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Compounds 5a-t were synthesized and evaluated as antitumor agents. Among them, 5c inhibited the
proliferation of HT29 cells by interfering with tubulin, leading to a cell cycle arrest at G2/M phase.
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ABSTRACT: A series of quinazolin-43)-one derivatives bearing dithiocarbamate siderclaaithe
C2-position were synthesized and evaluated for #ndiproliferative activities against A549, MCF-7,
Hela, HT29 and HCT-116 cell lines. Most of the $wdized compounds exhibited broad spectrum
antitproliferative activity against five cell linesf which5c was the most potent against HT29 cell line
with an I1G, value of 5.53uM, inducing a G2/M phase arrest in HT29 cells. Trent of HT29 cells
with 5c resulted in BubR1 phosphorylation and an increafsenitotic index in a time-dependent
manner. Furthermorehec promoted tubulin polymerizatiom vitro. These results demonstrate that
quinazolin-4(3)-one derivatives bearing dithiocarbamate siderchaiC2-position may be potentially
novel antitumor agents targeting tubulin to acevidte spindle assembly checkpoint.

Keywords: Quinazolin-4(31)-one; dithiocarbamate; synthesis; antiproliferatactivity; G2/M arrest;
spindle assembly checkpoint.



1. Introduction

Quinazoline derivatives bearing side chains atGBeor C6-position of the core structure possess
promising antitumor property by targeting folatepdedent enzymes including thymidylate synthase
(TS) and dihydrofolate reductase (DHFR). TS catdyzthe reductive methylation of
2'-deoxyuridine-5monophosphate (dUMP) to’-@eoxythymidine-5monophosphate (dTMP). This
reaction requires 5,10-methylenetetrahydrofolatd Q8H,THF) as the donor of the methyl group,
which is oxidized to 7,8-dihydrofolate (7,8-DHF).HBR catalyzes the conversion of 7,8-DHF to
5,6,7,8-tetrahydrofolate (5,6,7,8-THF) using ninatnhide adenine dinucleotide phosphate (NADPH) as
the reductant. Thus, TS and DHFR are crucial fer ginthesis of dTMP in dividing cells, and TS
and/or DHFR inhibitors have found clinical utilias antitumor agents [1,2]. The quinazoline skeleton
is similar to the pteridine ring in folic acid molde, and therefore its derivatives resemblingfitie
acid structure are of importance for the discovefyantitumor antifolates interfering with folate
dependent enzymes.

The quinazoline derivatives containing L-glutamicidamoiety are generally referred to as
classical antifolates such as ZD1694 [3] and CB3[Al,/while the derivatives containing lipophilic
side chains are called non-classical antifolated si8 AG337 [5] and Trimetrexate [6] (Fig. 1). Seve
classical or non-classical antifolates have begmad for clinical use or entered clinical trifls2].

In our attempts to explore quinazoline-based amiiiuagents, the dithiocarbamate moiety that has
been recognized as an efficient antitumor pharmam@p[7-9] was incorporated into the C6-position
of 2-methylquinazlin-4(Bl)-one as a lipophilic side chain. Among the synitess compoundd, andl|

(Fig. 1) inhibited the proliferation of several hamcancer cell lines with kg values at the level of
micromolar concentrations [10-12].

Recently, increasing evidences indicate that quim&£3H)-one derivatives carrying various
substituents at the C2-position can also exerbitdrly effects on tumor cells. Nevertheless, theaym
act through the mechanism of action different fritwat of quinazoline-based antifolates. For example,
Ispinesib (Fig. 2), a kinesin spindle protein intib causes mitotic arrest and growth inhibition i
several human tumor cell lines and is currentlyteésin multiple phase Il clinical trials [13].
Compoundl!ll (Fig. 2) inhibits the growth of human MCF-7 breastrcinoma cells and Burkitt
lymphoma CA46 cells with 1§ values of 0.34 and 1.0M, respectively. At 3.4uM, it caused
disruption of the cellular microtubule system oé tRICF-7 cells, while at 1@M it induced G2/M
arrest in Burkitt cells. These cellular effects aomsistent with its mechanism of action resulfiragn
its inhibitory effect on tubulin assembly [14]. Teefacts and our previous work motivated us to
synthesize a new series of compoubdst (Fig. 2) by incorporating the dithiocarbamate ni@to
the C2-position of quinazlin-4t8-one. The target compounds would be evaluated tfair
antiproliferative activity against human cancerl ¢iekes and investigated the possible mechanism of
action.

2. Chemistry

As outlined in Scheme 1, heating 2-aminobenzoid @giin acetic anhydride under reflux yielded
2-methyl-4H-benzofl][1,3]oxazin-4-one %), which was directly used in the next step without
purification. Reaction o2 with 25% aqueous ammonia in ethanol gave 2-metiyégolin-4(3H)-one
(3). According to the reported method [15], bromiaatiof 3 with N-bromosuccinimide (NBS)
generated 2-(bromomethyl)quinazolin-é(j3one @), which reacted with carbon disulfide and various
arylmethylamines or heterocyclylmethylamines in firesence of potassium phosphate [16,17] to



afford quinazolin-4(Bl)-one derivatives bearing dithiocarbamate side rcladi the C2-positiorviz,
target compoundsa-t.

3. Biology

The MTS
[3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxygmyl)-2-(4-sulfophenyl)-R-tetrazolium,  inner
salt] cell proliferation assay was used to evaluae antiproliferative activity of the synthesized
compounds against five human cancer cell linesutdinop A549 (lung cancer), MCF-7 (breast
adenocarcinoma), HelLa (cervical carcinoma), HT29 G T-116 (colorectal cancer). The inhibition of
cell proliferation was determined 72 h after celere exposed to the tested compounds at a
concentration of 5uM. The compounds with 50% or more inhibition congzhwith vehicle-treated
cells were considered active. Inhibition of celblferation by these active compounds at various
concentrations were further measured, and theip (@e concentration that causes 50% of cell
proliferation inhibition) values were determinediaummarized in Table 1. 5-Fluorouracil (5-FU) was
used as a positive control.

Among the tested compounds, exhibited significant antiproliferative activityainst HT29 cells
with an 1G, value of 5.53uM. To gain further insight into the mechanisms ofi@n of this new and
active compound, we examined if treatment of HT@Bsowith compoundc would lead to cell cycle
arrest and DNA damage. HT29 cells were treated wiimpound5c or 5-FU at a concentration
equivalent to its Ig for 24 h. 5-FU is an inhibitor of TS, blocking DNgynthesis in a variety of
cancer cells. Cells were harvested for cell cyatalysis by flow cytometry. Three independent
experiments were performed, and the results werewshin Table 2. Meanwhile, indirect
immunofluorescence assay and immuno-blotting arslysing antibody specific for the DNA
double-strand break (DSB) markggH2AX (histone H2AX phosphorylated on serine 13%rev
performed to examine whether these compounds wimaldce DSBs in cultured cancer cells. The
results were demonstrated in Fig. 3. Mitotic indeard BubR1 (Bubl-related protein kinase)
phosphorylation levels were determined to assesadlivation of the G2/M checkpoint or the spindle
assembly checkpoint. The results were illustratedable 3 and Fig. 4. Furthermoia,vitro tubulin
polymerization assays were conducted to evaluateoimipound5c would interfere with tubulin
polymerizationin vitro, and the results were shown in Fig. 5.

4. Resultsand discussion
4.1. Antiproliferative activity

As shown in Scheme 1 and Table 1, we first syntieelscompounda (R = GHs) to serve as a
parent compound, which exhibited moderate antif@tive activity against five cancer cell linegwi
ICs values in the range of 10.781.33 M. And then, compoundSb—g bearing electron-donating
groups on the phenyl ring of the side chain wermpared and evaluated for their antiproliferative
activity. Introduction of a methyl group into thepdsition of the phenyl ringbb, R = 4-CHC¢H,) led
to a decrease in activity against four tumour tins. However, compoun8c (R = 4-CHOGCH,)
bearing a methoxy! group at the 4-position of theny! ring exhibited higher antiproliferative adtiv
against A549 (7.27 versus 23.j[i®1), MCF-7 (10.86 versus 31.38M) and HT29 (5.53 versus 14.45
uM) cell lines, and slightly weaker activity againdeLa and HCT-116 cell lines than the parent
compound5a. In comparison with compourtet, 5d (R = 2-CHOGCsH,) was less active against each
cell line, suggesting that a methoxyl group at 4hposition of the phenyl ring is favorable for the



antiproliferative activity. Compoundse (R = 2,4-diCHOGCH,), 5f (R = 3,4,5-triCHOCH,) and5g (R
= 3,4-methylenedioxygHs) were in general less active thae) indicating that one methoxyl group at
the 4-position of the phenyl ring is adequate fengrating the antiproliferative activity.

As for compounds bearing electron-withdrawing goam the phenyl ring, compourtth (R =
4-BrCsH,) was less active than the parent compobadwhereassi (R = 4-CIGH,) was inactive
against five tumor cell lines. In contrast wia versusbc, 5j bearing two chlorine atoms at both the 2
and 4-position of the phenyl ring was more actigaiast A549, HelLa, HT29 and HCT-116 cell lines
than5i with one chlorine atom at the 4-position. Furtheren compoundk (R = 4-FGH,) bearing a
fluorine atom at the 4-position of the phenyl rimgs more potent than its 4-bromo or 4-chloro
counterpartdbh and5i. However, compounds! (R = 2-FGH,) and5m (R = 2,4-diFGH,) exhibited
lower or comparable activity to the 4-fluoro subhggd compoundk, which IG, was similar to
compoundsbd, 5e and5c. In addition, compoundn bearing a stronger electron-withdrawing nitro
group possessed comparable activitpkoalthough both of them were less actilian5c against four
tumour cell lines. These results suggest that keetrenic and steric characters of the substitaeat
not the critical determinant of activity.

Replacement of the phenyl group in the parent camg@éa by thiophenyl, furanyl or pyridinyl
group resulted in compound®-t. Compoundso (R = thiophen-2-yl) exhibited comparable activity
against A549, HT29 and HCT-116 cell lines to commbba, but higher activity against MCF-7 or
lower activity against HeLa cell line than compouiad Compoundbp (R = furan-2-yl) was less active
against each cell line thd&a, while 5q (R = pyridin-2-yl) was inactive at the concentoatiof 50uM.
Contrary to5q, compoundsr (R = pyridin-3-yl) and5t (R = pyridin-4-yl) exhibited higher activity
against A549, MCF-7 and HCT-116 cell lines ttn or comparable activity against HeLa, and HT29
cell lines to5a. In addition, the antiproliferative activity & bearing an electron-withdrawing group
(trifluoromethyl) at the 6-position of the pyridiméng was close to its counterpdit. These results
indicate that the orientation of a heterocyclicgitbent is crucial to the antiproliferative activiwhile
the density of electron cloud on the heterocyclests little effect on the activity.

Among the compounds synthesiz&tlwas the most active member withs§@alues of 6.13 and
16.67 uM against A549 and HCT-116 cell lines, respectivelhereassc was the most potent one
against HT29 cell line. Both compounds are worthyé considered as leads for further studies. Since
5c was more potent than the clinically used anticadceg 5-FU against HT29 cells (5.53 versus 24.50
p1M), it would be used for further investigation dretmechanism of action.

4.2. Compound 5c¢ induced G2/M arrest in HT29 cells

From the MTS assay results, we found that compdaridhibited the proliferation of HT29 cells
with an IG, value of 5.53uM. To reveal the molecular mechanism Safinduced cytotoxicity, we
determined the cell cycle profile of HT29 cells npimeatment wittbc. HT29 cells were treated with
compoundbe, 5-FU at the concentrations equivalent to theig,|6r Taxol (0.181M) for 24 h, and data
were shown in Table 2. In agreement with previeports, HT29 cells treated with 5-FU or Taxol for
24 h were arrested in S-phase or G2/M phase, regglgc while treatment with compourfst for 24 h
only induced a G2/M arrest in HT29 cells withoutabvious sub-G1 peak in the cell cycle profile.

4.3. Compound 5c did not induce DNA damage in HT29 cells
Given that compoun8c induces the G2/M arrest in HT29 cells, one opitsential mechanisms is
that it induces DNA damage. To test this possihilite treated HT29 cells with Camptothecin (CPT, 2



UM) or compoundbe for 1 or 2 h. And then, indirect immunofluorescerassay and immuno-blotting
analysis using antibody specific for the DSB markéi2AX were performed to examine whether
these compounds would induce DSBs in cultured caceldés. The results were demonstrated in Fig. 3.
CPT is an inhibitor of topoisomerase |, which indsiceplication-dependent DNA damage. We found
that treatment with CPT, but not compoubd resulted in distinct-H2AX focus formation by
immunofluorescence staining analysis and an inereg-H2AX protein levels (Fig. 3). It has been
well established thai-H2AX is a marker for DSBs [18-20]. These resuitdicated that compourist
might not be able to induce DNA damage.

4.4. Compound 5c activated the spindle assembly checkpoint

A G2/M arrest may result from DNA damage-induced/NsZheckpoint activation or tubulin
poison-induced spindle assembly checkpoint activatisiven that compourft failed to induce DNA
damage, we sought to determine if compo&odvould activate the spindle assembly checkpoint to
elicit the G2/M arrest. To this end, we determitieel mitotic indexes of HT29 cells treated with 5;FU
CPT, Noc or compounéc for different periods of time. The mitotic indexas/ determined by the
percentage of cells positive of immunostaining wile phospho-Histone H3 on serine 10 (H3S10)
antibody. The H3S10 phosphorylation starts at pasptand quickly disappears when cells move from
metaphase to anaphase. Both Noc and Taxol eligit fanction in the spindle assembly checkpoint
activation mainly through binding to tubulin andesting cells at metaphase. The former leads to
destabilization of tubulin polymerization, while Xtd treatment increases polymerization of tubulin
units. As shown in Table 3, 5-FU treatment reduttedmitotic index because it arrested cells atShe
phase, CPT treatment reduced the mitotic index @l since it activated the G2/M checkpoint to
prevent the mitotic entry, while Noc treatment tech continuing increase of mitotic index betwelea t
2 hour time point and the 16 hour time point. Coomqub5c¢ treatment resulted in a similar, but less
extent, continuing increase of mitotic indexes (€aB). As presented in Fig. 4, Taxol treatment
increased phospho-BubR1 levels, while a less extmmeéase of BubR1 phosphorylation levels was
seen when cells were treated with compo&uodfor the same period of time. BubR1 is a mitotic
regulatory kinase that ensures accurate segregafi@mromosomes through its role in the mitotic
checkpoint and the establishment of proper micndefzinetochore attachments. BubR1
phosphorylation is an indicator of the spindle agdg checkpoint activation [21,22]. Taken together,
these results demonstrated that compdamaictivates the spindle assembly checkpoint.

4.5. Compound 5c promoted tubulin polymerization in vitro

Finally, in vitro tubulin polymerization assays were conducted @luate if compoundc would
interfere with tubulin polymerizatiom vitro, and the results were shown in Fig. 5. Tigitro tubulin
polymerization assay confirmed that Taxol elimiatee nucleation phase and shortened the time for
tubulin polymerizatiorin vitro to reach the plateau (i.e., Vmax) in comparisoedntrol. Compound
5c¢ reduced the nucleation phase in comparison toctimrol, while enhanced Vmax of the growth
phase of tubulin polymerizatidn vitro in comparison to Taxol. These data indicate tbatmound5c
may target tubulin and promote tubulin polymeriaatin vitro. Further investigation to uncover the
biochemical and molecular mechnism how compusa binds to tubulin and promotes its
polymerization is warranted.

Introduction of new moieties into the C2-positioh quinazoline has led to series of novel
anticancer compounds. For examples, Ispinesib,naski spindle protein inhibitor, is in phase I



clinical trials [13], while compoundl| exhibits its cytotoxic effect in cancer cells Iibiting tubulin
polymerization[14]. Our newly synthesized quinazel{3H)-one derivatives bearing dithiocarbamate
side chain at C2-position, compoubalin particular, elicit cytotoxic effects in diffemecancer cells by
promoting tubulin polymerization and consequentltiveating the spindle assembly checkpoint.
Therefore, exploration of C2-derivatives of quinam may yield promising anticancer compounds
targeting G2/M phase of the cell cycle.

5. Conclusion

By transferring the dithiocarbamate side chain fréme C6-position to the C2-position of
quinazolin-4(3)-one, a new series of compourtes-t were designed and synthesized, and most of
them exhibited antiproliferative activities agai#€49, MCF-7, HeLa, HT29 and HCT-116 cell lines.
Among the active compoundSg significantly inhibited the proliferation of HT28ells with an G
value of 5.53puM and induced a G2/M arrest by promoting tubulinypwerizationin vitro and
subsequently activating the spindle assembly ch@nkpThese results have demonstrated that the
potential target of compoun8ic is tubulin. How compoundc binds to tubulin and promotes its
polymerization warrants further exploration.

6. Experimental
6.1. Chemistry

Melting points were determined on an XT5B microscomelting point apparatus and are
uncorrected*H NMR spectra were recorded on a Varian VNMRS-68€csometer at 600 MHz using
tetramethylsilane (TMS) as internal standard (Ablations: Ph = phenyl, Quin =
quinazolin-4(34)-one).*3C NMR spectra were recorded on a Varian VNMRS-gf¥csometer at 150
MHz using tetramethylsilane (TMS) as internal stadd Infrared (IR) spectra were recorded on a
Bruker Tensor 27 spectrometer with an ATR (attesdiabtal reflection) accessory. High-resolution
electrospray ionization (HR-ESI) mass spectra wemdrded on a Thermo Scientific LTQ Orbitrap
Discovery (Bremen, Germany) mass spectrometer. molchromatography was carried out on silica
gel (206-300 mesh). High performance liquid chromatograghil(C) analyses were performed on an
Agilent 1200 Series HPLC instrument with a G1314%/N (variable-wavelength detector) detector,
and the results were presented in the Supplementerigda. Arylmethylamines or
heterocyclylmethylamines were obtained commerciatlgl used without further purification.

6.1.1. Preparation of 2-methylquinazolin-4(3H)-one (3)

A mixture of 2-aminobenzoic acid) (1.37 g, 10 mmol) and acetic anhydride (10 mL¥ wtrred
under reflux for 2 h. Most of excess acetic antgglrivas removed by rotary evaporation and the
residue was cooled to room temperature. The seyphsaid was filtered and dried to give 1.47 g of
2-methyl-4H-benzofl][1,3]oxazin-4-one %) as a yellow solid, which was used directly in tiext step
without purification.

A solution of2 (1.47 g, 9.1 mmol) and 25% aqueous ammonia (37 imkthanol (20 mL) was
stirred at room temperature for 48 h. After remgvinost of the solvent and cooling, the precipitate
was collected by filtration and dried in air, whialas purified by recrystallization from ethanolgive
1.12 g (70%, overall yield of two steps) 8fas a white solid, mp 23236 °C (Lit. [23] mp
237-239°C)."H NMR (600 MHz, DMSOdj) & 2.61 (s, 2H, Ch), 7.65 (t,J = 7.8 Hz, 1H, Quin 6-H),
7.83 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.96 (#,= 7.8 Hz, 1H, Quin 7-H), 8.16 (d,= 7.8 Hz, 1H, Quin



5-H). *C NMR (150MHz, DMSO#d,) 6: 21.11, 49.02, 120.69, 125.20, 126.37, 126.91, B38.46.22,
161.61. IR (ATR, cril) vz 3409, 3036, 2872, 2785, 1657, 1608, 1464, 1385911138, 942, 873, 771,
691. ESI-HRMSWz calcd for GHgN,O ([M+H]"): 161.0715; found: 161.0709.

6.1.2. Preparation of 2-(bromomethyl)quinazolin-4(3H)-one (4)

A stirred solution of 2-methylquinazolin-43-one @) (6.40 g, 40 mmol), NBS (7.12 g, 40 mmol)
in anhydrous DMF (35 mL) was heated at°@for 24 h. The formed solid was collected by dilion
and washed with ether and dry to give 7.37 g (7@%} white solid, mp 227-23C.*H NMR (600
MHz, DMSOg) & 4.41 (s, 2H, CbkBr), 7.55 (t,J = 7.8 Hz, 1H, Quin 6-H), 7.67 (d,= 7.8 Hz, 1H,
Quin 8-H), 7.84 (tJ = 7.8 Hz, 1H, Quin 7-H), 8.12 (d,= 7.8 Hz, 1H, Quin 5-H), 12.57 (br s, 1H, NH).
*C NMR (150MHz, DMSOd) d: 30.18, 121.54, 126.28, 127.66 (2C), 135.06, 148.38.27, 161.94.
IR (ATR, cm") v 3037, 2887, 2799, 1683, 1609, 1463, 1323, 1188, 872, 674. ESI-HRM&Vz
calcd for GHgBrN,O ([M+H]"): 238.9820, 240.9800; found: 238.9813, 240.9790.

6.1.3. General procedure for the preparation of compounds 5a—t

A suspension of amine (1.5 mmol), carbon disulf{e& mL, 10 mmol), and finely powdered
potassium phosphate (0.40 g, 1.9 mmol) in DMF (20 mas stirred at room temperature for 0.5 h.
After adding 2-(bromomethyl)quinazolin-443-one @) (0.36 g, 1.5 mmol), stirring was continued for
1-3 h (for5a-c, 5h-n, 1 h; for5d-g, 2 h; for5o-t, 3 h). The mixture was poured into water (150 mL)
and the resulting precipitate was collected bydiion, dried in air. The crude product was pudftey
column chromatograph on silica gel using the sdlvedicated below as eluent to give compounds
S5a-t.
6.1.3.1. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl benzylcarbamodithioate (5a)

Yield 63%, yellowish solid, mp 172—-17€ (eluent: CHCl,). *"H NMR (600 MHz, DMSOd) &
4.45 (s, 2H, SCh, 4.85 (d,J = 5.4 Hz, 2H, E;,NH), 7.29 (m, 1H, Ph 4'-H), 7.33 (m, 4H, Ph 2'-H,
3-H, 5’-H, 6’-H), 7.42 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.49 (§,= 7.8 Hz, 1H, Quin 6-H), 7.77 @,=
7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 10.70 @= 5.4 Hz, 1H, ChLNH), 12.41 (s,
1H, NH). **C NMR (150MHz, DMSQOd,) §: 37.91, 50.28, 121.38, 126.26, 127.06, 127.19, 127.7
128.23 (2C), 128.86 (2C), 134.91, 137.38, 148.63.89, 161.82, 195.52. IR (ATR, &nv. 3179,
2920, 2874, 1665, 1604, 1549, 1401, 1319, 926, B63, 695. ESI-MSWz 342 [M+H]". ESI-HRMS
m/z calcd for G/H N3OS, ([M+H]"): 342.0735; found: 342.0723.
6.1.3.2. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 4-methylbenzylcarbamodithioate (5b)

Yield 51%, off-white solid, mp 186-18T (eluent: CHCI,/CH;OH = 95:5)."H NMR (600 MHz,
DMSO-ds) & 2.29 (s, 3H, Ch), 4.44 (s, 2H, SC}), 4.80 (d,J = 5.4 Hz, 2H, EI,NH), 7.14 (dJ=7.8
Hz, 2H, GH,-H), 7.22 (dJ = 7.8 Hz, 2H, @H,-H), 7.38 (dJ = 8.4 Hz, 1H, Quin 8-H), 7.49 @,= 7.8
Hz, 1H, Quin 6-H), 7.76 (1] = 8.4 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 10.66 =
5.4 Hz, 1H, CHNH), 12.40 (s, 1H, NH)*C NMR (150MHz, DMSOde) 4: 21.15, 37.90, 50.12,
121.37, 126.24, 127.06, 127.17, 128.30 (2C), 129289, 134.29, 134.87, 136.98, 148.58, 153.94,
161.81, 195.23. IR (ATR, ¢ v 3139, 2919, 2811, 1673, 1610, 1524, 1468, 1481611075, 921,
807, 764, 683. ESI-HRMB8Vz calcd for GgH1gN;0S, ((M+H]*): 356.0891; found: 356.0881.
6.1.3.3. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 4-methoxybenzyl carbamodithioate (5c¢)

Yield 61%, yellowish solid, mp 178-17€ (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-dg) & 3.74 (s, 3H, OCH), 4.43 (s, 2H, SC}), 4.77 (d,J = 5.4 Hz, 2H, Ei,NH), 6.89 (d,J =
8.4 Hz, 2H, @H, 3'-H, 5’-H), 7.27 (d,J = 8.4 Hz, 2H, @H, 2'-H, 6-H), 7.39 (dJ = 7.8 Hz, 1H, Quin



8-H), 7.49 (tJ = 7.8 Hz, 1H, Quin 6-H), 7.76 (#,= 7.8 Hz, 1H, Quin 7-H), 8.08 (d,= 7.8 Hz, 1H,
Quin 5-H), 10.63 (tJ = 5.4 Hz, 1H, CKHNH), 12.40 (s, 1H, NH)**C NMR (150MHz, DMSO#d) o:
37.88, 49.89, 55.54, 114.22 (2C), 121.37, 126.2%,d7, 127.18, 129.23, 129.79 (2C), 134.87, 148.58,
153.97, 159.09, 161.81, 194.99. IR (ATR, Y. 3137, 2896, 1672, 1616, 1511, 1404, 1304, 1247,
1073, 920, 848, 765. ESI-HRM&z calcd for GgH1gN30,S, ([M+H]"): 372.0840; found372.0831.
6.1.3.4. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 2-methoxybenzylcarbamodithioate (5d)

Yield 49%, yellowish solid, mp 157-158 (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 3.80 (s, 3H, OCH), 4.42 (s, 2H, SCH), 4.77 (dJ = 5.4 Hz, 2H, EI,NH), 6.90 (tJ=7.8
Hz, 1H, GH,4 5’-H), 7.03 (d,J = 7.8 Hz, 1H, €H, 3’-H), 7.21 (d,J = 7.8 Hz, 1H, ¢H, 6’-H), 7.30 (t,J
=7.8 Hz, 1H, @H, 6'-H), 7.38 (d,J = 8.4 Hz, 1H, Quin 8-H), 7.50 {,= 8.4 Hz, 1H, Quin 6-H), 7.77
(t, J = 8.4 Hz, 1H, Quin 7-H), 8.09 (d,= 8.4 Hz, 1H, Quin 5-H), 10.55 @,= 5.4 Hz, 1H, CENH),
12.41 (s, 1H, NH)®C NMR (150MHz, DMSOd,) d: 37.94, 46.04, 55.76, 111.23, 120.57, 121.35,
124.54, 126.26, 127.07, 127.13, 129.13, 129.28,9134148.56, 154.05, 157.41, 161.80, 195.16. IR
(ATR, cm') v 3173, 2922, 1672, 1610, 1462, 1321, 1243, 1079, 829, 684 ESI-HRMSm/z
caled for GgH1gN30,S, ([M+H]™): 372.0840; found: 372.0833.
6.1.3.5. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 2,4-dimethoxybenzyl carbamodithioate (5€)

Yield 51%, yellowish solid, mp 162—168 (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 3.76 (s, 3H, OCH), 3.77 (s, 3H, OCH), 4.38 (s, 2H, SC}), 4.67 (d,J = 5.4 Hz, 2H,
CH,NH), 6.48 (ddJ = 8.4, 2.4 Hz, 1H, ¢H; 5'-H), 6.59 (d,J = 2.4 Hz,1H, @H; 3’-H), 7.15 (d,J =
8.4 Hz, 1H, @H; 6'-H), 7.33 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.50 @,= 7.8 Hz, 1H, Quin 6-H), 7.76 (t,
J=7.8 Hz, 1H, Quin 7-H), 8.09 @z 7.8 Hz, 1H, Quin 5-H), 10.64 @,= 5.4 Hz,1H, CENH), 12.40
(s, 1H, NH)."*C NMR (150MHz, DMSQd,) 6: 37.94, 45.97, 55.70, 55.93, 98.86, 104.89, 116.65,
121.33, 126.25, 127.08, 127.10, 130.50, 134.87,4B48154.18, 158.61, 160.81, 161.79, 194.56. IR
(ATR, cm®) v: 3162, 2923, 1671, 1625, 1536, 1508, 1465, 1427711208, 1156, 1127, 1070, 1038,
912, 773. ESI-HRMS$Wz calcd for GgHyoN305S, ([M+H]™): 402.0946; found: 402.0933.
6.1.3.6. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 3,4,5-trimethoxybenzyl carbamodithioate (5f)

Yield 48%, yellowish solid, mp 168-17C (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 3.64 (s, 3H, OCH), 3.70 (s, 6H, 20CH), 4.44(s, 2H, SCh), 4.76 (d,J = 4.8 Hz, 2H,
CH,NH), 6.68 (s, 2H, ¢H, 2'-H, 6’-H), 7.34 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.49 @ = 7.8 Hz, 1H,
Quin 6-H), 7.74 (t) = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 10.64 {,= 4.8 Hz,
1H, CHNH), 12.42 (s, 1H, NH):*C NMR (150MHz, DMSOd;) d: 37.93, 50.87, 56.26 (2C), 60.43,
105.99 (2C), 121.34, 126.26, 127.05, 127.09, 132184.85, 137.30, 148.53, 153.30 (2C), 154.10,
161.78, 195.25. IR (ATR, ¢ vz 3250, 2980, 2920, 1690, 1609, 1464, 1340, 1328011119, 1004,
927, 764, 686. ESI-HRMBVz calcd for GoH,:N304S, ((M+H]¥): 432.1052; found: 432.1038.
6.1.3.7. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 3,4-methyl enedioxybenzyl carbamodithioate (5g)

Yield 47%, yellowish solid, mp 176-17T (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 4.43 (s, 2H, SC}), 4.74 (d,J = 4.8 Hz, 2H, E,NH), 6.0 (s, 2H, OCKD), 6.82 (dJ =
7.8 Hz, 1H, @H; 6’-H), 6.86 (d,J = 7.8 Hz, 1H, GH3 5’-H), 6.90 (s, 1H, gHz 2'-H), 7.42 (d,J=7.8
Hz, 1H, Quin 8-H), 7.49 (1) = 7.8 Hz, 1H, Quin 6-H), 7.77 (3= 7.8 Hz, 1H, Quin 7-H), 8.08 (d,=
7.8 Hz, 1H, Quin 5-H), 10.62 (§ = 4.8 Hz, 1H, CkNH), 12.41 (s, 1H, NH)"*C NMR (150MHz,
DMSO-dg) ¢: 37.87, 50.13, 101.40, 108.55, 108.90, 121.36,821126.24, 127.06, 127.15, 131.02,
134.88, 146.97, 147.71, 148.58, 153.92, 161.80,1899R (ATR, cri) v. 3132, 3037, 2905, 2812,
1674, 1619, 1529, 1498, 1401, 1318, 1251, 1075419283, 864, 812, 763, 686. ESI-HRM#z calcd
for CigH1eN305S, ((M+H] ¥): 386.0633; found: 386.0622.



6.1.3.8. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 4-bromobenzyl carbamodithioate (5h)

Yield 71%, yellowish solid, mp 192—-198 (eluent: CHCI,/CH;OH = 95:5).*H NMR (600 MHz,
DMSO-dy) J 4.43 (s, 2H, SC}h), 4.80 (d,J = 5.4 Hz, 2H, EI,NH), 7.26 (dJ = 8.4 Hz, 2H, €H, 2"-H,
6’-H), 7.43 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.47 @,= 7.8 Hz, Quin 6-H), 7.50 (d,= 8.4 Hz, 2H, GH,
3'-H, 5'-H), 7.76 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.07 (d,= 7.8 Hz, 1H, Quin 5-H), 10.67 @,= 5.4,
1H, CHNH), 12.40 (br s, 1H, NH}*C NMR (150MHz, DMSOdg) d: 37.91, 49.46, 120.81, 121.38,
126.25, 127.06, 127.19, 130.37 (2C), 131.71 (234,88, 136.88, 148.62, 153.76, 161.80, 195.80. IR
(ATR, cmi®) vz 3140, 2924, 1673, 1613, 1525, 1468, 1398, 1303611008, 923, 845, 803, 766, 681.
ESI-HRMSm/z calcd for G;H1sBrN;OS, ([M+H]): 419.9840, 421.9819; found19.9833, 421.9801.
6.1.3.9. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 4-chlorobenzylcarbamodithioate (5i)

Yield 50%, pink solid, mp 188-19¢C (eluent: CHCI,/CH;OH = 95:5).*H NMR (600 MHz,
DMSO-dy) J 4.45 (s, 2H, SCh), 4.84 (dJ = 5.4 Hz, 2H, E€I,NH), 7.33 (dJ = 8.4 Hz, 2H, €H, 2"-H,
6'-H), 7.38 (d,J = 8.4 Hz, 2H, @H, 3'-H, 5'-H), 7.45 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.50 @,= 7.8 Hz,
1H, Quin 6-H), 7.78 (t) = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 10.69 ¢,=5.4
Hz, 1H, CHNH), 12.41 (s, 1H, NH)"*C NMR (150MHz, DMSOde) d: 37.93, 49.43, 121.39, 126.27,
127.07, 127.19, 128.80 (2C), 130.04 (2C), 132.34.89, 136.46, 148.64, 153.78, 161.82, 195.81. IR
(ATR, cm?) v. 3141, 2922, 1675, 1616, 1524, 1399, 1314, 1023, 846, 804, 764, 730, 682.
ESI-HRMSm/z calcd for G;H1sCIN;OS, ((M+H]*): 376.0345, 378.0316; found76.0338, 378.0300.
6.1.3.10. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl 2,4-dichlorobenzyl carbamodithioate (5))

Yield 57%, brown solid, mp 179-18€ (eluent: CHCl,/CH;OH = 98:2).'H NMR (600 MHz,
DMSO-ds) J 4.46 (s, 2H, SC}), 4.86 (d,J = 4.8 Hz, 2H, EI,NH), 7.35 (d,J = 8.4 Hz, 1H, GH;
6’-H), 7.39 (dd,J = 8.4, 1.8 Hz, 1H, H3 5'-H), 7.49 (dJ = 7.8 Hz, 1H, Quin 8-H), 7.51 @,= 7.8 Hz,
1H, Quin 6-H), 7.63 (d) = 1.8 Hz, 1H, @H3 3'-H), 7.79 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.10 (d,= 7.8
Hz, 1H, Quin 5-H), 10.66 (t) = 4.8 Hz, 1H, CENH), 12.43 (s, 1H, NH)*C NMR (150MHz,
DMSO-dg) 6: 37.99, 47.70, 121.39, 126.27, 127.07, 127.19,747129.23, 131.16, 133.23, 133.67,
133.78, 134.90, 148.63, 153.69, 161.81, 196.32AIR, cm') v 3151, 2924, 1676, 1617, 1535, 1466,
1404, 1318, 1079, 928, 812, 769, 684. ESI-HRNIS calcd for G;H14,CI,N3;0S, ([M+H]"): 409.9955,
411.9926; found: 409.9944, 411.9911.
6.1.3.11. (4-Oxo-3,4-dihydroquinazolin-2-yl)methyl 4-fluorobenzyl carbamodithioate (5k)

Yield 64.9%, white solid, mp 167-16€ (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) J 4.45 (s, 2H, SC}), 4.83 (dJ=5.4 Hz, 2H, @,NH), 7.16 (t,J = 8.4 Hz, 2H, @H, 3'-H,
5'-H), 7.37 (dd,J = 8.4, 5.4 Hz, 2H, gH, 2’-H, 6’-H), 7.45 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.50 ({,=
7.8 Hz, 1H, Quin 6-H), 7.78 (td,= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.09 (d#l= 7.8, 1.2 Hz, 1H, Quin
5-H), 10.68 (tJ = 5.4 Hz, 1H, CHNH), 12.41 (s, 1H, NH)3C NMR (150MHz, DMSOd6) 5: 37.92,
49.48, 115.61 (d, 2Q,= 21.0 Hz), 121.39, 126.27, 127.06, 127.18, 130d32C,J = 7.5 Hz), 133.60
(d, J = 3.0 Hz), 134.90, 148.63, 153.82, 161.82, 16189 € 241.5 Hz), 195.60. IR (ATR, ¢ v.
3144, 2920, 2870, 1671, 1608, 1507, 1400, 13182,12Q77, 922, 854, 768, 661. ESI-HRM%z
caled for G/H1sFN;0S, ([M+H]Y): 360.0641; found360.0631.
6.1.3.12. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl 2-fluorobenzyl carbamodithioate (5I)

Yield 69%, yellowish solid, mp 159-16C (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-dy) J. 4.45 (s, 2H, SCH), 4.86 (dJ = 4.8 Hz, 2H, EI,NH), 7.15 (t,J = 7.2 Hz, 1H, @H, 3'-H),
7.21 (t,J=9.0 Hz, 1H, @H, 5-H), 7.36 (m, 2H, @H, 4'-H, 6’-H), 7.46 (d,J = 7.8 Hz, 1H, Quin 8-H),
7.50 (t,J = 7.8 Hz, 1H, Quin 6-H ), 7.78 (td,= 7.8, 1.2 Hz, 1H, Quin 7-H), 8.09 (d#i+ 7.8, 1.2 Hz,
1H, Quin 5-H), 10.66 (t) = 4.8 Hz, 1H, CKNH), 12.41 (s, 1H, NH)}'3C NMR (150MHz, DMSOd,)



0: 37.97, 44.33 (d) = 4.1 Hz), 115.73 (d] = 21.2 Hz), 121.39, 124.01 (@~ 14.7 Hz), 124.80 (dl =
3.3 Hz), 126.27, 127.06, 127.19, 130.01)¢,8.0 Hz), 130.55 (d] = 4.1 Hz), 134.92, 148.65, 153.82,
160.65 (d,J = 243.9 Hz), 161.82, 195.91. IR (ATR, ¢jn: 3182, 2982, 1679, 1607, 1377, 1313, 1222,
1067, 923, 888, 758. ESI-HRM&z calcd for G/H1sFN3;OS, ([M+H]™): 360.0641; found360.0630.
6.1.3.13. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl 2,4-difluorobenzyl carbamodithioate (5m)

Yield 78%, yellowish solid, mp 162—168 (eluent: CHCI,/CH;OH = 95:5).*H NMR (600 MHz,
DMSO-ds) & 4.45 (s, 2H, SC}), 4.82 (dJ = 4.8 Hz, 2H, EI,NH),7.05 (td,J = 8.4, 1.8 Hz, 1H, §H3
3'-H), 7.25 (td,J = 9.9, 1.8 Hz, 1H, gH3 5’-H), 7.43 (m, 1H, GH3 6’-H), 7.50 (m, 2H, Quin 8-H, 6-H),
7.79 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 10.63 (§, = 4.8 Hz, 1H,
CH,NH), 12.41 (s, 1H, NH)*C NMR (150MHz, DMSOd,) d: 37.96, 43.88, 104.31 (d,= 25.6 Hz),
111.81 (ddJ = 21.2, 3.6 Hz), 120.44 (dd,~= 15.0, 3.6 Hz), 121.38, 126.28, 127.07, 127.13,88(dd,
J=9.8, 5.7 Hz), 134.92, 148.60, 153.80, 160.72 Jdd246.8, 12.6 Hz), 161.85, 162.20 (dd; 244.8,
12.0 Hz), 195.96. IR (ATR, c v 3149, 2883, 2810, 1678, 1609, 1540, 1504, 1486911319,
1078, 922, 767, 686. ESI-HRM&z calcd for G/H14FN30S, ([M+H]"): 378.0546; found: 378.0539.
6.1.3.14. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl 4-nitrobenzyl carbamodithioate (5n)

Yield 41%, yellowish solid, mp 179-18C (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 4.48 (s, 2H, SCh), 4.99 (dJ = 5.4 Hz, 2H, EI,NH), 7.49 (m, 2H, Quin 8-H, 6-H), 7.52
(d,J=8.4 Hz, 2H, @H, 3"-H, 5’-H), 7.78 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin
5-H), 8.18 (dJ = 8.4 Hz, 2H, GH, 2’-H, 6'-H), 10.79 (tJ = 5.4 Hz, 1H, CENH), 12.43 (s, 1H, NH).
%C NMR (150MHz, DMSOdg) §: 37.98, 49.35, 121.40, 123.96 (2C), 126.27, 127126,23, 128.95
(2C), 134.88, 145.48, 147.06, 148.67, 153.60, 161186.55. IR (ATR, ci) v. 3168, 2927, 2852,
1666, 1612, 1515, 1337, 1316, 1080, 925, 852, B8R, ESI-HRMSm/z calcd for G/H;sN4O3S;
([M+H]™): 387.0586; found387.0576.
6.1.3.15. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl thiophen-2-ylmethyl car bamodithioate (50)

Yield 46%, yellowish solid, mp 176-17€ (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds)d 4.44 (s, 2H, SCh), 5.02 (d,J = 3.0 Hz, 2H, EI,NH), 6.99 (t,J = 4.2 Hz, 1H,
thiophen-2-yl 4’-H), 7.10 (dJ = 2.4 Hz, 1H, thiophen-2-yl 3'-H), 7.44 (d = 4.8 Hz, 1H,
thiophen-2-yl 5'-H), 7.48 (d) = 7.8 Hz, 1H, Quin 8-H), 7.49 @,= 7.8 Hz, 1H, Quin 6-H), 7.77 @,=
7.8 Hz, 1H, Quin 7-H), 8.09 (d, = 7.8 Hz, 1H, Quin 5-H), 10.75 (br s, 1H, \H), 12.41 (s, 1H,
NH). **C NMR (150MHz, DMSQds) §: 37.94, 45.01, 121.38, 126.25, 126.38, 127.06 (22J,24,
127.57, 134.92, 139.44, 148.64, 153.79, 161.81,309R (ATR, cri) v. 3164, 2976, 2928, 2896,
1678, 1609, 1467, 1382, 1318, 1256, 1076, 10623,1925, 889, 855, 770, 705, 684. ESI-HRN&:
caled for GsH1N30S; ([M+H]™): 348.0299; found: 348.0293.
6.1.3.16. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl (furan-2-yl)methylcarbamodithioate (5p)

Yield 48%, yellowish solid, mp 166—168 (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-dg) J 4.40 (s, 2H, SC}), 4.80 (d,J = 5.4 Hz, 2H, NHE!,), 6.36 (dJ = 3.0 Hz, 1H, furan-2-yl
3'’-H), 6.40 (m, 1H, furan-2-yl 4'-H), 7.47 (m, 2iQuin 6-H, 8-H), 7.60 (m, 1H, furan-2-yl 5’-H), 7.76
(td,J=7.8, 1.8 Hz, 1H, Quin 7-H), 8.06 (ddi= 7.8, 1.8 Hz, 1H, Quin 5-H), 10.64 {t= 5.4 Hz, 1H,
CH,NH), 12.38 (s, 1H, NH)}*C NMR (150MHz, DMSOds) 6: 37.94, 43.53, 109.21, 111.03, 121.36,
126.25, 127.06, 127.23, 134.93, 143.18, 148.60,0860153.90, 161.79, 195.63. IR (ATR, ¢mv.
3182, 2987, 1681, 1609, 1468, 1377, 1328, 1185;,10808, 935, 890, 769, 750, 686. ESI-HRMZ:
caled for GsH14N30,S, ([M+H]): 332.0527; found: 332.0519 .
6.1.3.17. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl pyridin-2-ylmethylcarbamodithioate (5q)

Yield 48%, yellowish solid, mp 147-14€ (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
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DMSO-ds)d 4.46 (s, 2H, SC}), 4.93 (d,J = 3.0 Hz, 2H, EI,NH), 7.30 (m, 2H, pyridin-2-yl 3'-H,
5'-H),7.49 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.53 (#,= 7.8 Hz, 1H, Quin 6-H), 7.74 (d,= 7.8 Hz, 1H,
pyridin-2-yl 4-H), 7.79 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 8.52 (d,=

4.2 Hz, 1H, pyridin-2-yl 6'-H), 10.80 (br s, 1H, GNH), 12.42 (s, 1H, NH)*C NMR (150MHz,
DMSO-dy) 6: 37.99, 51.92, 121.37, 122.09, 122.93, 126.26,087127.23, 134.82, 134.92, 137.20,
149.53, 153.82, 156.63, 161.83, 196.11. IR (ATR'cm 3178, 2895, 1680, 1609, 1467, 1376, 1329,
1246, 1101, 936, 889, 770, 6851-HRMSn/z calcd for GgH1sN,OS, ([M+H]™): 343.0687; found:
343.0681.

6.1.3.18. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl pyridin-3-ylmethyl carbamodithioate (5r)

Yield 52%, yellowish solid, mp 180-18€ (eluent: CHCI,/CH;OH = 98:2)'H NMR (600 MHz,
DMSO-dy) d 4.46 (s, 2H, SCh), 4.87 (d,J = 5.4 Hz, 2H, @,NH), 7.35 (m, 1H, pyridin-3-yl 5'-H),
7.48 (d,J = 7.8 Hz, 1H, Quin 8-H), 7.50 (8 = 7.8 Hz, 1H, Quin 6-H), 7.72 (d, = 7.8 Hz, 1H,
pyridin-3-yl 4’-H), 7.78 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.09 (d,= 7.8 Hz, 1H, Quin 5-H), 8.49 (d,=
7.8 Hz, 1H, pyridin-3-yl 6'-H), 8.56 (s, 1H, pyriai3-yl 2'-H), 10.71 (t,J = 5.4 Hz, 1H, CENH),
12.42 (s, 1H, NH)*C NMR (150MHz, DMSOd,) 6: 37.93, 47.82, 121.39, 123.96, 126.27, 127.06,
127.20, 133.08, 134.93, 136.00, 148.66, 148.95,574953.73, 161.82, 195.99. IR (ATR, ¢mv.
3150, 2966, 2930, 1704, 1609, 1541, 1468, 14061,18082, 924, 770, 715, 687. ESI-HRM¥z
caled for GgH1sN4,OS, ([M+H]™): 343.0687; found: 343.0682.
6.1.3.19. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl
(6-(trifluoromethyl) pyridin-3-yl)methyl car bamodithi oate (5s)

Yield 50%, yellowish solid, mp 164-16€ (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds) & 4.48 (s, 2H, SC}), 4.97 (s, 2H, €,NH), 7.50 (m, 2H, Quin 8-H, 6-H), 7.77 ¢,= 7.8
Hz, 1H, Quin 7-H), 7.87 (d] = 7.8 Hz, 1H, pyridin-3-yl 5’-H), 7.97 (dl = 7.8 Hz, 1H, pyridin-3-yl
4'-H), 8.09 (d,J = 7.8 Hz, 1H, Quin 5-H), 8.73 (s, 1H, pyridin-33jtH), 10.79 (s, 1H, CENH), 12.42
(s, 1H, NH)*C NMR (150MHz, DMSOdg) 6: 37.97, 47.32, 120.95 (d,= 2.5 Hz), 121.41, 122.1 (q,
J=271.5Hz), 126.27, 127.06, 127.21, 134.88, 137128.77, 145.74 (q} = 33.5 Hz), 148.66, 150.01,
153.59, 161.82, 196.57. IR (ATR, &inv: 3144, 2929, 2875, 1679, 1614, 1327, 1176, 116851927,
855, 772. ESI-HRMS$Wz calcd for G/H14FsN4OS, ([M+H]Y): 411.0561; found: 411.0552.
6.1.3.20. (4-Ox0-3,4-dihydroquinazolin-2-yl)methyl pyridin-4-ylmethyl carbamodithioate (5t)

Yield 50%, yellowish solid, mp 148-15C (eluent: CHCI,/CH;OH = 98:2).*H NMR (600 MHz,
DMSO-ds)d 4.48 (s, 2H, SCh), 4.88 (d,J = 4.8 Hz, 2H, @,NH), 7.27 (d,J = 4.8 Hz, 2H,
pyridin-4-yl 3'-H, 5’-H), 7.52 (m, 2H, Quin 8-H, 6}, 7.80 (t,J = 7.8 Hz, 1H, Quin 7-H), 8.10 (d,=
7.8 Hz, 1H, Quin 5-H), 8.73 (d,= 4.8 Hz, 2H, pyridin-4-yl 2’-H, 6'-H), 10.75 (4H, CH,NH), 12.43
(s, 1H, NH).*C NMR (150MHz, DMSOds) d: 37.96, 48.88, 121.40, 122.74 (2C), 126.29, 127.08,
127.23, 134.96, 146.48, 148.70, 150.01 (2C), 153164.84, 196.66. IR (ATR, ¢ v. 3386, 2876,
2792, 1654, 1609, 1577, 1469, 1377, 1328, 1100, 838, 773, 692, 634. ESI-HRM&z calcd for
Ci16H15N40S; ([M+H]"): 343.0687; found: 343.0681.

6.2. Cell Proliferation Assay
Cell proliferation assay was performed as descr[Bddl Cell viability was tested with CellTiter
96" AQueous One Solution Cell Proliferation Assay kit (Promgdaased on the use of MTS. The data

were obtained from triplicate wells in three indegent experiments.

6.3. Distribution of HT29 cellsin cell cycle and mitotic indexes evaluation
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Cell cycle profiles were determined by propidiundide staining and fluorescence-activated cell
sorter analysis. Mitotic index was determined esaly as described previously [25] using
phospho-Histone H3 (Ser-10) rabbit polyclonal asdiles (dilution 1:1000, Bethyl Laboratories, Inc).

6.4. Indirect immunofluorescence assay

Indirect immunofluorescence assay was performed dascribed before [26,27]. Mouse
monoclonal antibody againgtH2AX (clone JBW301) was purchased from Milliporedaused in a
dilution of 1:1500.

6.5. Immuno-blotting analysis

Immuno-blotting analysis was performed as desdrilbefore [26,27]. Mouse monoclonal
antibody againsp-actin was from Sigma, and rabbit polyclonal antiles against BubR}-H2AX,
Histone H3, and phospho-Histone H3 at Ser 10 (pl@38&re purchased from Bethyl Laboratories,
Inc and used at a dilution of 1:5000, 1:1000, 1€5A02000, and 1:1000, respectively.

6.6. Tubulin polymeration assay

In vitro tubulin polymerization assays were performed dsHBn as described by the
manufacturer (Cytoskeleton, catalogue #BKO006P)yrRetizations were monitored by an increase in
absorbance at 340 nm over a 60 minute period atC370D at 340 nm was determined using a
SpectraMax M5 spectrometer (Molecular Devices).
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Figure captions
Fig. 1. Structures of ZD1694, CB3717, AG337, Trimetrexatd compounds, |1.
Fig. 2. Structures of Ispinesib, compouHd and target compounds—t.

Fig. 3. Compoundbsc does not induce DNA damage. (A) Compouttedfailed to induce-H2AX foci
formation. HT29 cell were treated with Camptothg@®T), compouné&c or DMSO (dilutent for CPT
and5c) for 1 or 2 h. Cells were fixed and immuno-staimgth a mouse monoclonal antibody against
y-H2AX, and DNA was stained with 4',6-diamidino-2eptylindole (DAPI). Scale bar: 20M. (B)
Compound5c failed to increasg-H2AX protein levels. HT29 cells were treated asalibed in (A),
total lysates were harvested and immunoblotted aittibodies as indicated. Different sections from
the same membrane were blotted with different adigs according to the molecular weight of
targeting antigens. The molecular weight/éi2AX andf-actin is 15 kDa and 42 kDa, respectively.

Fig. 4. Compoundbc induced BubR1 phosphorylation. After HT29 cellsevireated with Taxol for 16

h or compoundsc for 2, 4, 8, and 16 h, total lysates were hargedt® immuno-blotting with
antobsodies as indicated. Different sections frowe same membrane were blotted with pH3S10,
BubR1, andB-actin antibodies according to the molecular weighttargeting antigens, while the
pH3S10 blot was striped and re-probed with an ldigiene H3 antibody.

Fig. 5. Compoundsc promotes tubulin polymerizatiam vitro. In vitro tubulin polymerization assays
were performed using purified porcine neuronal tubaccording to the manufacturer’s instructions. |
II, and Il denote the nucleation phase, the gropliase, and the steady state equilibrium phase of
tubulin polymerizatiorin vitro, respectively.

Scheme 1. Synthetic route to compoun8a-t. Reagents and conditions: (a),8¢ reflux, 2 h. (b) 25%
NH3- H,O, EtOH, rt, 48 h. (c) NBS, DMF, 4T, 24 h. (d) RCbNH,, CS, K;PO,, DMF, rt, 1-3 h.
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Table 1. Antiproliferative activity of compounds 5a-t against five human cancer cell lines.

0]

S
5a-t
Compound R 1Cs, UM
A549 MCF-7 HeLa HT29 HCT-116
5a CeHs 2372+077 31.33+127 1070+035 1445+128 1812+1.05
5b 4-CH3CgH4 3258+0.75 21.36+148 20.70+089 16.34+045 2317+1.46
5c 4-CH30CgH,4 7.27+£0.75 1086+1.22 1219+0.60 553+041 2272+3.20
5d 2-CH30CqH, 11.97+140 1484+0.83 1649+056 1228+3.06 30.60+1.80
5e 2,4-diCH30CeH3 1047+051 1348+064 1599+103 10.08+0.54  25.47+0.46
5f 3,4,5-triCH;0CeH, 1042+150 897+0.57 2295+0.79 7.16+0.96 17.31+0.98
59 3,4-MethylenedioxyCgHs 4458+286 21.66+041 2028+021 19.27+138 34.25+147
h 4-BrCeH, 1819+168 3917+0.79 2289+050 3227+249 4528+4.82
5i 4-ClCgH4 > 50 >50 > 50 > 50 >50
5 2,4-diCICeH3 1283+038 >50 2897+212 1137+075 29.73+3.12
5k 4-FCgH4 10.71+031 17.36+033 21.17+0.76 1857+0.92 20.13+0.13
5l 2-FCgH4 2121+157 2049+355 1315+059 1642+060 20.3+1.90
5m 2,4-diFCeH3 30.58+0.1 2045+130 2005+058 1565+138 22.31+0.79
5n 4-NO,CeH4 1144+150 1928+105 2839+0.89 17.21+237 16.38+264
50 Thiophen-2-yl 2567+1.73 2393+133 2612+0.70 16.05+0.84 16.09+2.20
5p Furan-2-yl 4256+195 >50 31.20+344 3371+261 2462+4.98
5q Pyridin-2-yl >50 >50 >50 >50 >50
5r Pyridin-3-yl 1477+163 2023+064 11.01+213 1421+140 11.18+0.29
5s 6-CF5-pyridin-3-yl 1287+041 1925+213 2843+0.60 1648+115 16.66+0.49
5t Pyridin-4-yl 6.13+1.04 16.08+096 1252+248 1598+147 6.67+0.85
5-FU 3.52+0.46 3218+1.13 4371+349 2450+262 5.53+0.90

#1Cso: The concentration that causes 50% of cell proliferation inhibition. Data are expressed as mean + SD from triplicate

determination from three independent experiments.



Table 2. Effects of compound 5¢c on HT29 cell distribution in cell cycle.

Compound Cell cycle distribution (%0)*

G0/G1 S G2/IM
DMSO 50.25+ 1.19 33.05+2.22 16.7+ 155
5-FU 5.42+1.07 91.11+0.81 348+ 0.25
Taxol 1.7+0.55 17.6 £ 6.57 80.71+6.94
5c 16.45+ 2.15 28.25+3.82 55.31+2.96

#Data are expressed as mean + SD from triplicate determination from three independent experiments.



Table 3. Mitotic indexes of HT29 cells treated with compound 5c.

Compound Mitotic index®

2h 4h 8h 16h
DMSO 247+ 0.71 3.13+1.01 2.81+0.82 2.87+0.82
5-FU 2.28+0.97 2.09+1.08 0.29+0.10 0.23+0.12
CPT 155+0.78 1.11 + 0.67 0.33+0.05
Noc 522+ 1.66 114+ 38 25.61 £ 3.67 64.81+ 354
5c 466+ 1.99 7.75+4.86 10.15+ 1.83 37.85+3.77

& Data are expressed as mean + SD from triplicate determination from three independent experiments.
The mitotic index for untreated cells was 2.94 + 0.59.
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Resear ch highlights

*  Twenty dithiocarbamate derivatives of quinazolin-4(3H)-one were synthesized.

»  Antiproliferative activities of 5a-t against five cancer cell lines were eval uated.

e Compound 5c induced a G2/M arrest in HT29 cells.

»  5c promoted tubulin polymerization and activated the spindle assembly checkpoint.



