Accepted Manuscript =

Synthesis and anticancer activity of new dihydropyrimidinone derivatives

Amany S. Mostafa, Khalid B. Selim

PII: S0223-5234(18)30560-9
DOI: 10.1016/j.ejmech.2018.07.004
Reference: EJMECH 10539

To appearin:  European Journal of Medicinal Chemistry

Received Date: 16 April 2018
Revised Date: 1 July 2018
Accepted Date: 2 July 2018

Please cite this article as: A.S. Mostafa, K.B. Selim, Synthesis and anticancer activity of new
dihydropyrimidinone derivatives, European Journal of Medicinal Chemistry (2018), doi: 10.1016/
j-ejmech.2018.07.004.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2018.07.004

Graphical Abstract

Synthesis and anticancer activity of new dihydropyrimidinone derivatives
Amany S. Mostafaand Khalid B. Selim

A series of dihydropyrimidinone derivatives bearing various heteroaryl moieties was
designed, synthesized and evaluated for anticancer activity. Compound 19 possessed
the most significant activity against NCI-H460, SK-MEL-5 and HL-60(TB) cell lines.
It proved to have dua inhibitory effect against VEGFR-2 and m TOR. Cell cycle
analysis of A549 cells showed cell cycle arrest at G2/M phase and pro-apoptotic
activity.
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Abstract

A series of dihydropyrimidinone derivatives beariwrayiousN-heterocyclic moieties was designed and
synthesized. Twelve new compounds were screendtdorcytotoxic activity using 60 cancer cell l;ne
according to NCI (USA) protocol. Compou showed a significant activity against NCI-H460,-SK
MEL-5, and HL-60(TB) cell lines with growth inhiloin 88%, 86% and 85%, respectively, and was
found to be more safe on normal cells when comp#wedbxorubicin. Enzyme inhibition assay was
performed for compouni9 against mTOR (I = 0.64uM) and VEGFR-2 (IG = 1.97uM) to show
high potency in comparison to rapamycingd€ 0.43uM) and sorafenib (165 = 0.3uM) as references,
respectively. Cell cycle analysis of A549 cellsatesl with19 showed cell cycle arrest at G2/M phase
and pro-apoptotic activity as indicated by ann@4RITC staining.
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1. Introduction

Tyrosine kinases (TKs) are responsible for the phosylation of tyrosine residues in proteins legdin
to change the function of protein and consequentglve in cell signaling pathways [1]. Mutationarc

affect some TKs to become constantly active, leathnthe outgrowth of cancer [2]. Among these TKs,
vascular endothelial growth factor (VEGF) is an aripnt signaling protein engaged in both
vasculogenesis and angiogenesis. VEGF exerts alsdical effects through binding to specific TK
receptors including VEGFR-1 and VEGFR-2 (Figure[3{]. It also acts as a survival or an anti-
apoptotic factor where it induces B-cell lymphomdBel-2) in endothelial cells as well as in breast
cancer cells [5,6]. Therefore, some therapeuticagnes using anti-VEGF/VEGFR2 are currently
explored to inhibit proliferation and induce apap$oof malignant cells in hematologic diseases [7].

The mammalian target of rapamycin (MTOR) is a séfimeonine kinase which plays a critical role in
phosphatidylinositol 3-kinase (PI3K)/protein kinaBe(Akt) signaling pathway, either through direct
phosphorylation or inhibition of the protein phoapdse 2 (PP2A) (Figure 1) [8,9]. This pathway is
important in regulating various cell functions, luing cell growth, proliferation, survival, autogdy,
metabolism and cytoskeletal organization in mamgcess. In addition, mTOR has profound effects on
the regulation of the programmed cell death, kn@srapoptosis, which has a significant function in
various physiological and pathophysiological cirstamces [10,11,12]. mTORs are frequently
deregulated in diverse human cancers such as lamceg breast cancer and glioblastoma. Based on
their vital cellular functions, mTORs have emergsceffective anti-cancer drug targets.
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Figure 1. Brief role of VEGF and PI3BK/AKT/mTOR pathway ielegrowth.

Dihydropyrimidinone (DHPM) derivatives were discoeé by Biginelli [13] through multi-component
reaction. DHPM is characterized by its multi-funcialized scaffold that exhibits diverse biological
activities [14], such as calcium channel blockadeti-microbial [15], anti-viral [16], anti-oxidant
[17,18] and especially anti-cancer activity (Fig@e These compounds were identified as promising
anticancer agents in which monastrol was the migstlighted [19]. Monastrol causes mitotic arrest at
G2/M phase by blocking bipolar mitotic spindle immmalian cells leading to cell apoptosis [20].

Since then, monastrol has inspired the medicinainisits to design new anticancer agents through
molecular manipulation of the DHPM scaffold by nfgaig the substituents regarding their electronic
and lipophilic nature. Extensive substitutions,(R,, Rs, Ry and X) were placed on different positions
of the ring aiming to obtain potent anticancer dgeich as dimethylenastron [21], compouh§a?], 2

[23] and3 [24] (Figure 2). However, modification of substituentd&® C6 has not been well exploited,
where most of the reports were limited to compoutidd show antihypertensive activity other than
anticancer activity.
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Figure 2. Structures of some DHPM derivatives with anticarazivity.

On the other hand, the azole heterocycles (inctudthiazoline, tetrazole, 1,3,4-oxadiazole,
benzimidazole, 1,2,3-triazole, and cyclic amindgy@n important role in improving pharmacokinetic
and pharmacodynamic properties of anticancer dimgsenhancing lipophilicity, polarity or the
physicochemical properties (Figure 3) [25, 26]. Tgresence of dithiocarbamate linkage in various
natural and synthetic molecules was proved to beiarto their inhibitory activities against canaaills
[27]. These findings have encouraged us to invasithe potential synergistic effect of the molacul
hybridization between DHPM nucleus and azole hetalesvia a methyl (thio) or dithiocarbamate
bridge at C6 with the aim of exploring the impatsoch modification on the anticancer activity.
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Figure 3. Molecular hybridization of DHPM scaffold with diffent azole heterocyles at C6.

Taking into consideration the value of DHPM scafflthis work aimed to construct novel candidates



of anticancer drugs structurally related to momdstusing the Biginelli reaction. Twelve of the
synthesized compounds were evaluated for timewitro cytotoxicity according to the current single-
dose protocol of the National Cancer Institute (N&say against a panel of 60 tumor cell lines. The
most potent compounds were further investigatediHeir activities against human normal cell lines
(MCF5, BJ, WPE1-NA22) and for their effect on céélath and cell cycle distribution as well as the
enzymatic inhibitory activity on mTOR and VEGFR (@spossible credible mechanism behind their
anticancer efficacy).

2. Results and discussion

2.1. Chemistry
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Scheme 1. Synthesis of intermediate Reagents and conditions: (a) HCI, EtOH, reflux,, $0%; (b)
Bry, CHCE, 1t, 12 h, 70%.

As shown in scheme 1, the starting DHRBMas conveniently prepareth multicomponent reaction, of
Biginelli type. It involved the cyclocondensatiohl®enzaldehydeN-methyl urea and ethyl acetoacetate
in presence of concentrated hydrochloric acid [28]e intermediate 6-bromomethyl-DHP® was
synthesized by treating with Bin CHCL[29].
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Scheme 2. Synthesis of hybrid§-9. Reagents and conditions: (a) RR, DMF, K,CO, rt, 8 h; (b)
NaNs;, MeOH, rt, 48 h; (c) Propargyl alcohol, Na-asceeb&uSQ.5 H,O, DMF, rt, 36 h.

Direct amination of intermediaté with pyrrolidine and dicyclohexylamine gave hylsiél and 7,
respectively (Scheme 2). While, DHPM-1,2,3-triazdigbrid 9 was preparedvia click chemistry
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approach through Cu(l)-catalyzed [3+2] cycloadditioof the known 6-azido-methyl-
dihydropyrimidinone 8 [30,31] with propargyl alcohol. The reported Cuy&0dium ascorbate
conditions was utilized to obtafhas a single 1,4-disubstituted regioisomer [32,33].
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Scheme 3. Synthesis of hybrid$0-16. Reagents and conditions: (a) RSH, DMECR;, rt, 6 h.

A new series of 5-membered heterocycles hybridvziéid DHPM nucleus at C6 through methyl sulfide
bridge 10-16 was prepared by direct nucleophilic substitutioer basic condition between bromo
compoundb and a wide variety of thiol derivatives (Scheme 3).
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Scheme 4. Synthesis of hybrid$7-22. Reagents and conditlons. (a) NR, CS, DMF, NaPO,, rt, 4 h.

A series of dithiocarbamate-DHPM derivativiEs-22 was synthesized and their structures are shown in
scheme 4. The spectroscopic datd @nd **C-NMR) of the newly synthesized compounds are in
agreement with the expected structures as desdrilibd experimental section.

2.2. Biological evaluation

2.2.1. In vitro one-dose anticancer screening

Out of the newly synthesized sixteen target comgeutwelve hybrids namely, 7, 9-12, 15, 17-20

and 22 (Table 1); were submitted to Developmental ThemipeProgram-National Cancer Institute,
Bethesda, USA (www.dtp.nci.nih.gov) to be evaludtadtheirin vitro anticancer activity initially at a
single dose (1@M) towards a panel of NCI 60 cancer cell lines ugthg leukemia, melanoma, lung,
colon, CNS, ovarian, renal, prostate and breastezran The data are reported as a mean-graph of the
percent growth of treated cells compared to theeattd control cells, and presented as percentage
growth inhibition (Gl %) caused by the test compaai{iTable 1).



Data analysis of growth inhibition assay showed,tliampoundsl9 and 22 have broad spectrum

cytotoxic activity with various degrees of growthhibition against the tested tumor cell lines.
Compoundl?7 showed a potent activity against leukemia cek IKx562 with G1% of 83. Compounds

19 and20 and22 have moderate activity against leukemia SR cedl; loolon cancer HCT-116, HCT-15

and prostate cancer PC-3 with GI% range of 41-78celdver, compound showed moderate activity

against prostate cancer PC-3 and breast canceDTwth GI% values of 58 and 46, respectively.
Compoundl0 showed moderate activity against leukemia SR @i value of 40.

Table 1. Percentage growth inhibition (Gl %) ah vitro subpanel tumor cell lines at LM
concentration of the selected compounds.

Subpanel cancer % Growth Inhibition (G1%)
cell Lines 6 7 9 10 11 12 15 17 18 19 20 22
Leukemia
K-562 1 31 10 24 17 10 34 83 20 65 22 47
MOLT-4 4 35 11 19 26 14 29 5 30 72 24 49
SR 10 20 2 40 13 1 16 12 27 71 44 63
HL-60(TB) - 37 2 10 7 6 11 4 33 85 20 32
Non-Small Cell Lung Cancer
A549/ATCC - 33 - 16 - - 5 4 29 53 27 33
NCI-H322M 9 5 9 27 18 12 15 18 15 9 15 17
NCI-H522 4 18 5 19 14 3 16 7 25 42 28 37
NCI-H460 - 13 - 2 - - - - 10 88 12 39
Colon Cancer
HCT-116 2 33 5 10 12 6 19 6 34 74 41 57
HCT-15 6 11 6 28 8 7 15 7 35 61 48 60
CNS Cancer
SF-295 9 1¢ 4 1C 11 7 14 9 13 61 17 15
Meanoma
LOX IMVI 8 13 7 16 14 11 27 12 11 67 13 33
UACC-62 - 23 - 27 17 11 10 16 28 54 24 42
SK-MEL-5 - 18 - 4 2 - 10 1 25 86 23 51
Ovarian Cancer
OVCAR-4 - 26 3 16 4 - 14 - 16 56 15 29
NCI/ADR-RES 3 7 4 15 14 6 15 6 12 37 5 13
Renal Cancer
ACHN - 13 2 17 3 2 3 7 15 63 11 21
CAKI-1 9 30 8 24 14 2 14 - 17 75 15 26
UO-31 8 27 7 21 21 4 34 9 29 56 37 55
Prostate Cancer
PC-3 - 58 - - - 8 20 - 27 79 41 53
Breast Cancer
MCF-7 13 36 12 19 15 14 11 14 12 54 15 30
T-47D 1 46 1 37 17 - 25 18 45 50 37 59
MDA-MB-468 - 21 - 11 3 1 17 6 20 53 14 21

The data showed that compounds bearing differetetrd@yclic moieties and linked to either -&H6,
7,9) or -CH:S- (e.g.10-12 and15) have week activity towards the tested cell lind%ile compounds



bearing dithiocarbamate linkage (ely—20 and 22) exhibited moderate to high inhibitory activity.
Among DHMP-dithiocarbamate hybrids, compout8iwith dicyclohexylamino group exhibited potent
and broad activity against several types of cawedirlines rather than compounds with morpholine,
piperidine, or phenyl piperazine moieties. Compoli@dhowed a significant anticancer activity against
leukemia HL-60(TB), non-small cell lung cancer NG460, and melanoma SK-MEL-5 with G1% 85,
88, and 86, respectivelRemoving the dithiocarbamate group from compot8dyives compound
andled to loss of its functional activity.

Figures 4A and 4B show the effect of dithiocarbamatkage on the functional activity dB and7

towards the 60 NCI cell lines.
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Figure4A. A comparison betweel® (with dithiocarbamate) and (without dithiocarbamate) (Gl %) of

in vitro subpanel tumor cell lineseukemia: CCRF-CEM, HL-60(TB), K-562, MOLT-4, RPMI-8226, SRlon-
Small Cell Lung Cancer: A549/ATCC, EKVX, HOP-62, HOP-92, NCI-H226, NCI-H2BICI-H322M, NCI-H460, NCI-
H522. Colon Cancer: COLO 205, HCC-2998, HCT-116, HCT-15, HT29, KM12V/$%$20.CNS Cancer: SF-268, SF-295,
SF-539, SNB-19, SNB-75, U25Rrostate Cancer: PC-3, DU-145.
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Figure4B. A comparison betweelf (with dithiocarbamate) and (without dithiocarbamate) (Gl %) of

in vitro subpanel tumor cell lineselanoma: LOX IMVI, MALME-3M, M14, MDA-MB-435, SK-MEL-2, SK-
MEL-28, SK-MEL-5, UACC-257, UACC-620varian Cancer: IGROV1, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8,
NCI/ADR-RES, SK-OV-3.Renal Cancer: 786-0, A498, ACHN, CAKI-1, RXF 393, SN12C, TK-1QJO-31. Breast
Cancer: MCF7, MDA-MB-231/ATCC, HS 578T, BT-549, T-47D, MDMB-468.

The 1G, of compoundsl3, 14, 16 and 21 (that were not selected by NCI) were determineddsess
their cytotoxic activity against prostate cancer¥&olon cancer HCT-116 and breast cancer MCF-7
(Table 2). The results indicate that compouddwith nitro group at position 5 is the most active
member among benzimidazole thioether series wigh bitotoxic activity (IGo = 9.18, 7.29 and 9.39
pMM) against PC-3, HCT-116 and MCF-7, respectivénile compoundl6 with p-tolyl substituent on
the oxadiazole ring has moderate activitysgl€ 36.04 and 25.26 uM) against HCT-116 and MCF-7,
respectively. Moreover, the g data shows that compourfl exhibits weak inhibitory activities
(ranging from 53.75 to 72.29 uM) against the thoe#l lines. The results were compared with
doxorubicin (DOX) as a reference drug.

Table 2. Cytotoxic activity (1Go) of some hybrids against PC-3, HCT-116 and MCIelisc

Compounds In vitro Cytotoxicity 1Gso (LM)
PC-3 HCT-11¢€ MCF-7
13 22.29+2.1 9.50+0.8 19.36+1.8
14 9.1¢+0.€ 7.2€+0.€ 9.3¢+1.1
16 61.85+ 3.€ 36.0¢+ 2.5 25.2¢€+ 2.2
21 72,2+ 4.4 67.6(+3.€ 53.7t+ 3.E
DOX 8.871+0.€ 5.2:+0.2 417+0.2




Data are shown as means * SD of three indepengpatiments.

2.2.2. In vitro cytotoxicity against human normells

To investigate whether the synthesized hybrids gdowelective cytotoxicity between normal and
cancer cells, the most active hybrit¥ and 19 were evaluated against three human normal cedslin
including MRC5 (lung), BJ (skin) and WPE1-NA22 (ptate). As shown in figure 5, compouridsand

19 exhibited lower toxicity towards MRC5 (§¢= 44.16 and 32.04 pM) in comparison to DOX (€
14.76 uM). Compound4 had a lower toxic effect than compoui@land DOX on the normal BJ. On
the other hand, compount® induce lower toxicity (I = 32.09 uM) on WPE1-NA22 cells as
compared with compount#t and DOX (Table 3).
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Figure 5. Cytotoxic effect of compound&4 and19 in comparison to doxorubicin on lung MRCA)(
skin BJ B) and prostate WPE1-NA22C] cell lines. Data are shown as means + SD of three
experiments. Data were fitted using linear regoessi

Table 3. Cytotoxic activity (IGg) of 14 and19 hybrids against human normal cells.

Compounds In vitro Cytotoxicity 1G (UM)
MRCE BJ WPEI-NA22
14 4416 + 1.93 37.47 £ 3.43 21.73 +1.54
19 32.04+1.0 18.18 + 1.06 32.09+2.74
DOX 14,76 £ 0.47 17.62+1.01 18.25 £ 2.43

Data are shown as means * SD of three indepengpatiments.

2.2.3. Effects on the levels of active caspased3caspase-9
Caspases, cysteine-containing aspartic acid-spegmiiteases, provide pivotal links in cell regutgto
networks controlling cell death. Caspase-3 is adagcutioner protease which is activated by upstrea
initiator caspases as caspase-9 [34,35].
Herein, the study was further extended to investigize ability of compoundi9 to provoke apoptosis in
A549 lung cell line. Treatment of A549 cell line tivicompound19 significantly increased the
expression levels of active caspases-3 and caspabgsabout 10 and 100 folds, respectively, in
comparison to the control, 5-fluorouracil (5-FUyfle 4).



Table 4. Effect of hybrid19 on caspase-3 and caspase-9 enzyme assay in A9 ce

Compound ConcyM) Caspase-3 ng/mL  Caspase-9 ng/mL

Contro 53.4t 0.172¢
5-FU 7.4 582.] 16.8¢
19 3.04 560.¢ 18.1¢

2.2.4. Effect on cell cycle progression

To gain further evidence regarding the role of sgathesized hybrids in growth inhibition of cancer
cells, measuring of cell cycle arrest and inductdapoptosis was performed in different phasesisTh
we started to investigate the effect of compo@fdn cell cycle distribution in A549 cells. The el
were treated with compouri® at a concentration of @M for 24 h, stained with propidium iodide (PI),
and analyzed by flow cytometer (FCM) accordinghte lkiterature. Normal lymphocyte DNA was used
to set diploid GO-G1 phase and the untreated e&lébited significant arrest in synthetic S-phalee
results showed that cells were arrested in G2-Ms@ha the cell cycle at 24 h by 12.4% (Table 5).
Additionally, the hybrid19 at 24 h induced block in GO-G1 phase by 58.3%amspared to that of
positive control 5-FU (47.4%). The induced apoagas determined by measuring the percent of cells
stalled in the pre-G1 peak: 7.4 and 15.5% of cedise found in the pre-G1 peak after 48 h expostire o
19 and 5-FU, respectively compared to the untreatab/cells.

Table 5. Effect of hybrid19 on the cell cycle progression in A549 cells usilogvfcytometry.

Cell cycle distribution (%) cycle analysi
Compound B ysts
pound =061 S G2IM | Pre/G1 24072017
80
Control 67.62 25.26 6.2 092 || & ] B %GoG1
3 50 1 = B%
é o D‘;ZZ-M
_ 20 4 0 %pre-G1
5-FU 47.36 16.08 21.04 15.52 133 = E
6‘?& o\‘*@q &
19 58.25 21.95 12.41 7.39 A

2.2.5. Detection of apoptosis

Extrinsic and intrinsic apoptosis in A549 cellsuiedd by hybridl9 were also evaluated by Annexin V
and PI staining. In this study A549 cells were imated with19 at 2 uM concentration for 24 h.
Compoundl9 was found to induce early apoptosis (3.27%) inA&424 h and enhanced late apoptotic
induction (3.31%) by 10 folds over the control. Guatively, 19 induced apoptosis with 6.6%, and the
results were compared with 5-FU (Figure 6B). Timslihg is consistent with the data obtained fromh ce
cycle analysis in figure 6A.
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Figure 6. A) Effect of compound9 on the cell cycle distribution of A549 cell linB) Apoptosis effect
on A549 cell line induced by compoufél.

2.2.6. VEGFR-2 and mTOR enzyme assay inhibition

The most active anticancer agerit4 &nd19) were screened as inhibitors of VEGFR-2 and mT@R a
the 1G results are shown in table 6. Compoutdsand 19 showed high inhibitory activity with 1§
values of 1.20uM for 14 and 1.97uM for 19 with 75.99% and 68.52% VEGFR-2 inhibition,
respectively in comparison to the reference dragafsib, with 1G,, of 0.32uM, and 91.49% VEGFR-2
inhibition (Table 6). In addition, both compoundswed high inhibitory activity against mTOR with
ICso values of 0.724M for 14 and 0.64.M for 19 with % inhibition of 84.58% and 86.57%, respedtve
in comparison to the reference drug, rapamycinh Wik, of 0.43 uM, and 94.88% mTOR inhibition
(Table 6). These results indicate that DHPM dervest contribute more to the interaction with mTOR
enzyme rather than VEGFR-2 enzyme.
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Table 6. Inhibitory activities and cytotoxicity af4 and19 (ICsouM) against VEGFR-2 and mTOR
enzymes against Hela cell line.

VEGFR-2 TOR
ICso (M) i
Hela cells o inhibition | 1G(UM) | % inhibition | G (UM)
14 1.40+0.08 75.99 1.2 84.58 0.72
19 1.85+0.1 68.52 1.97 86.57 0.64
Sorafinib 0.64+0.05 91.49 0.32 - -
Rapamycin  0.77+0.08 - - 94.88 0.43

2.2.7. Physicochemical properties and Lipinski'kerof five

The most active synthesized compou®dvas evaluated to test its compliance to the Ligiasule of

five in comparison to rapamycin. Calculations weerformed by SwissADME web service [36].
Molecules violating more than one of these ruley have problems with bioavailability. Predictiornfs o
ADME properties for the studied compout@ are given in table 7. The results showed that camg

19 complies with these rules, while rapamycin does soggesting that compourd® would possess
drug-like characters. Predictions of water soltypiiif 19 and rapamycin revealed that both compounds
have poor solubility, however, the topological potarrface area (TPSA) value f@® is 119.27 in
comparison to rapamycin (TPSA = 195.43) and thexaky it may confer better passive oral absorption
for 19 than rapamycin.

Table 7. Solubility, topological surface area and calcuddtginski’s rule of five for compound9 and
rapamycin.

Compound LogS TPSA MW®  Mlog P nHBA® nHBD' nRB’ nVio"
19 -6.15  119.27 529.76 3.72 3 1 10 1
Rapamycin -8.90 195.43 914.17 1.00 13 3 6 2

33olubility parametef’Topological polar surface aréA?). “Molecular weightLipophilicity parameter®Number
of hydrogen bond acceptor®iumber of hydrogen bond donor$dumber of rotatable bond$Number of
violations to Lipinski’s rule of five.

3. Conclusion

Several hybrids of DHPM withN-hterocyclic moieties were synthsized and evaludtad their
anticancer activity against a panel of cancer lagdls according to NCI (USA) protocol. DHPM with
dithiocarbamate moiet§Q was identified as the most promising anticancedate against NCI-H460,
SK-MEL-5, and HL-60(TB). The inhibitory activitieagainst VEGFR-2 and mTOR as well as the
induction of apoptosis df9 were also investigated.
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4. Experimental
4.1. Chemistry

4.1.1. General

Melting points were measured using Fischer-Johricdeand are uncorrected. IR spectra were recorded
on Nicolet IS 10 FT-IR spectrometer in KBr dischieH NMR spectra were recorded on Bruker 200
MHz (for 6 and 10), Bruker 400 MHz (forl1-19, 22) or Jeol 500 MHz (for7, 9, 20, 21) NMR
spectrometer, while theC NMR spectra were recorded on Bruker 100 MHz @at0-19, 22) or Jeol

125 MHz (for7, 9, 20, 21) NMR spectrometer, with the deuterated solventhaslock and residual
solvent as the internal refrence. All chemical tsh#iues, coupling constanisand the multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet, b broad) are quoted in ppm and in Hz, respegtivihe
intermediates4 [28], 5 [29] and 8 [30,31] were prepared according to the described methol. Al
chemicals and reagents were commercially avaitiola fAldrich, Fluca or Merck.

4.1.2. Ethyl 1,6-dimethyl-2-oxo0-4-phenyl-1,2,3 #ateydropyrimidine-5-carboxylated]

To a mixture of benzaldehyde (10 g, 2 mmol), edodtoacetate (12.26 g, 2.4 mmol) and N-methyl urea
(8.38 g, 2.4 mmol) in EtOH (40 mL), concentratedlfogchloric acid (0.5 mL) was added. The mixture
was stirred under reflux for 3 h. After cooling teelution to 0 °C for 1 h, the formed precipitatasw
collected, dried and recrystallized from EtOH teegcompound! (15.6 g, 60%) with m.p. 176-177 °C
(lit. 175-176 °C) [28].

4.1.3. Ethyl 6-(bromomethyl)-1-methyl-2-oxo-4-ph€eng,3,4-tetrahydro pyrimidine-5-carboxylats)

A solution of Bromine (1.6 g, 0.01 mol) in CHGB0 mL) was slowly added to a stirred solutiordof
(2.47 g, 0.01 mol) in CHGI(30 mL) at 4 °C over 6 h. The reaction mixture wasmed to rt, stirred for
12 h, and the solvent was removed under reducessyme The formed precipitate was crystallized from
EtOH to give compound (2.22 g, 70%) with m.p. 170-171 °C (lit. 170 °C9]2

4.1.4. General procedure for preparation compoudasd?.

To a solution of compound (0.35 g, 1 mmol) in DMF (5 mL), the appropriateiaen(1 mmol) and
K2COs (0.14 g, 1 mmol) was added and the mixture wasedtifor 8 h at room temperature. The
reaction mixture was poured into a mixture of ioe avater and stirred for 10 min. The separatedisoli
was filtered, washed with cold water and recrygtedl from EtOH to afford pure product of compounds
6 and7.

41.4.1. Ethyl 1-methyl-2-oxo-4-phenyl-6-(pyrratidi-ylmethyl)-1,2,3,4-tetrahydropyrimidine-5-
carboxylate §)

Yield (0.23 g, 67%) as white solid with m.p. 16901°C. IR (KBr) @, cmi‘): 1508 (C=C str.), 1637
(C=0 amide), 1725 (C=0 ester), 2977 (C-H Ar. s8241 (NH).'H-NMR (200 MHz, DMSO): 1.16
(3H, t,J = 7.1 Hz, CH-CH,), 1.65-1.71 (4H, m, pyrrolidine-2G}) 2.52 (4H, ddJ = 3.6, 1.8 Hz,
pyrrolidine-2CH), 3.25 (3H, s, N-Ck), 3.89 (1H, dJ = 13.2 Hz, CHN), 4.01 (1H, dJ = 13.2 Hz,
CHz-N), 4.08 (2H, qJ = 7.1 Hz, CH-CHa), 5.20 (1H, dJ = 3.6 Hz, pyrimidine-CH), 7.23 (1H, m, Ar-
H), 7.27-7.30 (2H, m, Ar-H), 7.31-7.40 (2H, m, A}H.98 (1H, dJ = 3.6 Hz, NH).**C-NMR (100
MHz, DMSO): 14.0, 24.3, 29.6, 52.3, 55.1, 57.6, 60.2, 105.8,4,2127.6, 128.6, 143.5, 147.8, 153.1,
165.6. EI-MS: m/z (%): 343 (M 72). Anal. Calcd. for GH,sN3sOs (343.19): C, 66.45; H, 7.34; N,
12.24. Found: C, 66.42; H, 7.35; N, 12.23.
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4.1.4.2. Ethyl 6-((dicyclohexylamino)methyl)-1-nyéthoxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-
carboxylate 7)

Yield (0.24 g, 54%) as white solid with m.p. 18781°€.'H-NMR (500 MHz, DMSO): 0.94-1.11 (6H,
m, cyclohexyH), 1.14 (3H,t, J = 6.9 Hz, CH-CH,), 1.22-1.39 (5H, m, cyclohexyf), 1.47-1.55 (2H,
m, cyclohexyl-H), 1.55-1.64 (5H, m, cyclohexy), 1.64-1.1.75 (4H, m, cyclohexid), 3.27 (3H, s, N-
CHs), 3.88 (1H, dJ = 13.4 Hz CH-N), 4.07 (2H, qJ = 6.9 Hz, CH-CH3), 4.21 (1H, dJ = 13.4 Hz
CHz-N), 5.19 (1H, dJ = 2.8 Hz, pyrimidine-CH), 7.21 (2H, d,= 7.1 Hz, Ar-H), 7.25 (1H, m, Ar-H),
7.32 (2H, tJ = 7.1 Hz, Ar-H), 7.91 (1H, d] = 2.8 Hz, NH).*C-NMR (125 MHz, DMSO): 13.9, 24.7,
25.8, 29.6, 30.1, 45.5, 52.4, 60.2, 62.3, 106.5,2,2127.2, 128.8, 143.3, 147.7, 153.1, 164.9. BI-M
m/z (%): 453(M, 66). Anal. Calcd. for &HsgN305 (453.30): C, 71.49; H, 8.67; N, 9.26. Found: C,
71.45; H, 8.70; N, 9.24.

41.4.3 Ethyl 6-(azidomethyl)-1-methyl-2-oxo0-4-phdn2,3,4-tetrahydropyrimidine-5-carboxylate
(8)[30,31]

Sodium azide (0.1 g, 1.5 mmol) was added to aisolwf compound (0.35 g, 1 mmol) in MeOH (10
mL) and the mixture was stirred at room temperafare48 h. After completion of the reaction, the
solvent was evaporated under reduced pressureharmquaduced product was washed with water, dried
to afford white solid (0.23 g, 75 % yield) and usgthout further purification in the next step.

4.1.6. Ethyl 6-((4-(hydroxymethyl)-1H-1,2,3-triadeyl)methyl)-1-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylat®)

To a solution of azid8 (0.32 g, 1 mmol) in DMF (5 mL), propargyl alcoH6L06 g, 1 mmol), CuS{£b
H,0 (5 mg, 2 mol%), and sodium ascorbate (40 mgnthidl) were added and the mixture was stirred
at room temperature for 36 h. The reaction mixtwes poured into a mixture of ice and water and
stirred for 2 h. The separated solid was colledwd filtration, washed with water, dried and
recrystallized from a mixture of EtOH and wateratiiord compound® (0.27 g, 72% vyield) as beige
solid with m.p. 172-173 °C. IR (KBrp( cmi‘): 1498 (C=C str.), 1644 (C=0 amide), 1723 (C=G®st
2968 (C-H Ar. str.), 3211 (O-H str.), 3257 (NHIH-NMR (500 MHz, DMSO): 1.11 (3H, t) = 7.1 Hz,
CHs-CHy), 3.08 (3H, s, N-CH), 4.08 (2H, qJ = 7.1 Hz, CH-CHj3), 4.52 (2H, dJ = 5.6 Hz, CHOH),
5.20 (1H, tJ = 5.6 Hz, OH), 5.24 (1H, d = 3.8 Hz, pyrimidine-CH), 5.81 (1H, d,= 15.0 Hz, CH-

N), 6.00 (1H, d, ,JJ = 15.0 Hz, CHN), 7.26-7.31 (3H, m, Ar-H), 7.33-7.36 (2H, m, A); 7.93 (1H, s,
triazole-CH), 8.14 (1H, d] = 3.8 Hz, NH)."*C-NMR (125 MHz, DMSO): 14.3, 30.0, 46.6, 53.0, 55.5
60.9, 105.4, 123.1, 126.7, 128.2, 129.1, 143.5,614048.8, 153.4, 165.4. EI-MS: m/z (%): 371" (M
34). Anal. Calcd. for @H21Ns0O4 (371.16): C, 58.21; H, 5.70; N, 18.86. Found: 8.22; H, 5.75; N,
18.88.

4.1.5. General procedure for preparation compouh@tsl 6.

To a solution of compound (0.35 g, 1 mmol) in DMF (5 mL) the appropriateah{(1 mmol) and
KoCOs (0.14 g, 1 mmol) were added and the mixture wasedtfor 6 h at room temperature. The
reaction mixture was poured into crushed ice aimdedtfor 1 h. The separated solid was filtered,
washed with ice-cold water and recrystallized fi6t®H to afford compoundk)-16.

4.1.7.1. Ethyl 6-((4,5-dihydrothiazol-2-ylthio)mgial-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd Q)

Yield (0.24 g, 62%) as white solid with m.p. 15021°%€. *H-NMR (200 MHz, DMSO): 1.13 (3H, t] =
7.1 Hz, CH-CHy), 3.16 (3H, s, N-Ch), 3.49 (2H, tJ = 8.0 Hz, thiazole-C}}, 4.06 (2H, qJ = 7.1 Hz,
CH,-CHg), 4.16 (2H, tJ = 8.0 Hz, thiazole-C}), 4.67 (1H, dJ = 13.1 Hz, S-Ch), 4.79 (1H, dJ =
13.1 Hz, S-CH), 5.14 (1H, dJ = 3.8 Hz, pyrimidine-CH), 7.19-7.23 (2H, m, Ar-H),26 (1H, m, Ar-
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H), 7.31-7.36 (2H, m, Ar-H), 8.07 (1H, d,= 3.8 Hz, NH)."*C-NMR (100 MHz, DMSO0): 13.9, 29.6,
30.3, 35.5, 52.3, 59.6, 60.2, 105.9, 126.1, 12V28.7, 143.2, 147.6, 153.1, 163.9, 166.0. EI-MS m/
(%): 391 (M, 23). Anal. Calcd. for GH21N30sS; (391.10): C, 55.22; H, 5.41; N, 10.73. Found: C,
55.25; H, 5.38; N, 10.77.

4.1.5.1. Ethyl 1-methyl-2-ox0-4-phenyl-6-((1-phetifttetrazol-5-ylthio)methyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd.1)

Yield (0.23 g, 52%) as white solid with m.p. 10962°C. *H-NMR (400 MHz, CDC4): 1.20 (3H,t, J =

7.1 Hz, CH-CH,), 3.41 (3H, s, N-Ch), 4.15 (2H, qJ = 7.1 Hz, CH-CHs), 4.94 (1H, dJ = 12.8 Hz,
CH.-S), 5.15 (1H, dJ = 12.8 Hz, CH-S), 5.39 (1H, s, Pyrimidine-CH), 5.79 (1H, s, NH), 72429
(2H, m, Ar-H), 7.30-7.34 (3H, m, Ar-H), 7.59 (5H, Ar-H). **C-NMR (100 MHz, DMSO): 13.9, 29.6,
30.3, 52.3, 60.2, 105.8, 124.1, 126.4, 127.6, 12828.9, 129.0, 134.2, 143.3, 147.6, 153.1, 156.7,
166.0. EI-MS: m/z (%): 450 (M 68). Anal. Calcd. for &H2:NeOsS (450.15): C, 58.65; H, 4.92; N,
18.65. Found: C, 58.61; H, 4.88; N, 18.63.

4.1.5.2. Ethyl 6-((1H-benzo[d]imidazol-2-ylthio)rhgl)-1-methyl-2-oxo0-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd 2)

Yield (0.27 g, 65%) as white solid with m.p. 13451°€.*H-NMR (400 MHz, DMSO): 1.10 (3H, J =
7.1 Hz, CH-CH,), 3.21 (3H, s, N-Ch), 4.03 (2H, qJ = 7.1 Hz, CH-CH;), 4.81 (1H, dJ = 13.0 Hz,
CH,-S), 5.00 (1H, dJ = 13.0 Hz, CHS),5.15 (1H, dJ = 3.8 Hz, pyrimidine-CH), 7.12-7.16 (2H, m,
Ar-H), 7.21-7.29 (3H, m, Ar-H), 7.31-7.35 (2H, mr-Al), 7.39 (1H, dJ = 7.0 Hz, Ar-H), 7.53 (1H, d]

= 6.3 Hz, Ar-H), 8.07 (1H, d] = 3.8 Hz, pyrimidine-NH)12.68 (1H, s, benzimidazole-NHC-NMR
(100 MHz, DMS0):13.9, 29.6, 29.7, 52.4, 60.2, 105.4, 110.6, 111726,3, 122.0, 126.1, 127.6, 128.5,
128.6, 135.5, 143.3, 143.5, 147.8, 153.1, 164.9M&1 m/z (%): 422 (M, 15). Anal. Calcd. for
CaoH2oN4OsS (422.14): C, 62.54; H, 5.25; N, 13.26. Found6Z52; H, 5.26; N, 13.25.

4.1.5.3. Ethyl 1-methyl-6-((5-methyl-1H-benzo[dHawol-2-ylthio)methyl)-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd.3)

Yield (0.26 g, 61%) as white solid with m.p. 98-8 IR (KBr) (v, cm‘): 1487 (C=C str.), 1640 (C=0
amide), 1721 (C=0 ester), 3021 (C-H Ar. str.), 32¥81), 3315 (NH)."H-NMR (400 MHz, CDC}):
1.14 (3H,t, J=7.1 Hz, CH-CH,), 2.44 (3H, s, benzimidazole-GK3.35 (3H, s, N-Ch), 4.06 (2H, q,J

= 7.1 Hz, CH-CHs), 4.79 (2H, sCH-S), 5.34 (1H, dJ = 3.0 Hz, pyrimidine-CH), 5.71 (1H, d,= 3.0
Hz, pyrimidine-NH), 7.03 (1H, dd] = 6.7, 6.7 Hz, Ar-H), 7,09 (1H, s, Ar-H), 7.16-2.22H, m, Ar-H),
7.23-6.26 (3H, m, Ar-H), 7.53 (1H, m, Ar-H), 10.2BH, s, benzimidazole-NH}*C-NMR (100 MHz,
DMSO0):13.7, 21.3, 29.6, 30.2, 52.4, 60.2, 105.6, 11116,4, 121.3, 126.4, 127.3, 128.2, 128.6, 132.6,
135.9, 143.0, 143.5, 147.8, 153.1, 165.0. EI-M (#6): 436 (M, 81). Anal. Calcd. for &H»/N4OsS
(436.16): C, 63.28; H, 5.54; N, 12.83. Found: C263H, 5.58; N, 12.82.

4.1.5.4. Ethyl 1-methyl-6-((5-nitro-1H-benzo[d]inkbl-2-ylthio)methyl)-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd 4)

Yield (0.31 g, 67%) as light brown solid with m321-122 °C'H-NMR (400 MHz, CDC¥): 1.21 (3H,
t, J= 7.0 Hz, CH-CH,), 3.41 (3H, s, N-Ch), 4.18 (2H, qJ = 7.0 Hz, CH-CHj3), 4.87 (1H, sCH,-S),
4.98 (1H, sCHx-S), 5.39 (1H, s, pyrimidine-CH), 5.94 (1H, s, pyidine-NH), 7.16-7.24 (2H, m, Ar-
H), 7.28-7.42 (3H, m, Ar-H), 7.44-7.60 (1H, m, A)\H.15 (1H, dJ = 8.4 Hz, Ar-H),8.39 (1H, s, Ar-
H). *C-NMR (100 MHz, DMS0)13.8, 29.6, 29.9, 52.3, 60.2, 105.7, 111.2, 11R1%,2, 126.6, 127.6,
128.3, 128.5, 135.8, 143.4, 143.4, 143.5, 147.3,115165.2. EI-MS: m/z (%): 467 (M59). Anal.
Calcd. for GoH21Ns0sS (467.13): C, 56.52; H, 4.53; N, 14.98. Found5€&€49; H, 4.56; N, 15.01.
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4.1.5.5. Ethyl 1-methyl-2-ox0-4-phenyl-6-((5-pheh¥d,4-oxadiazol-2-ylthio)methyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd %)

Yield (0.3 g, 68%) as light brown solid with m.[2-80 °C.*H-NMR (400 MHz, CDC}): 1.19 (3Ht, J
= 7.1 Hz, CH-CH,), 3.44 (3H, s, N-Ch), 4.13 (2H, qJ = 7.1 Hz, CH-CHs), 4.85 (1H, dJ = 11.5 Hz,
CH.-S), 4.98 (1H, dJ = 11.5 Hz, CH-S), 5.42 (1H, s, pyrimidine-CH), 5.67 (1H, s, NH), 7-269
(6H, m, Ar-H), 7.49-7.58 (2H, m, Ar-H), 7.89 (1H, #= 8.0 Hz, Ar-H), 8.01(1H, dJ = 7.1 Hz, Ar-H).
3C-NMR (100 MHz, DMS0):13.7, 29.6, 30.3, 52.3, 60.2, 106.0, 120.3, 12625.3, 127.6, 128.1,
128.7, 142.7, 143.4, 147.8, 153.4, 161.5, 165.8,6L&EI-MS: m/z (%): 450 (M 100). Anal. Calcd. for
Ca3H22N404S (450.14): C, 61.32; H, 4.92; N, 12.44. Found6C30; H, 4.96; N, 12.43.

4.1.5.6. Ethyl 1-methyl-2-ox0-4-phenyl-6-((5-p-kdly3,4-oxadiazol-2-ylthio)methyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd §)

Yield (0.32 g, 70%) as beige solid with m.p. 1323-28.*H-NMR (400 MHz, CDC}): 1.10 (3Ht, J =
7.1 Hz, CH-CH,), 2.36 (3H, s, phenyl-C§), 3.35 (3H, s, N-Ch), 4.03 (2H, qJ = 7.1 Hz, CH-CHj),
4.74 (1H, dJ = 12.8 Hz, CHS), 4.88 (1H, dJ = 12.8 Hz, CH-S),5.32 (1H, s, pyrimidine-CH), 5.50
(1H, s, NH), 7.18-7.24 (7H, m, Ar-H), 7.80 (2H, = 8.2 Hz, Ar-H)."*C-NMR (100 MHz, DMSO):
13.7, 21.2, 29.6, 30.3, 52.3, 60.2, 105.8, 12281, 126.4, 127.6, 128.6, 130.0, 142.4, 143.1,6147
153.1, 161.3, 164.8, 166.2. EI-MS: m/z (%): 464 (MI7). Anal. Calcd. for &H,4N404S (464.15): C,
62.05; H, 5.21; N, 12.06. Found: C, 62.01; H, 512312.10.

4.1.6. General procedure for preparation compoufids-22)

A mixture of the appropriate amine (1.5 mmol), carldisulfide (0.45 mL, 7.5 mmol) and anhydrous
sodium phosphate (0.33 g, 2.0 mmol) in DMF (8 mlgswstirred at room temperature for 30 min.
Compound5 (0.53 g, 1.5 mmol) was added, and stirred at réemperature for 4 h. The reaction

mixture was poured into a mixture of ice and wd&® mL). The separated solid was collected by
filtration, and recrystallized from a mixture of DiVand water to afford compountig-22.

4.1.6.1. Ethyl 1-methyl-6-((morpholine-4-carbonoththio)methyl)-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd.Q)

Yield (0.37 g, 57%) as off-white solid with m.p.@2121 °C. IR (KBr) ¢, cmi‘): 850 (C-S str.), 1070
(C=S str.), 1512 (C=C str.), 1638 (C=0 amide), 1280 ester), 2965 (C-H Ar. str.), 3244 (NH-
NMR (400 MHz, DMSO): 1.12 (3Ht, J = 7.1 Hz, CH-CH,), 3.14 (3H, s, N-Ch), 3.67 (4H, s,
morpholine-2CH), 3.93 (2H, s, morpholine-Gij 4.05 (2H, gq,J = 7.1 Hz, CH-CHs), 4.22 (2H, s,
morpholine-CH), 4.75 (1H, dJ = 12.5 Hz, CH-S), 4.88 (1H, dJ = 12.5 Hz, CH-S),5.17 (1H, dJ =
3.6 Hz, pyrimidine-CH)7.24 (2H, ddJ = 7.4, 7.4 Hz, Ar-H), 7.26-7.30 (1H, m, Ar-H), 4.82H, dd,J
=7.4,7.4 Hz, Ar-H)8.10 (1H, dJ = 3.6 Hz, NH).**C-NMR (100 MHz, DMS0):13.9, 29.6, 35.6, 51.5,
52.5, 60.2, 65.6, 106.1, 126.2, 127.6, 128.6, 14B48.3, 152.9, 164.7, 193.7. EI-MS: m/z (%): 435
(M*, 55). Anal. Calcd. for gH»sN30,S; (435.13): C, 55.15; H, 5.79; N, 9.65. Found: C,125H, 5.78;
N, 9.65.

4.1.6.2. Ethyl 1-methyl-2-ox0-4-phenyl-6-((pipenell-carbonothioylthio)methyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd §)

Yield (0.4 g, 62%) as white solid with m.p. 169-1T0 *H-NMR (400 MHz, DMSO): 1.12 (3H;, J =
7.1 Hz, CH-CH,), 1.53-1.63 (4H, m, piperidine-2G}1.63-1.70 (2H, m, piperidine-G{ 3.13 (3H, s,
N-CHj3), 3.88 (2H, br. s, piperidine-GH 4.05 (2H, g,) = 7.1 Hz, CH-CHj3), 4.23 (2H, br. s, piperidine-
CHp), 4.71 (1H, dJ = 12.5 Hz, CHS), 4.86 (1H, dJ = 12.5 Hz, CH-S), 5.16 (1H, dJ = 3.8 Hz,
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pyrimidine-CH), 7.20-7.26 (2H, m, Ar-H), 7.27-7.2BH, m, Ar-H), 7.31-7.37 (2H, m, Ar-H), 8.09 (1H,
d, J = 3.8 Hz, NH).**C-NMR (100 MHz, DMSO): 14.0, 23.7, 24.7, 29.6, 3%6.9, 52.5, 60.2, 106.1,
126.2, 127.7, 129.0, 143.3, 146.4, 153.1, 165.8,1FI-MS: m/z (%): 433 (¥ 17). Anal. Calcd. for

CatH27N30:S; (433.15): C, 58.17; H, 6.28; N, 9.69. Found: C188H, 6.26; N, 9.71.

4.1.6.3. Ethyl 6-((dicyclohexylcarbamothioylthio}mg)-1-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylatd 9)

Yield (0.38 g, 48 % yield) as off-white solid with.p. 107-108 °C. IR (KBr)y{ cni'): 862 (C-S str.),
1084 (C=S str.), 1523 (C=C str.), 1642 (C=0 amid&p8 (C=0 ester), 3010 (C-H Ar. str.), 3250 (NH).
'"H-NMR (400 MHz, DMSO): 1.02-1.22 (4H, m, cyclohexgH,), 1.11 (3H.t, J = 7.0 Hz, CH-CH,),
1.25-1.43 (6H, br. s, cyclohex@H,), 1.48-1.65 (4H, m, cyclohexyl-G)f 1.65-1.90 (6H, m,
cyclohexyl-CH), 3.11 (3H, s, N-Ch), 3.16 (2H, m, cyclohexyl-CH), 4.04 (2H, §~= 7.0 Hz, CH-
CHs), 4.61 (1H, s, CHS), 4.84 (1H, s, CHS), 5.14 (1H, dJ = 3.2 Hz, pyrimidine-CH), 7.25 (3H, dd,
J = 14.0, 7.0 Hz, Ar-H), 7.32 (2H, §,= 7.0 Hz Ar-H), 8.10 (1H, dJ = 3.2 Hz, NH)."*C-NMR (100
MHz, DMSO): 13.9, 24.7, 25.7, 29.6, 30.6, 35.9,35%8.9, 60.2, 106.1, 126.2, 127.6, 128.6, 143.3,
146.8, 152.9, 164.8, 193.8. EI-MS: m/z (%): 529°(M7). Anal. Calcd. for &H3zdN3OsS, (529.24): C,
63.48; H, 7.42; N, 7.93. Found: C, 63.50; H, 7M37.94.

4.1.6.4. Ethyl 1-methyl-2-ox0-4-phenyl-6-((4-pheipdrazine-1-carbonothioylthio)methyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylat@Q)

Yield (0.34 g, 45%) as off-white solid with m.p.4:.05 °C.'H-NMR (500 MHz, CDC}): 1.18 (3H.t,

J = 7.1 Hz, CH-CH,), 3.30 (3H, s, N-Ch), 3.32-3.47 (4H, m, piperazine-2¢}13.55-3.64 (4H, m,
piperazine-2CH), 4.12 (2H, qJ = 7.1 Hz, CH-CHg), 4.73 (1H, s,CH>-S), 4.88 (1H, sCH,-S), 5.36
(1H, s, pyrimidine-CH), 5.41 (1H, s, NH), 7.22 (1M, Ar-H), 7.26-7.40 (4H, m, Ar-H), 7.46 (1H, m,
Ar-H), 7.49-7.53 (2H, m, Ar-H), 7.61-7.83 (2H, ms-A). *C-NMR (125 MHz, DMS0):13.9, 29.6,
35.7, 49.6, 50.2, 52.5, 60.2, 106.1, 114.3, 12128,1, 127.6, 128.5, 129.0, 136.6, 143.3, 146.3,915
164.8, 193.4. EI-MS: m/z (%): 510 (M91). Anal. Calcd. for &HsoN4OsS, (510.18): C, 61.15; H,
5.92; N, 10.97. Found: C, 61.13; H, 5.95; N, 11.00.

4.1.6.5. Ethyl 6-((4-(2-ethoxyphenyl)piperazineatbonothioylthio)methyl)-1-methyl-2-oxo-4-phenyl-
1,2,3,4-tetrahydropyrimidine-5-carboxylat&1]

Yield (0.39 g, 47%) as white solid with mjp10-111 °C. IR (KBr), crmi'): 857 (C-S str.), 1078 (C=S
str.), 1516 (C=C str.), 1635 (C=0 amide), 1724 (Qssfer), 2983 (C-H Ar. str.), 3266 (NHH-NMR
(500 MHz, CDC}¥): 1.18 (3H,t, J = 7.1 Hz, CH-CH,), 1.47 (3H,t, J = 6.9 Hz, CH-CH,), 2.59-2.63
(4H, m, piperazine-C}J, 3.29 (3H, s, N-Ch), 3.31-3.47 (2H, m, piperazine-GK 3.82 (2H, m,
piperazine-CH), 4.11 (2H, q,J = 7.1 Hz, CH-CHs), 4.16 (2H, gqJ = 6.9 Hz, CH-CHg), 4.89 (1H, s,
CH.-S), 4.96 (1H, sCH,-S), 5.37 (1H, dJ = 3.1 Hz, pyrimidine-CH), 5.42 (1H, d,= 3.1 Hz, NH),
6.98-7.07 (3H, m, Ar-H), 7.23 (1H, d,= 1.5 Hz, Ar-H), 7.26-7.34 (4H, m, Ar-H), 7.40HLt,J=7.7
Hz, Ar-H).**C-NMR (125 MHz, DMS0):13.9, 14.8, 29.6, 35.7, 49.5, 50.1, 52.5, 60.24,6806.1,
113.0, 118.4, 120.9, 123.0, 126.2, 127.6, 128.0,114143.3, 146.3, 151.2, 152.9, 164.7, 193.4. BI-M
m/z (%): 554 (M, 62). Anal. Calcd. for GH3aN404S; (554.20): C, 60.62; H, 6.18; N, 10.10. Found: C,
60.65; H, 6.21; N, 10.11.

4.1.6.6. Ethyl 6-((4-(4-methoxyphenyl)piperazineatbonothioylthio)methyl)-1-methyl-2-oxo-4-phenyl-
1,2,3,4-tetrahydropyrimidine-5-carboxylat22}

Yield (0.34 g, 42%) as white solid with m05-106 °C'H-NMR (400 MHz, DMSO): 1.12 (3H, J =
7.1 Hz, CH-CH,), 3.14 (3H, s, N-Ck), 3.15 (4H, m, piperazine-GH 3.69 (3H, s, GCHy), 4.05 (4H,
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m, piperazine-Ch), 5.18 (1H, s, pyrimidine-CH), 6.85 (2H, 8= 8.1 Hz, Ar-H), 6.93 (2H, d] = 8.1
Hz, Ar-H), 7.24-7.26 (3H, m, Ar-H), 7.29-7.34 (2h, Ar-H), 8.12 (1H, s, NH)**C-NMR (100 MHz,
DMSO0): 13.9, 29.6, 35.7, 49.6, 50.0, 52.5, 56.0, 60.2,1,0615.1, 115.2, 126.2, 127.6, 128.6, 137.4,
143.3, 146.3, 152.8, 153.0, 164.7, 193.5. EI-M% (#4): 540 (M, 33). Anal. Calcd. for GH3:N404S,
(540.19): C, 59.98; H, 5.97; N, 10.36. Found: C999H, 6.01; N, 10.37.

4.2. Biology

4.2.1. Preliminary in vitro anticancer screening

In vitro cytotoxicity of compounds, 7, 9-12, 15, 17-20 and22 was evaluated according to the current
one-dose protocol of the National Cancer Instifid€1, USA) assay against a panel of 60 tumor cell
lines at 1QuM concentration [37].

4.2.2. MTT assay for cytotoxicity

In vitro cytotoxicity (IGg) of compoundd3, 14, 16 and21 was tested by using a standard colorimetric
method (MTT assay) against three human tumor ge#islincluding human prostate cancer (PC-3),
colorectal carcinoma (HCT-116) and breast canc&2KM) obtained from ATC®ia Holding company

for biological products and vaccines (VACSERA), ©aEgypt. Cell lines were cultured in RPMI-1640
medium with 10% fetal bovine serum. Penicillin atceptomycin were added at 37 °C. Cells were seed
in a 96-well plate at 37 °C for 48 h. After inculoat the cells were treated with different concetira

of compounds and incubated for 24 h. After 24 drofy treatment, 20 pL of MTT solution at 5 mg/mL
was added and incubated for 4 h. 100 pL of Dimesiwjfloxide (DMSO) was added into each well to
dissolve the purple formazan formed. The colorifoeissay is measured and recorded at absorbance of
570 nm using a plate reader (EXL 800, USA). Thatiet cell viability in percentage was calculated a
(A570 of treated samples/A570 of untreated samplE)0 [38].

4.2.3. Enzyme-Linked Immunosorbent Assay of caspard caspase-9

4.2.3.1.The Invitrogen Caspase-3 (active) Human ELISA assay

The number of 8-well strips needed for the assay dedermined. The standard diluent buffer (jLOD
was added to the zero standard wells, while chremdgank was left empty. The standards, controls
and tested compound (1@Q) were then added, and incubated for 2 hours @anhrtemperature. Wells
were evacuated from liquids, and washed 4 timesp&se-3 (active) detection antibody solution (100
uL) was added to each well except the chromogenkf®anand incubated for 1 hour at room
temperature. Again liquid was discarded from watisl washed 4 times. Anti-Rabbit IgG HRP working
solution was then added to each well except thensbgen blank and incubated for 30 minutes at room
temperature. Wells were washed 4 times. StabilZkeibmogen (10QL) was added to each well, and
incubated for 30 minutes at room temperature. Kinatop solution (10Q.L) was added to each well
and the absorbance was read at 450 nm within Zladter addition. Curve fitting software was used t
generate the standard curve; from which the conagons for tested compound and controls were read.

4.2.3.2. DRG® Caspase-9 (human) ELISA (EIA-4868aas

First, cell lysates were prepared. The number gfiired microwell strips was determined and allowed
to be washed twice with wash buffer. The sampleetit was added in duplicate to the blank wells (100
uL) and to sample wells (5QL). The sample was added in duplicate (B) to designated sample
wells. Detection antibody (5QL) was prepared and added to all wells, and inad&r 2 hours at
room temperature. Microwell strips were washedn®8 with wash buffer. Anti-rabbit-lgG-HRP was
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prepared and added (1QQ) to all wells, then incubated for 1 hour at rooemperature. Microwell

strips were washed 3 times with wash buffer. TMBsétate solution (10QL) was added, and
incubated for 10 minutes at room temperature. |kinstop solution (10QL) was added, and the color
intensity was measured at 450 nm.

4.2.4. Cell cycle analysis and induction of apofstos

4.2.4.1. Flow cytometric analysis of cell-cycletdlgition

For flow cytometric analysis of DNA content, A54@lls in exponential growth were treated with
compoundl19 and incubated for 24 h. The cells were collectshtrifuged and fixed with ice cold
ethanol (70%). The cells were then treated witHfdsufontaining RNAse A and 0.1% Triton X-100,
then stained with propidum iodide (PIl) and compavétl control which was treated with DMSO. DNA
contents were measured by flow cytometry.

4.2.4.2. Analysis of cellular apoptosis

A549 cells in exponential growth were treated wetimpoundsl9 and incubated for 24 h. After an
incubation period, 1-5 x £@ells were harvested and suspended in 500 uL dBih¥ing Buffer, 5 pL

of Annexin V-FITC and 5 pL of PI. They are inculzhi&t room temperature for 5 min in the dark and
incubated at 37 °CAnnexin V-FITC conjugate is specially engineered pooduce enhanced
fluorescence signal and photo stability. The AnnexFITC kit includes Annexin V-FITC for detecting
apoptosis and PI for detecting necrosis. Thus, &xip and necrosis can be differentiated. Detection
and analyzing oAnnexin V-FITC binding by flow cytometry (Ex = 488n; Em = 530 nm) using FITC
signal detector (usually FL1) and PI staining bg tthycoerythrin emission signal detector (usually
FL2). Visit http://www.biovision.confor details.

4.2.5. Enzyme activity inhibition assay

4.2.5.1. VEGFR-2 inhibition assay

The enzyme inhibition assay of compourids and 19 against VEGFR-2 was evaluated using the
RayBio® Human VEGFR-2 ELISA (Enzyme-Linked Immundsent Assay) kit. The assay utilized a
specific antibody for human VEGFR-2 coated on aw@dl- plate, where 100 pL of either standard
solution or tested compound was added to eachamellincubated for 2.5 hours at room temperature.
Wells were washed; prepared biotin antibody (100 whs added and incubated for 1 hour at room
temperature. The unbound biotinylated antibody wemshed away from each well; prepared
Streptavidin solution (100 pL) was added and intedb&or 45 minutes at room temperature. Wells were
washed again followed by addition of TMB One-StegbSrate Reagent (100 pL) to each well and
incubated for 30 minutes at room temperature, whieeecolor was produced proportionally to the
amount of bound VEGFR-2. Stop solution (50 pL) wdded to each well and the color intensity was
read at 450 nm immediately. The mean absorbancedoh set of duplicate standards controls and
tested compounds was calculated, and the averagestandard optical density was subtracted. The
standard curve was plotted on log-log graph papén standard concentration on the X-axis and
absorbance on the Y-axis. % Inhibition was caledatia comparing results obtained from test
compounds with control, while Kg was calculated from concentration/inhibition resg® curve
compared to sorafenib as a standard. Viigf://www.raybiotech.corfor details.

4.2.5.2. mTor inhibition assay
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The enzyme inhibition assay of compouridsand 19 against mTOR was evaluated using Abcam’s
MTOR in vitro SimpleStep ELISA® (Enzyme-Linked Immunosorbent @gskit. This assay employs
an affinity tag labeled capture antibody and a rEpo conjugated detector antibody which
immunocapture the sample analyte in solution. Bmsre complex (capture antibody/analyte/detector
antibody) is in turn immobilizedia immunoaffinity of an anti-tag antibody coating thell.

To perform the assay, tested compounds or standafdsL) were added to the 96 well plate strips
included with the kit, followed by the antibody mi%0 uL). All standards, controls and tested
compounds were assayed in duplicates. After inoibdbr 1 hour at room temperature, the wells were
washed with 3 x 35QL 1X Wash Buffer PT to remove unbound material. TBlibstrate (10QL) was
added, incubated for 10 minutes in the dark, ame atalyzed by HRP, generating blue coloration.
This reaction was then stopped by addition of Sofution (100uL), shaken on a plate shaker for 1
minute to mix and complete any color change frooelb yellow. Signal was generated proportionally
to the amount of bound analyte and the intensitgyeasured at 450 nm. % Inhibition was calculaied
comparing results obtained from test compounds veidimtrol, while 1G, was calculated from
concentration/inhibition response curve compared tapamycin as a standard. Visit
http://www.abcam.corfor details.
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Highlights
A new series of dihydropyrimidinones was designed synthesized.
Cytotoxic activity was assessed against 60 carelelires.
Compoundl9 showed a significant activity against NCI-H460,-8¥L-5, and HL-60(TB) cell
lines.
Compoundl9 induced apoptosis and showed cell cycle arresfévihase.

Compoundsl4 and 19 showed lower cytotoxic activity than doxorubicigaast three normal
cells.
Compoundl9 exhibited a 1.5-fold increase in mTOR enzyme #gtiover that of rapamycin.
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Highlights

A new series of dihydropyrimidinones was designed and synthesized.

Cytotoxic activity was assessed against 60 cancer cell lines.

Compound 19 showed a significant activity against NCI-H460, SK-MEL-5, and HL-60(TB)
cell lines.

Compound 19 induced apoptosis and showed cell cycle arrest at G2/M phase.

Compounds 14 and 19 showed lower cytotoxic activity than doxorubicin against three normal
cells.

Compound 19 exhibited a 1.5-fold increase in mTOR enzyme activity over that of rapamycin.



