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Abstract

As part of our search for anti-breast cancer agenta new series of tricyclic 4-substituted-2-yl)-2-
thioxo-3, 4-dihydro-1H-indeno [1, 2-d] pyrimidin-5(2H)-one 4-9 were obtained in one pot syn-
thesis by a modification of the Biginelli ReactionThe structures of the synthesized compounds
were characterized by microanalyses, IR'H-NMR, **C-NMR and mass spectral data. All the
synthesized compounds were evaluated for theiin vitro anticancer activity against human
breast cancer cell line (MCF7). Most of the screerdecompounds showed interesting cytotoxic
activities compared to Doxorubicin as reference drg. Compounds 8, 5, 7 and 4 (I§ values
10.25, 23.48, 27.51 and 28.85 uM) revealed highetatoxic activities than the Doxorubicin as
reference drug with 1Csq value (32.00 puM). Also, compound 9 is nearly astage as Doxorubicin
with IC 5 values (33.55 pM). Compound 6 showed moderate aaty.
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Introduction which include bone marrow depression, alopeciag-dru
induced cancer, hepatotoxicity, and many more. Bsxa

Most cancer patients are subjected to chemothei@mpy Of the need and value of anticancer drugs, manyriab-

the treatment of advanced cancers. However, mastsme fies are intensively investigating the chemistryl diol-
tatic solid tumors eventually remain incurable elmn 0gy of novel anticancer agents. Also the develofinén
treatment with recent anticancer drugs. Also, Caixa  resistance against the existing anticancer drugscgto-
disease of striking significance in the world todityis  toxicity and genotoxicity of anticancer drugs te thor-

the second leading cause of death in the world afte  mal cells are othermajor problems in cancer therapy
diovascular diseases and it is projected to begintiie  keeping research window open in search for newgf an
primary cause of death there within the coming ygar  cancer molecules [6]. But the window passage has be
2]. Cancer is a top killer of human beings. Thugag COme narrower because it is rather hard to searsble-
urgency to develop highly efficacious and minimatlx-  cule that can selectively inhibit the proliferatiofh ab-

ic treatments for cancer. Although tremendous psgr normal cells only with least or no affect on norroalls.
has been achieved in the development of novel canciulticomponent condensation reactions (MCRs) have
treatments, most of the current cancer drugs yseall  recently been discover to be a powerful methodtlier
hibit high toxicity and are severely resisted byéu cells ~ synthesis of organic compounds, since the prodaies

in the clinic. This dilemma is particularly truerfdNA-  formed in a single step and diversity can be aeuéwy
damaging agents, the mainstay of cancer treatngint [ Simply varying each component [7-9].

Cancer is still continuing to be a major earth peob

Worldwide. The development of new anticanceraher Indenopyrimidine and their derivatives have beerwist
peutic agents is one of the fundamental goals idicial ~ due to a variety of chemical and biological sigrafice.

chemistry as cancer causes about 13% of all ta@&la  The importance of indenopyrimidines as biologizall
active compounds includes their use as antibat{édia

Surpassing cardiovascular diseases, it is takiegpthsi- 12], antiallergic[13], antitumor [11,12] [14, 15ntifolate
tion number one killer due to various factors 8o the [16], tyrosine kinase [17], antimicroibial [18]alcium
treatment of cancer is associated with various sfteets  channel antagonists [19], antibacterial [20-23],ti-an
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inflammatory, analgesic [24], antihypertensive [28h- 1240 (C=S)H NMR (DMSO-d) &: 2.4 [s, 3H, CH], 5.3
tileishmanial [26] tuberculostatic [27], anticatsants  [s, 1H, CH-4], 6.1, 6.2 [2d, 2H, 2CH furads 7.7 Hz],
[28], diuretic, potassium sparing [29], and antiaggive 7.1-8.1 [m, 4H, Ar-H], 9.3, 12.8 [2s, 2H,;M + Ns-H,
activities [30]. Also, indenopyrimidines were fournd exchangeable with f]. *C-NMR (DMSO-@): 12.7,
possess several pharmacological properties, imgudi 57.4, 110.3, 110.4, 111.3, 121.6, 124.8, 127.6,.9131
anticancer activity [31-35]. On the other hand, thel33.7, 134.5, 152.6, 152.8, 153.7, 172.1, 191.6.rM&
pyrimidines constitute an important class of drugth  (%): 296 [M] (23.12), 81 (100). Anal. Calcd. for
several types of pharmacological agents possessitig CigH1JN,0,S: C, 64.85; H, 4.08; N, 9.45. Found: C,
cancer activity [36-39] among others. A large numble 64.49; H, 4.37; N, 9.74.

structurally novel pyrimidines have ultimately bemst

ported to show substantial anticancer activityinevand ~ Synthesis of 4-(thiophen-2-yl)-2-thioxo-3, 4-dihydro-1H-

in vivo [40]. Several mechanisms have been repdded indeno [1, 2-d] pyrimi-din-5(2H)-one (5).

anticancer activity of the pyrimidine compounds ahe  Yield, 79%; m.p. 162.6C; IR (KBr, cni'): 3446 (NH),
most prominent of these mechanisms was through tf074 (CH arom.), 1722 (C=0), 1271 (C=3j NMR
inhibition of the carbonic anhydrase [41-44]. Theama- (DMSO-) 8: 5.2 [s, 1H, CH-4], 6.7-8.2 [m, 7H, Ar-H],
nism of tumor inhibition by pyrimidine carbonic anh 9.4, 12.8 [2s, 2H, NH + Ns-H, exchangeable with ).
drase (CA) inhibitor was suggested by Chegwiddesh an C-NMR (DMSO-d): 57.2, 108.6, 122.4, 123.5, 124.7,
Spencer [45]. In continuation of our work it seenwfd 125.9, 126.4, 127.7, 131.8, 133.6, 134.0, 137.3,.115
interest to design and synthesize some novel sefigs ~ 175.6, 193.0. MS m/z (%): 298 [¥1(9.17), 92 (100).
deno [1, 2d] pyrimidine derivatives to evaluate their anti- Anal. Calcd. for GsH;0N.0S;: C, 60.38; H, 3.38; N, 9.39.
breast cancer activity. Found: C, 60.07; H, 3.76; N, 9.78.

Experimental Synthesis of 4-(styryl-2-thioxo-3, 4-dihydro-1H- indeno

[1, 2-d] pyrimidin-5(2H)-one (6).
Melting points {C, uncorrected) were determined in openYield, 70%; m.p. >320C; IR (KBr, cni'): 3420 (NH),
capillaries on a Gallenkemp melting point apparatu$091 (CH arom.), 2922, 2838 (CH aliph.), 1714 (C=O)
(Sanyo Gallenkemp, Southborough, UK). Recoatedasili 1279 (C=S)'H NMR (DMSO-d) &: 4.5 [s, 1H, CH-4],
gel plates (silica gel 0.25 mm, 60 G F 254; Me@Gky- 6.4, 6.6 [2d, 2H, CH=CHJ= 7.3 Hz], 7.1-8.2 [m, 9H, Ar-
many) were used for thin layer chromatography, diH], 9.5, 13.0 [2s, 2H, NH + Ns-H, exchangeable with
chloromethane/methanol (9.5: 0.5 mL) mixture wasdus D,O]. *C-NMR (DMSO-d): 58.3, 104.6, 120.7, 120.9,
as a developing solvent system and the spots viewalv ~ 125.5, 126.7, 127.2, 127.6 (2), 127.9 (2), 12832.4,
ized by ultraviolet light and/or iodine. Infrareghextra 133.7, 134.9, 135.5, 153.0, 171.6, 190.8. MS méx. (
were recorded in KBr discs using IR-470 Shimadzcsp 318 [M'] (3.78), 102 (100). Anal. Calcd. for,&1,4N,0S:
trometer (Shimadzu, Tokyo, Japati-NMR spectra (in  C, 71.67; H, 4.43; N, 8.80. Found: C, 71.39; H54 M,
DMSO-d;) were recorded on Bruker Ac-300 ultra-shield9.11.
NMR spectrometer (Bruker, Flawil, Switzerlartppm) ) ) ) )
at 300 MHz, using TMS as internal standard. Electro Synthesis of 4-(4(dimethylamino) phenyl) - 2-thioxo-3, 4-
impact Mass Spectra were recorded on a, Shimadzu G@hydro-1H-I ndeno [1, 2 -d] pyrimidin-5(2H) - one (7).
Ms- Qp 5000 instrument (Shimadzu, Tokyo, Japard- EI Yield, 92%; m.p. 239.6C; IR (KBr, cni): 3420, 3157
mental analyses were performed on Carlo Erba 1108 E(NH), 3100 (CH arom.), 2955, 2876 (CH aliph.), 1706
emental Analyzer (Heraeus, Hanau, Germany). All-com(C=0), 1266 (C=S).H NMR (DMSO-d) 3: 3.2 [s, 6H,

pounds were within + 0.4% of the theoretical values 2-N (CHy)], 4.9 [s, 1H, CH-4], 6.8, 8.2 [m, 8H, Ar-H],
9.1, 12.6 [2s, 2H, NH + N3-H, exchangeable with JO)].

Results 3C.NMR (DMSO-d): 42.7 (2), 55.8, 103.4, 110.6 (2),
119.9, 123.8 (2), 124.7, 126.8, 130.6, 132.8, 13334.1,
General Procedure for the synthesis of compounds 4-9. 151.3, 157.0, 169.8, 189.3. MS m/z (%): 335'IM
A mixture of thiourea (0.76g, 0.01 mole). Aldehgde (33.54), 119 (100). Anal. Calcd. for;§;;N;0S: C,
(0.01 mole) and H-indene-1, 3(R) - dione (1.46g, 0.01 68.03; H, 5.11; N, 12.53. Found: C, 68.32; H, 4.B8;
mole) in absolute ethanol containing 37% HCI (4pdjo 12.21.
was heated under reflux for 3 h. The reaction métuas
allowed to cool, filtered off and recrystallizedifin diox-  Synthesis of 4-(4-hydroxy-3-methoxyphenyl) - 2-thioxo-3,
ane to give compounds9, respectively. 4-dihydro-1H-indeno [1, 2-d] pyrimidin-5(2H)-one (8).
Yield, 69%; m.p. 218.9C; IR (KBr, cm’): 3436 (OH),
Synthesis of  4-(5-methylfuran-2-yl)-2-thioxo-3, 4- 3391 (NH), 3088 (CH arom.), 2966, 2839 (CH aliph.),
dihydro-1H- indeno [1, 2-d] - pyrimidin-5(2H) - one (4). 1720 (C=0), 1282 (C=S}H NMR (DMSO-d) &: 3.7 [s,
Yield, 89%; m.p. 192.5C; IR (KBr, cni’): 3468 (NH), 3H, OCHy, 4.8 [s, 1H, CH-4], 6.8, 8.3 [m, 8H, Ar-H]i 9.4,
3057 (CH arom.), 2986, 2841 (CH aliph.), 1716 (C=0)12.8 [2s, 2H, NH + N3-H, exchangeable with ]. *C-
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NMR (DMSO-a): 54.3, 56.7, 105.6, 110.1, 114.2, 117.6,3081 (CH arom.), 2918, 2863 (CH aliph.), 1718 (C=0)
120.8, 124.7, 126.9, 131.7, 133.5, 134.2, 135.8.914 1237 (C=S).H NMR (DMSO-d) 5: 5.1 [s, 1H, CH-4],

145.2, 157.3, 172.6, 189.7. MS m/z (%): 338NR.78),
122 (100). Anal. Calcd. for €H14N,OsS: C, 63.89; H,
4.17; N, 8.28. Found: C, 63.57; H, 4.49; N, 8.53.

Synthesis of 4-(benzo[d][1,3]dioxol-5-y1))- 2-thioxo-3,4-
dihydro-1H-indeno[ 1,2-d]pyrimidin-5(2H)-one (9).
Yield, 88%; m.p. 214.8C; IR (KBr, cmi®): 3438 (NH),

Ar

4;Ar=/[03\CFG
S; Ar= /@
aw

6; Ar =

6.2 [s, 2H, CHZ2], 6.7-8.0 [m, 7H, Ar-H], 9.0, 12[2s,
2H, Ni-H + N3-H, exchangeable with ]. **C-NMR
(DMSO-d): 55.3, 100.1, 104.3, 111.6, 111.8, 116.6,
121.4, 128.3, 128.4, 132.6, 133.1, 134.5, 134.B.414
148.7, 156.1, 176.0, 194.8. MS m/z (%): 336]I4.65),

74 (100). Anal. Calcd. for fgH1:N,O3S: C, 64.27; H,
3.60; N, 8.33. Found: C, 64.54; H, 3.26; N, 8.02.

Ar )J\
+

k2N

C

NF;

)

8; Ar= Cr

C

Scheme 1. Formation of compounds 4-9

I n vitro anticancer activity
The cytotoxic activity was measured in vitro foe thew-

washed, and stained for 30 min. with 0.4% (W/V)hwit
SRB dissolved in 1% acetic acid. Excess unbound dye

ly synthesized compounds using the SulfoRhodamine-Bras removed by four washes with 1% acetic acidaind

stain (SRB) assay using the method of [45]. Theitio

tached stain was recovered with Tris -EDTA buftéolor

anticancer screening was done at the Pharmacolagy U intensity was measured in an enzyme- linked immu-

the National Cancer Institute, Cairo University.lI€e
were plated in 96- multiwall microtiter plate (10
cells/well) for 24h before treatment with the compd(s)
to allow attachment of cell to the wall of the plafest

nosrbent assay ELISA reader. The relation between s
viving fraction and drug concentration is plottedyet the
survival curve for breast tumor cell line after 8pecified
time [45]. The molar concentration required for 50%

compounds were dissolved in DMSO and diluted withhibition of cell viability (IGg) was calculated and the re-

saline to the appropriate volume. Different concagigns
of the compound under test (10, 25, 50 and 100 ywaf
added to the cell monolayer. Triplicate wells were-
pared for each individual dose. Monolayer cellsener
cubated with the compound(s) for 48h at °87 and in
atmosphere of 5% GO After 48h, cells were fixed,

422

sults are given in (Table 1). The relationship hestvsur-
viving fraction and drug concentration was plottecb-
tain the survival curve of breast cancer cell (NECF7).

The response parameter calculated wag V&lue, which
corresponds to the concentration required for 508ibi-

tion of cell viability.
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In- vitro anti-breast cancer activity methoxy-4-hydroxyphenyl, 2-thioxo 8, 2-thienyl at

All the synthesized compounds were evaluated &ir th - 4-position with thioxo group at 2-position Bl-
vitro anticancer activity against human breast eamell dimethylpheny! at 4-position with thioxo moiety at

line, MCF7. Doxorubicin, which is one of the moffeet o -, .

. ; Z-é)osmon 7 and 5-methylfuran at 4-position with
tive anticancer agents, was used as the referent%loxo moiety at 2-position 4 with kg values
drug in this study. The relationship between su Y P

ru : . ;(10.25, 23.48, 27.51, and 28.85 puM) exhibitedmore
viving fraction and drug concentration was plotte \ "
to obtain the survival curve of breast cancer cef?Oterlt anti-breast cancer activity than the refezen

line (MCF7). The response parameter calculate(glru.g \.N'.th 1Gso V?"“e (32'90 “.M)' Farther, |r_1deno-

was the Gy value, which corresponds to the Con_pyr!mldlne bearllr)g th‘? blolpglcally active plprqnyl

centration required for 50% inhibition of cell vi- m0|_ety at 4-position with th|ox9 group at 2-po§nt|o
9 with 1G5 values (33.55 uM) is nearly as active as

ability. Table 1 shows the in vitro cytotoxic activ > ”
) . Doxorubicin as positive control. On the other hand,
ity of the synthesized compounds. Most of the . : "
. o .. compounds 6having styryl moiety at 4-position
tested compounds exhibited significant activity . : " ;
with thioxo group at 2-positiomevealed slightly

compared to the Doxorubicin as reference drug, - S
From the results of Table 1, it was found that ingiower activity of Doxorubicin with 1€ value (than

denopyrimidine containing biologically active 3- that 47.30 puM).

Table 1. In vitro anticancer screening of the synthesizemhjgounds against human breast cancer cell line (MCF7

Compound No. Compound concentration f1M) IC 50(nM)
10uM 25uM 50uM 100uM
Surviving fraction (Mean+S.E.)

Doxorubicin 0.551+0.026 0.480+0.003 0.139+0.005 30#D.016 32.00
4 0.845+0.013 0.515+0.021 0.380+£0.003 0.443+0.017 8.82
5 0.693+0.023 0.503+0.033 0.377+0.010 0.391+0.013 3.4
6 0.807+0.080 0.723+0.031 0.293+0.010 0.133+0.014 7.304
7 0.810+0.022 0.550+0.019 0.331+0.013 0.350+0.015 7.5
8 0.541+0.003 0.323+0.020 0.360+0.018 0.460+0.015 0.28
9 0.825+0.013 0.668+0.021 0.307+0.007 0.271+0.017 3.58
Each value is the mean of three values + StandardrE

vealed signals at 175.6 ppm due to (C=S) groupl&3d)
ppm attributed to (C=0). IR spectrum of compound 6
The aim of this work was the design and synthe$is cshowed the characteristic bands at 3420 ¢NH), 1714
some new series of tricyclic indeno [1, 2-d] pydine 4- cm™* (C=0), 1279 cit (C=S).'H-NMR spectrum of 6

9 carrying a miscellanies biologically active mgiet 4- exhibited signals at 4.5 ppm assigned to CH-4, dwb-
position, thioxo group at 2-position and carbongup at lets appeared at 6.4, 66 ppm for CH=CH and 9.5) 13
5-position (Scheme 1) and evaluation of their amier ppm assigned to fH and N-H. *C-NMR spectrum of
activity. The structure of compounds 4-9 was ela@d compound 6 revealed signals at 171.6 ppm due t&)C=
on the basis of microanalyses, ®-NMR, *C-NMR,  group and 190.8 ppm attributed to (C=0) group. pRcs
and mass spectral data. The IR spectrum of compdundtrum of compound 7 revealed the presence of bamds f
revealed the presence of bands for NH at 3468, cmNH at 3420 crit, (C=0) at 1706 cfh (C=S) at 1266 cih
(C=0) at 1716 ci, (C=S) at 1240 cthAlso, *H-NMR  *H-NMR spectrum of compound 7 indicated the presence
spectrum indicated the presence of signals at pm p of signals at 3.2 ppm which could be assigned to N-
which could be assigned to Giroup, 5.3 ppm attributed (CHs), group, 4.9 ppm attributed to CH-4C-NMR

to CH-4 and two doublets at 6.1, 6.2 for furan riig-  spectrum of compound 7 in (DMSQ)dtevealed signals
NMR spectrum of compound 4 in (DMSQ}devealed at 169.8 ppm assigned to (C=S), 189.3 ppm due1®jC
signals at 172.1 ppm assigned to (C=S), 191.6 due group. IR spectrum of compound 8 revealed the prese
(C=0) group. IR spectrum of compound 5 exhibiteel th of bands for NH at 3436 cm(OH), 3391 crit (NH),
characteristic bands at 3446 ¢ifNH), 1722 crit (C=0), 3088 cnl (CH arom.), 2966, 2839 ¢hm (CH aliph.),
1271 cni (C=S).'H-NMR spectrum of 5 showed signals 1720 cni (C=0), 1282 cii (C=S). Also,'H-NMR

at 5.2 ppm according to CH-4, 9.4, 12.8 ppm assigone spectrum indicated the presence of signals at i p
Ni-H and N-H. **C-NMR spectrum of compound 5 re- which could be assigned to Oggroup, 4.8 ppm attrib-

Discussion
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uted to CH-4.**C-NMR spectrum of compound 8 in 8.
(DMSO-d;) revealed signals at 172.6 ppm assigned to
(C=S), 189.7 attributed to (C=0) group. IR spectrain
compound 9 revealed the presence of bands for NH at
3438 cnt (NH), 3081 crit (CH arom.), 2918, 2863 ¢l 9
(CH aliph.), 1718 cm (C=0), 1237 cm (C=S) .'H-
NMR spectrum indicated the presence of signals.at 6
ppm which could be assigned to £group of pipronyl
moiety, 5.1 ppm attributed to CH-4 and two sigrzl8.0,
12.3 ppm for 2NH groupsC-NMR spectrum of com-
pound 9 in (DMSO-g) revealed signals at 176.0 ppm as-;
signed to (C=S), 194.8 due to (C=0) group.

Conclusion

12.

The objective of the present study was to syntkeaix
investigate the anticancer activity of some indeno-

pyrimidine derivatives carrying the biologically tae  13.

thione moiety at 2-position. Compounds 8, 5, 7 dnd
showed promising anti-breast cancer activity higihen

that of Doxorubicin as reference drug , while coonpds ~ 14.

9 is nearly as active as Doxorubicin. In additiamme
pound 6 revealed a moderate activity compared thigh
Doxorubicin as positive control.
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