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Abstract

A series of novel tetrahydrobenzothieno[2,3-d]pydime urea
derivatives was synthesized according to fragmesel design strategy.
They were evaluated for their anticancer activggiast MCF-7 cell line.
Three compound®c, 9d and 11b showed 1.5-1.03 folds more potent
anticancer activity than doxorubicin. In this study promising multi-
sited enzyme small molecule inhibitgc, which showed the most potent
anti-proliferative activity, was identified. Thetaproliferative activity of
this compound appears to correlate well with itslitgbto inhibit
topoisomerase Il (&= 9.29 uM). Moreover, compounfic showed
excellent VEGFR-2 inhibitory activity, at the subemomolar level with
ICs5o value 0.2 uM, which is 2.1 folds more potent theorafenib.
Moreover, activation of damage response pathwath@fDNA leads to
cell cycle arrest at G2/M phase, accumulation dfsda pre-G1 phase
and annexin-V and propidium iodide staining, intiiug that cell death
proceeds through an apoptotic mechanism. Comp8uarsthowed potent
pro-apoptotic effect through induction of the ingic mitochondrial
pathway of apoptosis. This mechanistic pathway w@sfirmed by a
significant increase in the expression of the tusupwpressor gene p53,
elevation in Bax/ BCL-2 ratio and a significant riease in the level of
active caspase-uantitative structure-activity relationship (QSAR)
studies delivered equations of five 3D descripteith R* = 0.814. This
QSAR model provides an effective technique for usidading the
observed antitumor properties and thus could b@tadofor developing

effective lead structures.
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1. Introduction

Cancer is a major health problem worldwide. Amothg various
types of malignant tumors, breast cancer is th@rskdeading cause
of death in women [1]. In advanced solid tumor ugithg breast cancer,
tumor growth and metastasis has been linked toeapeession of DNA
topoisomerase (topo) enzymes and pathological gegesis via vascular
endothelial growth factor (VEGFR) pathway [2]. Tagmmerases are a
family of enzymes that control DNA synthesis, madlats of topo are
now widely used as cytotoxic agents [3], this clasdrugs acts either by
topo poisoning via interchelation with DNA as daxoicin and
amsacrine (figure 1) or acts as catalytic inhilsitas TSC24 (figure 1)
[4]. The common structural basis for the actiorthafse drugs is linear or
curved polycyclic core bearing a flexible side chénat anchors DNA by
hydrogen bond formation [5]. As a catalytic topdiibitor, TSC24 acts
by blocking the ATP-binding site of the enzyme liegdo inactivation of
enzyme [6]. Topo modulators are efficient; howevirey produce
detrimental secondary effects [5]. Therefore, iulgddoe useful to design
newer products, such as aroylthiourea derivatiyggure 1), which will
be more potent and better tolerated, being abietéofere with both topo
and tyrosine kinases [7, 8]. This dual activity re@ses cytotoxic
properties of the compound and decreases its $idet®e Activation of
the DNA damage response pathway leads, in moss csdrug-induced
apoptosis and/or to cell cycle arrest in G1, S, @Adgphases [9]. Vascular
Endothelial Growth Factor Receptor-2 (VEGFR-2)pdaown as Kinase
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Insert Domain Receptor (KDR), is a Receptor Tyredfimase and is one
of the major regulators of both physiologic andhpédgic angiogenesis.
Therapies based on targeted antiangiogenic agsuath, as sorafenib
(figure 2), are supposed to be less toxic than enmenal chemotherapy
[10] and, when used in combination with doxorubjg¢ircreases potency
of chemotherapy [11]. Sorafenib is structuralljnamber of diaryl urea
family that act as (Receptor Tyrosine Kinase) RTKilitors, especially
as VEGFR-2 inhibitors, and induces apoptosis ateacells [12]. Other
members of this family are, a p38 inhibitor (dorgmaod), compounds
I and lll are VEFGR-2 inhibitors (figure 2). Compound is with
substituted thienopyrimidine heterocyclic core, wlgompoundll is a
qguinoline derivative. The main structural featuoéshis urea family are
head group formed from orthogonal polycyclic rimgtt bind to adenine
region of ATP and phenyl urea tail that bind toostéric site of kinase
enzyme [13]. The therapeutic chemotherapy protoudgt be balanced in
terms of therapeutic effectiveness and minimizatioh treatment-
associated side effects. Multi-sited enzyme smallegule inhibitors are
now one of the potential fields in cancer drug ov&ey to reach the same
therapeutic goal. One of the used approaches tmnobtich multi-sited
enzyme inhibitors is fragment-based lead generatlnagments are
scaffolds that usually form part of drugs that mgponsible of biological
activities. These fragments are then combined tmegge Ilead
compounds [14]. Based on a structural analysib@tapo and VEGFR-2
inhibitors, we have constructed a ‘hybrid-desigrodal (figure 3) with
topo and VEGFR-2 inhibitors structural features. \Wave used
polycyclic fused tetrahydrobenzothienopyrimidines &rge coplanar
core, or orthogonal ring with aniline moiety, amsad part that satisfies
ATP domain of both enzymes, attached to aryl a®éail part that can

anchor DNA or interacts with the binding site oftlbeenzymes, as
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antagonists with some structural modification ie tiead or tail group
(figure 3). In the current study, all target compds were evaluated for
their anti-proliferative activityin vitro against MCF-7 cell line. In order
to explore the mechanistic pathways of the antiearactivity of the
synthesized compounds, we chose the most potenparord 9c to
perform extra investigations such as cell cycldyans topoisomerase II,
and VEGFR-2 assays and apoptosis markers. In thrk, vquantitative
structure-activity relationship (QSAR) studies weaileo performed, for

validating the observed antitumor properties.

2. Results and discussion

2. 1. Chemistry

The synthesis of the target compounds is outlime8ahemed. -3. Our
primary starting material 4-chloro-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine 1) ( [15] reacted with
hydrazine hydrate to affor@® [15]. Reacting with the appropriate
Isocyanates in methylene chloride, the 4-hydrazt§l7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine  2)( gave the
thienopyrimidine urea derivative3a-e The 'H NMR spectra of3a-e
displayed the presence of signalsdaf.12-8.13 ppm, corresponding to
different NH-Ar groups which were not present2nOn the other hand,
¥C NMR spectra of compound3b & 3d revealed the appearance of
(C=0) carbon ab 166.07 and 155.98 ppm, respectively. In the pitesen
study, hoping to synthesize the triazolothienopydine 5, the
chlorothienopyrimidinel was allowed to react with thiosemicarbazide in
ethanol. Actually, unexpected hydrazinecarbothia®rderivative4 was
obtained after heating under reflux for 8 h. Thesgiectrum of compound
4 indicated the presence of three absorption bannihe aange 3417-3147
cm* , due to two NH and NHgroups, in addition to the C=S group that



appeared as an absorption band at 129Z. drurther evidence was
obtained from the'H NMR spectrum that showed four exchangeable
signals a® 7.67, 7.77, 8.63 and 9.29 ppm assigned tg At two NH
protons.  Further structural evidence stemmed fritim °C NMR
spectrum of compound that revealed the presence of (C=S) carban at
182.23 ppm. In the present study, compobGnas prepared by reacting
the 4-chlorothienopyrimidine derivativé with thiosemicarbazide in
ethanol and extending the reflux time to 20 h. TRespectrum of5
lacked the presence of C=S group, which confirmeel $uccess of
cyclization. The'H NMR spectrum showed only one exchangeable signal
atd 6.45 ppm due to Nfprotons. Reacting the triazolothienopyrimidine
derivative 5 with the appropriate isocyanates affordgaic 'H NMR
spectra of these compounds displayed the charstatersignals
corresponding to different NH-Ar groups. TH& NMR spectra of
compounds6a & 6b revealed the appearance of signals due to (C=0)
carbon at 6 167.10 and 167.08 ppm, respectively. The
triazolothienopyrimidine derivativega,b were achievedy the reaction

of compound5 with the appropriate isothiocyanates. ThHé NMR
spectra of7a,b displayed the presence of the characteristic Egoa
aromatic protons & 7.13-7.65 ppm. In addition, tH&C NMR spectrum

of compound7a showed the appearance of signaléall74.60 ppm
corresponding to (C=S) carbon. The thienopyrimididerylurea
derivatives9a-e were obtained by reacting the thienopyrimidi¢l16]

with the appropriate isocyanates in methylene aforThe'H NMR
spectra of9a-e showed the appearance of three exchangeable tsingle
signals ab 7.78-9.52 ppm corresponding to three NH protamsddition

to the expected signals corresponding to diffeMdHtAr protons. The
¥C NMR spectra of compound3 & 9e revealed the appearance of
(C=0) carbon até 165.96 & 165.49 ppm, sequentially. Reacting
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compound9b or 9d and 4-bromophenacyl bromide in ethanol afforded
compounds0a,h The'H NMR spectra of these derivatives revealed the
disappearance of the signals due to two NH proteioseover,"*C NMR
spectra showed the disappearance of the signaspmnding to (C=0)
carbons. The synthesis of compourdds-g was accomplished through
reacting the thienopyrimidine derivativ with the appropriate
isothiocyanates. TheH NMR spectra ofl1a-g showed the presence of
three exchangeable singlet signals & 96-10.74 ppm, corresponding to
three NH protons. Thé’C NMR spectra of compoundéla & 11b
showed the appearance of signals &atl72.47 & 172.46 ppm,
respectively, corresponding to (C=S) carbon. Cwation of compounds
11aor 11e with 4-bromophenacyl bromide resulted in the faiora of
compoundsl2a,h The'H NMR spectra of these derivatives lacked the
presence of the two exchangeable singlet signagstduthe two NH
protons. Compound4 was obtained in a good yield through reacting the
2-choromethyl derivativa3 [17] with p-phenylene diamine in ethanol in
the presence of catalytic amount of triethylamiflee '"H NMR spectrum

of 14 showed additional two exchangeable signal$ &28 and 5.75
ppm, due to NH and NHprotons of 2-aryl amino methyl group, which
were not present in the starting chloromethyl deie 13, in addition to
the signals ab 6.61-7.36 ppm, corresponding to the aromatic psto
Finally, compound.4 was reacted with the appropriate isothiocyanates t
give 15a-e  The'H NMR spectra ofl5a-edisplayed four exchangeable
signals at 7.67-12.18 ppm, assigned to four NH protons. Gndther
hand, the®C NMR spectra of compound45d & 15e showed the
appearance of signals a 180.08 & 180.66 ppm, respectively
corresponding to (C=S) carbons.

2. 2.1n vitro anticancer activity



The anticancer activity of the newly synthesizedmpounds was
examined against MCF-7 cell line compared to doBimio as reference
anticancer drug. The results of the mean valuexpériments performed
in triplicate, expressed as half maximal inhibitayncentration (16g)
values, were summarized in Tables 1-3 and presegtagdhically in
figures 4 and 5. Then vitro results showed that most of the test
compounds showed moderate to significant antituandivity against
MCF-7 cell line. Three compoun@s, 9d and11b showed 1.5-1.03 folds
more potent anticancer activity than doxorubicihrée compound8d,

3e and 6a showed anticancer activity comparable to doxoinbwgith
ICsp values 28.02, 22.65 and 29.08l, respectively. Compoundix, 9b,

9e¢ 1l1a 11cf and 12a showed moderate anticancer activity. The
antitumor activity correlation of the newly syntimsl compounds
showed that among the diaryl urea and thioureavatgres compounds
9c¢, 9d and 11b, bearing electron withdrawing groups, showed more
potent anticancer activity than the other unsulistit and substituted
derivatives with electron donating groups and wenend to be more
potent than doxorubicin. Moreover, compour@s and 11b bearing
electron withdrawing group gt-position were found to be more potent
than compoun®d. Another interesting phenomenon is that introducing
two groups into the 2 and 6 position$ the terminal phenyl ring in
compounds9a, 9b and 11c resulted in lower anticancer activity.
Replacement of the orthogonal 4-anilinothienopydime head with
pseudo tetracyclic congith movement of the diaryl urea tail to position 2
In 15a-ecaused a dramatic loss in the anticancer actiRigplacement of
NH-phenyl linker in 9a-e with NH only in 3a-e resulted in lower
anticancer activity. Further analysis of compouBdse clearly revealed
that the groups on the phenyl ring had a notalfleence on activity.

Compounds3c-e with CF; group at m-position showed comparable
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anticancer activity to doxorubicin. While the indtaction of two groups
at 2 and 6 positions in compoun8a and 3b resulted in a marked
decrease in the activity, suggesting that submiruat 2 and 6 positions
of the phenyl ring was not tolerated for this regi®eplacement of the
orthogonal 4-anilinothienopyrimidine head9a-eandl1la-gwith a rigid
coplanar tetracyclic head i6a-c and 7a, b decreased the anticancer
activity. It was found that urea derivativés a-c bearing electron
withdrawing group on the phenyl ring were more potiéan thiourea
derivatives 7a,b with unsubstituted phenyl ring or phenyl carrying
electron donating group. Rigidification of ureatliourea tail to oxazole
or thiazole ring in compound$0a,b and 12a,b resulted in much less
anticancer activity. According to these findingse woncluded that a
flexible diaryl urea scaffold at 4-position of thg2,3-d]pyrimdine core
with the terminal phenyl ring bearing electromithdrawing group ap-
positionhad a positive effect on antitumor activity.

2. 3. Cell cycle analysisind detection of apoptosis

The most active compourit was selected to further study its effects on
cell cycle progression and induction of apoptosishe MCF-7 cell line.
Exposure of MCF-7 cells to compouBfd at its 1Gg value for 24h and its
effect on the normal cell cycle profile and indoatiof apoptosis were
analyzed. Exposure of MCF-7 cells to compowd resulted in an
interference with the normal cell cycle distributi@f this cell line.
Compounddc induced a significant increase in the percentdgeelts at
pre-G1 and G2/M phases by 15.1 and 2.2 folds, otispdy (figure 6)
compared to control. Accumulation of cells in pré-@hase, confirmed
by the presence of a sub-G1 peak in the cell gyadéle analysis, may
have resulted from degradation or fragmentatiothefgenetic materials,

indicating a possible role of apoptosis in compo@adnduced cancer
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cell death and cytotoxicity. On the other hand, dlceumulation of the
cells in G2/M phase may have resulted from G2 arres
2. 4.Apoptosis determination by Annexin-V assay
To ensure the ability of compoun8c to induce apoptosis, a
biparametric cytofluorimetric analysis was perfodnasing Propidium
iodide (PI), which stains DNA and enters only deeglls, and
fluorescent immunolabeling of the protein annexinwhich binds to
phosphatidylserine (PS) expressed on the surfatieechpoptotic cells
and fluoresces green, after interacting with theellad annexin-V [18].
Dual staining of annexin-V with Pl permits discrimation between live
cells, early apoptotic cells, late apoptotic cellsd necrotic cells. As
shown in figure 7, after 24 h of treatment with gmuand9c at its I1Gyg
concentration (7.1@M) a decrease in the percentage of the survived
cells was observed. Moreover, a significant inagéaghe percentage of
annexin-V positive cells (30 folds more than cobhtroccurred,
indicating an early apoptosis (lower right quadyant
2. 5. Effect of compound 9c on the level of p53/ BaBCL-2:
Tumor cells can acquire resistance to apoptosithéyexpression of the
anti-apoptotic proteins such as BCL-2 or by the wwegulation or
mutation of the pro-apoptotic proteins, such as.Blbe expression of
both BCL-2 and Bax is regulated by the g&for suppressor gene [19].
As compound9c showed significant apoptosis inducing ability, tiar
investigation was carried out to measure the apicpaativity, especially
the intrinsic pathway through the evaluation of pBax, BCL-2 and
caspase-3. Exposure of MCF-7 cells to compofQadat I1G, for 24h
resulted in significant increase in the expressibthe tumor suppressor
gene p53 and the pro-apoptotic protein Bax, witliseguent reduction of
the expression levels of the anti-apoptotic proB@i-2 compared to the

control (Table 4 and figure 8). As a result, th& tompound®c showed
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significant elevation in Bax/ BCL-2 ratio, which maorts its ability to
promote the therapeutic response in MCF-7 cells.

2. 6. Effect of compound 9c on the level of activeaspase-3 (key
executer of apoptosis):

Two principle apoptotic pathways were identifidte teath receptor (or
extrinsic) and the mitochondrial (or intrinsic) patays [20]. The two
pathways converge on the same terminal, which wdsted by the
activation of caspase-3 and results in DNA fragmeon [21]. In the
current study, compoun@c significantly elevated the Bax / BCL-2
ratio. Therefore, the subsequent step was to aslsedevel of active
caspase-3, which is the key executer of apoptdsesatment of MCF-7
cells with compoun@®c at concentration 7.10 pM produced a significant
increase in the level of active caspase-3 (Tablen8 figure 9). In
conclusion, compounddc showed potent pro-apoptotic effect by

induction of the intrinsic mitochondrial pathwayayoptosis.

2. 7. Invitro topoisomerase |l assay:
As a result of the effect of compoufd on S phase of the cell cycle in
which DNA replicated and the cell cycle arrestedG&/M phase, the
inhibition of topoisomerase Il enzyme was suspectsd expected
mechanism of action of this compound. So, the asses/ performed to
evaluate the topoisomerase |l inhibitory activiGompound9c showed
promising activity (IGo= 9.29 uM), which was less than 10 uM and
comparable to that of doxorubicin, a known potespoisomerase |l
inhibitor (ICso = 3.50 uM), so it proved that compoudciexerted its anti-
proliferative activity through inhibition of top@msnerase II.
2. 8. Molecular docking of compound 9c in the acte site of
topoisomerase |l
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Compound 9¢c showed promising activity in the topoisomerase I
inhibition assay with 16y value 9.29uM. At this stage, molecular
docking study was carried out to investigate iuplble binding pattern
and its interaction with the key amino acids in #mive site of the
topoisomerase Il. The ability of the synthesizethpound9c to interact
with the key amino acids in the active site ratlaeal its good activity.
We used The X-ray crystallographic structure of dispmerase Il co-
crystallized with DNA (PDB ID: 1ZXM). As can be seen figure 10,
compound9c interacted by its NH of diaryl urea moiety as arbétid
donor with Thr 744. As H-bond acceptor, it inteeac with its C=0
group of urea scaffold with Tyr 734. Its dockingeegy score was -10.92
kcal/mol.

2. 9.1nvitro VEGFR-2 assay

In order to prove the success of fragment basad design approach,
we extended the biological enzyme assay inhibigémtwity to VEGFR-2.
The 1G, value of compoun®c was evaluated compared to reference
VEGFR-2 inhibitor (sorafenib). Compoud showed excellent VEGFR-
2 inhibitory activity, at the sub-micromolar lewsith 1Cs, value 0.2 uM,

which was 2.1 folds more potent than sorafenilg(¥30.42 uM).

2. 10. Molecular docking of compound 9c in the acate site of

VEGFR-2

Docking study was performed for compoud] which showed excellent
activity in the VEGFR-2 enzyme inhibition assay,iethwas 2.1 folds
more potent than sorafenib, in order to reveallimeling mode of this
compound in the active site of the VEGFR-2. To #rad, we used (PDB
ID: 4ASD), which has VEGFR-2 co-crystallized witlorafenib as
inhibitor. The ability of the synthesized compowtho interact with the

same key amino acids in the active site rationdlite excellent activity,
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as indicated by its docking pattern and dockingesccompared to that of
sorafenib (figure 11). As can be seen, compd@muhteracted by its NH
of diayl urea moiety as H-bond donor with the keyireo acid Glu 885.
As H-bond acceptor, it interacted with its C=0O grvoof urea scaffold
with the key amino acid Asp 1046. The N1 of pyrim&lring interacted
as an H-bond acceptor with the Cys 919. Moreover,superior activity
of compoundc against VEGFR-ZICg, = 0.2 uM) was supported by its
marked docking score (-16.83 kcal/mol.), which vaggher than that of
sorafenib (-13.39 kcal/mol).

2. 11.QSAR study

The QSAR study was performed using Discovery Stitil® software
(Accelrys Inc., San Diego, CA, USA). A set of 2Ingmounds 3a-d, 6a-

C, 7a,b, 9a,b, 9d,e, 11a-gand12a) was used as a training set for a QSAR
modeling. CompoundSc, 10a and12b were adopted as an external test
subset for validating the QSAR models.

2.11. 1. QSAR modeling

Many molecular descriptors were calculated for eammpound
employing a calculated molecular properties moduilee 3D structures
of the training set analogs were imported into Ehecovery Studio to
calculate various molecular descriptors for eactitianor active agent.
Moreover, energies of highest occupied and lowestaupied molecular
orbitals (HOMO and LUMO) [22, 23] of each of theaitring set
compounds were determined using this software angoited as
additional descriptors. Firstly, Genetic functioppeoximation (GFA)
was employed to search for the best possible Q®Ression equation,
then Multiple linear regression (MLR) analysis veasployed to optimize
QSAR models that combine high quality binding phacophores with
other molecular descriptors and being capable afelaiing bioactivity

variation across the used training set collectigg, [23]. Equation 1
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shows our best performing QSAR models. Figure 1Bibas the
corresponding scatter plots of experimental veestsnated bioactivity
values for the training set compounds against MQifeast human tumor
cell line. Potency (l6y) (the concentration required to produce 50%
inhibition of cell growth compared to the controtperiment) against
MCF-7 tumor cell line (N = 21,°r= 0.814, 7 gjustea= 0.752, T prediction =
0.716).

Equation 1

ICs0 = 32468 — 1010 Jurs-RPCS — 18675 Rad of Gyratia6t31 PMI-
mag + 156.36 PMI-X - 383.46 PMI-Z.

Abbreviations used: Jurs-RPCS, is the RelativetiWesCharge Surface
area. Jurs descriptors combines shape and electioformation to
characterize molecules; Rad of Gyration, is theusadf gyration, it is a
molecular property, defined as the mass weighteath®matically, it is
the root mean square average distance of all aiantee molecular
system from their centre of mass; PMI-mag, Prindyament of Inertia,
calculates the principal moments of inertia abbet principal axes of a
molecule; PMI-X, Principal moment of inertia at Xis PMI-Z,
Principal moment of inertia at Z axis. The goodnetshe model was
validated by squared correlation coefficienf)(Rnd residuals between
the predicted and experimental activity of the t&st and training set
(Table 6). R values for MCF-7 cell line QSAR models are 0.814.
2.11. 2. Validation ofQSAR

QSAR models were validated employing leave oneeboss-validation,
r* (squared correlation coefficient value) arfdprediction (predictive
squared

correlation coefficient value) [23]. In addition &xternal validation of
the determined QSAR equations was performed utdizhree of our

synthesized analogues exhibiting promisiig),(mild (108 and inactive
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(12b) anticancer properties. The observed activitiesthnse provides by
QSAR study, are presented in Table 7.

3. Conclusion

In summary, a series of novel tetrahydrobenzothizBed]pyrimidine
urea derivatives was synthesized according to fesxgrbased design.
They were evaluated for their anticancer activggiast MCF-7 cell line.
Three compound®c, 9d and 11b showed 1.5-1.03 folds more potent
anticancer activity than doxorubicin. The most pbteompound9c
showed promising inhibitory activity against topmiserase Il (IG= 9.29
HM). At the same time, it showed excellent VEGFRH2bitory activity
at the sub-micromolar level with igvalue 0.2 uM, which was 2.1 folds
more potent than sorafenib. Moreover, it inducetgaificant increase in
the percentage of cells at pre-G1 and G2/M phagd$d and 2.2 folds
respectively, compared to control, indicating agtas role of apoptosis
In compound9c-induced cancer cell death and cytotoxicity. Conmubu
9c showed potent pro-apoptotic effect through inductf the intrinsic
mitochondrial pathway of apoptosis. This mechanigiathway was
confirmed by a significant increase in the expmssof the tumor
suppressor gene p53, elevation in Bax/ BCL-2 ratd a significant
increase in the level of active caspase-3, compaoedhe control.
Compound9c is a promising multi-targeted lead for the desmmd
synthesis of potent anticancer agents. QSAR stutkbgered equations
of five 3D descriptors with R = 0.814.The most important and
controlling descriptors in anticancer propertiesrave3D descriptors
including Jurs-RPCS, Rad of Gyration, PMI-mag, PMand PMI-Z.
External validation of the established QSAR modkilszing three of our
synthesized analogues exhibiting promisiig),(mild (109 and inactive
(12b) anticancer properties, revealed good agreemehweba the
experimental and the calculated data. It can beladad that this QSAR
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model provides an effective technique for undeditam the observed
anticancer properties and thus could be adopteddeeloping effective

lead structures.
4. Experimental
4. 1. Chemistry

4.1.1. General

Melting points were obtained on a Griffin apparatasd were
uncorrected. Microanalyses for C, H and N were iedriout at the
Regional Center for Mycology and Biotechnology, lcof Pharmacy,
Al-Azhar University. IR spectra were recorded oninsdzu IR 435
spectrophotometer (Shimadzu Corp., Kyoto, Japaallgaof Pharmacy,
Cairo University, Cairo, Egypt and values were espnted in cih 'H
NMR spectra were carried out on Bruker 400MHz (EBmulkCorp.,
Billerica, MA, USA) spectrophotometer, Faculty ohdmacy, Cairo
University, Cairo, Egypt. Tetramethylsilane (TMS)asvused as an
internal standard and chemical shifts were recondggm ond scale and
coupling constants (J) were given in H3C NMR spectra were carried
out on Bruker 100MHz spectrophotometer, FacultyPbfirmacy, Cairo
University, Cairo, Egypt. Mass spectra were recordm a GCMP-
QP1000 EX Mass spectrometer. Progress of the osactvere monitored
by TLC using precoated aluminum sheet silica geR@K 60F 254 and

was visualized by UV lamp.

4. 1. 2. General procedure for the preparation of N-aryl-2-(5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d] pyrimidin-4-yl)hydrazine
carboxamide (3a-€)

A solution of 4-hydrazinyl-5,6,7,8-tetrahydrolzef¥,5]thieno[2,3-
d]pyrimidine @) (0.22 g, 0.001 mol) in methylene chloride (4 mL)Oat

°C was treated with the selected isocyanate (0.0@al) and stirred
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overnight as the temperature slowly rose to roomperature. To the
resulting suspension, hexane was added to yielce moecipitate. The

solid was filtered, dried and recrystallized frohe tsuitable solvent to

give 3a-e.
4, 1. 2.1, N-(2,6-Dichlorophenyl)-2-(5,6,7,8-
tetrahydrobenzo[4,5]thieno- [2,3-d]pyrimidin-4-

yl)hydrazinecarboxamide (3a). mp 184-186°C (toluene); yield 86%; IR
(KBr) Vmax 3360, 3236, 3217 (3NH), 1670 (C=0) ¢m'H NMR
(DMSO-d): 6 1.80-1.85 (m, 4H, 2CHl, 2.75-2.85 (m, 2H, C}), 3.05-
3.10 (m, 2H, CH), 7.25-7.30 (m, 2H, ArH), 7.48 (t, 1HJ = 7.24 Hz,
ArH), 8.33 (s, 1H, NH, BO exchangeable), 8.41 (s, 1H, C2-H), 8.55 (s,
1H, NH, DO exchangeable) and 8.62 (s, 1H, NHODexchangeable)
ppm; MS [m/z, %]: 409 [M+2", 0.52], 4.8 [M+1-", 0.64] and 407 [M,
0.42]. Anal. Calcd for GH3sCIoNsOS (408.30): C, 50.01; H, 3.70; N,
17.15. Found: C, 50.17; H, 3.68; N, 17.43.

4.1. 2. 2. N-(2-Chloro-6-methyl phenyl)-2-(5,6,7,8-tetrahydrobenzo[4,5] -
thieno[2,3-d] pyrimidin-4-yl)hydraznecarboxamide (3b). mp 178-180°C
(ethanol); vyield 61 %; IR (KBr) vmae 3441, 3321, 3271 (3NH),
1662(C=0) crit; '"H NMR (DMSO-d;): 5 1.80-1.85 (m, 4H, 2CH, 2.23
(s, 3H, CH), 2.80-2.85 (m, 2H, C}), 3.00-3.10 (m, 2H, C}), 7.12-7.20
(m, 2H, ArH), 7.31 (t, 1H, ArH), 8.17, 8.18 (2s, 1HNH, DO
exchangeable), 8.26 (s, 1H, NH;exchangeable), 8.40 (s, 1H, C2-H),
and 8.42, 8.54 (2s, 1H, NH,D exchangeable) ppnfC NMR (DMSO-
dg): 6 18.5, 22.2, 22.4, 25.1, 25.3 (5 aliphatic Cs),.61227.2, 128.2,
129.5, 132.6, 133.5, 134.0, 138.4, 139.3, 142.1,81857.3 (aromatic
Cs) and 166.0 (C=0) ppm. Anal. Calcd fosgl1sCINsOS (387.89): C,
55.74; H, 4.68; N, 18.06. Found: C, 55.89; H, 4N418.31.
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4. 1. 2. 3. N-(4-Chloro-3-(trifluoromethyl)phenyl)-2-(5,6,7,8-tetrahydro-
benzo[4,5]thieno[ 2,3-d] pyrimidin-4-yl)hydrazinecarboxamide (3c). mp
188-190°C (toluene); vyield 73 % ; IR (KBr¥ma 3309, 3255, 3190
(3NH), 1651 (C=0) cm: ‘*H NMR (DMSO-d;): & 1.80-1.90 (m, 4H,
2CH,), 2.80-2.90 (m, 2H, C}), 3.00-3.15 (m, 2H, C}), 7.69 (d, 1H,J =
8.0 Hz, ArH), 7.89 (d, 1HJ = 8.0 Hz, ArH), 8.13 (s, 1H, ArH), 8.44 (s,
1H, C2-H), 8.59 (s, 1H, NH, J® exchangeable), 8.98, 9.40 (2s, 1H, NH,
D,O exchangeable), and 10.71 (s, 1H, NHO2xchangeable) ppm; MS
[m/z, %]: 443 [M+2A", 0.52] and 441 [M, 0.90]. Anal. Calcd for
C1gH1sCIFsNsOS (441.86): C, 48.93; H, 3.42; N, 15.85. Found4€2.08

; H, 3.45; N, 16.02.

4. 1. 2. 4. N-(2-Fluoro-5-(trifluoromethyl)phenyl)-2-(5,6,7,8-tetrahydr o-
benzo[4,5]thieno[2,3-d]pyrimidin-4-yl)hydrazinecarboxamide (3d). mp
178-180°C (n-hexane); yield 94% ; IR (KBNmax 3421, 3321, 3244
(3NH), 1697 (C=0) cm; 'H NMR (DMSO-d): & 1.85-1.90 (m, 4H,
2CH,), 2.80-2.90 (m, 2H, C§, 3.00-3.10 (m, 2H, C}), 7.41 (s, 1H,
ArH), 7.49 (t, 1H,J = 10.4 Hz, ArH), 7.61 (t, 1H] = 10.4 Hz, ArH), 8.62
(s, 1H, C2-H), 8.90 (s, 1H, NH,,D exchangeable), 9.05 (s, 1H, NH,
D,O exchangeable) and 9.19, 10.93 (2s, 1H, NKD [@xchangeable)
ppm; °C NMR (DMSO-@): § 22.2, 22.4, 25.2, 25.9 (4 aliphatic Cs),
112.8, 113.5, 115.9, 116.1, 116.5, 116.7 (arom@sy, 122.7 (CH,
125.5, 125.9, 127.0, 128.2, 134.2, 137.2 (aronasicand 155.9 (C=0)
ppm. Anal. Calcd for GH1sFsNsOS (425.4): C, 50.82; H, 3.55; N, 16.46.
Found: C, 50.93; H, 3.51; N, 16.58.

4. 1. 2. 5. 2-(5,6,7,8-Tetrahydrobenzo[4,5]thieno[ 2,3-d]pyrimidin-4-yl)-

N-(3-(trifluoromethyl)phenyl)hydrazinecarboxamide (3e) mp 168-170
°C (methylene chloride); vyield 89% ; IR (KB¥).a: 3290, 3267, 3217
(3NH), 1670 (C=0) cm: ‘*H NMR (DMSO-d;): & 1.80-1.90 (m, 4H,
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2CH,), 2.80-2.90 (m, 2H, C}, 3.00-3.10 (m, 2H, C§), 7.27-7.29 (m,
1H, ArH), 7.47-7.49 (m, 1H, ArH), 7.72-7.74 (m, 1RH), 7.97 (s, 1H,
ArH), 8.00 (s, 1H, NH, BO exchangeable), 8.32 (s, 1H, NH,(®D
exchangeable), 8.45 (s, 1H, C2-H) and 8.78, 9.46 {(H, NH, BO
exchangeable) ppm;. Anal. Calcd forgld,sF3NsOS (407.41): C, 53.06;
H, 3.96; N, 17.19. Found: C, 53.49; H, 4.01; N327.

4. 1. 3. Procedure for the preparation of 2-(5,6,7,8-tetrahydrobenzo-
[4,5]thieno[2,3-d] pyrimidin-4-yl)hydrazinecar bothioamide (4)

A mixture of 4-chloro-5,6,7,8-tetrahydrobenzéfthieno[2,3-
d]pyrimidine @) (0.23 g, 0.001 mol) and thiosemicarbazide (0.1.00D
mol) in absolute ethanol (30 mL) was heated undéux for 8 h. The
separated solid was filtered while hot, dried aedrystallized from
ethanol to gived. mp 212-214C; vyield 71% ; IR (KBr)Vma 3417,
3302, 3147 (NK 2NH), 1292 (C=S) cifi '*H NMR (DMSO-d): § 1.75-
1.85 (m, 4H, 2CH), 2.75-2.80 (m, 2H, C}), 3.00-3.05 (m, 2H, C}),
7.67, 7.77 (2s, 2H, NK D,O exchangeable), 8.39 (s, 1H, C2-H), 8.63 (s,
1H, NH, D,O exchangeable) and 9.29 (s, 1H, NHODexchangeable)
ppm; °C NMR (DMSO-@): & 22.3, 22.5, 25.3, 25.6 (4 aliphatic Cs),
116.2, 127.0, 133.7, 152.5, 157.1, 165.4 (aromasrand 182.2 (C=S)
ppm. Anal. Calcd for GH13NsS, (279.38): C, 47.29; H, 4.69; N, 25.07.
Found: C, 47.54; H, 4.76; N, 25.34.

4. 1. 4. Procedure for the preparation of 8,9,10,11-tetrahydrobenzo-
[4,5]thieno[3,2-€][1,2,4]triazol o[ 4,3-c]pyrimidin-3-amine (5)

A mixture of 4-chloro-5,6,7,8-tetrahydrobenfthieno[2,3-
d]pyrimidine @) (0.23 g, 0.001 mol) and thiosemicarbazide (0.1.00D
mol) in absolute ethanol (30 mL) was heated undéux for 20 h. The

reaction mixture was cooled, then the separatad sas filtered, dried
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and recrystallized from ethanol to gisemp 212-214C; vyield 77% ; IR
(KBF) Vinax 3282, 3221 (NB) cni’; *H NMR (DMSO-d): § 1.80-1.90 (m,
4H, 2CH,), 2.80-2.85 (m, 2H, Ch), 2.90-2.95 (m, 2H, C}), 6.45 (s, 2H,
NH,, D,O exchangeable) and 9.14 (s, 1H, C2-H) ppm. Analcdcfor
C11H11NsS (245.30): C, 53.86; H, 4.52; N, 28.55. Found:5€,12; H,
4.60; N, 28.81.

4. 1. 5. General procedure for the preparation of 1-aryl-3-(8,9,10,11-
tetrahydrobenzo[4,5]thieno[3,2-€][1,2,4]triazol o[4,3-c] pyrimidin-3-
yl)urea (6a-c)

A solution of 8,9,10,11-tetrahydrobenzol4,igtio[3,2-e][1,2,4]-
triazolo[4,3-c]pyrimidin-3-amine 5) (0.23 g, 0.001 mol) in methylene
chloride (4 mL) at 01C was treated with the selected isocyanate (0.0011
mol) and stirred overnight as the temperature slowdse to room
temperature. To the resulting suspension, hexaseadaed to yield more
precipitate. The solid was filtered, dried and ystallized from the

suitable solvent to givéa-c.

4.1.5. 1. 1-(2-Chloro-6-methylphenyl)-3-(8,9,10,11-tetrahydsbenzo-
[4,5] thieno [3,2-e][1,2,4]triazolo[4,3-c]pyrimidin-3-yl)urea (6a) mp
162-164°C (ethanol); vyield 44% ; IR (KBr¥max 3255, 3217 (2NH),
1650 (C=0) cnt; 'H NMR (DMSO-d): & 1.80-1.90 (m, 4H, 2C}), 2.29
(s, 3H, CH), 2.80-2.90 (m, 2H, C}), 2.95-3.05 (m, 2H, C}), 7.05 (s,
1H, NH, D,O exchangeable), 7.17-7.38 (m, 3H, ArH), 9.16 &, @2-H)
and 9.89 (s, 1H, NH, D exchangeable) ppmC NMR (DMSO-@): &
18.9, 22.1, 22.9, 25.2, 25.4 (5 aliphatic Cs), @1827.4, 127.6, 128.4,
129.4, 129.6, 132.4, 135.8, 136.8, 138.9, 139.8,6,4153.3 (aromatic
Cs) and 167.1 (C=0) ppm. Anal. Calcd fofl;,CINsOS (412.90): C,
55.27; H, 4.15; N, 20.35. Found: C, 55.45; H, 412320.59.
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4. 1. 5 2. 1-(2-Fluoro-5-(trifluoromethyl)phenyl)-3-(8,9,10,11-
tetrahydrobenzo[4,5]thieno[3,2-e][1,2,4]triazolo[43-c]pyrimidin-3-
ylurea (6b) mp 138-140F°C (ethanol); yield 36% ; IR (KBNmax 3379,
3224 (2NH), 1666 (C=0) cm'H NMR (DMSO-d): & 1.75-1.95 (m,
4H, 2CHy), 2.80-2.90 (m, 2H, Ch), 2.95-3.00 (m, 2H, C}), 7.11 (s, 1H,
NH, D,O exchangeable), 7.37-7.53 (m, 2H, ArH), 9.12 14, ArH),
9.15 (s, 1H, C2-H) and 9.59 (s, 1H, NH,@exchangeable) ppm’C
NMR (DMSO-d;): 6 22.1, 22.9, 25.2, 25.4 (4 aliphatic Cs), 11821).2,
122.9 (Ck), 125.6, 128.3, 128.5, 128.6, 135.7, 136.7, 1454%8.6,
152.4, 154.2, 164.2 (aromatic Cs) and 167.0 (C8»).pAnal. Calcd for
C1oH14FsN6OS (450.41): C, 50.67; H, 3.13; N, 18.66. Found5@84; H,
3.16; N, 18.92.

4, 1. 5. 3. 1-(8,9,10,11-Tetrahydrobenzo[4,5]thieno[3,2-
e][1,2,4]triazolo [4,3-c]pyrimidin-3-yl)-3-(3-
(trifluoromethyl)phenyl)urea (6¢) mp 148-150F°C (isopropanol); yield
38% : IR (KBrI) Vmax 3255, 3151 (2NH), 1670 (C=0) &m'H NMR
(DMSO-d): 6 1.85-1.95 (m, 4H, 2CH, 2.85-2.90 (m, 2H, C}), 2.95-
3.00 (m, 2H, CH), 7.17 (s, 1H, NH, BED exchangeable), 7.30 (s, 1H,
ArH), 7.43 (s, 1H, C2-H), 7.52-7.56 (m, 1H, ArH),67-7.71 (m, 1H,
ArH), 7.95-8.01 (m, 1H, ArH) and 9.15, 9.87 (2s,,1NH, D,O
exchangeable) ppm; MS [m/z, %]: 432 [M0.91]. Anal. Calcd for
C1oH15F3N6OS (432.42): C, 52.77; H, 3.50; N, 19.43. Found5&02; H,
3.54; N, 19.60.

4. 1. 6. General procedure for the preparation of 1-aryl-3-(8,9,10,11-
tetrahydrobenzo[4,5]thieno[3,2-€][1,2,4]triazol o[4,3-c] pyrimidin-3-
yl)thiourea (7a,b)
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An equimolar mixture of 8,9,10,11-tetrahydrobenzbhieno[3,2-
e][1,2,4]triazolo[4,3-c]pyrimidin-3-amine5f (1.23 g, 0.005 mo))the
selected isothiocyanate (0.005 mol) and anhydrataspium carbonate
(0.70 g, 0.005 mol) in dioxane (25 mL) was heatedeu reflux for 25 h.
The reaction mixture was cooled, poured into idd eamter (50 mL) and
the separated solid was filtered, dried and realyztd from ethanol to
give 7a,b.

4. 1. 6. 1. 1-Phenyl-3-(8,9,10,11-tetrahydrobenzo[4,5]thieno[3,2-€]-
[1,2,4]triazolo[4,3-c]pyrimidin-3-yl)thiourea (7a) mp 108-11C0C; yield
76% : IR (KBr) Vmax 3421, 3344 (2NH), 1219 (C=S) &m'H NMR
(DMSO-d): & 1.75-1.90 (m, 4H, 2C}H)l, 2.65-2.80 (m, 2H, C})l, 2.85-
3.00 (m, 2H, CH), 6.46 (s, 1H, NH, BD exchangeable), 7.15-7.65 (m,
5H, ArH), 8.54 (s, 1H, C2-H) and 9.15 (s, 1H, NH(Dexchangeable)
ppm; *C NMR (DMSO-@): § 22.7, 22.9, 25.2, 25.4 (4 aliphatic Cs),
118.0, 118.5, 123.8, 128.6, 129.0, 129.3, 132.5.8,3136.8, 148.6,
149.1, 153.4, 167.0 (aromatic Cs) and 174.6 (CH%).pAnal. Calcd for
CigH16NeS; (380.49): C, 56.82; H, 4.24; N, 22.09. Found: C,08; H,
4.31; N, 22.34.

4. 1. 6. 2. 1-(8,9,10,11-Tetrahydrobenzo[4,5] thieno[ 3,2-€] [ 1,2,4] triazol o-
[4,3-c]pyrimidin-3-yl1)-3-(m-tolyl)thiourea (7b) mp 102-104°C; vyield
42% ; IR (KBr) Vnae 3429, 3313 (2NH), 1249 (C=S) ¢m'H NMR
(DMSO-d): 6 1.80-1.90 (m, 4H, 2CH), 2.30 (s, 3H, Ck), 2.70-2.95 (m,
4H, 2CH), 6.45 (s, 1H, NH, BD exchangeable), 7.13-7.22 (m, 1H,
ArH), 7.25-7.33 (m, 1H, ArH), 7.46 (s, 1H, ArH),56-7.59 (m, 1H,
ArH), 9.16 (s, 1H, C2-H) and 10.01, 10.28 (2s, 1NH, D,O
exchangeable) ppm. Anal. Calcd forgdigNeS, (394.52): C, 57.84; H,
4.60; N, 21.30. Found: C, 58.11; H, 4.67; N, 21.57.
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4. 1. 7. General procedure for the preparation of 1-aryl-3-(4-((5,6,7,8-
tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4-yl)amino)phenyl)urea
(9a-e)

A solution of N'-(5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrinmie-
yl)benzene-1,4-diamine8) (0.90 g, 0.003 mol) in methylene chloride (4
mL) at 0°C was treated with the selected isocyanate (0.0083 and
stirred overnight as the temperature slowly roseotim temperature. To
the resulting suspension, hexane was added to etenplecipitation.
The solid was filtered, dried and recrystallizednfrthe suitable solvent

to give9a-e

4. 1. 7. 1. 1-(2,6-Dichlorophenyl)-3-(4-((5,6,7,8-tetrahydrobenzo[4,5] -
thieno[2,3-d] pyrimidin-4-yl)amino)phenyl)urea (9a) mp 258-260°C
(toluene); yield 55% ; IR (KBr) wa 3419, 3329, 3309 (3NH), 1635
(C=0) cm" 'H NMR (DMSO-d): & 1.75-1.85 (m, 4H, 2C}), -2.85
2.75 (m, 2H, CH), 3.05-3.10 (m, 2H, C§, 6.58 (d, 2H,J = 8.2 Hz,
ArH), 7.20 (d, 2HJ = 8.2 Hz, ArH), 7.44 (d, 2H] = 8.4 Hz, ArH), 7.55
(t, 1H,J = 8.4 Hz, ArH), 7.78 (s, 1H, NH, £» exchangeable), 8.01 (s,
1H, NH, D,O exchangeable), 8.11, 8.96 (2s, 1H, NHQ[@2xchangeable)
and 8.23 (s, 1H, C2-H) ppm; MS [m/z, %]: 488 [M+5 1.96], 487
[M+41*, 3.75], 486 [M+3:", 10.06], 485 [M+2*, 22.48], 484 [M+1-*,
62.23] and 483 [M, 27.94]. Anal. Calcd for £H;4Cl,NsOS (484.40): C,
57.03; H, 3.95; N, 14.46. Found: C, 57.19; H, 319814.58.

4. 1. 7. 2. 1-(2-Chloro-6-methylphenyl)-3-(4-((5,6,7,8-tetrahydrobenzo-
[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)urea (9b) mp 268-270
°C (ethanol); yield 58% ; IR (KBr) . 3419, 3365, 3275 (3NH), 1637
(C=0) cnt; 'H NMR (DMSO-d): & 1.80-1.90 (m, 4H, 2CH, 2.26 (s,
3H, CH), 2.80-2.90 (m, 2H, CH)), 3.00-3.15 (m, 2H, C}), 7.06-7.22 (m,
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3H, ArH), 7.42 (d, 2H,) = 8.7 Hz, ArH), 7.52 (d, 2H] = 8.7 Hz, ArH),
7.97 (s, 1H, NH, BO exchangeable), 8.10 (s, 1H, NH,M®
exchangeable), 8.31 (s, 1H, C2-H) and 8.79, 8.%1 {#, NH, BO
exchangeable) ppm’C NMR (DMSO-@): § 18.9, 22.4, 22.6, 25.5, 25.9
(5 aliphatic Cs), 118.5, 123.8, 127.0, 127.6, 12929.4, 132.2, 132.9,
133.5, 134.7, 136.4, 139.0, 139.2, 144.7, 152.68.25153.6, 155.6
(aromatic Cs) and 165.9 (C=0) ppm. Anal. Calcd @§H,,CIN5sOS
(463.98): C, 62.13; H, 4.78; N, 15.09. Found: C3@2H, 4.79; N, 15.18.

4. 1. 7. 3. 1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(4-((5,6,7,8-
tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4-yl)Jamino)phenyl)urea

(9¢c) mp 218-220°C (ethanol); vyield 74% ; IR (KBr) . 3439, 3410,
3321 (3NH), 1635 (C=0) cm'H NMR (DMSO-d;): & 1.85-1.90 (m,
4H, 2CH), 2.852.90 (m, 2H, CH), 3.10-3.15 (m, 2H, C}), 7.38 (s, 1H,
ArH), 7.45 (d, 2HJ = 6.0 Hz, ArH), 7.57 (d, 2H] = 6.0 Hz, ArH), 7.61-
7.66 (m, 1H, ArH), 8.10-8.14 (m, 1H, ArH), 8.35 (34, C2-H), 8.90 (s,
1H, NH, D,O exchangeable), 9.04 (s, 1H, NH,(exchangeable), and
9.35, 9.44 (2s, 1H, NH, {® exchangeable) ppmMS [m/z, %]: 520
[M+31-, 0.81], 519 [M+2-", 0.82] and 518 [M+1", 1.04]. Anal. Calcd
for Cy4H1oCIFNsOS (517.95): C, 55.65; H, 3.70; N, 13.52. Found: C,
55.79 ; H, 3.68; N, 13.69.

4. 1. 7. 4. 1-(2-Fluoro-5-(trifluoromethyl)phenyl)-3-(4-((5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d] pyrimidin-4-yl)amino)phenyl)urea

(9d) mp 188-190°C (ethanol); vyield 71% ; IR (KBr) . 3419, 3383,
3334 (3NH), 1705 (C=0) cm'H NMR (DMSO-d): & 1.80 -1.90 (m,
4H, 2CH), 2.80-:2.90 (m, 2H, CH), 3.10-3.20 (m, 2H, C}), 7.39-7.62
(m, 6H, ArH), 8.59 (s, 1H, ArH), 8.61 (s, 1H, C2;+9.48 (s, 1H, NH,
D,O exchangeable), 9.50 (s, 1H, NH(exchangeable) and 9.52 (s, 1H,
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NH, D,O exchangeable) ppm. Anal. Calcd foild;oFsNsOS (501.5): C,
57.48; H, 3.82; N, 13.96. Found: C, 57.63; H, 318714.18.

4.1.7.5. 1-(4-((5,6,7,8-Tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4-
yl)amino)phenyl)-3-(3-(trifluoromethyl)phenyl)urea (9¢) mp 238-240
°C (ethanol); yield 92% ; IR (KBr)y. 3419, 3304, 3200 (3NH), 1631
(C=0) cm"; 'H NMR (DMSO-d): & 1.80-1.85 (m, 4H, 2C}), -2.85
2.80 (m, 2H, CH), 3.10-3.15 (m, 2H, C}), 7.30 (d, 2H,J = 6.2 Hz,
ArH), 7.39-7.61 (m, 3H, ArH), 8.02 (d, 2H,= 6.2 Hz, ArH), 8.11 (s,
1H, ArH), 8.34 (s, 1H, C2-H), 8.88 (s, 1H, NH,@exchangeable), 9.02
(s, 1H, NH, BO exchangeable) and 9.24, 9.32 (2s, 1H, NHOD
exchangeable) ppmj 22.3, 22.4, 25.4, 25.8 (4 aliphatic Cs), 114.5,
116.8, 118.6, 119.9, 122.2, 123.2 (aromatic CsB.84Ck), 125.9,
126.9, 130.4, 133.6, 133.7, 134.2, 135.4, 140.®.7,4152.3, 153.0,
155.4 (aromatic Cs) and 165.4 (C=0) ppm; MS [m/k, 486 [M+31-",
1.91], 485 [M+2-", 3.92], 484 [M+1", 12.43] and 483 [M, 5.11].
Anal. Calcd for GH,0FsNsOS (483.51): C, 59.62; H, 4.17; N, 14.48.
Found: C, 59.84; H, 4.21; N, 14.62.

4. 1. 8. General procedure for the preparation of N'-(3-aryl-4-(4-
bromophenyl)oxazol-2(3H)-ylidene)-N*-(5,6,7,8-tetrahydrobenzo[4,5] -
thieno[ 2,3-d] pyrimidin-4-yl)benzene-1,4-diamine (10a,b)

A mixture of compound 9b or 9d (0.001 mol), 4-
bromophenacylbromide (0.001 mol) and anhydrous usodiacetate
(0.082 g, 0.001 mol) in absolute ethanol (10 mL¥Wweaated under reflux
for 6 h. After cooling, the separated solid wageféd, dried and
recrystallized from ethanol to affofida,h

26



4. 1. 8. 1. (Z)-N*-(4-(4-Bromophenyl)-3-(2-chloro-6-methylphenyl)-
oxazol-2(3H)-ylidene)-N*-(5,6,7,8-tetrahydrobenzo[4,5] thieno[ 2,3-d] -
pyrimidin-4-yl)benzene-1,4-diamine (10a) mp 208-210C; yield 83% ;
IR (KBI) Vmax 3417 (NH) crit; '"H NMR (DMSO-d): & 1.80-1.90 (m,
4H, 2CH), 2.27 (s, 3H, Ch), 2.803:2.85 (m, 2H, CH), 3.10-3.15 (m, 2H,
CH,), 7.09 (d, 2H, = 8.4 Hz, ArH), 7.34 (d, 2H) = 8.0 Hz, ArH), 7.44
(d, 2H,J = 8.0 Hz, ArH), 7.50-7.61 (m, 2H, ArH), 7.71 (d, 2H= 8.4
Hz, ArH), 8.03 (s, 1H, NH, BD exchangeable ), 8.15 (s, 1H, oxazole H),
8.23 (s, 1H, C2-H), and 8.33 (t, 1H, ArH) pphHC NMR (DMSO-@): &
19.0, 22.4, 22.5, 25.5, 25.9 (5 aliphatic Cs), &1617.0, 118.4, 120.1,
123.9, 124.2, 127.1, 127.2, 127.4, 127.5, 129.4.23131.7, 132.1,
132.2, 132.4, 133.0, 133.2, 133.3, 134.5, 136.6.9,3152.5, 153.4,
155.5, 155.6 and 166.0 (aromatic Cs) ppm. Anal. c€alfor
C3,H,sBrCINsOS (643.00): C, 59.77; H, 3.92; N, 10.89. Found6@p4;
H, 3.97; N, 11.18.

4. 1. 8. 2. (Z)-N*-(4-(4-Bromophenyl)-3-(2-fluoro-5-(trifluoromethyl)-
phenyl)oxazol-2(3H)-ylidene)-N*-(5,6,7,8-tetrahydr obenzo[4,5] thieno-
[2,3-d]pyrimidin-4-yl)benzene-1,4-diamine (10b) mp 214-216°C; vyield
85% ; IR (KBr) Vax 3417 (NH) crit; *H NMR (DMSO-d): § 1.80-1.90
(m, 4H, 2CH), 2.80-2.85 (m, 2H, CH), 3.15-3.20 (m, 2H, C}), 7.37 (d,
2H,J=8.8 Hz, ArH), 7.47 (d, 2H1 = 8.4 Hz, ArH), 7.62 (d, 2HI=8.4
Hz, ArH), 7.66 (d, 2H, = 8.8 Hz, ArH), 7.81 (t, 2H, ArH), 8.23 (s, 1H,
C2-H), 8.45 (s, 1H, oxazole H), 8.46 (s, 1H, Arind 9.66 (s, 1H, NH,
D,0O exchangeable) ppmC NMR (DMSO-@): § 22.4, 22.6, 25.5, 25.8
(4 aliphatic Cs), 114.1, 116.4, 116.5, 116.7, 11628.7 (aromatic Cs),
123.8 (Ch), 125.4, 125.6, 127.1, 1285, 128.6, 128.7, 1302.7,
131.9, 132.4, 132.5, 133.0, 133.3, 134.1, 135.2.6l1%aromatic Cs),
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152.8 (C-F), 155.5 and 156.2 (aromatic Cs) ppm. |AGalcd for
Cz2H2BrF4NsOS (680.51): C, 56.48; H, 3.26; N, 10.29. Found5&/1;
H, 3.31; N, 10.47.

4. 1. 9. General procedure for the preparation of 1-aryl -3-(4-((5,6,7,8-
tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4-yl)amino)phenyl)thio-
urea (11a-g)

A mixture of N'-(5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrinmie-
yl)benzene-1,4-diamine 8 (1.50 g, 0.005 mo]) the selected
iIsothiocyanate (0.005 mol) and anhydrous potassiarbonatg0.70 g,
0.005 mol) in dioxane (25 mL) was heated undemrefbr 12 h. The
reaction mixture was cooled, poured into ice coltexr (50 mL) and the
separated solid was filtered, dried and recrygedlifrom isopropanol to
give lla-g

4. 1. 9. 1. 1-Phenyl-3-(4-((5,6,7,8-tetrahydrobenzo[4,5]thieno[ 2,3-d]-
pyrimidin-4-yl)amino)phenyl)thiourea (11a) mp 178-18C°C; yield 91%

. IR (KBr) Vmae 3446, 3342, 3257 (3NH), 1222 (C=S)tmH NMR
(DMSO-d;): 6 1.70-1.85 (m, 4H, 2C}), 2.75-2.80 (m, 2H, C}), 3.05-
3.15 (m, 2H, CH), 6.91-7.75 (m, 9H, ArH), 8.33 (s, 1H, C2-H), 9.40
1H, NH, DO exchangeable), 10.63 (s, 1H, NH,(exchangeable) and
10.74 (s, 1H, NH, BD exchangeable) ppnt?’C NMR (DMSO-@): &
22.4, 22.6, 25.5, 25.9 (4 aliphatic Cs), 118.6,.3,1922.2, 122.6, 123.1,
123.8, 124.0, 127.1, 129.2, 129.7, 140.2, 152.8,015160.0 (aromatic
Cs) and 172.4 (C=S) ppm; MS [m/z, %]:433 [M+21", 0.41] and 432
[M+11-*, 0.56]. Anal. Calcd for &H»:NsS, (431.58): C, 64.01; H, 4.90;
N, 16.23. Found: C, 64.18; H, 4.96; N, 16.41.

4. 1. 9. 2. 1-(4-Bromophenyl)-3-(4-((5,6,7,8-tetrahydrobenzo[4,5] thieno-
[2,3-d]pyrimidin-4-yl)amino)phenyl)thiourea (11b) mp 180-182 °C;
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yield 58% ; IR (KBr) Vhax 3444, 3354, 3334 (3NH), 1222 (C=S)tm
'H NMR (DMSO-d): & & 1.80-1.90 (m, 4H, 2C}), 2.80-2.85 (m, 2H,
CH,), 3.10.-3.15 (m, 2H, C}), 7.28 (d, 2HJ = 7.5 Hz, ArH), 7.55 (d,
2H,J = 7.5 Hz, ArH), 7.66 (d, 2H] = 8.4 Hz, ArH), 7.75 (d, 2H] = 8.4
Hz, ArH), 8.36 (s, 1H, C2-H), 9.57 (s, 1H, NH,M exchangeable),
10.60 (s, 1H, NH, BD exchangeable) and 10.70 (s, 1H, NHOD
exchangeable) ppmt?’C NMR (DMSO-@): & 22.4, 22.6, 25.5, 25.9 (4
aliphatic Cs), 120.6, 121.5, 123.0, 123.8, 12425.2, 127.0, 127.0,
131.9, 132.1, 132.3, 139.5, 152.4, 155.1 (arom@spand 172.4 (C=S)
ppm; MS [m/z, %]: 512 [M+31", 0.25], 511 [M+2", 0.20] and 510
[M+11*, 0.31]. Anal. Calcd for §H,0BrNsS, (510.47): C, 54.12; H,
3.95; N, 13.72. Found: C, 54.27; H, 3.98; N, 13.89.

4. 1. 9. 3. 1-(2-Chloro-6-methylphenyl)-3-(4-((5,6,7,8-tetrahydrobenzo-
[4,5]thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)thiourea (11c) mp 258-
260 °C; vyield 47% ; IR (KBr) wac 3448, 3419, 3165 (3NH), 1228
(C=S) cn; 'H NMR (DMSO-d): & 1.80-1.90 (m, 4H, 2C}), 2.37 (s,
3H, CH), 2.80-2.85 (m, 2H, C§), 3.10.-3.15 (m, 2H, CH)l, 7.32 (d, 2H,
ArH), 7.41 (d, 2H, ArH), 7.50-7.74 (m, 3H, ArH),12 (s, 1H, NH, BO
exchangeable), 8.35 (s, 1H, C2-H), 9.36 (s, 1H, N} exchangeable)
and 10.03 (s, 1H, NH, O exchangeable) ppm; MS [m/z, %]: 481
[M+21-%, 0.42], 480 [M+1-", 0.62] and 479 [M, 0.54]. Anal. Calcd for
Co4H2:CINsS; (510.47): C, 60.05; H, 4.62; N, 14.59. Found: C.28; H,
4.69; N, 14.75.

4. 1. 9. 4. 1-(4-Chlorophenyl)-3-(4-((5,6,7,8-tetrahydrobenzo[4,5]-
thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)thiourea (11d) mp 148-150
°C; vyield 34% ; IR (KBr) e 3446, 3412, 3277 (3NH), 1228 (C=S)
cm®; '"H NMR (DMSO-d): & 1.80-1.90 (m, 4H, 2C}), 2.80-2.85 (m,
2H, CH,), 3.10.-3.15 (m, 2H, C§), 7.33 (d, 2H, ArH), 7.39 (d, 2H, ArH),
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7.46 (d, 2H, ArH), 7.58 (d, 2H, ArH), 8.10 (s, 1HVH, D,O
exchangeable), 8.36 (s, 1H, C2-H), 8.94 (s, 1H, N exchangeable)
and 9.95 (s, 1H, NH, f® exchangeable) ppm; MS [m/z, %]. 468
[M+31-*, 0.61], 467 [M+2-", 0.85], 466 [M+1-", 0.96] and 465 [M,
0.93]. Anal. Calcd for &H,CINsS, (466.02): C, 59.28; H, 4.33; N,
15.03. Found: C, 59.41; H, 4.38; N, 15.18.

4. 1. 9. 5. 1-(4-((5,6,7,8-Tetrahydrobenzo[ 4,5]thieno[ 2,3-d] pyrimidin-4-
yl)amino)phenyl)-3-(m-tolyl)thiourea (11€) mp 168-170C; yield 78% ;
IR (KBI) Vmae 3419, 3358, 3205 (3NH), 1228 (C=S) tmH NMR
(DMSO-d;): 6 1.80-1.90 (m, 4H, 2C}), 2.26 (s, 3H, Ck), 2.80-2.85 (m,
2H, CH,), 3.10-3.15 (m, 2H, CH), 7.24 (d, 2H, ArH), 7.40 (d, 2H, ArH),
7.59 (s, 1H, ArH), 7.73-7.78 (m, 3H, ArH), 8.24 (BH, NH, DO
exchangeable), 8.36 (s, 1H, C2-H), 8.95 (s, 1H, N} exchangeable)
and 10.40 (s, 1H, NH, O exchangeable) ppm; MS [m/z, %]: 447
[M+21-%, 7.67], 446 [M+1'", 5.83] and 445 [M, 11.34]. Anal. Calcd for
Co4H23NsS, (445.60): C, 64.69; H, 5.20; N, 15.72. Found: €.68; H,
5.27; N, 15.97.

4. 1. 9. 6. 1-(4-((5,6,7,8-Tetrahydrobenzo[ 4,5]thieno[ 2,3-d] pyrimidin-4-
yl)amino)phenyl)-3-(p-tolyl)thiourea (11f) mp 174-176°C; yield 59% ;
IR (KBI) Vmax 3446, 3417, 3354 (3NH), 1226 (C=S)tmH NMR
(DMSO-d): 6 1.80-1.90 (m, 4H, 2CH)l, 2.28 (s, 3H, Ch), 2.80-2.85 (m,
2H, CH,), 3.15-3.20 (m, 2H, C§), 7.13 (d, 2H,J = 8.1 Hz, ArH), 7.35 (d,
2H,J = 8.1 Hz, ArH), 7.43 (d, 2H] = 4.8 Hz, ArH), 7.60 (d, 2H] = 4.8
Hz, ArH), 8.11 (s, 1H, NH, ED exchangeable), 8.35 (s, 1H, C2-H), 9.57
(s, 1H, NH, DO exchangeable) and 9.70 (s, 1H, NHQOBexchangeable)
ppm; MS [m/z, %]: 447 [M+21-*, 0.39], 446 [M+1-", 0.59] and 445 [M,
0.37]. Anal. Calcd for &H,3NsS, (445.60): C, 64.69; H, 5.20; N, 15.72.
Found: C, 64.88; H, 5.29; N, 15.94.
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4. 1. 9. 7. 1-(4-Methoxyphenyl)-3-(4-((5,6,7,8-tetrahydrobenzo[4,5]-
thieno[2,3-d]pyrimidin-4-yl)amino)phenyl)thiourea (11g) mp 188-190
°C; vyield 34% ; IR (KBr) Wax 3446, 3419, 3358 (3NH),1246 (C=S) cm
 'H NMR (DMSO-d): § 1.65-1.85 (m, 4H, 2C§, 2.80-2.90 (m, 2H,
CHy), 3.10-3.20 (m, 2H, C}), 3.70 (s, 3H, OCH), 6.98 (d, 2H, ArH),
7.16 (d, 2H, ArH), 7.33 (d, 2H, ArH), 7.50 (d, 2AH), 7.96 (s, 1H, NH,
D,O exchangeable), 8.38 (s, 1H, C2-H), 8.95 (s, N, D,O
exchangeable) and 9.95 (s, 1H, NHODexchangeable) ppm; MS [m/z,
%]: 462 [M+11"Y, 3.00] and 461 [M, 5.29]. Anal. Calcd for
C,o4H23Ns50S, (461.60): C, 62.45; H, 5.02; N, 15.17. Found: 2.66; H,
5.11; N, 15.34.

4. 1. 10. General procedure for the preparation of Nl-(3-aryl-4-(4-
bromophenyl)thiazol-2(3H)-ylidene)-N*-(5,6,7,8-tetrahydrobenzo[4,5] -
thieno[ 2,3-d] pyrimidin-4-yl)benzene-1,4-diamine (12a,b)

A mixture of compounds 1la or 1lle (0.001 mol), 4-
bromophenacylbromide (0.001 mol) and anhydrous usodiacetate
(0.082 g, 0.001 mol) in absolute ethanol (10 mL¥Wweaated under reflux
for 6 h. After cooling, the separated solid wageféd, dried and

recrystallized from ethanol to affod®a,b.

4. 1. 10. 1. (Z)-N*-(4-(4-Bromophenyl)-3-phenylthiazol-2(3H)-ylidene)-
N*-(5,6,7,8-tetrahydr obenzo[4,5] thieno[ 2,3-d] pyrimidin-4-yl)benzene-
1,4-diamine (12a) mp 138-140°C; vyield 48% ; IR (KBr) Wax 3387
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(NH) cmi™; '"H NMR (DMSO-d;): & 1.80-1.90 (m, 4H, 2CH), 2.80-2.85
(m, 2H, CH), 3.10-3.15 (m, 2H, C}), 6.75 (s, 1H, NH, BD
exchangeable) 6.97-7.97 (m, 13H, ArH + 1H of thiazong) and 8.52 (s,
1H, C2-H) ppm;“C NMR (DMSO-@): & 22.6, 24.9, 25.5, 25.9 (4
aliphatic Cs), 118.4, 119.4, 127.1, 128.7, 128239.0, 129.1, 130.2,
130.5, 131.4, 131.5, 131.7, 132.0, 132.4, 142.(8.5,4153.4, 154.9,
156.0, 167.9 and 168.1 (aromatic Cs) ppm; MS [m/z, %]: 614 [M+51-",
1.38] and 610 [M+1:*, 1.98]. Anal. Calcd for GH,.BrNsS, (610.59): C,
60.98; H, 3.96; N, 11.47. Found: C, 61.23; H, 40211.73.

4. 1. 10. 2. (Z)-N*-(4-(4-Bromophenyl)-3-(m-tolyl)thiazol-2(3H)-
ylidene)-N"-(5,6,7,8-tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4-yl)-
benzene-1,4-diamine (12b) mp 148-150°C; vyield 79% ; IR (KBr) Wax
3417 (NH) cnit; *H NMR (DMSO-d): § 1.80-1.90 (m, 4H, 2C}), 2.27
(s, 3H, CH), 2.803-2.85 (m, 2H, CH), 3.10-3.15 (m, 2H, C}), 7.05 (d,
2H, ArH), 7.16-7.21 (m, 3H, ArH), 7.38 (d, 2H, ArH}.57 (s, 1H, ArH),
7.73 (d, 2H, ArH), 7.84 (d, 2H, ArH), 8.05 (s, 1AH), 8.36 (s, 1H, C2-
H) and 8.40 (s, 1H, NH, D exchangeable) ppriC NMR (DMSO-4):
0 21.4,22.4, 22.6, 25.5, 25.8 (5 aliphatic Cs),.22122.3, 123.1, 124.0,
126.4, 127.0, 129.1, 129.4, 129.9, 130.5, 130.9,.6,3132.4, 135.2,
138.1, 138.5, 138.7, 139.2, 152.6, 154.9, 155.%.96and 166.4
(aromatic Cs) ppm. Anal. Calcd forfE,BrNsS, (624.62): C, 61.53; H,
4.20; N, 11.21. Found: C, 61.71; H, 4.18; N, 11.38.

4. 1. 11. Procedure for the preparation of 2-(((4-aminophenyl)amino)-
methyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-4(3H)-one
(14)

A mixture of 2-(chloromethyl)-5,6,7,8-tetrahydrolzef,5]thieno[2,3-
d]pyrimidin-4(3H)-one 13) (0.25 g, 0.001 mol), p-phenylene diamine
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(0.16 g, 0.0015 mol) and triethylamine (5 dropspbsolute ethanol (18
mL) was heated under reflux for 15 h. The reactiorture was then
cooled, the separated solid was filtered, dried eswtystallized from
ethanol to yieldl4. mp 198-200C; yield 78% ; IR (KBr) wax 3400,
3329, 3207, 3095 (N512NH), 1674 (C=0) cifi '"H NMR (DMSO-d):

6 1.65-1.85 (m, 4H, 2CHl, 2.602.85 (m, 4H, 2CH), 4.30 (s, 2H,
CHyNH), 5.75 (s, 2H, NK D,O exchangeable), 6.61 (d, 2H= 8.6 Hz,
ArH), 7.36 (d, 2HJ = 8.6 Hz, ArH), 8.28 (s, 1H, NH, D exchangeable)
and 11.55, 12.62 (2s, 1H, NH,©® exchangeable) ppm. Anal. Calcd for
C17/H1gN4OS (326.42): C, 62.55; H, 5.56; N, 17.16. Found6Z.80; H,
5.68; N, 17.42.

4. 1. 12. General procedure for the preparation of 1-aryl-3-(4-(((4-oxo-
3,4,5,6,7,8-hexahydrobenzo[4,5]thieno[ 2,3-d] pyrimidin-2-yl )methyl)-
amino)phenyl)thiourea (15a-€)

An equimolar mixture of 2-(((4-aminophenyl)amino)mgd)-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4(3H)®n (14) (1.63 g,
0.005 mol) the selected isothiocyanate (0.005 mol) and anlwdro
potassium carbonate (0.70 g, 0.005 mol) in diox@%mL) was heated
under reflux for 25 h. The reaction mixture wasledo poured into ice
cold water (50 mL) and the separated solid wa=rét, dried and

recrystallized from isopropanol to gii®a-e

4.1.12. 1. 1-(4-(((4-Ox0-3,4,5,6,7,8-hexahydrobenzo[4,5]thieno[ 2,3-d]-
pyrimidin-2-yl)methyl)amino)phenyl)-3-phenylthiourea (15a) mp 278-
280°C; vyield 60% ; IR (KBr) wax 3309, 3271, 3228, 3136 (4NH), 1651
(C=0), 1253 (C=S) cih 'H NMR (DMSO-d): & 1.70-1.85 (m, 4H,
2CH,), 2.70-2.80 (m, 2H, C}), 2.85-2.95 (m, 2H, C§), 3.74 (s, 2H,
CH,NH), 7.11-7.19 (m, 3H, ArH), 7.26-7.35 (m, 2H, AtH).45 (d, 2H,
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= 7.6 Hz, ArH), 7.49 (d, 2HJ = 7.6 Hz, ArH), 8.17 (s, 1H, NH, O
exchangeable), 8.70 (s, 1H, NH, exchangeable), 9.81 (s, 1H, NH,
D,O exchangeable) and 9.83 (s, 1H, NHODexchangeable) ppm; MS
[m/z, %]: 461 [M", 1.00]. Anal. Calcd for GH»NsOS, (461.60): C,
62.45; H, 5.02; N, 15.17. Found: C, 62.61; H, 510615.29.

4, 1.12.2. 1-(4-Chlorophenyl)-3-(4-(((4-oxo-3,4,5,6,7,8-
hexahydrobenzo- [4,5]thieno[2,3-d]pyrimidin-2-
yl)methyl)amino)phenyl)thiourea (15b) mp 182-184°C; yield 87% ; IR
(KBI) Vmax 3309, 3271, 3217, 3136 (4NH), 1651 (C=0), 1253%) cm
 'H NMR (DMSO-d): § 1.70-1.85 (m, 4H, 2C§, 2.65-2.75 (m, 2H,
CH,), 2.80-2.90 (m, 2H, C}), 4.24 (s, 2H, €,NH), 7.35-7.54 (m, 8H,
ArH), 9.86 (s, 1H, NH, BO exchangeable), 9.88 (s, 1H, NH,(D
exchangeable) and 9.96 (s, 2H, 2NH,ODexchangeable) ppm. Anal.
Calcd for G4H..CINsOS, (496.05): C, 58.11; H, 4.47; N, 14.12. Found:
C, 58.37; H, 4.54; N, 14.38.

4. 1. 12. 3. 1-(4-(((4-Ox0-3,4,5,6,7,8-hexahydrobenzo[4,5]thieno[ 2,3-d]-
pyrimidin-2-yl)methyl)amino)phenyl)-3-(m-tolyl)thiourea (15c) mp 158-
160°C; vield 52% ; IR (KBr) wax 3309, 3271, 3217, 3136 (4NH), 1651
(C=0), 1253 (C=S) cih 'H NMR (DMSO-d): & 1.70-1.85 (m, 4H,
2CH,), 2.31 (s, 3H, Ch), 2.65-2.80 (m, 2H, Ch), 2.85-2.95 (m, 2H,
CH,), 4.03 (s, 2H, €,NH), 6.94 (d, 2H,) = 8.0 Hz, ArH), 7.19-7.35 (m,
3H, ArH), 7.44 (s, 1H, ArH), 7.62 (d, 2H,= 8.0 Hz, ArH), 9.80 (s, 1H,
NH, D,O exchangeable), 9.84 (s, 1H, NH;(exchangeable), 10.05,
10.10 (2s, 1H, NH, BD exchangeable) and 12.14, 12.18 (2s, 1H, NH,
D,O exchangeable) ppm; MS [m/z, %]: 477 [M+217, 1.57], 476
[M+11", 2.49] and 475 [M, 1.73]. Anal. Calcd for &H»Ns0S
(475.63): C, 63.13; H, 5.30; N, 14.72. Found: C383H, 5.34; N, 14.96.

34



4.1.12. 4. 1-(4-(((4-Ox0-3,4,5,6,7,8-hexahydrobenzo[4,5]thieno[ 2,3-d]-
pyrimidin-2-yl)methyl)amino)phenyl)-3-(p-tolyl)thiourea (15d) mp 188-
190 °C; vyield 75% ; IR (KBr) wax 3313, 3271, 3217, 3160 (4NH),
1666 (C=0), 1253 (C=S) c'H NMR (DMSO-d;): § 1.70-1.85 (m, 4H,
2CH,), 2.27 (s, 3H, Ck), 2.65-2.90 (m, 4H, 2CH, 4.03 (s, 2H,
CH,NH), 7.12 (d, 2HJ = 8.0 Hz, ArH), 7.25 (d, 2HJ) = 8.0 Hz, ArH),
7.35 (d, 2HJ = 12.0 Hz, ArH), 7.40 (d, 2H] = 12.0 Hz, ArH), 7.67 (s,
1H, NH, DO exchangeable), 7.70 (s, 1H, NH;Dexchangeable), 9.61
(s, 1H, NH, DO exchangeable) and 9.68 (s, 1H, NHOBexchangeable)
ppm; °C NMR (DMSO-@): & 20.9, 22.1, 22.9, 25.0, 25.7 (4 Cs of the
aliphatic ring + CH), 52.2 (CHNH), 118.6, 124.3, 126.2, 127.6, 129.1,
129.3, 130.8, 131.9, 132.1, 134.0, 136.3, 137.8.3L3aromatic Cs),
167.4 (C=0) and 180.0 (C=S) ppm. Anal. Calcd fosHzNsOS,
(475.63): C, 63.13; H, 5.30; N, 14.72. Found: C263H, 5.37; N, 14.97.

4. 1. 12. 5. 1-(4-Methoxyphenyl)-3-(4-(((4-oxo-3,4,5,6,7,8-hexahydro-
benzo[4,5]thieno[ 2,3-d] pyrimidin-2-yl )methyl)amino)phenyl)thiourea
(156€) mp 278-280 °C; vyield 67% ; IR (KBr) wax 3309, 3271, 3232,
3200 (4NH), 1654 (C=0), 1246 (C=S) ¢mH NMR (DMSO-d): &
1.70-1.85 (m, 4H, 2C}), 2.70-2.95 (m, 4H, 2CHi, 3.74 (s, 3H, OCH),
3.78 (s, 2H, EI,NH), 6.89 (d, 2HJ = 8.8 Hz, ArH), 6.99 (d, 2H] = 8.9
Hz, ArH), 7.31 (d, 2H,) = 8.8 Hz, ArH), 7.39 (d, 2H] = 8.9 Hz, ArH),
8.36 (s, 1H, NH, BO exchangeable), 8.39 (s, 1H, NH,M®
exchangeable) 9.44 (s, 1H, NH,M@ exchangeable) and 9.58, 9.62 (2s,
1H, NH, D,O exchangeable) ppm*C NMR (DMSO-@): & 22.2, 22.9,
25.6, 25.9 (4 Cs of the aliphatic ring), 55.6 @@IH), 56.0 (OCH),
114.0, 114.4, 115.5, 120.3, 122.6, 124.2, 126.4.712127.8, 132.6,
133.3, 154.7, 156.9 (aromatic Cs), 159.0 (C=0) &8d.6 (C=S) ppm.
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Anal. Calcd for GsHxsNsO.S, (491.63): C, 61.08; H, 5.13; N, 14.25.
Found: C, 61.26; H, 5.24; N, 14.42.

4. 2. Biological testing

4. 2. 1. Measurement of potential anti-proliferatiwe activity

The cytotoxic activity of all the newly synthesizedmpounds was
measuredn vitro on MCF-7 cell line applying Sulforhodamine-B stain
(SRB) following the method of Skehast al. [24]. Doxorubicin
(Adriamycin ®) was used as a reference standard. Cells weredéed
96-well microtiter plates at a concentration of 8%10° cell/well in a
fresh medium and left to attach to the plates tbhaefore treatment of
the tested compounds.Test compounds were dissolved in
dimethylsulfoxide (DMSO) and diluted with saline tbe appropriate
volume. After 24 h, cells were incubated with the appragria
concentration ranges of drugs (0, 5, 12.5, 25 @nhqi@mL), the wells
were diluted to 20@L with fresh medium and incubation was continued
for 48 h. Control cells were treated with vehiclen®. Four wells were
used for each drug concentratigkfter 48 h incubation, the cells were
fixed with 50uL cold 50 % trichloroacetic acid for 1 h af@, washed 5
times with distilled water and then stained for &@n. at room
temperature with 5QL 0.4 % SRB dissolved in 1% acetic acid. The
wells were then washed 4 times with 1% acetic adne. plates were air-
dried and the dye was solubilized with 1@i'well of 10 mM tris base
(PH 10.5) for 5 min. on a shaker (Orbital shakerZDSBoeco, Germany)
at 1600 rpm.The optical density (O.D.) of each wels measured
spectrophotometrically at 564 nm with an enzym&dthimmunosorbent
assay (ELISA) microplate reader (Meter te¢h.960, U.S.A.). The
percentage of cell survival was calculated as Vadto
Survival fraction = O.D. (treated cells)/ O.D. (tan cells). The relation
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between surviving fraction and compound concemnatvas plotted and
ICso [the concentration required for 50% inhibitiona#l viability] was

calculated for each test compound.

4. 2. 2. Cell cycle analysis of compound 9c
The MCF-7 cells were treated with 7.10 uM of compa8c for 24 h.
After treatment, the cells were washed twice with-cold phosphate
buffer saline (PBS), collected by centrifugatiomdafixed in ice-cold
70% (v/v) ethanol, washed with PBS, re-suspendettt @il mg/mL
RNase, stained with 40 mg/mL propidium iodide (Rind analyzed by
flow cytometry using FACSCalibur (Becton Dickinsof@25]. The cell
cycle distributions were calculated using Cell- &usoftware (Becton
Dickinson). Exposure of MCF-7 cells to this compduesulted in an
interference with the normal cell cycle distributias indicated.

4. 2. 3. Measurement of apoptosis using Annexin-VFFC

apoptosis

Detection kit
Apoptosis was determined by staining the cells wRhnexin V
fluorescein isothiocyanate (FITC) and counterstenwith Pl using the
Annexin V-FITC/PI apoptosis detection kit (BD Bioseces, San Diego,
CA) according to the manufacturer’s instructionsieBy, 4x1¢ cell/T
75 flask were exposed to compoufd at its 1G, concentration (7.10
uM) for 24 h. The cells then were collected by tip=ation and 0.5x10
cells were washed twice with phosphate-bufferednsa(PBS) and
stained with 5uL Annexin V-FITC and suL PI in 1xbinding buffer for
15 minutes at room temperature in the dark. Analysere performed
using FACS Calibur flow cytometer (BD Bioscienc8an Jose, CA).
4. 2. 4 Measurement ofthe effect of compound 9c on the level of p53,

Bax, BCL-2 and caspase-3 proteins (Markers of apopsis):
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The levels of the tumor suppressor gene pb8;apoptotic marker
BCL-2 as well as the apoptotic markers Bax and &ses{3 were assessed
using BIORAD iScriptTM One-Step RT-PCR kit with SR® Green.
The procedure of the used kit was done accordirtgeananufacturer’s
instructions.

RNA isolation and reverse transcription:

m RNA isolation is carried out using RNeasyrastion Kit, up to 1 x
107 cells, depending on the cell line. Cells aszugited in RNeasy Lysis
Buffer (RLT buffer) and homogenized, ethanol isnthadded to the
lysate, creating conditions that promote seledbiveling of RNA to the
RNeasy membrane. The sample is then applied t&Neasy Mini spin
column, total RNA binds to the membrane, contantsame efficiently
was headway, and high quality RNA is eluted in RiNfiee water.
Master Mix preparation:

All the following reagents were mixed together teegtotal volume (50
uL).2X SYBR® Green RT-PCR reaction mixture (28.), forward
primer (10uM) (1.5uL), reverse primer (10M) (1.5puL), nuclease-free
H,O (11uL), RNA template (1 pg to 100 ng total RNA) (1Q) and
IScript reverse transcriptase for One-Step RT-PC_|.

Amplification protocol:

Incubate complete reaction mixture in a real-tirhermal detection
system (Rotorgene) as follows: cDNA synthesis: liQutes at 50°C,
IScript reverse transcriptase inactivation: 5 masuat 95°C, polymerase
chain reaction (PCR) cycling and detection (308acycles): 10 seconds
at 95°C and 30 seconds at 55°C to 60°C (data ¢mifestep) and melt
curve analysis: 1 minute at 95°C and 1 minute &C5ind 10 seconds at
55°C (80 cycles, increasing each by 0.5°C eaclegycl

4. 2. 5.Measurement of inhibitory activity of compound 9c @ainst

topoisomerase Il
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Compound9c was selected to be evaluated against topoisomdrase
[MBS#942146] using human DNA topoisomerase 2-bel®R2B)
ELISA kit according to manufacturer’s instructiod¥epare all reagents,
working standards, and samples. Add 100of standard and sample per
well and incubate for 2 h at 37°C. Remove the tooi each well, don’t
wash. Add 10QuL of biotin-antibodyto each well and incubate for 1 h at
37°C. Aspirate each well and wash three times. Add) uL of
horseradish peroxidagelRP-avidin)to each well and incubate for 1 h at
37°C. Repeat the aspiration / wash process fortimes. Add 9QuL of
3,3',5,5-Tetramethylbenzidine(TMB) substrate to each well and
incubate for 15-30 minutes at 37°C, protect froghti Add 50uL of stop
solution to each well and determine the optical density athewell
within 5 minutes, using a microplate reader set30 nm. The values of
% activity versus a series of compound concentrat(@.5 puM, 5 uM, 10
UM ;15 uM) were then plotted using non-linear regien analysis of
sigmoidal dose-response curve. Theyalues for compounélc against
topoisomerase Il was determined by the concentratEusing a half-
maximal percent activity and the data were compaidid doxorubicin as
standard topoisomerase Il inhibitor.

4. 2. 6.Measurement of inhibitory activity of compound 9c @ainst
VEGFR-2

Compound9c was evaluated against VEGFR-2 [RBMS#2019R] using
human VEGF-R2/KDR ELISA kit according to manufaetts
instructions. Predilute sample with assay buffe251:determine the
number of microwell strips required. Wash microwalips twice with
wash buffer. Add 100 puL assay buffer in duplicatel 40 all standard
wells, pipette 100 puL prepared standard into tingt fivells and create
standard dilutions by transferring 100 puL from wellwell. Discard 100
UL from the last wells. Pipette 100 uL of thesengtad dilutions in the
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microwell strips, add 100 pL assay buffer in dugiecto the blank wells
and add 50 pL assay buffer to sample wells. AddukOprediluted
sample in duplicate to designated sample wellgodeebiotin-conjugate,
add 50 pL biotin-conjugate to all wells and covacnowell strips and
incubate 2 h at room temperature (18° to 25°C)p&hee streptavidin-
HRP, empty and wash microwell strips 6 times witstv buffer and add
100 pL diluted Streptavidin-HRP to all wells. Coweicrowell strips and
incubate 1 h at room temperature (18° to 25°C). tgngnd wash
microwell strips 6 times with wash buffer and adda01uL of TMB
substrate solution to all wells. Incubate the migab strips for about 30
minutes at room temperature (18° to 25°C). Add 1QGstop solution to
all wells. Blank microwell reader and measure colatensity at 450 nm.
The values of % activity versus a series of comgatoncentrations (2.5
UM = 5 pM — 10 uM - 15 uM) was then plotted usirmn-hinear
regression analysis of sigmoidal dose-responsesciitve IG, values for
compound9c against VEGFR-2 was determined by the conceniratio
causing a half-maximal percent activity and theada¢re compared with
sorafenib as standard VEGFR-2 inhibitor.

4. 2. 7.Molecular Docking of the compound 9c

The molecular modeling of the compou®d was carried out using
Molecular Operating Environment (MOE, 10.2008) wafte. All
minimizations were performed with MOE until an RMS3jpadient of
0.05 kcal mofA° * with MMFF94x force field and the partial charges
were automatically calculated. The X-ray crystaligghic structure of
Topoisomerase |l co-crystallized with DNA (PDB 1:ZXM) and
VEGFR-2 co-crystallized with sorafenib as inhibit¢?DB ID: 4ASD)
was downloaded from the protein data bank. Theptecavas prepared
for docking study using Protonate 3D protocol in EIith default

options followed by water molecules removal. Thergstalizedligand
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was used to define the active site for docking.adgie Matcher
placementmethod and London dG scoring function were used for
docking. Docking setup was firstalidated by re-docking of the co-
crystallized ligand (sorafenib) in the vicinity ¢fhe activesite of the
receptor with energy score (S) = —13.39 kcal/mdie Validated setup
was then used in predicting the ligands receptieractions at the active
sitefor compound®c.
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Figure 1. Some structures of the topoisomerase Il poisonings

inhibitors, head moieties in blue that represemtlamar polycyclic ring
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system that inserts into DNA grooves or ATP domafiriopoisomerase
enzyme while, tail moieties in red that are composkacceptor-donner
pair hydrogen bond to reinforce interchelating @ctor enzyme binding
affinity.

Figure 2: Examples of diaryl urea derivatives as receptardiyre kinase
(RTK) inhibitors. Tail substituted phenyl urea ntaes are shown in red
color that form hydrogen bond with the recepad head in blue which
represent orthogonal polycyclic rings that could as competitive
inhibitor of ATP.

Figure 3: Structural model for rational design of lead terntgpl@a-c
&1la-g where head showed in blue and composed of orttadgbn
anilinotetrahydrobenzothienopyrimidine or large leogr ring. Talil
showed in red and formed from substituted phenghuiThe structural

modification for generation of different models demonstrated.

Figure 4. Effect of the synthesized moleculéa-e 6a-c7a,b9a-
el0a,hlla-g &12a,b at varying concentration (LM) on breast cancer
cell line (MCF-7) for 24 h, (A) effect of molecul&a-¢(B) effect of
molecules6a-c &7a,b, (C) effect of molecule®a-e ,(D) effect of
moleculesl0a,b &12a,h (E) effect of moleculedla-gvalues represent

the mean + SEM for three experiments.

Figure 5: 1Cso of compounds 3, 6, 7, 9, 10, 11 and 12uM against

MCF-7 cell line compared to doxorubicin.

Figure 6: Effect of compoundc (7.10 uM) on DNA-ploidy flow

cytometric analysis of MCF-7 cells after 24 h.
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Figure 7: Representative dot plots of MCF-7 cells treateth®c (7.10
uM) for 24 h and analyzed by flow cytometry afteutte staining of the
cells with annexin-V FITC and PI.

Figure 8: Graphical representation for p53 / Bax/ BCL-2 asmlyof
compounddccompared to doxorubicin.

Figure 9: Graphical representation for active caspase-3 asday

compoundc compared to doxorubicin.

Figure 10. The 2D interaction o®c with the DNA binding site of

topoisomerase |l.

Figure 11 The 2D interaction of ligand (sorafenib) and caumpd 9c
with the amino acids of the active site of VEGFR-2.

Figure 12 Predicted versus experimentals¢@values of the training set
compounds against MCF-7 breast human tumor cedl diocording to

Equation 1.

Scheme 1.The synthetic path and reagents for the preparaiiothe
target compounda-7.

Scheme 2.The synthetic path and reagents for the preparaiiothe
target compoundd-12.

Scheme 3.The synthetic path and reagents for the preparaiiothe
target compound$4, 15.

Table 1: Results ofin vitro cytotoxic activity of compound8a-e on
MCF-7 cell line.

Table 2: Results ofin vitro cytotoxic activity of compound$ &7 on
MCF-7 cell line.
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Table 3: Results ofin vitro cytotoxic activity of compoundS, 10, 11,
and12on MCF-7 cell line.

Table 4: p53 / Bax / BCL-2 analysis results.
Table 5. Active caspase-3 assay results.

Table 6. Estimated activity data of the training set agalagainst MCF-
7 breast human tumor cell line and calculated dascs governing

activity according to Equation 1.

Table 7. External validation for the established QSAR modelkzing

promising @c¢), mild (10a) and inactive 12b) anticancer active agents.
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Table 1: Results ofin vitro cytotoxic activity of compound8a-e on

MCF-7 cell line:
H
OYN N
T
HN
Y
S N
Compound No. R IC ¢ (UM)
3a 2,6-(ClY, 88.90
3b 2-Cl,6-CH; 90.23
3c 4-Cl,3-Ck 53.41
3d 2-F,5-Ckr 28.20
3e 3-Ck 22.65
Doxorubicin 10.60

*The values given are means of three experiments.

Table 2: Results ofin vitro cytotoxic activity of compound$ &7 on

MCF-7 cell line:

X
N—N =
| yf\u
/ B 4
A
Compound No. X R IC 50 (UM)
6a @) 2-Cl,6-CH 29.06
6b @) 2-F,5-Chk 71.93
6C @) 3-CR 68.45
7a S H 80.90
7b S 3-CH 99.87

*The values given are means of three experiments.
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Table 3: Results ofin vitro cytotoxic activity of compoundS, 10, 11,
and12on MCF-7 cell line:

SN
L4:’/:[ " / | N
G s N)

9a-e and 11a-g 10a,b and 12a,b

Compound No. X R IC 50 (UM)
9a @) 2,6-(Cl), 103.22
9b @) 2-Cl,6-CH 53.88
9c O 4-Cl,3-Ck 7.10
ad O 2-F,5-Ck 10.33
9e @) 3-CRK; 51.70
10a @) 2-Cl,6-CH 234.80
10b O 2-F,5-Ck -
1la S H 48.19
11b S 4-Br 9.55
1ic S 2-Cl,6-CH 52.10
11d S 4-Cl 51.50
1le S 3-CH 38.82
11f S 4-CH 56.10
119 S 4-OCH 79.10
12a S H 37.34
12b S 3-CH -

Doxorubicin 10.60

*The values given are means of three experiments.

Table 4: p53 / Bax / BCL-2 analysis results

Conc. (IU/mL)

Compound BAX BCL-2 p53
9c 389968 131 77214
Doxorubicin 1824021 8 1271.6
Control 196 538306 244
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Table 5: Active caspase-3 assay results

Compound Conc. (IU/mL)
9c 64223
Doxorubicin 363940
Control 75

Table 6: Estimated activity data of the training set analagainst MCF-
7 breast human tumor cell line and calculated dascs governing

activity according to Equation 1.

Compd. Observed Estimated Descriptors
activity  activity
Jurs-RPCS Rad of PMI-mag PMI-X PMI-Z
Gyration
3a 88.9 93.3283 0.55018 6.73861 6,830.25 533.205 10872
3b 90.23 106.854 0.58567 6.76998 6,828.3 444.753 $032
3c 534 41.704 0.60342 6.76717 6,823.9 445.187 5,630.0
3d 28.2 39.8267 0.60342 6.76705 6,823.84  445.265 630
6a 29.06 32.2032 0.60342 6.76408 6,816.05 444.404 45)82
6b 71.93 71.7469 0.58567 6.76782 6,824.31 445.008 0203
6¢ 68.45 58.1166 0.58567 6.73826 6,829.83 533.143 15/67
7a 80.9 86.4376 0.58567 6.77125 6,828.21  444.924 032
7b 99.87 75.0248 0.58567 6.76883 6,823.35 444.625 9302
9a 103.22 84.8085 0.60342 6.76857 6,826.52 444.81 1503
9b 53.88 43.5863 0.60342 6.76955 6,828.57 445.616 3303
9d 10.33 7.76832 0.58567 6.77675 6,832.93 445423 6563
9e 51.7 48.5804 0.60342 6.77449 6,829.35  444.957 5633
1la 48.19 53.9924 0.58567 6.73713 6,828.05 533.732 05/@7
11b 9.55 17.217 0.60342 6.76454 6,819.87 445.119 2027.
1lc 52.1 49.3985 0.60342 6.76931 6,823.54  444.846 5029
11d 515 54.5301 0.60342 6.77195 6,826.98 444.724 031
1le 38.82 61.9124 0.60342 6.77079 6,826.82 445.037 195a3
11f 56.1 52.7768 0.58567 6.76514 6,818.71  444.756 5,026
119 79.1 72.2958 0.60342 6.76772 6,823.93  444.499 5029

12a 37.34 50.6612  0.60342 6.76775 6,823.62 444.982 95/02
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Table 7. External validation for the established QSAR modelkzing

promising @c¢), mild (10a) and inactive 12b) anticancer active agents.

Compd.  Experimental Predicted Jurs- Rad of PMI-mag PMI-X PMI-Z
activity activity RPCS Gyration

9c 7.10 9.57 0.57011 6.7717 6,828.02 444.924 5,032.9

10a 234.8 268.58 0.56342 6.77973 6,828.3 444,996 51032.

12b 1500 1918.21  0.60342 6.77941 6,829.9 444.989 $028.
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Figure 1. Some structures of the topoisomerase Il poisonings
inhibitors, head moieties in blue that represemlamar polycyclic ring
system that inserts into DNA grooves or ATP domafiriopoisomerase
enzyme while, tail moieties in red that are composkacceptor-donner
pair hydrogen bond to reinforce interchelating @ctor enzyme binding

affinity.
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Figure 2: Examples of diaryl urea derivatives as receptardyre kinase
(RTK) inhibitors. Tail substituted phenyl urea ntes are shown in red
color that form hydrogen bond with the recepad head in blue which
represent orthogonal polycyclic rings that could as competitive
inhibitor of ATP.
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showed in red and formed from substituted phenghuiThe structural

modification for generation of different models demonstrated.
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Figure 4. Effect of the synthesized molecul8s-g 6a-c 7a,b, 9a-e
10a,h 1la-g& 12a,bat varying concentrations (LM) on breast cancer
cell line (MCF-7) for 24 h, (A) effect of molecul&a-¢ (B) effect of
molecules6a-c &7a,b, (C) effect of molecule®a-e ,(D) effect of
moleculesl0a,b &12a,h (E) effect of moleculedla-gvalues represent
the mean + SEM for three experiments.
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Figure 5: 1Cs of compounds 3, 6, 7, 9, 10, 11 and 13k against

MCF-7 cell line compared to doxorubicin.
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Figure 7: Representative dot plots of MCF-7 cells treateth @t (7.10

uM) for 24 h and analyzed by flow cytometry afteutte staining of the

cells with annexin-V FITC and PI.
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Figure 10. The 2D interaction o®c with the DNA binding site of
topoisomerase |l.
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Figure 11 The 2D interaction of ligand (sorafenib) and caoumpd 9c
with the amino acids of the active site of VEGFR-2.
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Equation 1.
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3a-e 6a-c
Ta,b
6a Ar = 2-Cl,6-CH;CgH;
3a Ar =2,6-(C1),C¢H; ?’ :‘rf iFCSFCCF;{C‘Sm 7a Ar = C¢Hs
3b Ar =2-CL,6-CH;C¢H; € Ar= S-LEsLet 7b Ar '= 3-CH;C4H,

3c Ar =4-C1,3-CF;C¢H;

3d Ar =2-F,5-CF;C¢H;

3e Ar =3-CF;C¢H,

Reagents and conditions:a) NH,NH,, C;HsOH, reflux 6h;

b) thiosemicarbazide, C,Hs;OH, reflux 8h;
¢) thiosemicarbazide, C;Hs;OH, reflux 20h;
d) ArNCO, CH,Cl,, 0°C;
e) ArlNCS, K,CO3;, dioxane, reflux 25h

Scheme 1. The synthetic path and reagents fordpamtion of the
target compound®-7.
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10a,b

12a Ar'=C¢Hs

10a Ar = 2-C1,6-CH; 12b Ar' =3-CH;C¢H,

10b Ar= 2-F,5-CF3C6H3

Reagents and conditions: a) ArNCO, CH,Cl, 0°C;
b) Ar'NCS, K,CO3;, dioxane, reflux 12h;
¢) 4-Bromophenacyl bromide, NaCOOCH;, C,H50H, reflux 6h

Scheme 2. The synthetic path and reagents forrdpamtion of the
target compoundsd-12.
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15a Ar '= C¢H;

15b Ar! =4-CIC¢H,
15¢ Ar!= 3-CH;C¢H,
15d Ar' = 4-CH;C¢H,
15e Ar! = 4-OCH;C4H,

Reagents and conditions: a) p-Phenylenediamine, TEA, C,HsOH  reflux 15h;
b) ArlNCS, K,CO;, dioxane, reflux 25h.

Scheme 3. The synthetic path and reagents forrdpamtion of the
target compound#4, 15.
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e A series of new thieno[2,3-d]pyrimidines were $\etized.
e The anticancer activity of the new compounds wesédn vitro.
e Multi-sited enzyme small molecule inhibitBc was identified.

e Compoundc showed 1G= 9.29 uM against topo Il and inducp83
mediated apoptosis.

e Compoundc exhibited 1G= 0.2 uM against VEGFR-2



