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ABSTRACT

Background and Aim: Chemotherapy is one of the most common methods available for the treatment of
cancer. Resistance to anticancer drugs can result in failures in chemotherapy of cancers. Therefore,
investigation is necessary for the discovery of new drugs. Homoisoflavonoids are well-known natural products
that possess a wide range of pharmacological activities. Hence, synthesis and assessment of cytotoxicity of
homoisoflavonoids containing morpholinoethoxy moiety and their molecular docking simulation were taken
into consideration.

Materials and Methods: Two 7-morpholinoethoxyhomoisoflavonoids synthesized via three steps including
SN, reaction of 7-hydroxychromanine with morpholino ethyl chloride hydrochloride in the basic media under
reflux condition to produce intermediate 3. The second step included aldol condensation of the intermediate
with suitable aldehydes in the presence of gaseous HCI in ethanol, and finally neutralization with NaOH 5%.
The structures of the products were confirmed using IR, **CNMR, and *HNMR techniques. Cytotoxic effects
of final products on HT-29 and 3T3 cell lines were assessed. To evaluate the binding mode of compounds with
tubulin protein, docking simulation was performed by using MOE.

Results: Two morpholinoethoxy homoisiflavonoids were prepared with moderate to good production yield.
Cytotoxic evaluation of these compounds showed satisfactory results. The results of molecular docking
simulation showed an acceptable binding energy of the interaction between the ligands with the tubulin protein
binding site: (E)-7-(2-morpholinoethoxy)-3-(3,4,5-trimethoxybenzylidene) chroman-4-one= -7.3727 Kcal/mol
and (E)-3-(4-methoxybenzylidene)-7-(2-morpholinoethoxy) chroman-4-one released -7.6838 Kcal/mol per
mole of energy.

Conclusion:The results showed that compound (E)-3-(4-methoxybenzylidene)-7-(2-morpholinoethoxy)
chroman-4-one has higher cytotoxicity than (E)-7-(2-morpholinoethoxy)-3-(3,4,5-trimethoxybenzylidene)
chroman-4-one against HT-29 and 3T3 cell lines. The in-silico results confirmed the results obtained from in
vitro experiments and showed three interactions between ligand (E)-3-(4-methoxybenzylidene)-7-(2-
morpholinoethoxy)chroman-4-one and oThr179, aThr145, and aTyr224 amino acids in tubulin active site.

Key word: Molecular docking, cytotoxic activity, Homoisoflavonoids

Received: Mar 19, 2021 Accepted: Mar 1, 2022

How to cite the article: Touba Eslaminejad, Khalil Eskandari, Fatemeh Abedinezhad, Bagher Amirheidari, Ali
Asadipour, Yaghoub Pourshojaei. Synthesis, Molecular Docking Study and Evaluation of Cytotoxic Activity of
Two Homoisoflavonoids Containing Morpholinoethoxy Substitutiony.SIKU 2022;27(3):23-35.


https://orcid.org/0000-0001-5920-1542
https://orcid.org/0000-0002-2919-7324
https://orcid.org/0000-0003-1086-4286
https://orcid.org/0000-0002-1449-2195
mailto:pourshojaei@yahoo.com
https://orcid.org/0000-0002-6994-7361
http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

PR_/11C01 joapeid g 3130 / Crde g Cunyy )93 / Olws)S ¢Sib)y eole slSiily (alc alas

SNt (51519 Wi i g Mg 3919090 9 S g giamw 331 (o 3 90 § (T 95T 90 K13 Aalino ¢ i
oS 9igmd 99 )90

T Elrhyg Qi gy Soml e TS mol B TIF e dob (6l o ¢ 315 oSl 90

o DAY CNOFY SIS Ol il S eile ST (S p ke ol (Olasl p sl oudSin g ¢ oS rale b Dl S e skl )

e YSYONAVEYE LSS Ol 0l S 0l ST (S p sk oSSl (g5l o ST ¢ g 3)l5 co 03,5« Krag Y

PAYO-FOYB=+ s Ve e TAS 1 IS Oyl el S (K pke ol ¢ i 5 (LS (Slagls Sladod S e ((s3lunsls S5

e YDV APFYAR LS 1S Ol 0l S el ST (S sk o815 (65l g1 0 ST ¢SS gl s Dliions S e 5 (655055 05,8 ol B

o YD FRSYNAD TS S Ol 0l S Ol ST (S p sk o815 (g3l 0dSKils g )l3 gae 05 8 3kl 0

DS S Gy FFPTENO Y (e o ) olﬁmu;@u;u&_;ﬂpu ol (g 3lugyls 0aSKisls ¢ g s s oand 03,5 (ybsbiul. #

Creroe e Yo2A4F-VYSY LSl us™c pourshojaei@yahoo.com

ol
g;.:s:efdtyyo_iiuﬁ)uc,..,u,g.c,wmuoﬂou);L;\J,{w,wJ{uéw)d;@byé@u,;w@:d.\ag Iy
OLS 5 s $ Moy 5l ge s .ol (65900 Lda Slag,ls CaiS (6l e ol 55 Guios ol gl ¢l Ol Sloys sand s
S e obiyl s e el s s K5I SL6 ol gl & dzes glasls b

238 5 g 5sam I Ssn ST (Giluand Lol pen oS 515 55 30 (5l Slack 55D 55 g0 50

4735 SN (2515 oSG ol Iy alom jo ik i al jo an (b 52 3 535305 3130 98 oS 5152 5550V 52 5095 § Mg
Cawd 4 ¥ Lol do B als 28Ty WSy Lol 5 ol 5 (65L Jaen 5o LS5 sukns JST LS5 ) 50 b O 5ile ST S5 skn-V
5 238 e JbI N 3 (58 HCT & slome 53 e lada dl T st lasly o J 5T oS5 093 Al o 55 T
ot o 3 U IR 5 PCNMR, THNMR sls o5 b Y paamen jlostlo ks plosil doy3 0 55 b (63la st Zulgi
Gl e s s b LS 5 Il b sy sl s ool B3T3 s HT-29 Jolu sla sy 655 5 bS5 Jsho
5 il MOE i e3lizal L &S5

WOLS 5 ol Jshr Coo G501 4 © 5 b da e A 5 BLakil) L 5 55200 551 50 98 oS 5155 85 50 (e 5> DAL
ol L bl o STy 31 a5 1 Il (55,5 6 oS50 ST 5l s 587 ol | gl
—(B) 5 -VIZAYA L il 5 05-F-0les S0 55 g8 520 F)-Y—( oSGl gd 385 50-Y)-V=(E) 1515 0L 1y (9955 9 Il
L3S 35T (6551 dsnp 6 M S —V/PVYY 03 5-F-0lo s SOl 5o oS sacs =05 F 5 ¥)-F—( S 551 5d 55 50 Y)-V

(b oo 050l 535 (O o S 52 F)¥ (S 515 325 5 Y)-V-(B) 875 o5 3l Ol mls 1 (6 g Ao
Sk slaesy lan 53 O-F-0les SOAL 5 oS 52005 =0 5 F 5 ¥)-Y=( S 5150 355 50-Y)-V=(BE) S 5 4y Cund (5 2
LS o SSKon 1 53,5 U 1) (505 sla i3T5l odeT s 4y ol (06 5 geelS” Slllan gyl 3,15 3T3 5 HT-29
53 oTYrYYF 5 oThr¥o @Thriva  asT glacwl 5 O5-F-0los S(OAL jo oS 2o F)-Y—( S 5152 55 - Y)-V—(E)
B30l g g b oKl

5506 5521 g 3 (S 5 o ¢ J 58U 50 ST TS lS” (SO S g

AAERV/AVAR-SYR V) SRVAR VAT SARIPHRIE WL LA VAL P I VP g U


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

PO gladd 03 CigBey

ol L Cuglae eliS T oS Slga
S o+ Jes (Multidrug Resistance Efflux Pump)
sty (S seA s laslingnl poees (VD)
2 oosde .(V9) Wlesls Ol 35 31 SIS 2T ke
oS 55l Ks S (Sappanone A)A bl ¢yl
Ol 55 3l SanST| 5T Clad oS ol LS 559N 5 55 gat
V) das s

Al gl S5 5ol s Kol wargL
5 ON) S e Mzl (g5l b og & sk Coves
- b anlsl 3 g 5505 5525 (V4) T (S ST 6 s
b s b SLS 5 2 595 o (Sladons 058 (sl
Giie 93 ool ol 53 ((VY=Y) S osdlly )b o
N LMyl a0 wus ) A5 SNyl g 0
o 5 oS g slaes S lls (la 0 giley S—F-0d 5
S50 2 BOT K 5 s D15 s s a S ST
oy 355 Lo s b s S e s sk
Ol e 25 (5la oSy lgo 31 s &S5 Sl 5 bl
S 50055 gal Slos,T slaadl Jlasl 45 das s
W& 93 L gy cail>) (SPACE) oins sy ¢S 3 b 51 a7
e S b Slag,T (gl 4 o8 (a5 AT
KosSsle atiyls gy S odiS les Cleb Llods
Ghbs sl oS5 ol wds  sla M;&e 3 SS
Sl s Oseli oy Dles (3 (oS 520 SV
ol s e e OLS 5 IS se &S5 1 (YD ,YF)
Lgm Grib 145 oS 0 05,8 (sl b 4l ¢ tasn
Izl oKl 55 (odkd fuame Ogiley S a4 48 55

W3S B s s S

b w9y 9 .b'}o
DS 5

400
5 A LS 550 0w b ley I (slas sazes 4 O
bt sl dsbe iy Slg 3 5 oS J RS S
JAS Slaie B 55t oo patedi sle 0 55 (lanles)
565 0 e e gs Olb a3l dal g (LT 5 e 05 48
30 el Ol 53 e 5 S5 o Jale n g 5 Olgm 3 s
e 23 (33013 2525 Ol Olays (6l (60L5 sla
31535 bt (55005 G Ol Sloys sla i)
Ob o Ao Julge 5550 53 3umte gla 318 a5 L
okii W5 AN L gals et el 4 B (g e
5 JB sl Sy ol e ol sl bl
0P8 09 Giga b e LS DLS 5 5 5)ls iS )
3 oo la Ol Olajs 53 (Gleys (e by Lo e
3L sl Slidis 5 (F-1) 355 25 25505 sl
(V=0) Sl 4y oy goo din) o 53
51 =5 (homoisoflavonoid) b i 55565 50 50 58
Sl oStz (godmte OLLS Slodd i acds LS 5
dil ¢S5 5 ( ud) oSl g, T ail 53 ol 0T lanss
Sslg,T & (heterocycle) S5 2
1o S 5D s 55 50 Lol (dihydropyran-4-one)
(Y WS S (s a4 Ol
Y= 55 Y (V05505 8P Jo T S ok
O5iles S=F-0ued 5 (8 5 o kool (F o 051260
Q) S V?“JG s

Alsmor 3 7w Sas 1ok Slllas J- 4 b
Ngs ol Sl @pdy D)o s S5y sl g0 0
Ddels G118 ) el (e e DS 5 5 DS 5
V) s s D) NG (A 6 4o Sl
SOF) Jsbe Caenn 5 OFNY) (652l o587 Ll g
Sl ol ak O geeme Ol 53 Lilesls OLAS 5 6

Olse a4 (Bonducellin) ol s s cdd 5565 551 40 0

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole &GS (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

QS aadlbs G Py

02,51\ gl 53 B o) GCS 5 e IS sl

el 0l
ESG a1l ¥ - F-Olo g ST (S 55 38 ) o F)-V ags
RPNy S SOV P L 1 SR F
o s DMF 2J (o0 5 ¥ 0oh-F-0ls S (S 5 5un
6L5l (ST Jghoes 4 o 53 5 KoCOg s ys Jge o/ ¥
amysAv Gles 53 43330 Sode 4 Adesls ol 5 LS
dse e 0 da abe e s, spdes) ea 315 sl
Lb Bl STy bgles 4 by IS 5 50m IS 35153 85 50
O pen U 28T O iy o WS, Csl F Sl
3w - b (6,50 TLC jloslinal b adgl sl e JolS” O
STl e 00 0T 50, 1y 28Ty b gl (2515 0L
ALY Sl 1L STy J guases s 5 03 S 5L
ot DUl g L JT 56 5 03 5 2l sl (e 00 L
VoLl d e 5Lad b e Ol 51 e s i oS

PN T Cwd 4 A Oy se 4

Shaes ragn opl s ) 8 4 glesd adsl sl
Gl Al 055 ol T L &S e )8
S Gate opl s asy L8 4 b I Wleds eslanal
SOl CS 8 51aS e OT ras Lilodd ags &S 0 0S5
LOMP) el o5 e (s . ol o (51 5 0150 0L
- JSIEMYY & 1 (CAS Number) CAS a6 jlass
IS Jas sl BFIWVO) b1 OFIWWAS) Dokl
G50 S 5ls S dwy 4 la STy b by (FYPFY)
w5 J S (UV) i slysle oY 5 (TLC) o556 oY
55 b o&aus dhowy 4 3130 53

LUR) ;3 03sk ok Electrothermal 1A9100
bl uilss, b Bruker  oKeas i oslizal
«g (MHZ 400) Bruker s 5wl o&ws L (NMR)
b glie 53 PPM o 2 B) (plimed gl 5 43 8
A S (TMS) 6D el 5 Jot s dals

D 9 P Olus 5 joiww Ly g Budiod ol 33 0dd dgd DliRde (&30 £ yb 1) pocd

—0F Jpasdp V5T 0sHF —0ly ST (oS 515 ) 50
Code 45 €030 Lo s 9 039 53] AT S ses 5

.SJ‘,.AJ},G}MU-Lia-L:a.SQT)J-\iJKijJJ@j\?@:AO

oS 520 8 0NN )N (oS i 5 38y po= V)=V - () gr
GAS a0 JL S 3 R G F -0l S Ol
-Y)-v ‘J}"’u‘l’:‘\ )df.mﬁ:lgl’:ab cgl,.:iaa.:}e;'u

11€e1 )oaped g share / Cado § Cuyy 8)gs / OL3)S (Sl eole algils (ol alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

PV glaib )0y obay

310 538 Slear WY Ll sy, ks oS
Jrmme b Solr 4 b e b Sl ST ST|
Lsd oleT eslel 5o

o3 ) ek 3t gl S 5 e e Sl Cgr
esda3l 5 ¢S Sl eslizal LMTT assay e o3,
J=DMSO  J% 5 etd i slacaS 5 . s bzl
- S B el e 4y LS L b e 5 0
Chle T s g e pp 8 Sat e /0 la
Sl S b oseiT aled 55 i bass ;3 DMSO Ll
555 oldie ol 4 osle ol o 16 0350 Aoy /)
il Gy (b s olos 048 HIS )50 5 e
Voo lie Chle e i esliel eSauldanl ldie f5lus
S5k e o b ey $Saly an 55 &) 5 S
LS 5 b g Jgbe syl IV 5 oS ama 1543
05051 plamil g i ealial it Jald Ol iy ol i
2o She 0 dsbms 51 5 5 S0 V0 sk s i
Cole F o ode 4 ol ol Sl a o MTT iigde
Jaloes (alg 55 ki 4555151 T sl a3 TV (glos o
LI DMSO g 5,80 )+ Sl 2 w5 2ol (29
oite 4538 o ot S5 0lley b slassh b s 8
" Jske Ol e o5 Saly 2 (6) 5 e Oljpe o8
2 Y o&as Lo g (6555 o el OT 0 sl
Sl dops . Ab okl e gl PV 5 OV = se sk o
s A Gos oS e 5 Ik
3de 53 o JS 05 8 Go5 e Sl talejT
YALYY) s S daculowa Vo s

LS5 asdllas

- S IS S el g ey (SilnesleT
05 3 G ola 2an (1 5 0k 4 Sl
Operating Molecular) MOE-2015 Bl

18 Iy S bl sl e o5lizal ( Environment

dng g o M AL 535 g0 gy e ST gy S0
- Wb SIS s 52 03 o3 0 3 g b (5l 5
3T Cas 4 (FA) i s g0 taly Ll J guames b y3sS
s oS U1 gles o

S g F)-1=( S glsid sy 0-V)-V-B) o v
wlin D S5 wg ¢l D 9o POl ST (O 2
Sl ARl 4 Sl e i e A S
A szl a T 3u S e 5l da T 5 S s
S s

Sl IS5l e sy 55T Ol o s gl
SBT3 ige s Jla i J sk 03, 5 (HT-29)
ke Lk ool 5 Ol sl sl ke SSL
SIXC-ABL22) sle sty il = b s 5 (ko 2257
Fetal Bovine ) FBS ¢ s 5 .4 a5 BiOsera os”
- ol obslesdsil s oSGk Ol 5 (Serum
i ol 5 LS oS, I EDTA) dl Sl 5

3 Sl dwl 5 (DMSO) s 5dl g Jito (65 piopes
Al ags S e oS Ll

— Gk g MY SFBS TN S ks e s bad sl It
Cusby o) Seilh am 13 YV Glos S 53 (esle s il
o3l g+ s 4S5 0 S ST 65 70 Lligp 5 S
S 4 e (6 b b g, T8 0S5 4 ad gl
EDTA tos /0¥ 5 o 5 ooy +/Y0 Lo 5 &Sl
Bk 5 g Slo 42330 ke 4 TPM YO+ 545 L 5 I
o3 5 4 Qprmilpnsm Ll w Jol (S sk s
Vs sk 0k eSS, Seslil Ll ke Sl o
N 58 o G058 PSS s S oy el san
YU Sleodsj deoys b glad g 31 34T pde 3 Ol
Vo) lad sk L5 5 g0 Sl ..uuw.ﬂluz,_ujrt,ﬁ;\q,,
Gl Salr 094 ads et o3 sk 1a
O s L 5 Sn s Lkl Jime o0 48 s Sn

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole slEiSs (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

. GiaSh aadlbs G35 PA

Structure ) lsle o Sl eslT T3 gl o
b OJaorer Sl @51 g (Bl (5Ll (Preparation
4Protonate «— Prepare<— Compute .7 5 sl >

Gl 56 0T (S Lb ek o8l oy bl
s o Partial Charges<—Prepare«—Compute | sus
LS sb) 5 Il ol Sl s 5 8 S
Site Finder; Dummies  szws jleslizal L ( STL

Y)Y a3 § et

s, Sledbl oSSl 5 (PDB ID: Blyj) o 55 ok
Sl JsSUse 5 0 ps g onp bt 8 gl e
05 ol G s (ool (s g ol 53 3 g 50
SN o3 s )se s 3l WIS 2l 5 e
Gl s Obal Ooua 0,8 Olsie 4 B 5 A Gl s,
SIS SEQ Ll s 65y p unl SLol glacans (ol
ioles ol en (glaJ ST 50 5 aieT (sladtnl 385 JI5 b s

Loas, Cwws )l AQ:JTJ:M‘ LS\AW))LAEJ}L:}&a:l:

Slyj (g p JUb olSl> Y g

plosl MOE-2015 158l p 5 b o oS 5 ok 2t
iS5 5 b e sl lsl eSS el sl
ke 5 L, Triangle Matcher Algorithm .. MOE
I ¥ b s eslesl GBVI/WSA dG 5 London dG
Sl 055 = BB (gl 28 s Sl 53T (glags 351
b bl e Sse 4 s ST as plail i dn s
S8l gl (55l Jels ST a ud s mdb e
aiia SLS 5 o B alg 53 585 SEY a O slise
O e e S o dataviewer ;| eslica b 5 Lds
AFLYA) s sl 5 5 LS

Fypvel)

-

AP e b LSS s sl kol DL (g ilwosleT
23l b s 9 A& s ChemBioDrawUltra-14.00
LTl 2L MOE-2015 i1 o5

4 Add Hydrogens<Hydrogens«Build«—Edite
Dbt sl wsly bl s SLal O, LOT
55 S

s Partial Charges<Prepare«<—Compute
Cw b L g s ag Energy Minimization—Compute

sl T3l It

s L database ¢SS woT 515 Ls 6 =3 mdb
PEVE SR

site & (S pe KiSTs Gl 3 s0 sl b 4 5l my
DS 5 o (Pl el 5 S5 50 S 2

1101 102360 § 3hsps / Cado § Cunyy 0)93 / OBWs)S (Sl @ole sl@uils (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

P gladd o3 CigBey

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

BBl 25 e Cab gl Ssy LT ksl edd i DS F glacd slaasly
cv\.i:o)J)T\ J)b})@%}@bfﬁ@b%‘@f jur@‘ﬂ\ﬁ)ﬁ)ﬁ‘)}bm};ﬂ&gﬁ}v\?!-&)}l?;
sl ol 5o 5 i 4 S Ogd aha os L a0y T Lipd bl

O i Dl (A 9 B 9 R0 3 Dlogof (lhees (ol oo
e b 5 gl 5 68 DS ot ol 5 bl S S S

-Cream crystals; 65% yield; mp: 208-

210°C; mw 491.87.

IR (KBr, cm™) viax: 1664, 1611.

'H NMR (DMSO-ds, 400 MHz), 7.84 (d,

1H, J= 8.6 Hz), 7.69 (s, 1H), 6.79 (dd, fa
1H, J= 8.6 and 2.4 Hz), 6.75(s, 2H), 6.65

(d, 1H, J= 2 Hz), 5.49 (d, 2H, J= 2 Hz),

456 (t, 2H, J= 4.6 Hz), 3.93 (br s, 4H),

3.83 (s, 6H), 3.72 (s, 3H), 3.57 (t, 2H, J=

4.6 Hz), 3.48 (br s, 2H), 3.20 (br s, 2H).

-Brown crystals; 83% yield; mp: 175-178

°C; mw 431.91.
IR (KB, cm™) vinay: 1728, 1663.

'H NMR (DMSO-dg, 400 MHz), 7.85 (d,

1H, J= 8.8 Hz), 7.68 (s, 1H), 7.44 (d, 2H,

J= 8.4 Hz), 7.07 (d, 2H, J= 8.4 Hz), 6.77 fb
(dd, 1H, J= 8.8 and 2 Hz), 6.65 (d, 1H, J=

2 Hz), 5.43 (d, 2H, H-2, J= 2 Hz), 4.54

(br s, 2H), 3.92 (br s, 4H), 3.82(s, 3H),

3.55 (br s, 2H"), 3.47 (br s, 2H), 3.19 (br

s, 2H).
-x.p).u:,.ouz‘? S s 2l lefﬁfjfbifhnl: WOlS 5 I G Sl
SIS dns gr 0L gl by o GRIB! Jhe C o e DS 5 il (sl g e
sl dshe 5l i S e gla sk 59, » OLS 5 e Sk 03, b awlie 3 HT-29 Sl sk (s035 535 2
Ao 5 Jool il 4 a5 L ioman 5 035 O gf MNP s @'w‘ifﬁ) F9b3T3 ol
Sl kb, fb (S5 &8 wms g e ) ol Go/Y) Cabiee gl clale sFbyfacs s 31.cs S
eSS 5l ol i b oSl sl 0L | s e od o33 QLS Y lsgai 53 () e pp 85 SCaVees

il el 5 S Y GS 5 Chle Rl L S das s Ol s Ll

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole slEiSs (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

60 1
50 1 ~ 50 4
5
:3‘40- 2 40 4
2
£ 30 2 30 {
ﬁ 2
g 20 1 T 20|
>
10 1 10 4
0 0

Concentration (ug/ml)

0.1 1 10 100 1000

0.1 1 10 100 1000

Concentration (ug/ml)

3T3 94 HT-29 G!,Ms&eé)ég)ﬁfbjfa oS F (Jokw Al Hlge DI F1 qwy g it sloged

“;ﬁy&?‘;‘DQWWJL&‘J#QJJ‘J
C ol db ol 53 o o LIEGD) o 2057 I ST 50
Q)ABM)@QW@LDMS\)OM}MQL:{J;JN
S 5 s B r e IS 4 659 D S5 st

Ll jlass Fa

s S b edd e SLS 5 &S 5 ol il
Q\}:AAYVLA;@QLU@\:J.\;‘JHM»))TY Jad> 4o
Sl ovuﬁf- a8 L;L;;QAAJ{GE);“L&:UTL;})}I
S 5 &S 1 (Bb e 53T (655 51 2t D S 5

@bé}b%ﬂ@)f}‘d&béuo}bbg@‘fa

P99 93 b Cymenils” 9 FDFA Olus™ 5§ 5o 0 (8351 J9ur

AG (Kcal/mol) -y
-V/¥VYY fa
-V/SAFA fb
=V/VFAQ pmerilS”

WO SsSbsodasda RS e p Ao e YYF

Casl 03,8 5l 3y S3asdked Lisn A o,

s b 4aTlul L FD L8 b j2Son s ioman
das u’.edu.:@\b Ll ol 0l OLES Y o)wﬂ_}aﬂj)J

oS5V gy awel bawl LFb ol S 5

11€e1 )oaped g share / Cado § Cuwyy 8)gs / OL3)S (Sl eole algils (ol alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

W1 glalb )9 igbey

\4u ™ )
&z \az)

Ol O Sulg 55 5 (Sl g (Slaus 55 LOT I o 8
33 Sl a5 a5l Lb dl ol b gas ealizal
Sole e OS5 ol Sleslinal jl Sda &S ) 5
o5k 4 disd 583 e oplgs bbb Oleys  Sleyg)ls
03533 S35 5 Sk SAS S LSl G 5o IS

23 ol OS5 aS das o Ol b 5 Jbe i Jsha
503 ga5 Jlasl o Sl 51 sk 595 YU slac ol
PLOLS Gl ahlie QU5 (2l 2 slad she
okins Ol al ol a8 sl s la 1) SYL glac ke

- Jslesys 00 S I s s dshe Gl pis Caslie
565 o (Bl Ol L DS 5 ol (Gl o sl
S5 i U5 ol gl Blokd 6 ey sk T
$aj or 4 ol IS, S DS 5 4S5 5
s Dosline oyl glols Jshwosy 2 g5, p il
slw 5o SNl I Sl S I ol oS sl
bl e oS e sl S

g MOE-2015 1550 p 5 b JsSte &S5 (5loas
ol (55 8 5 BB o S s Sla 2 g
b LS 5 ol o8 5,8 ol oaT s 4 il 5 28 8
olaT oy (gloosls . Llosls 2Ty o g Jlab oSl

}\‘b‘\‘a C)L.;JJ‘,&.{ raﬁdjj\)T oyleds Jsd> s

ssbilen S e A5 5 M g 5 e 98 Grla g o I )5
LS 5 ol Sl ok 03l Ol olg s d 5 5a 5 a7
bt Al e S AL o Jaline ale glaos £ (slyl
PSan 0SS Coda slad sSU5m 5 Lo S L ol
Job Glaos 5 abnia j5b 4 IS0 ol s Asbails
N G0k 53 &8 5,13 3525 gLl 2 Pel 50 alinS 20
odalin G S dshe 555 5 (Jho S L LS 5
WS ol 03l3 O g3l 3 Slidios (MY )VA) ol 0k

O e oS 00 S lyls Jbes S ool DS S
Lsh oo Jshor L) 5lgs e 55 5 Lgd o I8 S0
G 33 55 90 LS 5 g S A candllas o5l 55 (YY)

5 S dsbe 55K 60 MTT 25, L 6T Sk
s ol 0228 8 Sl F el sy Jle s ke g S
5> PBEF dm Johe Coe 5 Jphe Sl Ol
- Olea . 38 15 il 35m okd e SLS 5 b e
Sk 03535 655 5 sk S @B 4

Sl IS5 IS (Gle gy 5i5T 5 (3T3) oDy b
Shyls IS 53 e atle LS 5 cdas e 0lis (HT-29)
055 e o 5B (on (o 20 I s e ol

a3 03,5 4 L Ol sr 5 035 LS 5 555 4 el

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole slEiSs (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

G5l aadlbs Giw PP

S5 b

o3 SLIS A5y Wog il s sn oS 5 53 G (nl o
by i b Gla B35 b 5 Lk ags el S SIT
S 4 3l3 Ol gl A 8513 olalid 550 053
Sy pmd Jshw 03y 93 6550 o OLS 5 ol Sk
(HT-29) Sl IS5 5lS™ (gle s, 8555 5 (3T3)
3 i Caaslie Jp Slad sl 5 Ail o CLLE 4 atusl
SLS 5 ol ST J S50 (g 5loand L Llosls Ol 3 5
Sl sl ) 2 g MOE-2015 L1300 5L
5850 BT 5l ool ol 28 Splwil DS 5
5 Sisos G i, 3 b IFD S 5 & shols
Jasl olr 53 s pe gil (Sladonl b &Ky 85 n
Cel Lilg (oo Culos S 515 5 Il 88 s
238 0T lga

D 9 ST

UL o B s gy

Sy ol «&sls 3 IR.KMU.REC.1399.672
Coglan 1 wlewane gl s b 1 (sl 0lds O gun Ol S
Slas,ls Sl S 0 ey 5 o (55l 5 Dlidos
Oy T (o Jor 4 S5 5 B e 5 S
Llos SS el 1) (ilin 5l Q;C

Jhail (551 48 ams 0 O (25 (550 b S
Lfa oS5l s Ldlasl gil )l imfh 85
andllan 5 (AUl b e osls opl g Sl G 88 55

&S Sl o3y Olis s Sladss sl By J sl S
Js oSl 3 4T (gladenl oy age 51 S 0Thr179
EE O as e Sy WIS Cl g
SR s 53 L) Yol sl )3 ek ety
S aas Lol (e Jws oKl L FD WS sl
T-H L KfD (S50l s S ails b s
L oS canles S 415, aThrl 79 a.T i | Stacking
FoSon o TS 5 I 2005 Slgben [ Dl
Lo SO FD S 5 pmman (FP-YF) Closls 0Lis |,
T el b o 05 50 il O30S 031 53 b 51 (355500
dil> dew » - stacking k. ¢ saThrl45
-4 Caslos S 13 0Tyr224 ael al b s S g2
VIINA 5 a4k T S 5 dlasl 55 51 e sMe
oA 4 K55 e 5 1Sl sn p ¢ JSAS
b 4 ol (U ge s SIS -VVFAY) peilS” Il
s 5 S5 50 ST (5l 4 ) Jol sl JS
b 5 a5 65 a0 UL LS 5 ) sk e
Olsioar el oS ST 05 glls glacs 5 5Mo 551 50 50
DB S arm g 2pm Bl Gl ks o il DLS 5

5,

&b

1.Amirkhah R, Naderi-Meshkin H, Mirahmadi M, Allahyari A, Sharifi HR. Cancer statistics in
Iran: Towards finding priority for prevention and treatment. Cancer Press. 2017;3(2):27-38.
2.Rahmani-Nezhad S, Safavi M, Pordeli M, Ardestani SK, Khosravani L, Pourshojaei Y, et al.
Synthesis, in vitro cytotoxicity and apoptosis inducing study of 2-aryl-3-nitro-2H-chromene
derivatives as potent anti-breast cancer agents. Eur J Med Chem. 2014;86:562-9.

3.Shafigh E, Siadati S, Shefaei S. The epidemiological study of cancer in hospitals of Babol
Medical University, 1990-2002. J Babol Univ Medical Sci. 2005;7(3):73-8.

4.Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;69(1):7-34.

1101 102360 § 3hsps / Cado § Cunyy 0)93 / OBWs)S (Sl @ole sl@uils (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

WP clad )g) Qobey

5.Amini Sani N, Shamshir Garan M, Ghavam Nasiri M, Setayesh Y. The effect of active and
passive smoking associated with breast cancer. J Babol Univ Medical Sci. 2005;7(1):63-8.
6.Mousavi S, Asri M. Educational requirements of patients with cancer during chemotherapy and
radiotherapy for their self-care. J Babol Univ Medical Sci. 2003;5(1):17-20.

7.Shafigh, E, Abdolazimi Y, Shafaei S, Haji Ahmadi M. Expression of p53, p27kipland ki-67 in
gastric cancer and their correlation with clinicohistopathologic parameters in shahid beheshti
hospital. J Babol Univ Medical Sci. 2007;9(4):7-14.

8.Al Nakib T, Bezjak V, Meegan MJ, Chandy R. Synthesis and antifungal activity of some 3-
benzylidenechroman-4-ones, 3-benzylidenethiochroman-4-ones and 2-benzylidene-1-tetralones.
Eur J Med Chem. 1990;25(5):455-62.

9.Li N, Zhang J-Y, Zeng K-W, Zhang L, Che Y-Y, Tu P-F. Anti-inflammatory
homoisoflavonoids from the tuberous roots of Ophiopogon japonicus. Fitoterapia.
2012;83(6):1042-5.

10.Tait S, Salvati AL, Desideri N, Fiore L. Antiviral activity of substituted homoisoflavonoids
on enteroviruses. Antiviral Res. 2006;72(3):252-5.

11.Pourshojaei Y, Gouranourimi A, Hekmat S, Asadipour A, Rahmani-Nezhad S, Moradi A, et
al. Design, synthesis and anticholinesterase activity of novel benzylidenechroman-4-ones bearing
cyclic amine side chain. Eur J Med Chem. 2015;97:181-9.

12.Shamsimeymandi R, Pourshojaei Y, Eskandari K, Mohammadi-Khanaposhtani M, Abiri A,
Khodadadi A, et al. Design, synthesis, biological evaluation, and molecular dynamics of novel
cholinesterase  inhibitors as  anti-Alzheimer's  agents.  Archiv  der  Pharmazie.
2019;352(7):1800352.

13.Pourshojaei Y, Eskandari K, Asadipour A. Highly Significant Scaffolds to Design and
Synthesis Cholinesterase Inhibitors as Anti-Alzheimer Agents. Mini Rev Med Chem.
2019;19(19):1577-98.

14.McPherson DD, Cordell GA, Soejarto DD, Pezzuto JM, Fong HHS. Peltogynoids and
homoisoflavonoids from Caesalpinia pulcherrima. Phytochemistry. 1983;22(12):2835-8.
15.McPherson DD, Che C-T, Cordell GA, Doel Soejarto D, Pezzuto JM, Fong HHS.
Diterpenoids from Caesalpinia pulcherrima. Phytochemistry. 1985;25(1):167-70.

16.Roy SK, Agrahari UC, Gautam R, Srivastava A, Jachak SM. Isointricatinol, a new antioxidant
homoisoflavonoid from the roots of Caesalpinia digyna Rottler. Nat Prod Res. 2012;26(8):690-5.
17.Shaikh M, Petzold K, Kruger HG, du Toit K. Synthesis and NMR elucidation of
homoisoflavanone analogues. Struct Chem. 2011;22(1):161-6.

18.Wang G, Liu W, Gong Z, Huang Y, Li Y, Peng Z. Design, synthesis, biological evaluation
and molecular docking studies of new chalcone derivatives containing diaryl ether moiety as
potential anticancer agents and tubulin polymerization inhibitors. Bioorg Chem.
2020;95:103565.

19.Yang Z-M, Huang J, Qin J-K, Dai Z-K, Lan W-L, Su G-F, et al. Design, synthesis and
biological evaluation of novel 1-hydroxyl-3-aminoalkoxy xanthone derivatives as potent
anticancer agents. Eur J Med Chem. 2014;85:487-97.

20.Asadipour A, Shams Z, Eskandari K, Moshafi M-H, Faghih-Mirzaei E, Pourshojaei Y.
Efficient, straightforward, catalyst-free synthesis of medicinally important S-alkyl/benzyl
dithiocarbamates under green conditions. Res Chem Intermed. 2018;44(2):1295-304.

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole slEiSs (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

GRS aadlbs (3w WIE

21.Eskandari K, Pourshojaei Y, Haghani F, Shabani M, Asadipour A. Synthesis, and molecular
modeling of bis(3-(piperazine-1-yl)propyl)tungstate (BPPT) nanoparticles, and its first catalytic
application for one-pot synthesis of 4H-chromene derivatives. Heliyon. 2019;5(9):e02426.
22.Pourshojaei Y, Abiri A, Eskandari K, Haghighijoo Z, Edraki N, Asadipour A. Phenoxyethyl
Piperidine/Morpholine Derivatives as PAS and CAS Inhibitors of Cholinesterases: Insights for
Future Drug Design. Sci Rep. 2019;9(1):19855.

23.Pourshojaei Y, Eskandari K, Elhami E, Asadipour A. Molybdenum Oxide Nanoparticles as
Recyclable Heterogeneous Catalyst for Synthesis of Arylidene Ethyl Cyanoacetates. J Nanosci
Nanotechnol. 2019;19(9):5965-73.

24.Shawky AM, lbrahim NA, Abdalla AN, Abourehab MAS, Gouda AM. Novel pyrrolizines
bearing 3,4,5-trimethoxyphenyl moiety: design, synthesis, molecular docking, and biological
evaluation as potential multi-target cytotoxic agents. J Enzyme Inhib Med Chem.
2021;36(1):1313-33.

25.Maklad RM, AbdelHafez EMN, Abdelhamid D, Aly OM. Tubulin inhibitors: Discovery of a
new scaffold targeting extra-binding residues within the colchicine site through anchoring
substituents properly adapted to their pocket by a semi-flexible linker. Bioorg chem.
2020;99:103767.

26.Pourshojaei Y, Jadidi M-H, Eskandari K, Foroumadi A, Asadipour A. An eco-friendly
synthesis of 4-aryl-substituted pyrano-fuzed coumarins as potential pharmacological active
heterocycles using molybdenum oxide nanoparticles as an effective and recyclable catalyst. Res
Chem Intermed. 2018;44(7):4195-212.

27.Eslaminejad T, Nematollahi-Mahani SN, Ansari M. Cationic B-Cyclodextrin—Chitosan
Conjugates as Potential Carrier for pmCherry-C1 Gene Delivery. Mol Biotechnol.
2016;58(4):287-98.

28.Eslaminejad T, Nematollahi-Mahani SN, Ansari M. Synthesis, characterization, and
cytotoxicity of the plasmid EGFP-p53 loaded on pullulan—-spermine magnetic nanoparticles. J
Magn Magn Mater. 2016;402:34-43.

29.Mabkhot YN, Aldawsari FD, Al-Showiman SS, Barakat A, Hadda TB, Mubarak MS, et al.
Synthesis, bioactivity, molecular docking and POM analyses of novel substituted thieno[2,3-
b]thiophenes and related congeners. Molecules. 2015;20(2):1824-41.

30.Aly OM, Beshr EA, Maklad RM, Mustafa M, Gamal-Eldeen AM. Synthesis, Cytotoxicity,
Docking Study, and Tubulin Polymerization Inhibitory Activity of Novel 1-(3,4-
Dimethoxyphenyl)-5-(3,4,5-trimethoxyphenyl)-1H-1,2,4-triazole-3-carboxanilides. Arch Pharm.
2014;347(9):658-67.

31.Rosa GP, Seca AML, Barreto MdC, Silva AMS, Pinto DCGA. Chalcones and Flavanones
Bearing Hydroxyl and/or Methoxyl Groups: Synthesis and Biological Assessments. Appl Sci.
2019;9(14):2846.

32.Bukhari SNA, Kumar GB, Revankar HM, Qin H-L. Development of combretastatins as
potent tubulin polymerization inhibitors. Bioorg Chem. 2017;72:130-47.

33.Kamal A, Viswanath A, Ramaiah MJ, Murty JNSRC, Sultana F, Ramakrishna G, et al.
Synthesis of tetrazole—isoxazoline hybrids as a new class of tubulin polymerization inhibitors.
MedChemComm. 2012;3(11):1386-92.

34.McLoughlin EC, O’Boyle NM. Colchicine-Binding Site Inhibitors from Chemistry to Clinic:
A Review. Pharmaceuticals. 2020;13(1):8.

1101 102360 § 3hsps / Cado § Cunyy 0)93 / OBWs)S (Sl @ole sl@uils (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-06-24 ]

[ DOI: 10.52547/5ku.27.3.23]

Wo  glaib )03 Qodey

35.Pérez-Villanueva J, Matadamas-Martinez F, Yépez-Mulia L, Pérez-Koldenkova V, Leyte-
Lugo M, Rodriguez-Villar K, et al. Synthesis and Cytotoxic Activity of Combretastatin A-4 and
2,3-Diphenyl-2H-indazole Hybrids. Pharmaceuticals. 2021;14(8):815.

36.Hura N, Naaz A, Prassanawar SS, Guchhait SK, Panda D. Drug-clinical agent molecular
hybrid: synthesis of diaryl (trifluoromethyl) pyrazoles as tubulin targeting anticancer agents.
ACS omega. 2018;3(2):1955-69.

11€e1 )03)ails  slsps / Cria § Cunyy 8)93 / PLw)S (Sl eole slEiSs (olc alas


http://dx.doi.org/10.52547/sjku.27.3.23
http://sjku.muk.ac.ir/article-1-6643-fa.html
http://www.tcpdf.org

