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ABSTRACT

Novel series of pyrrolizine Schiff bases has beenhssized then biologically evaluated as poterdiaticancer
agents. The starting compounds,7-cyano-6-amino-Nuidsubstituted-phenyl)-2,3-dihydro-1H-pyrrolizibe
carboxamidesl7a—¢ were reacted with different aldehydes to give thmget compoundsl8-2Q Structural
characterizations of the novel compounds were pero using spectral and elemental analysis. Thécanter
activity of these compounds was evaluated usinfpi®oldamine-B (SRB) assay method .All of these cangs
showed anticancer activity against bothHEPG2 andAVi@ancer cell lines comparable to that of thenstard
Doxorubicin (HEPG2 1G, =0.00699uM/ml). Most of compounds are more acsigainst (MCF7) than (HEPG2)
cell lines. Compoundl8c showed the highest anticancer activity with 1C58lue 0.250uM/ml against
(MCF7).While, Compourid8b was the most potent one against liver (HEPG2) viffg, value 0.784 puM/ml.
Modeling studies into ATP binding site of FER tyrosine kinase were done to predict thetores and
mode of interaction with amino acid residues. Farthore selectivity of the prototyp&8¢209 on normal Wish
cell was evaluated and showed,d©f 0.946, 1.322 and 1.122 respectively.
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INTRODUCTION

Cancers represent one of the most complicatedhhpadblems in the world [1].The higher rate of madity due to
cancers cancer, in addition to of multidrug resistato some of the currently used anticancer ad@rikpresent an
urgent need for development of effective and saf@cancer agents. Pyrrolizines were recently regbras
promising scaffold for the design of potent antammagents. The dual COX/LOX inhibitor Licofeloheshowed
potent anticancer activities against several daks [6-8]. Exploring the mechanism of action otdfielond
revealed its ability to induce apoptosis [9-10].eTtiipentone (MR223882 showed strong anticancer activity
against leukemia L1210 with §gof 15 nM. In addition to its ability to act as tdim polymerization inhibitor [11-
12]; MR22388 was found also to acts as a very gtiohibitor for several kinases [13]. Recently, have reported
compoun@ as potent anticancer agents withyd@ the range of 0.98 and 1.3#M against [14] . The ureido
derivative3 was able to activate caspase 3/7, resulting iptages in MCF-7 cells. Since caspase 3/7 are taimin
enzymes in process of programmed cell death.
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Identification of molecular targets involved in pferation, malignancy and cell death were helpfuthe rational
based design of new anticancer agents. Proteirsésnare one of these targets which play an importda in
regulation of cellular proliferation, differentiai and survival [15]. Several kinases have becosievant
therapeutic targets for development of new antieaagent. The epidermal growth factor receptor (RGK) play

an important role in promoting cell division and\sual [16], and it is frequently over-expressedumors and it is
associated with progression and resistance of caetleto anticancer drugs[17]. Several EGFR intoits erlotinib
4and Gefitinib 5were approved for treatment of cancer displayinghhiate of response and high efficacy in
treatment of cancer [18,19].But recently, resistat EGFR inhibitors was developed [20], and dgwelent of

new EGFR-TK inhibitors became a must to overcongeptoblem.

(o7 | ?
0 N N 0 N I\/N\/\/O N N
~N ~N ~N
0 _ o HN
HN =z HN cl HN cl
T 1 X
o
d 4 Erlotinib 51 (Gefiti ‘b'(/\l F C b F
ressa (Gefitini 6 Canertini
(0]
OCH3
H H
N HO N N
s | 3 \S | N ho s | 3
N ~N ~N ~N
i ; HN HN HN
<\l OH
7 AEE-788 8 (S-form) 9 PKI-166

12 Dasatinib
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Representative quinazoline, pyrrolopyrimidine, tiipyrimidine, thiazole and pyrrole-based EGFR-THKiliitors
[21-25] sharing some pharmacophoric groups inditataed and blue color§jig. 2. Threefragments (A, B and C)
were identified in the squares.

Benzene ring replacement in the quinazoline-bas€&FRETK inhibitory compounds with the isosteric
pyrrole/thiophene afforded new compounds retaifi@-R-TK inhibitory activity. Additionally, no lossf activity
observed on removal of the pyrimidine ring as iatkd by sunitinittl and dasatinit?Fig. 2.

In the present work we aimed to design a new pigired derivatives bearing some of the three fragsidhwas of
interest to develop compoui8a by combining fragments A, B and C in one scaffelth some modificationkig.
3. Several derivatives of compourd@awere prepared through replacement of the 2-chloomp with electron
withdrawing (4-bromo) and electron donating (4-dihyamino) groups. Moreover, substitution the pheiny at
C-5 was done using the electron donating (4)CEnd electron withdrawing (4-Cl) substituentmder to explore
the electronic effects of these substituents oviacof the produced compounds.
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Fig.3. Design strategy and structural modification of compound 18a
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RESULTSAND DISCUSSION

2.1. Chemistry

As shown inScheme 1, preparation of the intermediat&4 and 16a-cwas done according to previously reported
procedures [26,27]Compoundga-c were synthesized from the reaction of 2-pyrroli#liglidine malononitrilel4
with the corresponding acetanilid6a-c in dry acetone according to previously reporteatpdures [28].
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Scheme 1
Reagents and conditionga) CICH,COCI, gl. acetic acid, CELOONa; ) (CHs),SQ,, benzene, malononitrilec) K.COs, acetone, reflux, 24 h
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Synthesis of the Schiff base derivativ@s20was done by refluxing the starting materibifs-c with the appropriate
aldehydes in absolute ethanol in the presenceasfailacetic acid as catalyst.

Preparation of compounti8a-c was obtained by refluxing the starting matetizh-c with 2-chlorobenzaldehyde in
absolute ethanol in the presence of glacial a@atid. Structural elucidation of compountBa-c was done using
spectral and elemental analysis. The IR specttBai revealed absorption bands at 3230-3274 attributed to

the NH groups, a sharp band at2212-2217 de to the cyano groups and absorption bands 2t1667 crit for

the carbonyl groups. The 1H-NMR spectral8é-c showed singlet signal @2.25 ppm due to the GHprotons in
compoundl8b, multiplet, and two triplets at the ranged&.50-4.59 ppm assigned for the aliphatic protdnthe
three methylene groups of the pyrrolizine nucledasltiplet at the range 08 7.16-8.19 ppm due to the aromatic
protons, two singlet signals at th®9.32-10.71 ppm due to N=CH and NH protd?6-NMR spectra of
compoundsl8a-c revealed two signals a#156.42-158.35 ppm due to N=CH and C=0O carbons. Mass
spectra of compoundk8a-c revealed the molecular ions at 388, 402 and 422edively.

Compoundsl9a-c was prepared from the reaction of the startingenltl7a-c with 4-bromobenzaldehyde. The IR
spectra ofl9a-c revealed absorption bands at 3231-3282 attributed to the NH groups, a sharp band at 2212-
2214 cmt due to the cyano groups and absorption bands &t1665 cni for the carbonyl groups. Thél-NMR
spectra ofl9a-cshowed two singlet signals at the9.00-10.60 ppm due to N=CH and NH protoH-NMR
spectra of compoundkla-c revealed two signals ai157.82-158.52 ppm due to N=CH and C=0O carbons.
Mass spectra of compound9a-c revealed the molecular ions at 432, 446 and 4q&mvely.
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Scheme 2
Reagents and conditiongd) 2-Chlorobenzaldehyde, absolute ethanol, gleaiatic acid, reflux, 4 h; (e) 4-bromobenzaldehyafesolute
ethanol, glacial acetic acid, reflux, 4 h; (f) 4raethylaminobenzaldehyde, absolute ethanol, gladetic acid, reflux, 4 h.

Compounds 20a-c was prepared from the reaction of the starting emat 17a-c with 4-
dimethylaminobenzaldehyde. The IR spectr&@s-c revealed absorption bands at 3432-3433attributed to the
NH groups, a sharp band at 2208-2210"aue to the cyano groups and absorption bands 1666 cn for the
carbonyl groups. ThgH-NMR spectra d¥0a-c showed two singlet signals at t#3.98-11.00 ppm due to N=CH
and NH protons*3*C-NMR spectra of compound0a-c revealed two signals af158.87-159.59 ppm due to
N=CH and C=0 carbons. Mass spectra of compoddsc revealed the molecular ions at 397, 411 and 431
respectively.
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2.2. Pharmacological screening

2.2.1. Anticancer activity

Cytotoxic activity of the novel pyrrolizines3-20 were evaluated against HEPG2 and MCF7 cancetirmed using
Sulforhodamine-B (SRB) assay method [29].s0Was calculated and represented in uM/mlable 1.The tested
compounds showed potent anticancer activity agaiogh HEPG2 and MCF7 cell lines in micromolar range
Compound&8c and18b are the most active ones against (MCF7) and (HERE&Rlines with IC50 values of 0.250
and 0.784uM/ml respectively.

2.2.2. Inhibitory activity against normal cells
Cytotoxicty of the prototype$8-20a) on normal Wish cells (non-tumorous cell line) wesaluated using
Sulforhodamine-B (SRB) assay method [29] showed &€0.946, 1.322 and 1.122 respectivedble 1.

Table 1 1Cs values of compounds 18-20 against M CF-7, HEPG2 cancer cell linesand normal Wish cell
N

.
HN
Ry
HEPG2 MCF-7 Wishcdl

Comp. No. R1 Rz ICoUM  1CsopM 1CsouM
18a H 2-Cl 7.839 0.856 0.946
18b CH; 2-Cl 0.784 0.843 -
18c Cl 2-Cl 1.668 0.250 -
19a H 4-Br 5.195 0.897 1.322
19b CH; 4-Br 3.27 0.323 -
19¢ Cl 4-Br 1.852 3.921 -
20a H 4-(CH)N 3.586 0.422 1.122
20b CH;  4-(CHy):N 9.446 0.394 -
20c Cl  4-(CH),N 1.737 5.458
Doxor ubicin - 0.0069 -

2.2.3. Docking study

In this work, a docking study was performed betw#®n new pyrrolizines with EGFR-TK. This study aini®
understand the binding mode of the new pyrrolizit&&0 with the active site of the EGFR-TK. Molecular g
studies were performed using MOE 2008.Dable 2 andFig. 4-6.

Table 2: Docking scores, interacting groups, amino acid interactions, and distances of the docked compoundsinto the active site of

EGFR-TK
Comp | S(Kcal/mal) Interacting moieties Amino acid | Distance
N of CN Lys860 3.2
18a -16.0343 pyrrolizine Tyr764 4.35
N of CN Lys860 2.23
180 -18.257 pyrrolizine Tyr764 431
N of CN Lys860 2.77
18¢ -18.929 2-chloro-benzylidene Tyr764 4.68
N of CN Lys860 2.88
19 -13.998 4-bromo-benzylidene Lys757 3.79
19b -17.191 N of CN Lys860 3.2
N of CN Lys860
1% -15.080 pyrrolizine Tyr764 4.043.2
20a -15.477 N of CN Lys860 2.87
20b -17.869 N of CN Lys860 2.94
20c -16.865 4-dimethylamino-benzylideng  Lys860 4.38
NH of piperidine Glu758 1.23
AEE -21.442 N of pyrimidine Lys860 3.27

The binding affinity of compoundE-20with essential amino acids in the active site waduated and compared to
the co-crystallized ligand AEE788 which was redocked into EGFR and revealed scoreggné€S) of-
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21.442kcal/mol and hydrogen bonding with Glu758 Lars@860 through NH of piperidine moiety and N of
pyrimidine respectivelyFig. 4. All the compounds were docked into ATP bindinte sof EGFR kinase (PDB:
2J6M).[30]

All compounds were nicely and in a comparable reawi AEE7 bound to the EGFR binding domain and form a
hydrogen bond through the nitrogen atom of the oygnoup with amino acid Lys860 which is an impottaimding
site of EGFR inhibitor AEE7as shown inFig 4. As shown inFig5-6, compound$s38b andl8c have a good
interactions with EGFR, with the highest scores lasd distance and this result was reliable witicancer activity

of these compounds which are the most active comgimagainst MCF-7 and HEPG2 cell lines.

Tyr
869

Fig 4. 2D interactions of AEE ligand with EGFR

Fig 5. 2D interactions of comp 18b with EGFR
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Fig 6. 2D interactions of comp 18c with EGFR

EXPERIMENTAL SECTION
4.1. Chemistry
Chemical reagents and solvents were obtained framntercial sources. Solvents are dried by standatthods
when necessary. Melting points (m.p.) were unceéeceand were carried out by open capillary tubehoeusing
IA 9100MK-Digital Melting Point Apparatus. Microalyses were carried out at the microanalytical Cerikaculty
of Science, Cairo University. Infrared spectra wemade on BRUKER Vector 22 (Japan), infrared
spectrophotometer and were expressed in wavenu(oivé) using potassium bromide disc. The proton magnetic
resonancdd NMR spectra were recorded on a Varian Mercury 300- NMR spectrometer at 400 MHz and
BRUKER APX400 spectrometer at 400 MHz in the spedifolvent, chemical shifts were reported ondlseale
and were related to that of the solvent and J galue given in HZ’C NMR spectra were obtained on a Bruker
APX400 at 100 MHz at the faculty of pharmacy, B8wief University. Mass spectra were recorded on igann
MAT, SSQ 7000, Mass spectrometer, at 70 eV (Elthamicroanalytical Center, Faculty of Science, Qair
University. All mass spectra were recorded in theng&de. Thin layer chromatography, was done usiragiérey
Nagel Alugram Sil G/UV254 silica gel plates and beme—ethanol (9.5:0.5) as the eluting system.

Compoundd4[26],16a-c[27],17a-c[28]were prepared according previously reportecgdores.

4.2. General procedurefor the preparation of compounds (18-20)

A mixture of the carboxamide derivativég(3.75 mmol) and the appropriate aldehyde (3.75 mak refluxed in
absolute ethanol (20 ml) in the presence of glaaiztic acid (0.5 ml) for 4 h. The reaction mixtusas
concentrated, set aside to cool, the formed crystak collected and recrystallized from ethanol.

7-Cyano-6-[ (2-chlor o-benzylidene)-amino]-N-phenyl-2,3-dihydr o-1H-pyrr olizine-5-car boxamide (18a):
Compoundl8a was prepared by refluxing compouhda with 2-chlorobenzaldehyde. The product obtainedbyel
crystals, m.p. 245-7 0OC, yield 84%.udfRax/cm-1, 323@NH) 3065(C-H aromatic, 2907CH2), 2212(CN) ,1665 (
C=0),1593(C=C) ,1542(C=N) ,1462, 1433, 13%€-N),754(C-Cl),1H-NMR (CDCI3-400 MHz)3$ 2.58 (m, 2H,
CH2-2), 3.08 (t, 2H, J = 7.2Hz, CH2-1), 4.58 (t,,2H= 6.8Hz, CH2-3), 7.16-8.19 (m, 9H, aromatictpns), 9.62
(s, 1H, N=CH), 10.65 (s,1H,NHC=0).13C-NMR (DMSOd@a}.55, 25.45, 50.19, 115.87, 118.35, 119.60, B19.7
124.02, 127.25, 127.42, 129.06, 129.14, 130.66,8132133.06, 136.97, 138.23, 139.28, 148.44, 156188.35,
MS (El): m/z (%): 389.95 (M+2,11.84), 388.95 (M+Q,19), 388 (M+,34.95), 295.9 (82.68), 296.9 (17.&%7.9
(28.31), 277.95 (19.92), 277 (100), 269.95 (1.8)(3.69), 77 (13.8), 65 (16.22). Anal. Calcd. f@2E117CIN4O
(388.85). C, 67.95; H, 4.41; N, 14.41. Found:6814; H, 4.47; N, 14.62.
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7-Cyano-6-[(2-chlor o-benzylidene)-amino]-N-p-tolyl-2,3-dihydr o-1H-pyrr olizine-5-car boxamide (18b):
Compoundl8b was obtained by refluxing compou@b with 2-chlorobenzaldehyde. The product obtaindtbye
crystals, m.p. 265-8C, yield 87%. IRmax/cm', 3231 (NH) 3093,3066 (C-H aromatic), 2856 (H213 (CN
),1662 (C=0) ,1595 (C=C) ,1546 (C=N) ,1462, 140R57(C-N) ,828,802 (C-Cffi-NMR (CDCl;-400 MHz):
82.25(s,3H,CHPh)2.50 (m, 2H, CK2), 2.99 (t, 2HJ = 7.2Hz, CH-1), 4.55 (t, 2HJ = 6.8Hz, CH.3), 7.12-7.38
(m, 8H, aromatic protons), 9.32 (s, 1H, N=CH), #0(§,1H,NHC=0)C-NMR (DMSOQ): 19.7, 20.9, 24.5, 40.58,
116.27, 118.19, 126.95, 129.67, 132.41, 133.06,5536148.39, 157.82, 158.07. Anal. Calcd. fogHG,CIN,O
(402.88). C, 68.57; H, 4.75; N, 13.91 Found: Cy&8H, 4.78; N, 14.08.

7-Cyano-6-[(2-chlor o-benzylidene)-amino]-N-(4-chlor ophenyl)-2,3-dihydr o-1H-pyrrolizine-5-car boxamide

(180):

Compoundl8c was obtained by refluxing compoufdc with 2-chlorobenzaldehyde. The product obtaindtbye
crystals, m.p. 273-8C, yield 81%. IRmax/cm', 3274 (NH) 3097,3056 (C-H aromatic),2986, 2801 {Ci2217
(CN) ,1667 (C=0) ,1592 (C=C) ,1544 (C=N) ,1491, 930257(C-N) ,829 (C-CPH-NMR (CDCk-400 MHz):§
2.60 (m, 2H, CH2), 3.09 (t, 2HJ = 7.2Hz, CH-1), 4.59 (t, 2HJ = 6.8Hz, CH3), 7.30-8.18 (m, 8H, aromatic
protons), 9.67 (s, 1H, N=CH), 10.71 (s,1H,NHC=&).NMR (DMSOd):24.60, 25.47, 50.18, 115.57, 118.11, 120.76,
127.24, 127.39, 128.87, 129.14, 130.76, 132.80,183336.84, 137.02, 139.46, 148.56, 156.72, 15&84l. Calcd.
for C,oH16CIoN4O (423.29). C, 62.42; H, 3.81; N, 13.24 Found:6Z53; H, 3.79; N, 13.40.

7-Cyano-6-[(4-br omo-benzylidene)-amino]-N-phenyl-2,3-dihydr o-1H-pyr r olizine-5-car boxamide (19a):
Compound9a was obtained by refluxing compoudda with 4-bromobenzaldehyde. The product obtainetbyel
crystals, m.p. 223-8C, yield 82%. IRmax/cm’, 3231 (NH) 3062 (C-H aromatic, 2958,2848 (§;H2213 (CN
),1665 (C=0) ,1596 (C=C) ,1551 (C=N) ,1474, 141R15C-N) ,770 (C-BrjH-NMR (CDCl;-400 MHz):§ 2.51
(m, 2H, CH-2), 2.92 (t, 2HJ = 7.2Hz, CH-1), 4.74 (t, 2H, = 6.8Hz, CH.3), 7.16-7.60 (m, 9H, aromatic protons),
9.00 (s, 1H, N=CH), 10.41 (s,1H,NHC=6L-NMR (DMSOd): 24.38, 25.29, 50.18, 116.20, 118.05, 119.32,
123.99, 127.06, 129.17, 129.78, 132.43, 134.12,1838 38.50, 148.54, 157.09, 158.13, MS (El): niy:(434.85
(M*2,13.15), 433.85(M',49.06), 432.85 (M18.88), 431.9 (50.87), 341.85 (95.42), 340.85 42).. 339.85
(99.06),313.8 (5.69), 312.85 (4.09), 311.85 (7.@3)%.95(100), 92 (3.94), 91(4.9), 77(15.88), 658B3. Anal.
Calcd. for G,H;7BrN,O (433.3). C, 60.98; H, 3.95; N, 12.93. Found:6C07; H, 3.99; N, 13.02.

7-Cyano-6-[ (4-bromo-benzylidene)-amino]-N-p-tolyl-2,3-dihydr o-1H-pyrroli zine-5-car boxamide (19b):
Compound9b was obtained by refluxing compouddb with 4-bromobenzaldehyde. The product obtainetbyel
crystals, m.p. 240-2C, yield 80%. IRmax/cm’, 3280 (NH) 3070(C-H aromatic), 2968 (9H2212 (CN) ,1661
(C=0) ,1611 (C=C) ,1596 (C=N) ,1418, 1315, 129R(C-830,809 (C-Br}H-NMR (CDCk-400 MHz):
82.35(s,3H,CHPh)2.55 (m, 2H, CK2), 2.95 (t, 2HJ = 7.6Hz, CH-1), 4.51 (t, 2HJ = 7.2Hz, CH3), 7.15-7.68
(m, 8H, aromatic protons), 9.01 (s, 1H, N=CH), 20(4,1H,NHC=0)"*C-NMR (DMSO0@):20.93, 24.43, 25.34,
50.17, 116.27,118.19, 119.36, 126.99, 129.81.413433.61, 134.21, 135.62, 138.38, 148.39 , P571.88.07. Anal.
Calcd. for GsH19BrN,O (447.33). C, 61.75; H, 4.28; N, 12.52 Found:6 C87; H, 4.32; N, 12.64.

7-Cyano-6-[(4-br omo-benzylidene)-amino]-N-(4-chlor ophenyl)-2,3-dihydr o-1H-pyrr olizine-5-car boxamide

(29¢):

Compound9c was obtained by refluxing compouddc with 4-bromobenzaldehyde. The product obtainetbyel
crystals, m.p. 272-8C, yield 87%. IRmax/cm?, 3282 (NH) 3073(C-H aromatic),2968 (§H2214 (CN) ,1661
(C=0),1611 (C=C) ,1586 (C=N) ,1418, 1315, 1298(15830,805 (C-BrfH-NMR (CDCl-400 MHz):8 2.62 (m,
2H, CH-2), 3.08 (t, 2HJ = 7.2Hz, CH-1), 4.56 (t, 2HJ = 7Hz, CH.3), 7.31-7.79 (m, 8H, aromatic protons), 9.16
(s, 1H, N=CH), 10.60 (s,1H,NHC=GJC-NMR (DMSOd):24.57, 25.44, 50.20, 116.08, 117.84, 120.70, 2B7.
128.93, 129.19, 129.85, 132.56, 134.22, 136.78,953848.54, 158.31, 158.52. Anal. Calcd. foLHGsBrCIN,O
(467.75). C, 56.49; H, 3.45; N, 11.98 Found: CpB6H, 3.47; N, 12.13.

7-Cyano-6-[(4-dimethylamino-benzylidene)-amino]-N-phenyl-2,3-dihydr o-1H-pyrr olizine-5-car boxamide (20a)
Compoun@0a was obtained by refluxing compoufida with 4-dimethylaminobenzaldehyde. The product ivletz
yellow crystals, m.p. 250-iC, yield 79%. IRmax/cm', 3432 (NH) 3065 (C-H aromatic, 2910 (§H2209 (CN
),1665 (C=0) ,1588 (C=C) ,1537 (C=N) ,1432, 1368B08(C-N) *H-NMR (CDCk-400 MHz): § 2.52 (m, 2H,
CHy-2), 2.99 (t, 2H,J = 7.4Hz, CH-1), 3.11(s,6H,N(CH),), 4.48 (t, 2H,J = 7Hz, CH.3), 6.76-7.2 (m, 9H,
aromatic protons), 9.00 (s, 1H, N=CH), 10.91 (sNHC=0)C-NMR (DMSOd): 24.54, 25.36, 40.16,50.00,
50.87, 116.67, 111.95, 116.52, 116.75, 119.60,11R823.53,129.03, 130.73, 138.70, 141.14, 147183,15,
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158.96,159.58. MS (El): m/z (%): 398 (K28.46), 397 (M,100), 306 (19.05), 305(92.42), 277.95(3.28),
277(13.6), 148.05(94.3), 92(2.9), 77(7.59), 65(%.Abal. Calcd. for G4H,3NsO (397.47). C, 72.52; H, 5.83;
N, 17.62. Found: C, 72.68; H, 5.89; N, 17.84.

7-Cyano-6-[(4-dimethylamino-benzylidene)-amino]-N-p-tolyl-2,3-dihydr o-1H-pyr r olizine-5-car boxamide (20b):
Compoun@0b was obtained by refluxing compoufidb with 4-dimethylaminobenzaldehyde. The product etz
yellow crystals, m.p. 258-8C, yield 81%. IRmax/cm’, 3433 (NH) 2914 (Ch), 2210 (CN) ,1665 (C=0) ,1581
(C=C) ,1535 (C=N) ,1475, 1370, 1307(CM):;NMR (CDCL-400 MHz): 52.35(s,3H,CHPh)2.50(m, 2H, Ck?2),
3.01 (t, 2H,J = 7Hz, CH-1), 3.11(s,6H,N(CH),) ,4.51 (t, 2H,J = 6.4Hz, CH3), 6.76-7.81 (m, 8H, aromatic
protons), 9.01 (s, 1H, N=CH), 10.86 (s,1H,NHC=¢m):.NMR (DMSOg): 19.76, 20,91, 24.55,25.39, 40.16, 49.99,
111.66, 116.65, 16.81, 119.61, 120.19, 123.16,5829130.70, 133.07, 136.11, 140.95, 147.72, 153158,87,
159.45. Anal. Calcd. for £H,:sNsO (411.5). C, 72.97; H, 6.12; N, 17.02 Found: &18; H, 6.19; N, 17.28.

7-Cyano-6-[(4-dimethylamino-benzylidene)-amino]-N-(4-chlor ophenyl)-2,3-dihydr o-1H-pyrrolizine-5-

car boxamide (20c):

Compoun@0c was obtained by refluxing compoutidc with 4-dimethylaminobenzaldehyde. The product ivieté
yellow crystals, m.p. 262-8C, yield 85%. IRmax/cm’, 3433 (NH) 3045(C-H aromatic),2899 (©H2208 (CN
),1666 (C=0) ,1590 (C=C) ,1536 (C=N) ,1482, 136E308(C-N) *H-NMR (CDCk-400 MHz): & 2.58 (m, 2H,
CHy-2), 3.01 (t, 2H,J = 7.2Hz, CH-1), 3.12(s,6H,N(CH),), 4.51 (t, 2H,J = 6.6Hz, CH3), 6.75-7.75 (m, 8H,
aromatic protons), 8.98 (s, 1H, N=CH), 11.00 (SNHC=0)*C-NMR (DMSOd): 24.56, 25.33, 40.16, 49.97,
111.64, 116.28, 116.64, 120.63, 122.93, 128.21,9828.30.70, 137.33, 141.24, 148.00, 153.19, 158188.59.
Anal. Calcd. for G4H,,CINsO (431.92). C, 66.74; H, 5.13; N, 16.21 Found: &8.91; H, 5.16; N,
16.42.24,148.00,153.19,158.88,159.59. Anal. Cafod.C,4H,,CINsO (431.92).C, 66.74; H , 5.13 ; N, 16.21
Found C ,66.91 ; H, 5.16; N,16.42

4.2. Phar macological screening

4.2.1. In vitro cytotoxic activity evaluation by BRassay.

Cytotoxicity of the novel pyrrolizined8-20) was evaluated against HEPG2 and MCF7 candedines using

Sulforhodamine-B (SRB) assay method as prewousported by Skehanet al[29]. Antitumor activity

evaluation was completed at the Center for éBenEngineering, Al-Azhar University, Cair&gypt. Reagents
and chemicals were obtained from Sigma Ahdrichemical Company (St. Louis, Mo, U.S.A.).Thstéd cell
lines were obtained from the American Type CultGalection (ATCC, Minnesota, USA) through the sJiie

Culture Unit, The Egyptian Organization for Riglcal Products and Vaccines (Vacsera, Egypt).Celise

seeded for 24h in a 96 well microtiter plates abncentration of 1000-2000 cells/well, 100well, then cells
were incubated for 48 h with various concatimns ( 0O, 6.25, 12.5, 25, 50, 100 pg/ml ) fué tested
compounds, 3 wells were used for each cond@mraafter incubation for 48h the cells wefixed with

10% trichloroacetic acid 150 pl/well for 1 k&t 40C, washed by distilled water for ighds. Wells were
stained for 10-30 min at r.t. with 0.4% SRB, dIged in 1% acetic acid 70 pl/well. Washed witbetic acid 1%
to eliminate unbound dye till colorless demje obtained. The plates were subjected to aingry4 hr not
exposed to UV. The dye was solubilized with 15Bwell of 10 mMTrise-EDTA (PH 7.4) for ®nin on a

shaker at 1600 rpm. The optical density (OD) aheaell was measured spectrophotometrically atri#Swith an

ELISA microplate reader. Survival curve was obedirby plotting the percent of surviving cells agaidifferent

concentrations of the tested compounds. The IGles were calculated using sigmoidal concentratiesponse
curve fitting models (Sigmaplot software).

4.3. Molecular docking

Docking analysis was carried using the Moleculae@png Environment (MOE 2008.10) on the basis ighh
resolution crystal structures of EGFR complexeshwitgand (PDB 2J6M). Target proteins and ligandsewe
energy-minimized using MOE, all water molecules eaveemoved and hydrogen atoms were added and the
protonation states of the amino acid residues vessgned using the Protonate3D algorithm. The viohig
parameters were usedfor energy minimization; gradi@.01, force field: MMFF94X, chiral constrainturrent
geometry; total runs = 30.We First, crystallograpinhibitor AEEZ was redocked to reproduce their structure and
adjust docking parameters accordingly then compavigd the newly synthesized active compounds dagkin
resultsab.2. Fig. 4-6showing docking of inhibitorAEEand compound&8b and18c.
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CONCLUSION

According to the results obtained during this wavk, can conclude that:

(1) compounds with substituted phenyl ring are mamtive than the unsubstituted compounds.

(2) Chlorosubstitued compounds are more active theifylsubstitued ones.

(3) compoundi8band 18care the most active compounds against (HEPG2) &@dF{) cancer cell lines
respectively.

(4)Most of compounds are more active against (MQRah (HEPG2) cell lines.

Furthermore studies will be carried out to investiggthe most probable mechanism of action of thesgounds.
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