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A series of new hexahydrocyclooctathieno[2,3-djpydine derivatives
were synthesized. The study of anticancer actioftyhese compounds
verify the triazolo derivativ®c as promising selective anticancer lead. It
induced MDA-MB-468 cancer cells death and cytotmyithrough cell
cycle arrest at G2/M phase and induction of apagtos
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e A seriesof new thieno[ 2,3-d] pyrimidines were synthesi zed.
e The anticancer activity of the new compounds were tested in vitro.
e Compound 9c showed broad spectrum potent anticancer activity.

e Compound 9c induced cell cycle arrest at G2/M phase in MDA-MB-
468 cdll line.

e Thereisapossiblerole of apoptosisin compound 9c- induced cancer
cell desth.
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Abstract

Motivated by the widely reported anticancer atgivof thieno[2,3-d]
pyrimidines a series of 24 new 2-substitutedhexsedgytloocta[4,5]
thieno[2,3-d]pyrimidines with different substitusnat C-4 position and
hexahydrocycloocta[4,5]thieno[3,2-e]-1,2,4-triaZdlB-c]  pyrimidines
were synthesized. The anticancer activity of 17 poumds were
evaluated by National Cancer Institute (USA) usintyvo stage process
utilizing 59 different human tumor cell lines repeating leukemia,
melanoma, cancers of lung, colon, central nervgegem (CNS), ovary,
kidney, prostate as well as breast. Compd@ndhowed broad spectrum
potent anticancer activity in nano molar to microlan range against 56
human tumor cell lines with Gl less than 10 uM ranging from 0.495-
5.57 uM, also it is worth mentioning that compow@uhad the marked
highest selectivity against the two cell lines T™>4@and MDA-MB-468
belonging to breast cancer withsg+ 0.495 and 0.568 UM respectively,
and its effect was further studied on cell cyclegvession and induction
of apoptosis in the MDA-MB-468 cell line. Resulthosved that
compound9c induced cell cycle arrest at G2/M phase and akowed
accumulation of cells in pre-G1 phase which mayultedrom,
degradation or fragmentation of the genetic mdteriadicating a
possible role of apoptosis in compowdt induced cancer cell death and
cytotoxicity and verifying this compound as promgi selective
anticancer lead. Compoungc was selective against K-562, SR and
MOLT-4 cell lines belonging to leukemia showing gtb inhibition
percentages 86.38, 65.76 and 60.40 at a singletdssat the same time
it showed lethal activity against HOP-92 represention- small cell lung
cancer. Interestingly, leukemia SR, CNS cancer SNEnd renal cancer
UO-31 cell lines proved to be sensitive to compoéadwith growth
inhibition percentages 52.86, 50.94 and 53.99 wsmdy. Additionally,
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compound6d demonstrated lethal activity to HOP-92 belongirgnn

small cell lung cancer.

Key words: thieno[2,3-d] pyrimidines; thieno[3,2-e]-1,2,4azplo[4,3-C]
pyrimidines; synthesis; anticancer activity; celcle arrest profile;

apoptosis.

1. Introduction

Cancer is a major health problem acting as a gldtilédr, so

identifying new chemical substances which may &actlemds for
discovering new potent antitumor agents is crilycdesirable. In this
study we are interested in the widely reportedcanter activity of

thieno[2,3-d]pyrimidine derivatives via differenteshanisms [1-20]
and the presence of several potent marketed anécalmugs such as
gefitinib (Iressd") [21] , erlotinib (Tarcevd)) [22] and tandutinib
(MLN518) (phase Il clinical trials) [23] (Figure 1g¢ontaining 4-

substituted quinazoline core taking into consideratthat the

thieno[2,3-d]pyrimidine core was evaluated as losisre of

guinazoline core. Moreover, recently the tricyclisystem,

cycloalkylthieno[2,3-d]pyrimidine was found to pess potent
antitumor activity [4, 5, 13, 24]. In addition, s¥al reports supported
the anticancer activity of cycloalkyl thieno[2,8sgrimidines fused
with triazole ring [25, 26]. We have previously fiyesized various
hexahydrocycloocta[4,5]thieno[2,3-d]pyrimidines  waii  showed
remarkable potent anticancer activity [18-20, 27]n the same
direction, and in an effort to find more potentestive thieno[2,3-

d]pyrimidine lead as anticancer agent, we syn#egsi new



hexahydrocycloocta[4,5]thieno[2,3-d] pyrimidines vimg different
substituents at C-2 position and different groupsosition number 4.
Also, it was considered to synthesize several
hexahydrocycloocta[4,5]thieno[3,2-e]-1,2,4-triaZd|8-c]pyrimidines
hypothesizing that the potency of the thieno[2,8ydmidine core
might be enhanced by adding different aryl group€-2 position or
by adding a triazole moiety. The anticancer actiof these new
compounds was evaluated against a panel of 59 huamaar cell
lines provided by National Cancer Institute (USApr the most
potent compound, the effect on the normal cell €ygtofile and
induction of apoptosis were performed in the MDA-MBS8 cell line

in order to investigate its mechanism of action.

2. Results and discussion

2. 1. Chemistry

The synthesis of the target compounds is outlinédahemed and?2.
Our primary starting material 2- Amino-4,5,6,7,8@xahydro-
cycloocta[4,5]thiophene-3-carboxami@i® was prepared through two
steps following the method of Arya [28]. Reactimgmpound2 with
the appropriate aromatic aldehyde in dry dimethyffamide in the
presence of concentrated hydrochloric acid afforithed2-substituted
hexahydrocycloocta[4,5]thieno[2,3-d]pyrimidin-4(3hes 3a-b in
good vyields. The IR spectra &a-b revealed the presence of an
absorption band at 3175 and 3120"cbelonging to NH group, in
addition to another absorption band at 1655 and7164i";
sequentially to prove the presence of C=0 groupthEu evidence
was obtained fromH NMR spectra that showed exchangeable singlet
signals atd 12.68 corresponding to NH protons. Compouddsb
were synthesized through refluxing da-b with phosphorus
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oxychloride. The IR spectra dfa-b showed the disappearance of the
NH and C=0O absorption bands. Moreover, fft NMR spectra
demonstrated the disappearance of NH signal wasdertains the

success of chlorination.

Stirring compounds4a-b with the appropriate aniline at room
temperature afforded compoun@a-f in yields ranging from 11% to
43%. The IR spectra of these compounds demonstiaiedrption
bands at 3400-3433 chindicating the presence of NH group. The
NMR spectra also revealed the NH exchangeable Isigmdhe range
of 6 9.51-10.60 ppm.

The 4-substitutedaminothieno[2,3-d]pyrimidinéa-f were obtained
through reacting compoundéa-b with the appropriate secondary
amine in absolute ethanol in the presence of giethine. The'H
NMR spectra revealed the presence of expectedlsigoeresponding
to the different N substituted groups. The requidethydrazinyl
thienopyrimidines7a-b were obtained in high yields by refluxidg-

b with excess hydrazine hydrate in absolute ethahiod IR spectra
showed two absorption bands in the ranges 3295-8888150-3250
cmtindicating the presence of NH and NHhe'H NMR spectra of
these compounds displayed the presence of exchaegsmglet
signals corresponding to NFand NH protons. Refluxinga-b with
carbon disulphide in ethanolic sodium hydroxideeg#we thieno[3,2-
e]-1,2,4-triazolo[4,3-c]pyrimidines8a and 8b in 40% and 80%
respectively. The IR spectra da and8b showedanabsorption band
at 3421 and 343tm"’, respectively indicating the presence of NH
group. In addition to the presence of aysorption band at 3060 and
3056 cnt indicating the presence of SH group. Moreovemtesence
of C=S group was predicted by the presence dadlmmorption band at
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1182 and 1180 cth The'H NMR spectra oBa and8b also showed
the SH exchangeable singlet signal8 &4.53 and 14.38, respectively.
The  3-substitutedthiothieno[3,2-e]-1,2,4-triazol8Mt]pyrimidines
9a-dwere achievedh yields between 46% and 83% by the reaction of
the appropriate alkyl halide witt8a-b in ethanolic potassium
hydroxide. The'H NMR spectra of these compounds revealed the
disappearance of the signal of SH group and appearaf the
expected signals corresponding to the S- subditgteups which are

indicative for the success of alkylation.

2. 2. Growth inhibition against a panel of 59 human

tumor cell lines

In this study, 17 newly synthesized compounds wszlected by
National Cancer Institute (USA) for anticancer ewadilon. In a first
screening, the selected compounds were evaluatedsaigle dose
(10° M) against 59 different human tumor cell linespresenting
leukemia, melanoma and cancers of lung, colon, raemervous
system (CNS), ovary, kidney, prostate as well &asir The growth
inhibition percentages obtained from the single edagst for
compounds3a&b, 4a&b, 5¢ 5e¢ 5f, 6a-f and9a-dare shown in Table
1 and Table 2. Compour@it showed potent growth inhibition against
almost all of human cancer cell lines so it wasleatad against 59
cell lines at 5 dose concentration levels. Thetiaiahip between
percentage growth and lggof sample concentration was plotted to
obtain logg Glso (concentration required for 50% inhibition of cell
growth). The percentage growth at each concentradiod Gi, of

7



compound 9c are shown in Table 3. The results are presented
graphically in Figure 2 and Figure 3. Thevitro results showed that
compound9c has potent broad spectrum anticancer activity resgjai
almost all human cancer cell lines withsgin nano molar to micro
molar range between 0.495 and 5.57 uM. It worthtrormg that it
had the marked highest selectivity against the ¢elblines (T-47D)
and (MDA-MB-468) belonging to breast cancer with;d3.495 and
0.568 uM respectively. Compoud was selective against K-562, SR
and MOLT-4 cell lines belonging to leukemia showiggowth
inhibition percentages 86.38, 65.76 and 60.40 sihgle dose test, at
the same time it showed lethal activity against FB2Prespecting
non-small lung cancer. Interestingly, leukemia SRS cancer SNB-
75 and renal cancer UO-31 cell lines proved to baesitive to
compound6d with growth inhibition percentages 52.86, 50.94 an
53.99 respectively. Additionally, compound 6d destosied lethal
activity to HOP-92 belonging non-small cell lungncar. The
antitumor activity correlation of the newly syntiesl compounds
showed that the thieno[2.3-d]pyrimidine derivativ&s4, 5 bearing
carbonyl, chloro or aniline moieties at 4- pogsitidid not show
remarkable anticancer activity. Introduction of éthylpiperazinyl
group at C-4 position in compouné@ls and6d resulted in an improved
potent anticancer activity. Regarding the thier®{d;-1,2,4-
triazolo[4,3-c]pyrimidines it was found that commou9c, the most
remarkable broad spectrum antitumor agent of ttuslys has a 3-

pyridyl moiety at C-5 position and a benzylthio gpaat position 3.
In the present work we can conclude:

1- The substituents at C-4 position in thieno[2.3yd}pidines

appeared to have a remarkable effect on the awctcaactivity.
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Compounds with 4-methylpiperazinyl moiety showedtepb
anticancer activity, while those with carbonyl, aid or aniline
moieties were inactive.

2- In the thieno[3,2-e]-1,2,4-triazolo[4,3-c]pyrimidia the substituent
at position 3 showed an effect on the activity simcwas found
that compound with 3-benzylthio group exhibited thest potent
anticancer activity.

3- The aryl group at position 5 in thienotriazolopyidines has a
considerable effect on the antitumor activity siitc@as observed
that the best anticancer activity was obtaineddmmound bearing
3-pyridyl moiety.

2.3. Cell cycle analysis and detection of apoptosis

The most active compounfélic was selected to be further studied
regarding to its effects on cell cycle progressamd induction of
apoptosis in the MDA-MB-468 cell line. The MDA-MBG8 cells
were incubated with G concentration of compour@t for 24 h and
its effect on the normal cell cycle profile and uction of apoptosis
was analyzed. Exposure of MDA-MB-468 cells to Coompb 9c
resulted in an interference with the normal celtleydistribution of
this cell line. Compoun®c induced a significant increase in the
percentage of cells at pre-G1 and G2/M phases banpd31.2 folds
respectively, compared to control. Such increase accompanied by
a significant reduction in the percentage of celisthe G1 and S
phases of the cell cycle. Accumulation of cellpia-G1 phase which
was confirmed by the presence of a sub-G1 peakencell cycle
profile analysis may result from degradation ogfrentation of the
genetic materials indicating a possible role of@psis in compound

9c¢-induced cancer cell death and cytotoxicity. While accumulation



of the cells in G2/M phase may result from G2 dr(ésgure 4 and
Figure 5).

3. Conclusion

Hexahydrocyclooctathieno[2,3-d]pyrimidine core eg@nt novel and
promising lead for the design and synthesis of miotnticancer
agents. The thienotriazolopyrimidine derivati9e showed broad
spectrum potent anticancer activity in nano motarnticro molar
range against 56 human tumor cell lines witg,@nging from 0.495-
5.57 uM, also it is worth mentioning that compouda had the
marked highest selectivity against the two cekdim-47D and MDA-
MB-468 belonging to breast cancer withsgsF 0.495 and 0.568 uM
respectively, and its effect was further studied oall cycle
progression and induction of apoptosis in the MBB-468 cell line.
Results showed that compouf@d induced cell cycle arrest at G2/M
phase and also, showed accumulation of cells irGdrgphase which
may result from degradation or fragmentation of gleeetic materials
indicating a possible role of apoptosis in compow@u-induced
cancer cell death and cytotoxicity and furthermeezifying this
compound as promising selective anticancer leadleilOtompounds

such aic and6d showed good anticancer activity.
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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 iedrout at the
Microanalytical center, Cairo University. IR specivere recorded on a
Shimadzu 435 spectrometer, using KBr dists.NMR and**C NMR
spectra were performed on joel NMR FXQ-300 MHz goel NMR
FXQ-400 MHz spectrometers, using TMS as the intestendardMass
spectra were recorded on a GCMP-QP1000 EX Masstrepester.
Progress of the reactions were monitored by TLOhqusprecoated
aluminum sheet silica gel MERCK 60F 254 and wasialiged by UV
lamp.

4. 1. 2. General procedure for the preparation of 2-aryl-5,6,7,8,9,10-
hexahydrocycloocta[4,5]thieno[ 2,3-d] pyrimidin-4(3H)-ones
(3a-b)

A mixture of o-amino amide derivative (2.25 g, 0.01 mol) and the
appropriate aromatic aldehyde (0.03 mol) in dry etimglformamide
(25mL) containing concentrated hydrochloric acid (L) was refluxed
for 24 h. The mixture was cooled, filtered and {hecipitate was

crystallized from the appropriate solvent.

4.1. 2. 1. 2-(3-Pyridyl)-5,6,7,8,9,10-hexahydrocycloocta[4,5]thieno| 2,3-
d]pyrimidin-4(3H)-one (3a). mp >300°C (ethanol); yield 68 %; IR (KBr)
Vmax 3175 (NH), 1655 (C=0) cm’; *H NMR (DMSO-d): § 1.20-1.25 (m,
2H, CH,), 1.35-1.42 (m, 2H, C}), 1.53-1.65 (m, 4H, 2 Chl 2.85-2.91
(m, 2H, CH), 3.04-3.10 (m, 2H, C}), 7.50-7.53 (t, 1H,J=5.0 Hz,
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pyridyl H), 8.38 (d, 1H,J=5.0 Hz, pyridyl H), 8.68 (d, 1HJ=5.0 Hz,

pyridyl H), 9.18 (s, 1H, pyridyl H) and 12.68 (§H, NH, DO

exchangeable) ppm; MS [m/z, %]: 311 [M 54.78]. Anal. Calcd for
C17H1/N30S (311.40): C, 65.57 ; H, 5.50; N, 13.49. Foudd65.66; H,
5.53; N, 13.61.

4. 1. 2. 2. 2-(1-Naphthyl)-5,6,7,8,9,10-hexahydrocycloocta[4,5]thieno
[2,3-d] pyrimidin-4(3H)-one (3b). mp >266-267°C (n-butanol); yield 83
% ; IR (KBr) Vmax 3120 (NH), 1647 (C=0) cm'"; *H NMR (DMSO-d): &
1.25-1.30 (m, 2H, C}), 1.40-1.45 (m, 2H, C}), 1.60-1.70 (m, 4H, 2
CHp), 2.82-2.90 (m, 2H, Ch, 3.03-3.10 (m, 2H, C§), 7.51-7.58 (m,
2H, naphthylH), 7.59-7.61 (m, 1H, naphthyl H), ¥ (d, 1H,J=7.6 Hz,
naphthyl H), 8.0-8.04 (m, 1H, naphthyl H), 8.07, @H, J=7.6 Hz,
naphthyl H) and 12.68 (s, 1H, NH,D exchangeable) ppm*C NMR
(DMSO-d): 6 24.95, 25.83, 25.95, 26.63, 30.37, 32.00, 121186,50,
125.56, 126.84, 127.60, 128.53, 128.83, 130.68,993031.32, 133.60,
134.22, 135.75 ppm; MS [m/z, %]: 360 {M100]. Anal. Calcd for
C,Ho0NL,OS (360.47): C, 73.30; H, 5.59; N, 7.77 . Found7841; H,
5.62; N, 7.90.

4. 1. 3. General procedure for the preparation of 2-Aryi-4-chloro-
5,6,7,8,9,10-hexahydrocyclooctal 4,5]thieno[ 2,3-d] pyrimidines (4a-b)
Phosphorus oxychloride (15 mL) was added to thepeds/e

thienopyrimidone3a-b (0.003 mol) and the mixture was refluxed for 1 h.
The reaction mixture was concentrated under redymedsure then
poured into ice cold water (100 mL). The precigthtproduct was
filtered, washed with water (2x10 mL),dried and stajlized from
ethanol.
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4. 1. 3. 1. 4-Chloro-2-(3-pyridyl)-5,6,7,8,9,10-hexahydrocycloocta[4,5]
thieno[2,3-d]pyrimidine (4a). mp 140-141°C ; yield 55 %; IR (KBr)
Vmax 1629 (C=N), 1546 (C=C) ¢ 'H NMR (DMSO-d): & 1.05-1.15
(m, 2H, CH), 1.31-1.40 (m, 2H, C§), 1.50-1.55 (m, 4H, 2C§), 2.80-
2.90 (m, 2H, CH), 2.95-3.05 (m, 2H, C}), 8.06-8.09 (t, 1HJ=5.0 Hz,
pyridyl H), 8.82 (d, 1H,J=5.0 Hz, pyridyl H), 9.10 (d, 1HJ)=5.0 Hz,
pyridyl H) and 9.36 (s, 1H, pyridyl H) pprvS [m/z, %]:331[M+21 ",
38.45], 330 [M+I'", 23.09], 329 [M, 100} Anal. Calcd for
C17H16CIN3S (329.85): C, 61.90; H, 4.89 ; N, 12.74 . Faund61.97;
H, 4.93; N, 12.89.

4. 1. 3. 2. 4-Chloro-2-(1-naphthyl)-5,6,7,8,9,10-hexahydrocycloocta

[4,5]thieno[2,3-d]pyrimidine (4b). mp 110-112C ; yield 60 %; IR (KBr)
Vmax 1620 (C=N), 1554 (C=C) cfp 'H NMR (DMSO-d): § 1.23-1.33
(m, 2H, CH), 1.42-1.51 (m, 2H, CH), 1.61-1.82 (m, 4H, 2 C}, 3.02-
3.06 (t, 2H,J=6.0 Hz, CH), 3.16-3.22 (t, 2HJ=6.0 Hz, CH), 7.55-7.64
(m, 3H, naphthyl H), 8.00-8.03 (m, 1H, naphthyl8406-8.13 (m, 2H,
naphthyl H) and 8.68-8.74 (m, 1H, naphthyl H) ppvi& [m/z, %]: 380
[M+2777, 26.85], 378 [M, 67.33]. Anal. Calcd for £H1oCIN,S

(378.92): C, 69.73; H, 5.05 ; N, 7.39. Found: 68,82; H, 5.11; N,
7.47.

4. 1. 4. General procedure for the preparation of 2-aryl-4-substituted
anilino-5,6,7,8,9,10-hexahydrocycloocta [4,5]thieno[ 2,3-d]pyrimidines
(5a-f)

A mixture of4a-b (0.001 mol), the selected aromatic amine (0.002mol
and triethylamine (0.36 mL, 0.003 mol) in differesaivents (12 mL) was
stirred for 15 h. The separated solid was filteghted and crystallized
from the suitable solvent.
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4. 1. 4. 1. 4-(2-Flouroanilino)-2-(3-pyridyl)-5,6,7,8,9,10-hexahydro-
cyclooct[4,5]thieno[2,3-d]pyrimidine (5a) mp 155-157C (isopropanol) ;
yield 43%: IR (KBr)Vmax 3400 (NH) crif; *H NMR (DMSO-d):  1.26-
1.28 (m, 2H, CH), 1.46-1.47 (m, 2H, C}), 1.68-1.76 (m, 4H, 2 CH
2.95-2.99 (m, 2H, Ch, 2.99-3.02 (m, 2H, C}), 6.48-6.55 (m, 1H,
ArH), 6.80 (d, 1H)=6.0 Hz, ArH), 6.87 (d, 1HJ=6.0 Hz, ArH ), 6.90-
7.00 (m, 2H, 1ArH and NH, f© exchangeable), 7.55-7.59 (dd, 1H,
J=7.0 Hz, pyridyl H), 8.61 (d, 1HJ=6.9 Hz, pyridyl H), 8.71 (d, 1H,
J=7.0 Hz, pyridyl H), 9.46 (s, 1H, pyridyl H) ppm.nal. Calcd for
CoaH21FN4S (404.50): C, 68.29; H, 5.23; N, 13.85. Found:6834; H,
5.28; N, 14.04.

4. 1. 4. 2. 4-(2-Flouroanilino)-2-(1-naphthyl)-5,6,7,8,9,10-hexahydro-
cyclooct[4,5]thieno[2,3-d]pyrimidine (5b) mp 180-182°C (benzene);
yield 37%; IR (KBr)Vmax 3412 (NH) crit; *H NMR (DMSO-d): &
1.29-1.31 (m, 2H, C}), 1.48-1.49 (m, 2H, C}H, 1.69-1.77 (m, 4H, 2
CH,), 2.98-3.07 (m, 4H, 2C}}, 7.58-7.68 (m, 5H, 4ArH and NH,,D
exchangeable), 8.02-8.12 (m, 5H, naphthyl H) arg8-8.71 ( m, 2H,
naphthyl H) ppm. Anal. Calcd for sgH,4FNsS (453.57): C, 74.14; H,
5.33; N, 9.26. Found: C, 74.21; H, 5.31; N, 9.56

4. 1. 4. 3. 4-(2-Methoxyanilino)-2-(3-pyridyl)-5,6,7,8,9,10-hexahydro-

cyclooct[4,5]thieno[2,3-d]pyrimidine (5¢) mp 190-191C (isopropanol) ;
yield 32%; IR (KBr)Vmax 3433 (NH) crit; 'H NMR (DMSO-d): § 1.30-
1.40 (m, 2H, CH), 1.42-1.55 (m, 2H, CH, 1.64-1.8 (m, 4H, 2 C}),

2.95-3.10 (m, 4H, 2C}H, 3.73 (s, 3H, OC¥), 6.48-6.51 (m, 2H, ArH),
6.63 (d, 1H, ArH), 6.77 (d, 1HJ=9 Hz, ArH ), 6.80 (d, 1HJ=9.0 Hz,
ArH), 7.58-7.60 (t, 1H, pyridyl H), 8.64 (d, 1H=7.8 Hz, pyridyl H),
8.73 (d, 1HJ=7.8 Hz, pyridyl H), 9.48 (s, 1H, pyridyl H) and.80 (br.s,
1H, NH, D,O exchangeable) ppriC NMR (DMSO-@): & 24.52, 25.45,
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26.15, 27.78, 30.40, 31.73, 55.56, 111.00, 114P21/.61, 121.29,
124.46, 127.02, 129.53, 131.73, 135.63, 138.03,414346.62, 149.32,
152.03, 153.10 ppm. Anal. Calcd fop,8,4N,OS (416.54): C, 69.20 ;
H, 5.81; N, 13.45. Found: C, 69.28; H, 5.85;1R.,58.

4. 1. 4. 4. 4-(2-Methoxyanilino)-2-(1-naphthyl)-5,6,7,8,9,10-hexahydro-
cyclooct[4,5]thieno[2,3-d]pyrimidine (5d) mp 160-162°C (benzene) ;
yield 20 %; IR (KBI)Vmae 3414 (NH) crit; 'H NMR (DMSO-d): &
1.20-1.29 (m, 2H, Ch, 1.45-1.56 (m, 2H, Ch), 1.65-1.84 (m, 4H, 2
CH,), 2.99-3.10 (m, 4H, 2CHi 3.73 (s, 3H, OCH), 6.46-6.59 (m, 2H,
ArH), 6.67 (d, 1HJ=6.5 Hz,ArH), 6.81 (d, 1HJ=6.5 Hz,ArH), 7.58-
7.66 (m, 3H, naphthyl H), 8.00-8.10 (m, 1H, naphtH), 8.12 (d, 1H,
J=6.0 Hz, naphthyl H), 8.70 (d, 26.0 Hz, naphthyl H) and 10.40
(br.s, 1H, NH, DO exchangeable) ppm. Anal. Calcd fopgd>/N3sOS
(465.61): C, 74.81 ; H, 5.88 ; N, 9.02. Found; 7€.88; H, 5.89; N,
9.23.

4. 1. 4. 5. 4-(4-Methoxyanilino)-2-(3-pyridyl)-5,6,7,8,9,10-hexahydro-
cyclooct[4,5]thieno[2,3-d]pyrimidine (5€) mp 239-241C (isopropanol) ;
yield 14 %; IR (KBNVmax 3431 (NH) crit; *H NMR (DMSO-d): § 1.15-
1.25 (m, 2H, CH), 1.40-1.45 (m, 2H, C), 1.60-1.77 (m, 4H, 2 C}
2.95-3.05 (m, 2H, C}J, 3.00-3.02 (m, 2H, C}), 3.58 (s, 3H, OCH,
6.52 (d, 2HJ=9.0 Hz, ArH), 6.61 (d, 2HJ=9.0 Hz, ArH), 7.57-7.59 (dd,
1H, J=8.1 Hz, pyridyl H), 8.59 (d, 1H]=8.1 Hz, pyridyl H), 8.66 (d, 1H,
J=8.1 Hz, pyridyl H), 9.38 (s, 1H, pyridyl H) and9q. (br.s, 1H, NH,
D,O exchangeable) ppm; MS [m/z, %]: 416 TM2.68]. Anal. Calcd for
CoH2aN4,OS (416.54): C, 69.20 ; H, 5.81 ; N, 13.45. Fkbuc, 69.27,
H, 5.83; N, 13.53.
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4. 1. 4. 6. 4-(4-Methoxyanilino)-2-(1-naphthyl)-5,6,7,8,9,10-hexahydro-
cyclooct[4,5]thieno[2,3-d]pyrimidine (5f) mp 160-162 °C (benzene) ;
yield 11%; IR (KBI)Vmac 3431 (NH) crit; '"H NMR (DMSO-d): &
1.21-1.38 (m, 2H, Ch, 1.46-1.56 (m, 2H, Ch), 1.64-1.81 (m, 4H, 2
CH,), 2.98-3.02 (m, 2H, Cj, 3.22-3.24 (m, 2H, C§), 3.72(s, 3H,
OCHy), 6.90 (d, 2HJ=9.0 Hz, ArH), 7.05 (d, 2H)=9.0 Hz, ArH),7.44-
7.50 (m, 3H, naphthyl H), 7.54 (d, 1B7.5 Hz, naphthyl H),7.89-7.92
(m, 2H, naphthyl H) and 8.52 (d, 2H=7.5 Hz, naphthyl H) and
9.51(br.s, 1H, NH, BD exchangeable) ppm*C NMR (DMSO-@): &
24.95, 25.52, 26.19, 27.78, 30.41, 31.76, 52.36,37} 120.22, 125.74,
126.02, 126.58, 126.84, 127.52, 128.53, 128.99,1630.30.98, 134.22,
135.47, 143.53, 152.34, 153.92, 159.10, 159.87 8B;[m/z, %]: 465
[M~, 77.89]. Anal. Calcd for §H»;N;OS (465.61): C, 74.81 ; H, 5.84 ;
N, 9.02. Found: C, 74.93; H, 5.83; N, 9.11.

4.1.5. General procedure for the preparation of 2-aryl-4-substituted-
amino -5,6,7,8,9,10-hexahydrocycloocta [4,5]thieno[ 2,3-d] pyrimidines
(6a-f)

A mixture of4a-b (0.001 mol), the selected secondary amine (0.08l) m
and triethylamine (0.36 mL, 0.003 mol) in absolatkanol (12 mL) was

stirred for 20 h, after cooling the separated solab filtered, dried and

crystallized from ethanol

4.1.5. 1. 4-(Morpholin-4-yl)-2-(3-pyridyl)-5,6,7,8,9,10-hexahydrocycl o-
octa[4,5]thieno[2,3-d]pyrimidine (6a ) mp 130-132°C; yield 21%; IR
(KBF) Vinax 1577 (C=N), 1546 (C=C) cm'H NMR (DMSO-d)): § 1.03-
1.19 (m, 2H, CH), 1.40-1.48 (m, 2H, C}), 1.54-1.62 (m, 2H, C}),
1.67-1.77 (m, 2H, CH, 2.94-3.03 (m, 4HJ)=6 Hz, 2CH), 3.36-3.43
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(m, 4H, -CH»N-CH,-), 3.79-3.82 (m, 4H, -B,-O-CH,- ), 7.51-7.55
(dd, J=7.8 Hz, 1H, pyridyl H), 8.63-8.71 (m, 2Hbyridyl H), 9.52 (s,
1H, pyridyl H) ppm. Anal. Calcd for £H,4,N,OS (380.51): C, 66.29;
H, 6.36 ; N, 14.72. Found: C, 66.32; H, 6.38; NOD4.

4. 1. 5. 2. 4-(Morpholin-4-yl)-2-(1-naphthyl)-5,6,7,8,9,10-hexahydro-
cycloocta[4,5]thieno[2,3-d]pyrimidine (6b ) mp 102-108C; yield 76%;
IR (KBr) Vmas 1647 (C=N), 1535 (C=C) ¢t 'H NMR (DMSO-d): &
1.19-1.24 (m, 2H, C}), 1.42-1.47 (m, 2H, C}), 1.64-1.80 (m, 4H, 2
CH,), 3.00-3.04 (m, 2H, C§), 3.06-3.10 (m, 2H, C}), 3.60-3.63 ( m,
4H , -CH,-N-CH»-), 3.80-3.83 (m, 4H, -B,-O-CH,), 7.56-7.61 (m,
3H, naphthyl H), 7.63 (d, 1HJ=8.1 Hz, naphthyl H), 8.01-8.10 (m, 1H,
naphthyl H), 8.13 (d, 176 Hz, naphthyl H), and 8.80 (d, 1H6 Hz,
naphthyl H) ppm. Anal. Calcd forgH,7/N;OS (429.58): C, 72.69; H,
6.34 ; N, 9.78. Found: C, 72.65; H, 6.37; N, 9.67.

4. 1. 5. 3. 4-(4-Methylpiperazin-1-yl)-2-(3-pyridyl)-5,6,7,8,9,10-hexa-
hydrocycloocta[4,5]thieno[2,3-d]pyrimidine (6¢c ) mp 125-127C; vield
95%: IR (KBr)Vmax 1612 (C=N), 1516 (C=C) cm'H NMR (DMSO-
dg): 6 1.03-1.13 (m, 2H, C§), 1.36-1.48 (m, 2H, C}), 1.51-1.62 (m, 2H,
CH,), 1.63-1.71 (m, 2H, CH, 2.66 (s, 3H, N-Ch), 2.90-3.05 (m, 8H,
2CH, and -GH,-N(CH3)-CH»-), 3.42-3.50 (m, 4H , -B8,-N-CH- ), 7.51-
7.55 (dd, 1HJ=7.8 Hz, pyridyl H), 8.64 (d, 2H, pyridyl H) anfl.51 (s,
1H, pyridyl H) ppm. Anal. Calcd for £H,/NsS (393.55): C, 67.14; H,
6.92 ; N, 17.80. Found: C, 67.31; H, 6.91; N9%7.

4. 1. 5 4. 4-(4-Methylpiperazin-1-yl)-2-(1-naphthyl)-5,6,7,8,9,10-hexa-
hydrocycloocta[4,5]thieno[2,3-d]pyrimidine (6d ) mp 115-117°C; vield
26 %; IR (KBI)Vmax 1629 (C=N), 1548 (C=C) cm'H NMR (DMSO-
dg): 8 1.10-1.20 (m, 2H, C}), 1.40-1.48 (m, 2H, CH, 1.54-1.61 (m, 2H,
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CH,), 1.64-1.73 (m, 2H, C}), 2.54 (s, 3H, N-Ck), 2.90-3.00 (m, 2H,
CH,), 3.01-3.09 (m, 2H, CH\, 3.29-3.40 (m, 4H, -B,-N(CHjz)-CH,-),
3.41-3.52 (m, 4H , -B,-N-CH,- ), 7.54-7.64 (m, 3H, naphthyl H), 7.98-
8.02 (t, 2H, J=7.5 Hz, naphthyl H), 8.12 (d, 1H7.b Hz, naphthyl H),
and 8.81 (d, 1H, J=7.5 Hz naphthyl H) ppm. Anald@ for G/H3N4S
(442.62): C, 73.27 ; H, 6.83 ; N, 12.66. Found:73.35; H, 6.81; N,
12.82.

4. 1. 5. 5. 4-(4-Phenylpiperazin-1-yl)-2-(3-pyridyl)-5,6,7,8,9,10-hexa-
hydrocycloocta [4,5]thieno[2,3-d]pyrimidine (6€) mp 220-222°C; yield
29 %; IR (KBI)Vmax 1596 (C=N), 1543 (C=C) cm'H NMR (DMSO-
d6): 6 1.18-1.21 (m, 2H, Cp), 1.38-1.48 (m, 2H, Ch), 1.56-1.62 (m,
2H, CH), 1.66-1.75 (m, 2H, C}), 2.95-3.01 (t, 2H, C}), 3.03-3.06 (t,
2H, CH,), 3.30-3.40 (m, 4H, -48,-N(CgHs)-CH,-), 3.55-3.62 (m, 4H, -
CH»>-N-CH»-), 6.80-6.84 (t, 1HJ=7.2 Hz, ArH), 6.96-6.99 (t, 2H]=7.2
Hz,ArH), 7.22-7.27 (m, 2HJ=7.2 Hz, ArH), 7.51-7.55 (dd, 1HI=6.2
Hz, pyridyl H), 8.68 (d, 2HJ=6.2 Hz, pyridyl H) and 9.54 (s, 1H, pyridyl
H) ppm; **C NMR (DMSO-@): 8§ 24.98, 25.42, 26.03, 27.49, 31.20,
31.76, 42.89, 45.67, 48.52, 50.81, 116.15, 116M4¥9).20, 119.76,
120.31, 124.12, 129.71, 130.16, 133.19, 135.29,563949.38, 150.55,
151.30, 155.22, 162.60, 168.56 ppm; MS [m/z, %} 8", 64.04] and
440 [M*- CHs,, 59.65] . Anal. Calcd for §H,oNsS (455.62): C, 71.18  ;
H, 6.42; N, 15.37. Found: C, 71.25; H, 6.48; N515

4. 1. 5. 6. 2-(1-Naphthyl)-4-(4-phenylpiperazin-1-yl)- 5,6,7,8,9,10-hexa-
hydrocycloocta [4,5]thieno[2,3-d]pyrimidine (6f) mp 195-196°C; vyield
20 %; IR (KBI)Vmax 1598 (C=N), 1560 (C=C) cm'H NMR (DMSO-
d6): 6 1.15-1.21 (m, 2H, C§, 1.40-1.49 (m, 2H, C}H), 1.63-1.75 (m,
4H, 2 CH), 2.99-3.04 (m, 2H, C}), 3.12-3.20 (m, 6H, CkHand -CH.,-
N(CgHs)-CH,- ), 3.30-3.40 (m, 4H, -B,N-CH,), 6.82-6.87 (t, 1H
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J=7.5Hz, ArH), 6.96-7.02 (d, 2H=7.5 Hz, ArH), 7.21-7.29 (t, 2H, J=7.5
Hz, ArH), 7.55-7.66 (m, 3H, naphthyl H), 8.01-8.06, 2H, J=7.5 Hz,
naphthyl H), 8.15 (d, 1HJ=7.5 Hz, naphthyl H) and 8.85 (d, 1H6
Hz,naphthyl H) ppm; MS [m/z, %]: 504 [\ 37.60]. Anal. Calcd for
CsH3oN4S (504.69): C, 76.15  ; H, 6.39 ; N, 11.10. hahuC, 76.32 ;
H, 6.47; N, 11.23.

4. 1. 6. General procedure for the preparation of 2-aryl-4-hydrazinyl-
5,6,7,8,9,10-hexahydrocyclooctal 4,5]thieno[ 2,3-d] pyrimidines (7a-b)

A mixture of the selected chloro derivativka-b (0.002 mol) and
hydrazine hydrate (99%, 0.62 g, 0.012 mol) in alteokthanol (20 mL)
was refluxed for 6 h. The reaction mixture was tleaoled and the

precipitate was filtered, dried and crystallizeahfrethanol.

4. 1. 6. 1. 4-Hydrazinyl 2-(3-pyridyl) -5,6,7,8,9,10-hexahydrocycloocta-
[4,5]thieno[2,3-d]pyrimidine (7a) mp 277-278C; yield 75 %; IR (KBr)
Vmax 3358,3250 (NH/NK) cni; *H NMR (DMSO0-d6):6 1.19-1.22 (m,
2H, CH,), 1.38-1.46 (m, 2H, C}), 1.60-1.70 (m, 4H, 2CHl 2.89-2.94
(m, 2H, CH), 3.03-3.09 (m, 2H, C§, 7.00 (br.s, 2H, N D,O
exchangeable), 7.02 (' s, 1H, NH;Dexchangeable), 7.48-7.55 (m, 1H,
pyridyl H), 8.41 (d, 1H]=6 Hz,pyridyl H), 8.61 (d, 1H=6 Hz,pyridyl H)
and 9.45 (s, 1H, pyridyl H) ppm; MS [m/z, %]: 328, 100] and 309 [
M*- NH,, 68]. Anal. Calcd for GH:oNsS (325.43): C, 62.74; H, 5.88 ;
N, 21.52. Found: C, 62.82; H, 5.94; N, 21.68.

4. 1. 6. 2. 4-Hydrazinyl 2-(1-naphthyl) -5,6,7,8,9,10-hexahydrocyclo-
octa[4,5]thieno[2,3-d]pyrimidine (7b) mp 200-202°C; yield 72 %; IR
(KBr) Vmas 3295,3150 (NH/NE) cmi'; *H NMR (DMSO-d6):§ 1.20-
1.25 (m, 2H, Ch), 1.42-1.49 (m, 2H, C}), 1.65-1.75 (m, 4H, 2 CHi
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2.90-2.94 (t, 2HJ=6.0 Hz, CH), 3.06-3.10 (t, 2HJ=6.0 Hz, CH), 4.80
(s, 2H, NH, D,O exchangeable), 7.53-7.58 (m, 3H, naphthyl HR271d,
1H, J=7.5 Hz, naphthyl H), 7.97-8.00 (t, 1B&7.5 Hz, naphthyl H), 8.03
(s, 1H, NH, DO exchangeable), 8.12 (d, 187.5 Hz, naphthyl H) and
8.83 (d, 1HJ=7.5 Hz, naphthyl H) ppm; MS [m/z, %]: 374 {M75.73],
358 [M™ - NH,] and343 [M*- NHNH,, 100]. Anal. Calcd for §H,,N.S
(374.50): C, 70.56; H, 5.92; N, 14.96. Found: C,630 H, 5.97; N,
15.13.

4. 1. 7. General procedure for the preparation of 5-aryl-3-sulfanyl-
8,9,10,11,12,13-hexahydrocyclooctal 4,5]thieno[ 3,2-€]-1,2,4-triazol o-
[4,3-c]pyrimidines (8a-b)

To a warmed ethanolic sodium hydroxide solutiongpared by
dissolving sodium hydroxide (0.08 g, 0.002 molalrsolute ethanol (10
mL) compounds/a-b (0.002 mol) and excess carbon disulphide (2 mL)
were added. The reaction mixture was refluxedvrater bath at 8T for

10 h, then cooled, poured into ice cold water (20,nmeutralized by
dilute acetic acid. The precipitate was filtereded and crystallized from

ethanol.

4. 1. 7. 1. 5-(3-Pyridyl) -3-sulfanyl-8,9,10,11,12,13-hexahydrocycloocta
[4,5]thieno[3,2-€]-1,2,4-triazol o[ 4,3-c]pyrimidines (8a) mp 230-231°C;
yield 40 %; IR (KBNVmax 3421(NH), 3060 (SH), 1182 (C=S) ¢mH
NMR (DMSO-d6):6 1.23-1.40 (m, 2H, C}), 1.41 -1.50 (m, 2H, CH|,
1.61-1.80 (m, 4H, 2C}), 2.87-2.91 (t, 2HJ=6.0 Hz, CH), 3.00-3.07 (t,
2H, J=6.0 Hz, CH), 7.45-7.56 (m, 1H , pyridyl H), 8.04 (d, 1Bk6.0
Hz, pyridyl H), 8.44 (d,1HJ=6.0 Hz, pyridyl H), 9.21 (s, 1H, pyridyl
H) and 14.53(s, 1H, SH, ;D exchangeable) ppm; MS [m/z, %]. 367
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[M*, 28.42]. Anal. Calcd for GH:7NsS, (367.49): C, 58.83; H, 4.66; N,
19.06. Found: C, 58.94; H, 4.64; N, 19.13.

4. 1. 7. 2. 5-(1-Naphthyl) -3-sulfanyl-8,9,10,11,12,13-hexahydrocyclo-
octa[4,5]thieno[3,2-€]-1,2,4-triazol o[ 4,3-c] pyrimidines (8b) mp 202-204
°C: yield 80 %; IR (KBrVmac 3431 (NH), 3056 (SH), 1180 (C=S) ¢m
'H NMR (DMSO0-d6):8 1.40-1.45 (m, 2H, CH), 1.46-1.55(m, 2H, C},
1.64-1.75 (m, 2H, C}),1.76-1.82 (m, 2H, C}), 3.01-3.04 (t, 2HJ=6.0
Hz, CH,), 3.19-3.23 (t, 2H,J=6.0 Hz, CH), 7.42-7.63 (m, 5H, naphthyl
H), 7.97 (d, 1HJ=8.4 Hz, naphthyl H), 8.03 (d, 1B+8.1 Hz, naphthyl
H) and 14.38 (br.s, 1H, SH,,0 exchangeable) ppm. Anal. Calcd for
CoaHooN4S, (416.56): C, 66.32; H, 4.84; N, 13.45. Found: 6,38; H,
4.89; N, 13.58.

4. 1. 8. General procedure for the preparation of 5-aryl-3-(substituted-
thio)-8,9,10,11,12,13-hexahydrocyclooctal4,5]thief®2-e]-1,2,4-
triazolo[4,3-c]pyrimidines (9a-d)

Ethyl iodide or benzyl chloride (0.0025 mol) waglad to8a-b (0.0025

mol), dissolved in a solution of potassium hydrex{@.14 g, 0.0025 mol)
in absolute ethanol (6 mL). The reaction mixtureswaated under reflux
for 10h, cooled, diluted with ice cold water (50 yrdind the separated

solid was filtered, dried and crystallized fromaatbl.

4. 1. 8. 1. 3-(Ethylthio) 5-(3-pyridyl) -8,9,10,11,12,13-hexahydrocyclo-

octa[4,5]thieno[3,2-€]-1,2,4-triazolo[4,3-c]pyrimidine (9a) mp 232-234
°C: yield 60 %; IR (KBrVmax 1653 (C=N) cnf; '*H NMR (DMSO-d6):
6 1.20-1.26 (m, 2H, C}, 1.28-1.33 (t, 3H,)=7.2 Hz, CHCHj), 1.40-
1.51 (m, 2H, CH), 1.59-1.71 (m, 4H, 2CH, 2.73-2.80 (t, 2H, C}),

2.82-2.90 (t, 2H, Ch), 3.14-3.18 (g, 2HJ=7.2 Hz, G1,CHy), 7.56-7.60
(m, 1H, 3-pyridyl H), 8.41(d, 1H, 3-pyridyl H), 86(d,1H, 3-pyridyl H)
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and 9.18 (s, 1H, 3-pyridyl H) ppm. Anal. Calcd @©%H,;N5S, (395.54):
C, 60.73; H, 5.35; N, 17.71. Found: C, 60.89; H39%N, 17.92.

4. 1. 8. 2. 3-(Ethylthio) 5-(1-naphthyl) -8,9,10,11,12,13-hexahydrocyclo-
octa[4,5]thieno[3,2-€]-1,2,4-triazol o[ 4,3-c] pyrimidine (9b) mp 90-92°C;
yield 46 %; IR (KBrVmax 1608 (C=N) crt; *H NMR (DMSO-d6):5
1.25-1.30 (t, 3HJ=7.5 Hz, CHCH,), 1.35-1.42 (m, 2H, C}), 1.45-1.55
(m, 2H, CH), 1.70-1.80 (m, 2H, C§), 1.81-1.85 (m, 2H, C}), 3.05-3.09
(m, 4H,J=7.2 Hz, 2CH), 3.30-3.40 (qJ=7.5 Hz, 2H, Gi,CHs), 7.48-
7.50 (m, 1H, naphthyl H), 7.59-7.62 (m, 1H,naphtRYy| 7.67-7.70 (m,
1H,naphthyl H), 7.85 (d, 1H, naphthyl H), 7.95 {¢{, naphthyl H) 8.07
(d, 1H,J=8.1Hz, naphthyl H) and 8.10-8.30 (t, 1H, naghtl) ppm;
MS [m/z, %]: 444 [M',100], 429 [M" -CH;, 32.30] and 416 [M -
C,Hs 1"56.14]. Anal. Calcd for &H,4N,4S; (444.61): C, 67.53 ; H, 5.44;
N, 12.60. Found: C, 67.59; H, 5.47; N, 12.72.

4. 1. 8. 3. 3-(Benzyithio)- 5-(3-pyridyl) -8,9,10,11,12,13-hexahydrocyclo-
octa[4,5]thieno[3,2-€]-1,2,4-triazolo[4,3-c]pyrimidine (9¢c) mp 160-
161°C; yield 68 %; IR (KBrVmax 1608 (C=N) crt; 'H NMR (DMSO-
d6): 6 1.30-1.40 (m, 2H, CHl, 1.41-1.51 (m, 2H, CHJ, 1.68-1.80 (m,
4H, 2CH,), 3.01-3.09 (m, 2H, Chi 3.28-3.36 (m, 2H, C}), 4.54 (s,
2H, CH,-S-), 7.22-7.34 (m, 3HJ=7.2 Hz, ArH), 7.51 (d, 2H}=7.5 Hz,
ArH), 7.63-7.67 (t, 1HJ=7.8 Hz,pyridyl H), 8.70 (d, 1HJ=8.1 Hz,
pyridyl H), 8.78 (d,1HJ=7.8 Hz,pyridyl H) and 9.49 (s, 1H, pyridyl H)
ppm; °C NMR (DMSO-@): & 24.93, 25.77, 26.27, 26.66, 29.78, 32.68,
36.77, 113.56, 124.37, 128.01, 128.85, 129.03,22929.37, 130.75,
133.36, 135.39, 136.14, 137.21, 148.49, 153.14.4863pm. Anal. Calcd
for C,sHx3NsS, (457.61): C, 65.62; H, 5.07; N, 15.30. Found: &/76; H,
5.13; N, 15.48.
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4. 1. 8. 4. 3-(Benzylthio) -5-(1-naphthyl) -8,9,10,11,12,13-hexahydro-
cycloocta[4,5]thieno[3,2-€]-1,2,4-triazolo[4,3-c]pyrimidine (9d) mp 153-
156°C; yield 83 %; IR (KBrWVmac 1602 (C=N) crif; *H NMR (DMSO-
d6): 6 1.30-1.41 (m, 2H, CHl, 1.42-1.51 (m, 2H, CH), 1.67-1.78 (m,
2H, CH), 1.79-1.88 (m, 2H, C}), 3.03-3.07 (t, 2HJ=6.0 Hz, CH),
3.31-3.35 (m, 2HJ=6.0 Hz, CH), 4.29 (s, 2H, B,-S-), 7.17-7.21 (t, 2H,
ArH), 7.23 (d,J=6.9 Hz, 2H, ArH), 7.45-7.50 (t, 1HI=6.9 Hz, ArH),
7.58-7.63 (t, 1HJ=7.2 Hz, naphthyl H), 7.67-7.74 (m, 3B+7.8 Hz,
naphthyl H), 7.92 (d, 1H]=7.2 Hz, naphthyl H) and 8.09 (d, 18%7.8
Hz, naphthyl H), 8.20 (d, 1H=7.5 Hz, naphthyl H) ppm. Anal. Calcd
for C3oH0eN4S, (506.68): C, 71.11; H, 5.17; N, 11.06. Found: C23; H,
5.22; N, 11.109.

4. 2. Measurement of anticancer activity

Anticancer activity screening of the newly syntaesi compounds was
measured in vitro utilizing 59 different human cancell lines provided
by US National Cancer Institute according to praslg reported

standard procedure [29-31] as follows:

Cells were seeded into 96 well microtiter platea mensity of 5000-1000
cell /200 pL/ well. Cells then were incubated at 875 % CQ, 95 % air
and 100 % relative humidity for 24 h prior to adutit of experimental

drugs.

After 24 h, two plates of each cell line were fixedsitu with TCA, to
represent a measurement of the cell populatiore&mh cell line at the
time of drug exposure (Tz). Experimental drugs wsodubilized in
dimethyl sulfoxide (DMSO) at 400-fold the desiradal maximum test
concentration and stored frozen prior to use. Atttme of drug addition,

an aliguot of frozen concentrate was thawed andtatil to twice the
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desired final maximum test concentration with cosigl medium
containing 50 pug/mL gentamicin. Additional four,-fiddd or ¥z log serial
dilutions were made to provide a total of five dregncentrations plus
control. Aliquots of 100 uL of these different drddutions were added
to the appropriate microtiter wells containing 1QQ of medium,

resulting in the required final drug concentrations

Following drug addition, the plates were incubdtadan additional 48 h
at 37°C, 5 % CQ 95 % air, and 100 % relative humidity. For adhére
cells, the assay is terminated by the additionadl @CA. Cells were
fixed in situ by the gentle addition of 50 pL of cold 50 % (W/MCA
(final concentration, 10 % TCA) and incubated f@ @inutes at 4°C.
The supernatant was discarded, and the plates weashed five times
with tap water and air dried. Sulforhodamine B (§RBlution (100 pL)
at 0.4 % (w/v) in 1 % acetic acid was added to eaelh and plates were
incubated for 10 minutes at room temperature. Aftarning, unbound
dye was removed by washing five times with 1 % iacatid and the
plates were air dried. Bound stain was subsequentlybilized with 10
mM trizma base, and the absorbance was obtained @i automated
plate reader at a wavelength of 515 nm. For susperslls, we used the
same methodology except that the assay was teedirtgt fixing settled
cells at the bottom of the wells by gently addiryy 5. of 80 % TCA
(final concentration, 16 % TCA). Using the sevensabance
measurements [time zero, (Tz), control growth, @jd test growth in
the presence of drug at the five concentrationl$e(8)], the percentage
growth was calculated at each of the drug conceoms levels.

Percentage growth inhibition is calculated as:

[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which>/=Tz
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[(Ti-TZ)/Tz] x 100 for concentrations for which Tiz.

For each experimental agent. Growth inhibition 58 % (Gkg) is
calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, whicls the drug
concentration resulting in a 50% reduction in tleé protein increase (as
measured by SRB staining) in control cells durihg tirug incubation,
however, if the effect is not reached or is excdedee value for that
parameter is expressed as greater or less thanakienum or minimum

concentration tested.

4. 3. Cell cycle analysis
4. 3. 1. Cell Culture

Human breast cancer cell line MDA-MB-468 cells, ev@btained from
the National Cancer Institute (Cairo, Egypt). Cellsre maintained in
Dulbecco’'s modified Eagle's medium (DMEM) supplerménwith 100
mg/ mL of streptomycin, 100 units/ mL of penicilland 10% of heat-
inactivated fetal bovine serum in a humidified, %) CO, atmosphere
at 37 °C.

4. 3. 2. DNA-Flow Cytometry Analysis

MDA-MB-468 cells at a density of 4 xi@ell/ T 75 flask were exposed
to compound®c at 0.568 uM concentration for 24 h. The cellatihwere
collected by trypsinization, washed with phosphattfered saline (PBS)
and fixed in ice-cold absolute alcohol. Thereafteg|ls were stained
using Cycle TESTTM PLUS DNA Reagent Kit (BD Bioswoes, San
Jose, CA) according to the manufacturer's instamsi Cell cycle
distribution was determined using a FACS Calibomflcytometer (BD
Biosciences, San Jose, CA).
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Figure 1. Examples of 4-substituted quinazoline compoundspatent

anticancer drugs.

Figure 2. Dose response curves for 59 cell lines showingpdreentage
growth against sample concentrations (5 conceatrsifor compound
oc.

Figure 3. Dose response curves of breast cancer cell ligagst sample

concentrations (5 concentrations) for compofiad

Figure 4. Effect of Compound9c on DNA-ploidy flow cytometric
analysis of MDA-MB-468 cells. The cells were trehtgith compound
9c (0.568 uM), for 24 h, and the harvested cells veergected to Cell-
cycle analysis using a FACS Calibur flow cytometer.

Figure 5. Bar chart shows percentage of MDA-MB-468 cells athe

phase of cell cycle in control cells and cells tiedavith compoun@c.
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Scheme 1.The synthetic path and reagents for the preparaifothe

target compounds 3-6.

Scheme 2.The synthetic path and reagents for the preparaiiothe

target compounds 7-9.

Table 1. Growth inhibition percentages obtained from thegkndose
(10° M) test.

Table 2. Growth inhibition percentages obtained from thegkndose
(10° M) test.

Table 3.Concentrations required for 50% inhibition of aglbwth (Gk)

for compoundc.
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Table 1.Growth inhibition percentages obtained from thegirdose (18 M) test.

Panel / Cell Line Compound

3a 3b 4a 4b 5¢ 5e 5f 6a 6b
Leukemia
CCRF-CEM - 24.95 16.64 7.95 5.54 - -0.76 15.09 3.08
HL-60(TB) - 554  -2.0¢ -6.6€ 0.64 2.2F 1.1 - -13.67
K-562 1.26  14.5¢ -1.4¢€ -1.3C -15.7¢ 36.8( 6.72 32.0( -15.31
MOLT-4 - 36.61 10.04 7.96 -2.16 -2.06 11.45 - 2.75
RPMI-8226 - 9.0¢ 3.1z 3.0¢ 23.2( 25.71 0.8¢ 37.6¢ -11.9¢
SR 16.1€  22.47 12.3¢ 2.7¢ -8.1¢ 2.3¢ 9.9 17.1: 5.1¢
Non-Small Cell lung Cancer
AB549/ATCC 25.00 189t 517 3.0€ -5.7¢ 14.3¢  -54F 214 2.3(C
HOF-62 0.95  6.5¢ 2.4¢€ 0.1¢ -19.21 14.4;  -2.7¢ 321 -1.0F
HOP-92 - 36.92 13.77 - 15.00 - -1.24 - -
NCI-H226 -7.56  9.9C 1.4C -0.0¢ -0.44 5.2¢ 6.14 9.4€  6.17
NCI-H23 -2.4€ 1097 0.5z 3.9¢ 1.6€ 14.0¢ 7.2¢ 6.1¢  -6.7¢
NCI-H322M -16.27 -553  -1.58 4.23 -9.01 -9.04 -29.66 -5.16 .519
NCI-H460 11.5( 5.0¢ -6.6€ 0.1¢ -2.14 4.34 -397 48t  -3.6¢
NCI-H522 32.17 18.87 14.3(  10.6¢ -0.9¢ 17.7¢ 582 40.2( 877
Colon Cancer
COLO205 -8.48 0.8  -6.97 -7.02 -33.8¢ 6.28  -17.1¢ 159( -14.37
HCC-299¢ -527 -7.84 -7.0F -5.1¢ 0.87 5.71 894 12.6¢ -6.1€
HCT-116 41.81 1572 2.94 3.91 -11.26 12.16  11.50 21.60 0-8.6
HCT-15 6.62 23.06 1.11 3.39 4.30 29.16 358 2285 -0.21
HT29 125 4.2C -0.3¢ -3.92 -7.01 0.4 422 29.9C  -1.2¢
KM12 7.33 1.67 -1578 -3.14 -5.83 2487 -18.01 9.11 79.2
SW-620 351 12.77 -555 0.11 -11.70 2163 -194 -3.32 -8.17
CNS Cancer
SF-268 477 1180 4.29 0.79 -10.08 14.72 738 830 -1.75
SF-295 -1.58 - 7.08 -0.23 9.22 - 211 1059 1.86
SF-539 3.7¢  5.7¢€ 3.3¢ 0.9¢ 8.5¢ 14.5¢ 0.54 6.1¢ 1.14
SNB-19 -461 -7.74 384 -4.16 -5.36 8.15 926 2384 -4.11
SNB-75 564 2955  8.69 13.45 23.47 11.31 1345 39.39 14.76
U251 7.7¢ 253: 871 10.81 -4.9¢ 10.4: 1.66 314t 9.0z
Melanoma
LOX IMVI 26.68 8.41 0.00 4.92 1.05 28.05 7.62 520  -4.59
MALME -3M 4.07 1041 -3.1€ 2.51 -485f  -39.5; -8.2¢ -8.0z 2.9¢
M14 224 252 -6.85 1.39 -13.79 5.82 056 10.30 -9.62
MDA-MB-435 -9.14 17.01  2.69 -4.84 -1.75 8.44 -468  3.07 -10.86
SK-MEL-2 12.8¢ 35 -544 -1.6E -15.2¢  -10.87 -2.1€ 25.9¢ -3.8¢
SK-MEL-28 -12.68 1.05  -4.00 -2.72 -0.45 -4.25 -7.66  21.23 514.
SK-MEL-5 -289 492 317 2.85 0.80 9.20 221 38.77 5098
UACC-257 -6.4€  7.24 6.8t 0.6¢€ -1.14 0.5C 467 753 -10.3]
UACC-62 -568 8.03 8.67 11.34 -5.25 32.06 7.05 26.04 3.40
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Table 1(continued)

Panel / Cell Line Compound

3a 3b 4a 4b 5c 5e 5f 6a 6b
Ovarian Cancer
IGR-OV1 -6.8¢ -2.87 -7.17 -7.47  -19.9¢ -7.0C -18.8¢ 221 -11.9¢
OVCAR-3 -17.11 - - - -13.51 -19.06 - 7.70 -
OVCAR-4 -18.66  11.66 2.87 -1.29 4.39 3.43 -11.56 31.30 95.9
OVCAR-5 3.9C 3.12 -1.5¢ -5.0C -0.3¢ 5.9¢ 79z 371 -3.14
OVCAR-8 12.41 3.89 -2.68 4.10 -2.70 6.40 823 447  -145
NCI/ADR-RES 10.79  11.72 -6.15 -8.52 -0.58 21.02 -3.07 912 294
SK-OV-3 6.0€ -2.3¢ -2.14 -2.04 -17.86 -6.6¢ -10.3C 4.54 -11.2¢
Renal Cancer
786-0 2.43 1.40 -1.24 -4.61 -5.12 10.75 200 20.88 -2.96
A498 0.47 11.4( 5.8¢ 3.9¢ 4.1¢ 15.6: -28.88 22.2¢ -2.21
ACHN 6.16 4.07 -4.95 0.49 0.84 31.48 -0.79 18.05 -0.17
CAKI-1 5.17 - 6.17 -3.13 -3.13 34.79 127 2830 0.85
RXF 39: 7.11 12.5: -16.1¢  -3.02 -3.47 454  -149¢ 27.9¢  4.0f
SN12C 6.42 3.17 0.42 -2.01 -2.01 10.67 591 25.03 055
TK-10 -1.32 -5.08 -3.20 -16.17  -7.02  -1545 -17.34  7.6615.69
uo-31 0.07 9.3¢ -0.7¢ 431  -16.47 30.6¢ -6.4¢ 22.2( -1.4¢
Prostate Cancer
PC-3 - 23.04 5.26 4.71 8.59 26.80 415 28.01 505
DU-14& 10.7¢ 2.4¢€ -8.9¢ -8.2€ -8.0C 54(  -13.2¢ -5.8¢ -18.5¢
Breast Cancer
MCF7 13.82  25.46 7.29 7.75 2.73 6.04 18.92 30.67 8.20
MDA-MB-231/ATCC  9.4C 21.31 2.3C 3.0¢€ -6.4z  30.97 -321 360C 3.2¢
MDA-MB-468 2.16 4.29 -8.79 -3.24  -12.88  -2.49 362 1996 735
HS 578T 13.00 4.69 0.22 7.65 -15.71  38.70 5.76 8.69 2.10
BT-54¢ 16.9¢  13.0¢ 4.67 3.6¢ -9.1¢ -1.84 -5.67 39.47 4.9¢
T-47D 5.83 5.23 4.94 -7.53 0.07 9.60 -8.48 27.43 486
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Table 2.Growth inhibition percentages obtained from thegirdose (18 M) test.

Panel / Cell Line Compound

6C 6d 6e 6f 9a 9b 9c 9d
Leukemia
CCRF-CEM 20.39 2482 11.37 11.74  0.00 8.25 74.81 3.42
HL-60(TB) 12.80 8.44 111  -802 -1.90 -14.09 96.00 -25.12
K-562 86.3¢  14.6¢ -0.8¢ -83C -8.27 -18.1¢ 782t  -20.37
MOLT-4 60.40  25.97 6.74  -0.22  -0.95 0.33 - -11.29
RPMI-8226 19.45 2071 1105 476 -471 2.63 79.92 1.88
SR 65.7¢  52.8¢ -18.3¢ 3.24 -14.1: 166 5351  -8.3¢
Non-Small Cell lung Cancer
A549/ATCC 8.85 4.49 845 -3.28 3.04 4.85 63.25  -7.87
HOP-62 1454 2460 -10.70 155 877 -3.15 8.68  -12.74
HOF-92 102.9¢ 100.4: 23.1€  39.47 - 13.57 - 21.9¢
NCI-H226 6.93 25,57  10.14 17.38  4.87 7.57 3291  -2.03
NCI-H23 6.27 7.81 046 446  3.24 -4.64 4526  -7.02
NCI-H322M 0.67 -4.2;  -185t 154 -13.1: -17.8z 02¢  -16.5]
NCI-H460 1.97 8.60 -0.78 0.84 -459  -639 8067 -579
NCI-H522 -2.93 1125 -1.71 1058 1384 802 9374 0.88
Colon Cancer
COLO 205 -2.21 8.2¢  -13.2¢ -561 1.6z -4.2¢  79.57  -11.5¢
HCC-2998 43.33 4.16 1501 -926  3.05 -9.27 5347 -10.13
HCT-116 1469 3213 -304 637  3.28 3.22 70.73  -9.16
HCT-15 6.71 8.1t 0.1¢  3.7¢  -0.8¢ 2.41 5.8t 1.2(
HT29 8.72 2880 -0.16 196  5.65 1.41 7755  -6.31
KM12 -0.09 1.21 110 -764 -257 -874 6555 -13.88
SW-62C -2.2¢  16.2( -51t  6.0C -8.97 0.26  44.6F -13.6:
CNS Cancer
SF-268 19.68 18.02 -227 995 -7.39 1.66 43.02  -9.63
SF-295 24.42 - - 1.82 - 2.28 5495  -3.92
SF-539 6.65  14.0.  -35¢ 408 227 5.08  20.2¢  -6.5%
SNB-19 -1.40 8.50 203 -262 -061  -3.03 5353 -5.08
SNB-75 3260 50.94 -7.85 3178 -0.47 9.65 25.91 8.32
U251 27.7¢  335¢ 627 317 791 10.4¢  83.2:  -3.52
Melanoma
LOX IMVI 21.37 4.93 260 925 -1.36  -2.84  39.92 0.34
MALME-3M -5.90 1865 -25.68 5.84 -19.76 -0.07 83.78  -7.74
M14 -1.2¢ 6.82 -8.4% 887 -7.31 -284 549¢ -4.2(
MDA-MB-435 1.57 6.74 -0.11  -210 -16.06 -540 80.88  -0.93
SK-MEL-2 -14.12  -6.06 -2.74 147 550 141 8347 -8.63
SK-MEL-28 0.2€ 1.91 25  -52z 0.0 -10.4¢ 50.8( -12.5¢
SK-MEL-5 12.13  14.73 9.00 198 0.65 122 14597 -0.96
UACC-257 -248 558 525 660 -421 486 6496 -855
UACC-62 -31z 1244  50¢  9.61  6.6¢ 12.9¢ 6517  -1.3¢
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Table 2 (continued)

Panel / Cell Line Compound

6C 6d 6e 6f 9a 9b 9c 9d
Ovarian Cancer
IGR-OV1 2.3 27.31 -18.6: 3.0¢ 2271  -93:  23.0¢ -11.9¢
OVCAR-3 4.2¢ - -2.9¢ - -18.9¢ - 63.5¢ S
OVCAR-4 19.24  16.23 0.92 0.47 -4.80 -11.43 7270 -17.31
OVCAR-5 -3.92  9.7¢ 2.14 8.2¢ 8.11 -0.6¢ 4.7¢  -6.52
OVCAR-8 4.9¢ 6.9¢ 4.0€ 3.67 -0.54 3.1z 79.7:  -726
NCI/ADR-RES 10.67  12.62 1.94 -0.46 6.62 -9.91 -0.38 -9.74
SK-OV-3 276 10.78 -13.03 -3.81 -091 -10.96 28.84 -13.19
Renal Cancer
78€-0 721 12.3¢ -0.47 -6.7¢ -8.7¢ -2.8¢  26.37 -4.0f
A498 0.70 5.77 5.70 -11.90  -4.30 0.21 41.47  -9.79
ACHN 1041  17.27 2.2C 7.3t 2.7¢ -2.08  26.2¢ -12.37
CAKI-1 13.2¢ - 8.61 19.21  -12.2¢  6.7C 28.3t 9.6
RXF 393 20.56  39.08 2.80 -21.93 3.59 -7.88 16.75 -5.42
SN12C 9.1¢  24.0¢ 3.5¢ 3.97 -0.0€ -3.02  43.4¢  -4.62
TK-10 -7.8¢  -13.1( -5.42 -17.2¢  -14.0¢  -13.2¢  27.71  -7.21
uo-31 25.04 53.99 2.10 30.06 7.73 -4.88 518  -0.09
Prostate Cancer
PC-3 33.2¢  43.2¢ 16.1: 11.9¢  -1.6€ 9.3¢ 90.9¢  1.9C
DU-14& 1.17 -2.32 -12.5¢  -10.6¢ -12.51 -7.8¢  43.5¢ -16.5¢
Breast Cancer
MCF7 11.84 31.79 4.71 0.18 8.91 17.34  62.38  -6.30
MDA-MB- 21.0¢  38.1¢ 2.6¢ 12.1¢  -0.4C 5.54 28.6:  2.6C
231/ATCC
MDA-MB-468 14.69  13.86 -5.01 4.04 -15.92  -4.47 13.75 -2.81
HS 578T 4.6¢ 8.0¢ -11.5( 1.2t -9.4¢ 3.1¢€ 58.8¢  -1.9¢
BT-549 22.6( 32.8¢ 12.1¢ 10.3¢  14.5f  11.7¢ 86.0: -3.5¢
T-47D 576  22.68 5.09 -9.87 -042 -6.08 99.87 -4.60
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Table 3. Concentrations required for 50% inhibition of cglowth (Gkg) for
compoundc.

Panel / Cell Line Percentage growth at each Glso Log 1o

concentration (log10) (UM) Gl 50
-8 -7 -6 -5 -4

Leukemia
CCRF-CEM 95 92 52 10 -41 1.11 -5.96
HL-60(TB) 93 81 79 -31 -56 1.84 -5.74
K-562 10C 88 79 1 -52 2.3¢ -5.62
MOLT-4 99 95 93 3 -60 3.00 -5.52
RPMI-8226 102 98 67 5 -47 1.87 -5.73
SR 10¢C 93 85 - -64 2.5¢ -5.5¢
Non-Small Cell lung Cancer
A549/ATCC 99 99 83 9 -65 2.80 -5.55
HOF-62 91 86 89 6 -58 2.9¢ -5.5¢
HOP-92 82 79 68 -11 -71 1.7¢ -5.77
NCI-H226 85 106 72 - -60 2.03 -5.69
NCI-H23 96 98 95 -8 -76 2.7¢ -5.5€
NCI-H322M 92 92 99 33 -78 5.57 -5.2¢8
NCI-H460 104 101 92 4 -75 2.97 -5.53
NCI-H522 83 90 63 -26 -74 1.3¢ -5.8€
Colon Cancer
COLO 205 101 91 79 -72 -73 1.55 -5.81
HCC-2998 91 98 105 17 -75 421 -5.38
HCT-11¢€ 10z 97 86 4 -76 2.7 -5.5¢€
HCT-15 95 94 96 26 -87 451 -5.35
HT29 101 98 88 3 -66 2.78 -5.56
KM12 97 95 84 2 -79 2.60 -5.59
SW-620 97 96 87 11 -80 3.09 -5.51
CNS Cancer
SF-26€ 97 95 102 23 -70 4.57 -5.3¢
SF-295 93 93 86 6 -75 2.80 -5.55
SF-539 100 92 97 10 -85 3.51 -5.45
SNB-19 97 98 97 1¢ -70 3.9¢ -5.4(
SNB-75 83 81 84 1 -89 2.58 -5.59
U251 96 91 73 6 -74 2.20 -5.66
Melanoma
LOX IMVI 94 94 95 3 -68 3.0¢ -5.51
MALME-3M 92 92 101 -14 -57 2.76 -5.56
M14 98 91 94 18 -60 3.75 -5.43
MDA-MB-435 98 90 86 - -91 2.61 -5.5¢
SK-MEL-2 98 107 83 -24 -77 2.05 -5.69
SK-MEL-28 105 95 87 16 -92 3.35 -5.47
SK-MEL-5 97 89 74 -98 -87 1.37 -5.8€
UACC-257 94 100 77 -5 -76 2.12 -5.67
UACC-62 98 95 74 -12 -79 1.91 -5.72
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Table 3 (continued)

Panel / Cell Line Percentage growth at each Gl 50 Log 10
concentration (log10) (uUM) Gl 50
-8 7 6 5 4

Ovarian Cancer
IGR-OV1 96 94 94 23 -59 4.18 -5.38
OVCAR-3 101 10C 85 9 -84 2.8€ -5.54
OVCAR-4 97 88 73 1 -87 2.08 -5.68
OVCAR-5 101 96 91 32  -100 4.99 -5.30
OVCAR-8 98 98 85 8 -61 2.8€ -5.54
NCI/ADR-RES 101 99 102 67 -49 14.1 -4.85
SK-OV-3 98 90 91 -2 -83 2.76 -5.56
Renal Cancer
78€-0 10z 93 97 13 -72 3.6¢ -5.44
A498 89 86 77 - -97 2.24 -5.65
ACHN 98 91 93 2 -89 2.98 -5.53
CAKI-1 acC 83 83 22 -9C 3.42 -5.4€
RXF 393 94 98 83 8 -64 2.79 -5.55
SN12C 98 95 91 5 -70 2.99 -5.52
TK-10 95 97 108 8 -75 3.8t -5.42
UOo-31 89 87 92 19 -86 3.73 -5.43
Prostate Cancer
PC-3 97 96 78 3 -82 2.36 -5.63
DU-14& 103 10C 87 18 -94 3.4z -5.47
Breast Cancer
MCF7 95 88 84 3 -65 2.64 -5.58
MDA-MB-231/ATCC 97 92 83 -14 -75 2.18 -5.66
HS 578T 100 99 87 24 -2¢ 3.8¢ -5.42
BT-549 100 94 94 -4 -76 2.80 -5.55
T-47D 95 71 41 6 -56 0.495 -6.31
MDA-MB-468 99 88 38 24 -80 0.56¢ -6.2¢
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Figure 4. Effect of Compound9c on DNA-ploidy flow cytometric

analysis of MDA-MB-468 cellsThe cells were treated with compouSd
(0.568 pM), for 24 h, and the harvested cells wargjected to Cell-cycle analysis

using a FACS Calibur flow cytometer.
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