10 (s, 2H), 2.91 {t= 6.0 Hz, 2H)**C NMR (151 MHz, DMSOd)

6 170.59, 166.13, 157.17, 150.71, 139.66, 135.29,743 134.49, 129.29, 128.79,
126.90, 126.64, 126.34, 126.22, 124.18, 123.79,8¥2219.46, 118.00, 46.27, 41.81,
34.74, 28.65HRMS-ESI (/2: Calcd. for GsH.3sN4OS (M+H): 427.1587, Found:
427.1600.

4.2.3.2. N-phenyl-2-((2-(diethylamino)quinazolindjthio)acetamide 10a2.
According to the general procedure, employiig and diethylamine afforded
compoundL0a2as an off-white solid, 47% vyield, mp: 180-181H .NMR (500 MHz,
Chloroforms) & 8.66 (s, 1H), 7.83 (dl = 8.0 Hz, 1H), 7.63 () = 7.5 Hz, 1H), 7.57

(s, 1H), 7.43 (dJ = 8.0 Hz, 2H), 7.28 (d] = 8.0 Hz, 1H), 7.15 (t) = 7.5 Hz, 1H),
7.08 (t,J = 7.5 Hz, 1H), 4.08 (s, 2H), 3.74 (&= 7.0 Hz, 4H), 1.20 (t]) = 7.0 Hz, 6H).
3¢ NMR (151 MHz, DMSOdg) 6 169.94, 166.01, 156.78, 151.16, 139.66, 134.47,
129.21, 126.09, 124.08, 123.71, 122.16, 119.42,.641741.74, 34.40, 13.71.
HRMS-ESI (m/2: Calcd. for GoH2aN40S (M+H)": 367.1587, Found: 367.1597.

4.2.3.3. N-phenyl-2-((2-(4-methylpiperazin-1-ylytpzolin-4-yl)thio)acetamid&0a3.
According to the general procedure, employimgand 1-methylpiperazine afforded
compoundLOa3as an off-white solid, 56% yield. mp: 228—-283H.NMR (500 MHz,
Chloroform+) 6 8.73 (s, 1H), 7.85 (dl = 8.0 Hz, 1H), 7.66 (] = 8.0 Hz, 1H), 7.55
(d,J = 8.5 Hz, 1H), 7.42 (d] = 8.0 Hz, 2H), 7.28 (d] = 8.0 Hz, 2H), 7.21 (§ = 7.5



Hz, 1H), 7.08 (tJ = 7.5 Hz, 1H), 4.04 (s, 2H), 3.98 {t= 5.0 Hz, 4H), 2.48 (t] = 5.0
Hz, 4H), 2.32 (s, 3H)°C NMR (151 MHz, DMSOds) & 170.58, 166.07, 157.26,
150.63, 139.55, 134.73, 129.23, 126.21, 124.13,7823122.95, 119.41, 118.01,
54.79, 46.04, 43.84, 34.67. HRMS-ESh/9): Calcd. for GiHNsOS (M+H)"
394.1696, Found: 394.1704.

4.2.3.4.
N-benzyl-2-((2-(3,4-dihydroisoquinolin-2(1H)-yl)qaizolin-4-yl)thio)acetamid&Ob1.
According to the general procedure, employ@tgand 1,2,3,4-tetrahydroisoquinoline
afforded compoundOb1 as an off-white solid, 53% yield, mp: 230-232H NMR
(500 MHz, Chloroformd) & 7.82 (d,J = 8.0 Hz, 1H), 7.66 (s, 1H), 7.24 — 7.10 (m,
8H), 7.07 (dJ = 6.5 Hz, 2H), 7.01 (s, 1H), 4.96 (s, 2H), 4.40Xd 6.0 Hz, 2H), 4.08
(s, 2H), 4.02 (s, 2H), 2.88 (s, 2H), 1.56 (s, 2HRMS-ESI /2. Calcd. for
C26H2sN4OS (M+H)'": 441.1744, Found: 441.1764.

4.2.3.5. N-benzyl-2-((2-(diethylamino)quinazolidthio)acetamide 10b2.
According to the general procedure, employifily and diethylamine afforded
compoundlLOb2 as an off-white solid, 50% yield, mp: 189-19%H NMR (500 MHz,
Chloroform+) 6 7.78 (d,J = 8.1 Hz, 1H), 7.58 (dl = 8.0 Hz, 2H), 7.22 (d] = 7.0 Hz,
3H), 7.12 (dJ = 7.0 Hz, 3H), 6.97 (s, 1H), 4.43 (= 6.0 Hz, 2H), 4.00 (s, 2H), 3.67
(q, J = 7.0 Hz, 4H), 1.19 () = 7.0 Hz, 6H)**C NMR (151 MHz, DMSOd) &
169.79, 167.34, 156.76, 151.26, 139.66, 134.42,6128127.74, 127.25, 126.09,
124.13, 122.08, 117.73, 43.13, 41.80, 33.16, 13{dRMS-ESI (n/2: Calcd. for
C21H25N40S (M+H)': 381.1744, Found: 381.17309.

4.2.3.6. N-benzyl-2-((2-(4-methylpiperazin-1-yl)ytagolin-4-yl)thio)acetamidd.0b3.
According to the general procedure, employ#igand 1-methylpiperazine afforded
compoundlLOb3as an off-white solid, 38% yield. mp: 180-283H NMR (500 MHz,
Chloroforms) 5 7.80 (d,J = 8.0 Hz, 1H), 7.63 (] = 7.5 Hz, 1H), 7.53 (d] = 8.5 Hz,
1H), 7.23 — 7.15 (m, 4H), 7.10 — 7.05 (m, 2H), 7(01J = 6.0 Hz, 1H), 4.42 (d] =



6.0 Hz, 2H), 3.97 (s, 2H), 3.92 (s, 4H), 2.44 (4),£2.32 (s, 3H)*C NMR (151 MHz,
DMSO-dg) 5 170.44, 167.40, 157.21, 150.71, 139.66, 134.78,68 127.65, 127.25,
126.20, 124.19, 122.89, 118.09, 54.74, 46.01, 431306, 33.48 HRMS-ESI (n/2):
Calcd. for GoH26NsOS (M+H)': 408.1853, Found: 408.1841.

4.2.4. General procedure for the synthesis of camgds 16a—r

Glycine (30.84 g, 0.41 mol) was dissolved in metha@00 mL) and
triethylamine (180 mL). Di-tert-butyl dicarbonat&70.11 g, 0.82 mol) was added and
the mixture was stirred at 70 for 5The solvent was evaporated and water (100 mL)
and EtOAc (150 mL) were added to the residue. Twe-pghase mixture was
transferred to a separatory funnel. The aqueousephas extracted with EtOAc (2 X
80 mL). The organic phases were combined, dried MgSQ, filtered and the
solvent was removed by rotary evaporation to yidas a light yellow solid.

HATU(1.2 eq.) was added to a solution of Boc-Gly-@hld DIPEA(2.0 eq.) in
DCM (20 mL), and various primary amines (1.2 eqllofwved by stirring for 3 hours
at room temperature. The mixture was washed wiithebftwo times for each), and
the organic layer was dried over sodium sulfateteAfiltration, the filtrate was
concentrated under reduced pressure obtainingrtite @amidel3a—i The obtained

amide compound was deprotected of N-Boc by hydratdoride gas to givéda—i

To a solution of3 (0.5 g, 2.5 mmol) and DIPEA (0.97 g, 7.5 mmol)sdised in
THF (5 mL) was added4a—i (1 eq.) and stirred for 3-5 h at room temperatiifes
mixture was concentrated under reduced pressureéhamddissolved in ethyl acetate
(20 mL), washed by water, saturated brine and dnea NaSQ,. After filtration, the
solvent was removed under reduced pressure tondibkaitarget compound$a—i

To a solution ofL5a—i (1 e.q.) and DIPEA (3 e.q.) dissolved in DMF (4)mias
added secondary amines (2 e.q.) and stirred foh&8100C . After cooling to room
temperature, the mixture was diluted with ethyltame (20 mL), washed by water,
saturated brine and dried overJS&y, and concentrated under reduced pressure. The

residue was recrystallized from ethyl acetate tdlgetarget compountba—r.



4.2.4.1. N-phenyl-2-((2-(pyrrolidin-1-yl)quinazolin-4-yl)amb)acetamide 16a.
According to the general procedure, employih§a and pyrrolidine afforded
compoundL6aas an off-white solid, 75% vield, mp: 250-252H NMR (500 MHz,
DMSO-ds) § 10.24 — 10.20 (m, 1H), 8.42 (@= 5.5 Hz, 1H), 8.04 (d] = 8.0 Hz, 1H),
7.61 (d,J = 8.0 Hz, 2H), 7.48 (] = 8.0 Hz, 1H), 7.32 — 7.23 (m, 3H), 7.03 Jc 8.0
Hz, 2H), 4.19 (dJ = 5.5 Hz, 2H), 3.49 — 3.40 (m, 4H), 1.79 (s, 4HL NMR (151
MHz, DMSO-dg) 6 169.05, 160.18, 157.79, 152.63, 139.69, 132.79,0B2 125.21,
123.52, 123.47, 120.19, 119.65, 110.85, 46.51,34283.43. HRMS-ESIn/2: Calcd.
for CogH2oNsO (M+H)": 348.1819, Found: 348.1846.

4.2.4.2. N-benzyl-2-((2-(pyrrolidin-1-yl)quinazolin-4-yl)amo)acetamide  16b.
According to the general procedure, employihi§b and pyrrolidine afforded
compoundL6b as a light yellow solid, 70% yield, mp: 161-162H NMR (500 MHz,
DMSO-ds) 5 8.44 (t,J = 6.0 Hz, 1H), 8.37 — 8.29 (m, 1H), 8.00 J&= 8.0 Hz, 1H),
7.48 (t,J = 8.0 Hz, 1H), 7.33 — 7.16 (m, 5H), 7.03t 7.5 Hz, 1H), 4.29 (d] = 6.0
Hz, 2H), 4.07 (dJ = 6.0 Hz, 2H), 3.47 (t) = 6.0 Hz, 4H), 1.85 (s, 4H}*C NMR
(151 MHz, DMSOsdg) 6 170.11, 160.25, 157.84, 152.66, 140.13, 132.68,.517
127.54, 127.05, 125.18, 123.62, 120.07, 111.0053644.73, 42.42, 25.53.
HRMS-ESI (m/2: Calcd. for GiH24Ns0 (M+H)™: 362.1976, Found: 362.1997.

4.2.4.3. N-(2-ethoxyphenyl)-2-((2-(pyrrolidin-1-yl)quinazaid-yl)amino)acetamide
16c¢. According to the general procedure, employitlss and pyrrolidine afforded
compound16c as a white solid, 72% vyield, mp: 147-148H NMR (500 MHz,
DMSO-dg) 6 9.03 (s, 1H), 8.59 (11 = 6.0 Hz, 1H), 8.15 (d] = 8.0 Hz, 1H), 8.02 (d]

= 8.0 Hz, 1H), 7.56 — 7.47 (m, 1H), 7.31 Jc& 8.5 Hz, 1H), 7.07 () = 7.5 Hz, 1H),
7.02 — 6.96 (M, 1H), 6.93 (d,= 8.0 Hz, 1H), 6.88 (1] = 7.5 Hz, 1H), 4.25 (d] = 6.0
Hz, 2H), 3.88 (gJ = 7.0 Hz, 2H), 3.54 — 3.40 (m, 4H), 1.83 {d; 6.0 Hz, 4H), 0.95
(t, J= 7.0 Hz, 3H)!*C NMR (151 MHz, DMSOsdg) & 168.48, 160.05, 150.35, 148.01
(d, J = 18.3 Hz), 140.72, 133.53, 133.14, 127.75, 124124.17, 123.48, 120.34,



112.34, 110.41, 64.29, 46.80, 45.96, 25.36, 17.838. HRMS-ESIn/2: Calcd. for
C22H26NsO, (M+H)™: 392.2081, Found: 392.2104.

4.2.4.4. N-(furan-2-ylmethyl)-2-((2-(pyrrolidin-1-yl)quina#in-4-yl)amino)acetamide
16d. According to the general procedure, employitts and pyrrolidine afforded
compoundL6d as a light yellow solid, 80% yield, mp: 199—20fH NMR (500 MHz,
DMSO-ds) & 8.69 (s, 1H), 8.46 (1] = 6.0 Hz, 1H), 8.06 (d] = 8.0 Hz, 1H), 7.55 (d]

= 7.0 Hz, 2H), 7.42 (d) = 8.0 Hz, 1H), 7.12 () = 8.0 Hz, 1H), 6.37 (s, 1H), 6.19 (d,
J=3.0 Hz, 1H), 4.27 (d] = 6.0 Hz, 2H), 4.05 (d] = 6.0 Hz, 2H), 3.47 (s, 4H), 1.88
(s, 4H).*C NMR (151 MHz, DMSOdg) & 169.44, 160.05, 152.85, 142.46, 133.40,
123.86, 123.13, 121.36, 110.82, 110.65, 107.2689%644.64, 35.92, 25.42.
HRMS-ESI (n/2: Calcd. for GeH2oNsO, (M+H)*: 352.1768, Found: 352.1795.

4.2.4.5. N-(naphthalen-2-yl)-2-((2-(pyrrolidin-1-yl)quinazot4-yl)amino)acetamide
16e. According to the general procedure, employittie and pyrrolidine afforded
compoundl6e as a white solid, 69% vyield, mp: 169—-2¢TH. NMR (500 MHz,
DMSO-ds) § 10.32 (s, 1H), 8.40 (i = 6.0 Hz, 1H), 8.28 (d] = 2.0 Hz, 1H), 8.03 (d,
J=8.0 Hz, 1H), 7.86 (d] = 9.0 Hz, 1H), 7.82 (d] = 8.0 Hz, 1H), 7.78 (d] = 8.0 Hz,
1H), 7.63 (ddJ = 9.0, 2.1 Hz, 1H), 7.50 (§,= 8.0 Hz, 1H), 7.45 () = 7.5 Hz, 1H),
7.38 (t,J = 7.5 Hz, 1H), 7.29 (d] = 8.0 Hz, 1H), 7.06 () = 7.5 Hz, 1H), 4.25 (d] =
5.5 Hz, 2H), 3.50 — 3.40 (m, 4H), 1.76 (s, 4HC NMR (151 MHz, DMSOdg) 5
169.35, 160.23, 157.78, 152.66, 137.23, 133.92,7632130.16, 128.75, 127.92,
127.67, 126.85, 125.27, 124.96, 123.44, 120.52,262015.67, 110.85, 46.51, 45.48,
25.40. HRMS-ESIrfi/2): Calcd. for GsH»4NsO (M+H)": 398.1976, Found: 398.2012.

4.2.4.6. N-cyclopropyl-2-((2-(pyrrolidin-1-yl)guinazolin-4amino)acetamide 16f.
According to the general procedure, employitg§f and pyrrolidine afforded
compoundl6f as an off-white solid, 74% vyield, mp: 210-2¢2H.NMR (500 MHz,
DMSO-ds) & 8.14 (t,J = 6.0 Hz, 1H), 8.00 (d] = 4.0 Hz, 1H), 7.95 (d] = 8.0 Hz,



1H), 7.51 — 7.42 (m, 1H), 7.26 (@3= 8.5 Hz, 1H), 7.02 (1) = 7.5 Hz, 1H), 3.93 (d]

= 6.0 Hz, 2H), 3.56 — 3.44 (m, 4H), 2.63 (m, 1HB8L(d,J = 6.0 Hz, 4H), 0.60 (dt]

= 7.0, 3.4 Hz, 2H), 0.45 — 0.31 (m, 2HJC NMR (151 MHz, DMSOdg) & 170.94,
160.13, 157.61, 152.23, 132.71, 124.98, 123.47,262010.87, 46.57, 44.45, 25.48,
22.73, 6.03. HRMS-ESIn{/2: Calcd. for G/H2:NsO (M+H)™: 312.1819, Found:
312.1828.

4.2.4.7.N-(thiazol-2-yl)-2-((2-(pyrrolidin-1-yl)quinazolid-yl)amino)acetamidel. 6g.
According to the general procedure, employih§g and pyrrolidine afforded
compoundL6gas a light yellow solid, 65% vield, mp: 155—-157H NMR (500 MHz,
DMSO-ds) 5 12.31 (s, 1H), 8.51 (q] = 6.0 Hz, 1H), 8.03 (dd] = 8.0, 3.5 Hz, 1H),
7.49 (t,J = 8.0 Hz, 1H), 7.46 (d] = 3.5 Hz, 1H), 7.27 (d] = 8.0 Hz, 1H), 7.17 (d] =
3.5 Hz, 1H), 7.04 () = 7.5 Hz, 1H), 4.28 (dJ = 5.5 Hz, 2H), 3.43 — 3.37 (m, 4H),
1.77 (d,J = 6.5 Hz, 4H)**C NMR (151 MHz, DMSQdg) & 169.30, 160.08, 158.58,
157.63, 152.61, 138.09, 132.81, 125.21, 123.55,262013.69, 110.75, 46.44, 44.52,
25.40. HRMS-ESI rq/2: Calcd. for G/HiNeOS (M+H): 355.1336, Found:
355.1360.

4.2.4.8. N-(2-ethoxybenzyl)-2-((2-(pyrrolidin-1-yl)quinazoié-yl)amino)acetamide
16h. According to the general procedure, employitsh and pyrrolidine afforded
compoundL6h as an off-white solid, 60% vyield, mp: 170-172H NMR (500 MHz,
DMSO-dg) § 8.32 (t,J = 6.0 Hz, 1H), 8.11 (tJ = 6.0 Hz, 1H), 8.03 — 7.93 (m, 1H),
7.52 — 7.44 (m, 1H), 7.28 (d,= 8.0 Hz, 1H), 7.20 — 7.15 (m, 1H), 7.14 — 7.11 (m
1H), 7.03 (tJ = 7.5 Hz, 1H), 6.89 (d] = 8.0 Hz, 1H), 6.78 (] = 7.5 Hz, 1H), 4.24 (d,
J = 6.0 Hz, 2H), 4.07 (d] = 6.0 Hz, 2H), 3.94 (q] = 7.0 Hz, 2H), 3.45 (s, 4H), 1.84
(s, 4H), 1.23 (tJ = 7.0 Hz, 3H)*C NMR (151 MHz, DMSOdg) & 170.09, 160.22,
157.79, 156.32, 152.70, 132.71, 128.29, 128.01,4¥27125.22, 123.53, 120.18,
120.11, 111.61, 110.93, 63.58, 46.49, 44.86, 372%&K0, 15.05. HRMS-ESh{/2:
Calcd. for GaHogNsO, (M+H)™: 406.2238, Found: 406.2249.



4.2.4.9.
N-(3,5-dichlorophenyl)-2-((2-(pyrrolidin-1-yl)quizalin-4-yl)amino)acetamide 16i.
According to the general procedure, employit§i and pyrrolidine afforded
compoundl6i as an off-white solid, 66% vyield, mp: 185-187H NMR (500 MHz,
DMSO-ds) § 10.44 (s, 1H), 8.44 (i = 5.5 Hz, 1H), 8.00 (d] = 8.0 Hz, 1H), 7.68 (d,
J=2.0 Hz, 2H), 7.50 (t) = 8.0 Hz, 1H), 7.36 — 7.22 (m, 2H), 7.06Jt 7.5 Hz,
1H), 4.16 (dJ = 5.5 Hz, 2H), 3.41 (J = 6.0 Hz, 4H), 1.79 (s, 4H}*C NMR (151
MHz, DMSO-ds) 6 169.90, 160.13, 157.52, 152.37, 141.92, 134.53,83 125.12,
123.44,122.78, 120.40, 117.72, 110.73, 46.559%425.38. HRMS-ESIn/2: Calcd.
for CooH16CloNsO (M+H)™: 416.1040, Found: 416.1063.

4.2.4.10.
N-phenyl-2-((2-(3,4-dihydroisoquinolin-2(1H)-yl)aazolin-4-yl)amino)acetamide
16j. According to the general procedure, employindl5a and
1,2,3,4-tetrahydroisoquinoline afforded compoutfsi as an off-white solid, 56%
yield, mp: 151-158.'H NMR (500 MHz, DMSOds) & 10.26 (s, 1H), 8.53 (1= 5.4
Hz, 1H), 8.06 (dJ = 8.0 Hz, 1H), 7.67 (d] = 8.0 Hz, 2H), 7.54 (J = 8.0 Hz, 1H),
7.37 — 7.26 (m, 3H), 7.15 — 6.97 (m, 6H), 4.842@), 4.21 (dJ = 5.5 Hz, 2H), 3.96
(t, J = 6.0 Hz, 2H), 2.69 (s, 2H}*C NMR (151 MHz, DMSOdg) § 168.97, 160.46,
158.65, 152.24, 139.74, 135.43, 135.17, 132.96,11729128.88, 126.78, 126.39,
126.16, 125.48, 123.55, 123.43, 121.00, 119.59,061 46.24, 45.57, 41.51, 28.60.
HRMS-ESI (n/2: Calcd. for GsH24NsO (M+H)": 410.1976, Found: 410.1984.

4.2.4.11 N-phenyl-2-((2-morpholinoquinazolin-4-yl)amino)aaeide16k. According
to the general procedure, employitisaand morpholine afforded compouhf@k as a
light yellow solid, 60% vyield, mp: 228-280 'H NMR (500 MHz, DMSOds) &
10.24 (tJ = 7.7 Hz, 1H), 8.56 (q] = 5.5 Hz, 1H), 8.07 (ddl = 8.0, 3.2 Hz, 1H), 7.60
(d, J = 8.0 Hz, 2H), 7.53 (t) = 8.0 Hz, 1H), 7.29 (J = 7.5 Hz, 3H), 7.12 (J = 7.5
Hz, 1H), 7.03 (tJ = 7.5 Hz, 1H), 4.16 (d) = 5.5 Hz, 2H), 3.66 () = 5.0 Hz, 4H),



3.47 (t,J = 5.0 Hz, 4H)*C NMR (151 MHz, DMSOdq) & 168.90, 160.46, 158.78,
152.09, 139.59, 132.98, 129.13, 125.54, 123.56,4:3121.23, 119.61, 111.22,
66.57, 45.50, 44.55. HRMS-ESin(2): Calcd. for GoHooNsO, (M+H)": 364.1768,
Found: 364.1779.

4.2.4.12. N-phenyl-2-((2-(diethylamino)quinazolin-4-yl)amiaogtamide  16l.
According to the general procedure, employibga and diethylamine afforded
compoundL6l as a light yellow solid, 49% yield, mp: 142—144H NMR (500 MHz,
DMSO-ds) § 10.07 (s, 1H), 8.32 (f] = 6.0 Hz, 1H), 8.06 — 7.92 (m, 1H), 7.61 Jc=
8.0 Hz, 2H), 7.53 — 7.44 (m, 1H), 7.27 (5= 8.0 Hz, 3H), 7.03 (dt] = 12.5, 8.0 Hz,
2H), 4.16 (dJ = 6.0 Hz, 2H), 3.54 (q) = 7.0 Hz, 4H), 1.00 (s, 6H}*C NMR (151
MHz, DMSO-dg) 6 168.91, 160.33, 158.20, 152.67, 139.75, 132.69,0B2 125.33,
123.45, 123.32, 120.21, 119.54, 110.72, 45.25,241.3.99. HRMS-ESIn/2: Calcd.
for CooH24Ns0 (M+H)"™: 350.1976, Found: 350.1999.

4.2.4.13. N-phenyl-2-((2-(4-methylpiperazin-1-yl)quinazolinfdamino)acetamide
16m. According to the general procedure, employitisa and 1-methylpiperazine
afforded compound6m as an off-white solid, 65% vyield, mp: 189—191H NMR
(500 MHz, DMSO#l) & 10.21 (d,J = 6.0 Hz, 1H), 8.50 (q] = 5.0 Hz, 1H), 8.05 (d]

= 8.0 Hz, 1H), 7.60 (d] = 8.0 Hz, 2H), 7.52 (] = 8.0 Hz, 1H), 7.33 — 7.23 (m, 3H),
7.09 (t,J = 7.5 Hz, 1H), 7.03 (i = 7.5 Hz, 1H), 4.16 (d] = 5.5 Hz, 2H), 3.68 (§ =
5.0 Hz, 4H), 2.17 (t) = 5.0 Hz, 4H), 2.09 (s, 3H}*C NMR (151 MHz, DMSOdg) &
168.87, 160.43, 158.71, 152.17, 139.57, 132.94,1129125.48, 123.57, 123.39,
121.06, 119.65, 111.07, 54.94, 46.15, 45.48, 43HRMS-ESI (n/2: Calcd. for
C21H25N6O (M+H)*: 377.2085, Found: 377.2090.

4.2.4.14.
N-benzyl-2-((2-(3,4-dihydroisoquinolin-2(1H)-yl)maizolin-4-yl)amino)acetamide
16n. According to the general procedure, employind5b and

1,2,3,4-tetrahydroisoquinoline afforded compouroh as a yellow solid, 58% vyield,



mp: 102-104. *H NMR (500 MHz, DMSO#) 5 8.52 (t,J = 6.0 Hz, 1H), 8.42 (1] =
6.0 Hz, 1H), 8.02 (dJ = 8.0 Hz, 1H), 7.57 — 7.50 (m, 1H), 7.34 {ds 8.5 Hz, 1H),
7.27 — 7.13 (m, 9H), 7.09 @,= 7.5 Hz, 1H), 4.90 (s, 2H), 4.31 @= 6.0 Hz, 2H),
4.11 (d,J = 6.0 Hz, 2H), 4.00 (1) = 6.0 Hz, 2H), 2.81 (1) = 6.0 Hz, 2H)*°C NMR
(151 MHz, DMSO€s) & 170.07, 160.51, 158.64, 152.21, 140.02, 135.55,203
132.93, 129.04, 128.57, 127.53, 127.07, 126.87,4826126.32, 125.39, 12357,
120.90, 111.20, 46.25, 44.86, 42.52, 41.52, 28HRMS-ESI (m/2: Calcd. for
CagH2eNsO (M+H)*: 424.2132, Found: 424.2129.

4.2.4.15N-benzyl-2-((2-morpholinoquinazolin-4-yl)amino)aa®ide 160. According

to the general procedure, employibgpb and morpholine afforded compoutd as a
pink solid, 46% yield, mp: 224—-225'H NMR (500 MHz, DMSOdg) & 8.47 (q,J =

6.0 Hz, 2H), 8.03 (dJ = 8.0 Hz, 1H), 7.58 — 7.45 (m, 1H), 7.33 — 7.29 {H), 7.27
(d,J = 7.0 Hz, 2H), 7.24 — 7.19 (m, 3H), 7.11J& 7.5 Hz, 1H), 4.29 (d] = 6.0 Hz,
2H), 4.06 (dJ = 6.0 Hz, 2H), 3.69 (t) = 5.0 Hz, 4H), 3.60 () = 5.0 Hz, 4H)C
NMR (151 MHz, DMSOds) 6 169.95, 160.54, 158.89, 152.08, 140.08, 132.92,
128.61, 127.49, 127.09, 125.52, 123.60, 121.12,3B166.65, 44.82, 44.58, 42.42.
HRMS-ESI (m/2: Calcd. for GiH24Ns0, (M+H)": 378.1925, Found: 378.1939.

4.2.4.16. N-benzyl-2-((2-(diethylamino)quinazolin-4-yl)amiaogtamide  16p.
According to the general procedure, employibgb and diethylamine afforded
compoundL6p as an off-white solid, 40% vyield, mp: 222—224H NMR (500 MHz,
DMSO-dg) & 12.13 (s, 1H), 9.90 (s, 1H), 8.74 — 8.66 (m, 18138 — 8.30 (m, 1H),
8.04 (d,J = 8.0 Hz, 1H), 7.81 () = 8.0 Hz, 1H), 7.44 (] = 8.0 Hz, 1H), 7.34 — 7.30
(m, 2H), 7.29 — 7.24 (m, 3H), 4.32 @z 5.5 Hz, 2H), 4.21 (d] = 5.5 Hz, 2H), 3.70
(s, 4H), 1.18 (s, 6H)’*C NMR (151 MHz, DMSOds) § 168.34, 159.97, 139.77,
135.10, 128.66, 128.62, 127.75, 127.68, 127.26,2827124.56, 110.09, 44.89, 42.66,
38.16, 13.35HRMS-ESI (n/2: Calcd. for GiH2eNsO (M+H)": 364.2132, Found:
364.2162.



4.2.4.17. N-benzyl-2-((2-(4-methylpiperazin-1-yl)quinazolinydamino)acetamide
16q. According to the general procedure, employitfsh and 1-methylpiperazine
afforded compound6q as a light yellow solid, 68% yield, mp: 129-13tH NMR
(500 MHz, DMSO#ds) § 8.46 (t,J = 6.0 Hz, 1H), 8.38 () = 6.0 Hz, 1H), 8.00 (d] =
8.0 Hz, 1H), 7.51 (t) = 8.0 Hz, 1H), 7.27 (dd] = 11.0, 8.0 Hz, 3H), 7.21 (d,= 8.0
Hz, 3H), 7.08 (tJ = 7.5 Hz, 1H), 4.29 (d] = 6.0 Hz, 2H), 4.05 (dJ = 6.0 Hz, 2H),
3.73 (t,J = 5.0 Hz, 4H), 2.31 () = 5.0 Hz, 4H), 2.20 (s, 3H)°C NMR (151 MHz,
DMSO-ds) 6 170.03, 160.48, 158.82, 152.21, 140.04, 132.88,6122 127.46, 127.09,
125.44, 123.53, 120.91, 111.20, 55.11, 46.36, 441381, 42.43HRMS-ESI (M/2:
Calcd. for GoHo7/NgO (M+H)": 391.2241, Found: 391.2229.

4.2.4.17.
N-(naphthalen-2-yl)-2-((2-(3,4-dihydroisoquinoli§i®)-yl)quinazolin-4-yl)amino)ac
etamide 16r. According to the general procedure, employintbe and
1,2,3,4-tetrahydroisoquinoline afforded compou@l as a light yellow solid, 62%
yield, mp: 237-23% *H NMR (500 MHz, DMSOds) & 10.72 (s, 1H), 8.68 (§=5.7
Hz, 1H), 8.36 (s, 1H), 8.12 (d,= 8.0 Hz, 1H), 7.85 (ddl = 19.0, 8.5 Hz, 2H), 7.76 (t,
J=7.0 Hz, 2H), 7.53 () = 8.0 Hz, 1H), 7.45 () = 7.5 Hz, 1H), 7.38 (t) = 7.5 Hz,
1H), 7.33 (d,J = 8.0 Hz, 1H), 7.11 (1) = 7.5 Hz, 1H), 7.00 (t] = 7.0 Hz, 1H), 6.97 —
6.81 (m, 3H), 4.82 (s, 2H), 4.29 @@= 5.5 Hz, 2H), 3.95 (t) = 6.0 Hz, 2H), 2.66 (s,
2H). **C NMR (151 MHz, DMSOdg) & 169.35, 160.47, 158.65, 152.16, 137.50,
135.39, 135.17, 133.96, 132.93, 130.16, 128.77,7128127.91, 127.64, 126.80,
126.78, 126.31, 126.02, 125.40, 124.87, 123.62,9720120.50, 115.52, 111.11,
46.22, 45.70, 41.50, 28.60. HRMS-ESh/9: Calcd. for GgHeNsO (M+H)™
460.2132, Found: 460.2128.

4.3 Viruses, cells and cytotoxicity assay
HEK293T-Gluc cells were generated by transfectioh pasmid DNA
pLenti6-Gluc constitutively expressing the negastand RNA of Gaussia luciferase

(Gluc) gene, that is converted into the positivearsl upon IAV infection, and



expresses the Gluc enzyme. A cell-based high-thmouty approach to identify
inhibitors of influenza A virus[25].

Cell viability was evaluated by cell counting kittBCK-8) assay. Briefly, 293T
cells were cultured in a 96-well plate and incubate@ith compounds. Six
concentrations of each compound, ranging from 1&/5to 200 uM, were used to
treat cells for 48 h. Cells cultured in DMSO onlene used as the control. After a
48-h incubation, 1L CCK-8 solution was added to each well and incetydor an
additional 1 h at 37. Optical density (OD) of each well at 450 nm wasarded on a

Microplate Reader (Thermo, Varioskan Flash).

4.4 Pharmacokinetic Profiles determination

Pharmacokinetic Profiles determination of compott6e SD male rats (obtained
from JOINN (Suzhou) were used in the pharmacolkirstidy. Every treatment group
contain 3 rats for i.v. groups and 3 rats for gmups. Rats were dosed with the
tested compounds suspension at 1.25 mg/kg (i.\d)2&nmg/kg (p.o.). Blood was
collected from the eye socket of each animal at tbkowing times after
administration of drugs: 0.25, 0.5, 1, 2, 4, 6n8 @4 h after a single oral dosing. All
blood samples were centrifuged at 5000 r/min forri0 to obtain serum. 150 mL of
the serum was added to 500 mL of acetonitrile dsdnbixture was centrifuged at
13000 r/min for 10 min to remove protein. The sapéant was dried and dissolve in
100 mL of acetonitrile, the solution was centrifdge 13000 r/ min for 10 min. The
supernatant was moved to a sample bottle for HPh#&lyais. Total area under the
concentration time curve (AUC), the elimination fhHahe (Ti,), the peak
concentration (G and the time to reach peak concentratiop.fjTof samples were

determined directly from the experimental data gainNonlin V6.3.
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Tale 1. Anti-influenza virus activity and cytotoiticof the selected compounds in

HEK?293T-Gluc cells

Cpd. ICs0 (M) CCso (M) S
7e 36.10+7.88 >100 >2.77
7f 38.24+7.40 >100 >2.61
10a2 7.18+1.89 >100 >13.93
10b2 19.15+0.73 >100 >5.22
16a 1.88+0.10 23.28+2.91 12.38
16d 39.43+0.93 >100 >2.54
16e 1.29+0.01 59.94+3.04 46.46
16i 9.04+0.57 15.8620.58 1.75
16j 3.88+0.47 36.64+2.24 9.44
16n 6.84+0.68 29.43+0.95 4.30
160 3.83#0.15 >100 >26.11
16p 5.00+1.37 >100 >20.00
16q 11.47+0.54 >100 >8.72
161 3.43+0.54 >100 >29.15
A 4.18+0.12 43.98+2.17 10.52
B 5.22+0.34 >100 >19.15

ribavirin 15.36+0.93 >100 >6.51




Table 2 Anti-influenza virus activity of the selected cooymds in 293T-GLUC cells

Cpd. ICs0 (uM) Cpd. IC 50 (M)
10a2 1.69£0.21 16n 0.12+0.03
16a 1.47£0.12 160 6.05+0.32
16e 0.63%+0.02 16p 5.80+0.68
16i 0.95+0.08 A 0.33+0.01
16] 0.4140.09

Table 3 The cytotoxicity of selected compounds on A54%scel

10a2 >100 16n 12.84+0.03
16a 19.04+1.34 160 >100
16e 4.77+0.13 16p >100
16i 5.92+0.14 A 71.41+3.4
16] 10.72+0.18

Table 4Parameters of Lipinski’s rules

Lipinski's
nON®  nOHNH* MW 3
Cpd. LogPY(<5) TPSA? Vol (A%) violations
(£10) (£5) (£500)
(=1)
10a2 4.77 58.12 5 1 336.96 366.49 0
16a 4.05 70.15 6 2 320.87 347.42 0
16e 5.24 70.15 6 2 364.86 397.48 1
16i 5.34 70.15 6 2 347.94 416.31 1
16j 5.04 70.15 6 2 375.48 409.49 1
16n 4.88 70.15 6 2 392.28 423.52 0
160 3.33 79.38 7 2 346.66 377.45 0
16p 4.24 70.15 6 2 348.03 363.46 0
16q 3.38 73.39 7 2 367.02 390.49 0
16r 6.22 70.15 6 2 419.47 459.55 1

!LogP, logarithm of compound partition coefficiertiveen n-octanol and water.



2TPSA, topological polar surface area.

3 nON, number of hydrogen bond acceptors.
4 NOHNH, number of hydrogen bond donors.
5 MW, molecular weight.

Table 5Rat PK profiles of compouritbe

Dose (mg/kg)

Parameter 1.25 (iv) 25 (po)
Plasma K (h% 1.03+0.12 0.32+0.07
Typ(h) 0.68+0.07 2.25+0.5
tmax(h) - 0.3310.14
Cmax(ng/mL) 58.0£16 78.6+16
Co(ng/mL) 80.8+27 -
AUCq(h-ng/mL) 34.948.9 157+62
AUCqin¢ (h-ng/mL) 39.249.4 183+55
AUMCq(h-h-ng/mL) 18.0+4.2 3134111
AUMC.ins (h-h-ng/mL) 30.616.4 553+85
CL (mL/min/kg) 5574155 -
MRT (h) 0.7940.08 3.184+0.99
Vss (L/kg) 26.619.16 -
F(%) - 22.548.8

The PK study in male SD rats was carried out adogrib the standard procedures (iv, 1.25 mg/kg;250mg/kg).

Major parameters, including plasma clearance (Cblime of distribution at steady state (Vss)p,Tarea under
the cure (AUC), and oral bioavailability (F), arpoeted
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Fig.5. Times-of-addition of 16e after infected with IAV. A549 cells were inoculated with
influenza single-cycle A/WSN/33(H1N1) virus at a multiplicity of infection of 0.2 and compound
16e (2.5 uM) was added. Vira yields were determined at 11 h post infection by measuring Gluc
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Fig.6. Inhibition of compound 16e on influenza viral VRNP. HEK239T cells were transfected with
PCAGGS expression plasmids encoding PB2. PB1. PA. NP. pol-LUC and SV40-Relinain the
absence or presence of compound 16e (1.25 uM or 2.5 uM). Effect of vRNA transcription was
evaluated by measuring luciferase and relina at 24 h post-transfection. ** indicates p<0.01 as
compared to negative control.
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Highlights

® Novel quinazolines containing S-acetamide and NH-acetamide moieties were
synthesized.
® Most of compounds showed strong anti-influenza A activities and low cell

cytotoxicity.
® These compounds might inhibit the transcription and replication of viral RNA.
Compounds 16e with reasonable PK profiles shows better anti-IAV activity and

acceptable cytotoxicity.
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