mm o = TRUONG DAl HOC SU PHAM TP HO CHi MINH HO CHI MINH CITY UNIVERSITY OF EDUCATION

:] TAP CHi KHOA HOC JOURNAL OF SCIENCE
ISSN:  KHOA HOC TU NHIEN VA CONG NGHE NATURAL SCIENCES AND TECHNOLOGY
1859-3100 Téap 15, SO 12 (2018): 58-66 Vol. 15, No. 12 (2018): 58-66

Email: tapchikhoahoc@hcmue.edu.vn; Website: http://tckh.hcmue.edu.vn

TONG HQP, XAC PINH CAU TRUC VA THAM DO KHA NANG
GAY PQC TE BAO CUA CAC PHUC Cu(ll), Zn(11) VA Ni(1l)
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TOM TAT

Ba hon hep phic Cu(ll), Zn(ll) va Ni(ll) chiza 4-dimethylaminobenzaldehyde- N(4)
morpholinylthiosemicarbazone (L), [Cu(L")2(H20)], [Zn(L)2(H20):] va [Ni(L)2(H20)z/ duroc tong
hop va xdc dinh cau tric dya trén phan tich dir liéu tir phé FT-IR, UV-Vis, NMR 1D-2D va MS.
Trong khi phdi tiz L gi nguyén cdu trdc trong cac phuic cia Zn(ll) va Ni(ll) thi trong phic cia
Cu(Il), L @a chuyén hoa thanh logi phéi tir méi (L”) trong khong khi khi ¢ mat xtc tac Cu?*/EtOH.
L phai tri voi ion kim logi théng qua nguyén ti7 nitrogen czza nhém imine va nguyén tiz sulfur cia
nhém thioketone. Két qud tham dd hogt tinh ic ché mgt sé dong té bdo ung thu cho thdy
[Cu(L*)2(H20)2] va [Zn(L)2(H20)2] ¢6 khd ndng iic ché ung thie viic MCF-7 va ung thi gan & nguoi
Hep-G2 tot hon [Ni(L)>(H20)2]. Vi ICso = 1,81 umol.mL™, gia tri ndy gdp 4 lan gia tri 1Cso ciia
cisplatin (ICso = 6,53 umol.mL™* [15-16]), [Cu(L*)2(H20),] 1a mét logi phirc tiém nang cho nghién
citu akc ché MCF-7 trong y sinh.

Ter khoa: thiosemicarbazone, morpholine, phirc chét chtra thiosemicarbazone, phc chat
chira cac dan xuét thé N(4)-thiosemicarbazone.
ABSTRACT

Synthesis, structural, characteristics and cytotoxic activity of Cu(l1), Zn(I1) and Ni(ll)

complexes containing 4-dimethylaminobenzaldehyde-N(4)-morpholinylthiosemicarbazone

The complexes of transition metal ions with N(4)-substituted thiosemicarbazones have been
interested in studying their antitumour recently. Three complexes of copper(ll), zinc(ll) and
nikel(11) ions containing 4-dimethylaminobenzaldehyde-N(4)-morpholinylthiosemicarbazone (L),
[Cu(L")2(H20),], [Zn(L)2(H20),] and [Ni(L)2(H20)2] were synthesized and suggested their
structures by observing FT-IR, UV-Vis, NMR 1D-2D and MS spectra. While the skeleton of L was
conserved during coordination to Zn** and Ni** ions, it was probably cyclized to a new ligand (L")
when it was refluxed in the air with the presence of Cu?*/EtOH. The coordination between metal
ion and L was obtained through nitrogen atom from imine group and sulfur atom of thioketone
group. According to the result from biological tests against tumour cell lines, [Cu(L").(H-0).] and
[Zn(L)2(H20),] inhibited breast cancer cells MCF-7 and human liver cancer cells Hep-G2 greater
than [Ni(L)2(H20)] did. With ICso = 1.81 umol.mL™ which was a forth less than that of cisplatin
(ICso = 6.53 umol.mL™ [1516]), [Cu(L")2(H20),] possessed a promised anti-MCF-7 for medical
therapy.

Keywords: thiosemicarbazone, morpholine, complexes of thiosemicarbazones, N(4)-
substituted thiosemicarbazone coordination compounds.
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1. Giéithigu

Céc dan xuat thé N(4)-thiosemicarbazone (TSC) Ia loai chit hitu co c¢6 nhiéu @ng
dung trong cac linh viyc khéc nhau. N6 1a mét trong nhiing chat mau duoc nghién ctu sir
dung phan tich vét ion kim loai trong cac mau sinh hoc, hay kha ning chéng dn mon kim
loai [1]... Mét trong nhirng ng dung quan trong cua loai hgp chat nay chinh Ia kha ning
khéang vi khuan, vir(t va khang té bao ung thu. Chang dugc xem 1a thé hé méi cd thé thay
thé cisplatin. H¢ lién hop >C=N-NH-C(=S)- trong cau tric phan tir c6 kha ning ngin chan
qua trinh phién ma, dich ma xay ra trong té bao. [2] - [5].

Nhiéu nghién ciru cho rang céc dan xuét thé N(4)-thiosemicarbozone chira nhom thé
di vong c6 hoat tinh t5t hon N(4)-thiosemicarbazone chira nhan thom hoic
N(4)-thiosemicarbazone khong nhém thé [2] - [6]. Nam 2015, Bacher va déng nghiép da
céng bd rang N(4)-morpholinylthiosemicarbazone tan tt trong dich noi bao hon cac loai
hop chit TSC khéc [7], do d6, phuc chat ion kim loai chuyén tiép chira phdi tir nay duoc
nghién ciru tong hop nham nang cao hiéu qua hoat dong sinh hoc. Nhimng nim sau dé,
nhiéu cong trinh da két luan rang phirc chat caa Cu(ll), Zn(Il), Ni(ll), Co(ll) va Cd(ll)
chira N(4)-morpholinylthiosemicarbazone thé hién kha niang khang té bao tét hon phdi tir
tu do, dac biét ddi vaoi dong té bao ung thu vii (MCF-7) [8] - [10]. Trong cong trinh [11],
nhém tac gia d& tong hop thanh céng hdn hop chaa hai ciu hinh thiol va thioketone cua
4-dimethylaminobenzaldehyde-N(4)-morpholinylthiosemicarbazone (L) va L thé hién hoat
tinh d6i véi MCF-7. Nhém nghién ctu ciing toi wu hda diéu kién tong hop dé nang cao
hiéu suat tong hop thioketone bang phuong phap quy hoach thuc nghiém tam xoay bac 2.

Trong nghién cau 1an nay, ba hdn hop phac (hdn hop phirc) caa Cu(ll), Zn(ll) va
Ni(11) chira 4-dimethylaminobenzaldehyde-N(4)-morpholinylthiosemicarbazone dugc tong
hop, phan tich ciu trdc dwa trén co s¢ dit liéu phd ESI MS, FT-IR, UV-Vis, *H-NMR,
3C-NMR, COSY, HSQC va HMBC. Hoat tinh sinh hoc (kha ning giy doc té bao u
MCF-7, Hep-G2) duoc tham do va so sanh véi phdi tir tu do.
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Hinh 1. Cdu triic dw kién ba hén hop phike chat da tong hop tir L véi ion kim logi
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2. Thuc nghiém
2.1. Hoa chdt, thiét bj

Copper (II) nitrate trihydrate, Cu(NO3)2.3H20; zinc nitrate hexahydrate,
Zn(NO3)2.6H20 va nikel(ll) chloride hexahydrate, NiCl.6H,0; ethanol, CH3CH,OH, c6
ngudn géc tir Cong ti Xilong, Trung Qudc. Tat ca hda chat vai do tinh khiét 99,5% wiw. L
duoc tong hop theo diéu kién téi vu cua tai lisu [11].

FTIR (FTIR-8400S Shimadzu) dugc tién hanh do trong viing 4000-450 cm ™ & dang
vién nén KBr. Phé UV-Vis dugc khao séat tir may Perkin-Elmer Lambda 25 UV-VIS
SPECTRUM trong viing 200-700 nm trong dung mai ethanol. Phé NMR duoc do trén may
NMR Bruker 500 MHz (dung mdi DMSO-dg) va phé ESI MS duoc van hanh tir may
1100-Series LC-MSD-Trap-SL (trong methanol).

2.2. Téng hep phirc M-TSC

Quy trinh téng hop dugc thuc hién theo tai liéu [7] - [10]. 2 mmol L dugc hoa tan
trong 30 mL ethanol ¢ 60°C. Sau khi dung dich dong nhat, n6 dugc nho tir tir vao 20 mL
dung dich chira mudi ion kim loai trong hdn hop ethanol — nuéc theo ti 1¢ thé tich 1:1. Hn
hop dugc dun hoi luu trong 120 phut va két tua duoc loc, rira sach bang ethanol, nuéc va
dé kho qua dém.

H 0
A NQO AR, OBIOH i
NTY °C.reflusing | ws
. g 60°C, refluxing | “N M
N | K

|
Quy trinh 1. Phan ¢ng tong hop phirc chdt M-TSC

Mot sb dir liu vé cac phuc chat duoc liét ké ngay dudi day:

[Zn(L)2(H20)2], ZnC2sH42Ns04S, : MS(+) [m/z] 682, 647; IR (v, cm™): 3480, 3093,
2356, 1589, 1527, 1350, 887, 1064; 'H-NMR (5, ppm, thioketone; thiol): 3,00; (3,65;
3,71); 3,85; (6,74; 6,47); (7,30; 7,25); (8,14; 7,49); *C-NMR (§, ppm, thioketone; thiol):
(39,7; 39,2); (47,2; 47,1); 65,6; (110,8; 110,7); (133,5; 130,0); (148,8; 156,6); 151,4,
(174,6; 185,7); UV-Vis (Amax, NM): 206, 247, 376, 390.

[Ni(L)2(H20)2], NiC2sH42Ng04S2: MS(+) [m/z] 676, 641; IR (v, cm™): 3441, 3078,
2360, 1597, 1512, 1366, 887, 1026; *H-NMR (6, ppm, thioketone; thiol): (2,93; 2,96);
(3,25; 3,37); (3,53; 3,66); (6,73; 7,24); (7,59; 7,69); (8,66; 8,46); *C-NMR (8, ppm,
thioketone; thiol): (39,5; 41,5); 46,5; (63,9; 64,1); (110,4; 115,5); (130,4: 126,8); (147,9;
155,4); 152,7; 152,8; (170,4; 188,8); UV-Vis (Amax, Nm): 207, 290, 380.

[Cu(L")2(H20)2], CuC28HaoNgO4S2; MS(+) [m/z] 661, 646, 390, 373; IR (v, cm™):
3094, 2330, 1573, 1520, 1358, 887, 1057; *H-NMR (3, ppm, thioketone; thiol): (3,00;
3,04); 3,73; 3,45; 3,59; 3,31; (7,37; 6,83); (7,77; 7,66); *C-NMR (5, ppm, thioketone;
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thiol): (42,8; 40,2); 50,2; (65,1; 63,2); (117,3; 112,0); (131,7; 128,1); (148,3; 158,2);
(156,5; 153,8): (170,5; 190,3): UV-Vis (Amax, NM): 205, 235, 260, 315, 378.
3. Két qua va thao luan

Trén phd NMR, s6 lugng va dic diém tach mii tin hiéu cong huong cua
[Zn(L)2(H20)2] va [Ni(L)2(H20)2] khéng c6 sy thay d6i so vai L ty do. Nguoc lai, sy mat
mot vai tin hiéu cong huong trén phd caa [Cu(L’)2(H20)2] cho thiy cau trac L da bi thay
d6i. Piéu nay s& duoc ban luan cu thé hon ¢ muc 3.2.

Bdng 1. Mgt sé tinh chdt va cac phan manh chinh trén phé MS cia phitc chat
Cong thiic Ma (+) MS: ) Do tan & khoang 25°C
m/z (au) [phan

phan tir sic ) EtOH DMF DO C
manh]

. 647 [Zn(L)2+H]*
- + + o+
[Zn(L)2(H20)2] ZNnC28H12Ng04S; vang 682 [Zn(L)2(H:0)+H]*

; : . 641 [Ni(L)o+H]*
[Ni(L)2(H20)2] ~ NiC2sHs2NgO4S, nau e [Ni(L)o(H:0):]* - + + o+
[Cu(L")2(H20),] CuCasHaoNgO4S,  nau ggi[ﬁu((li_"));(:g)r - + + o+

Trong do “+” = tan t6t; “ - = kém tan, DO = 1,4-dioxane; C = chloroform

Phic

3.1. Khd nding phoi tri ciia L
Bdng 2. S6 song mét so dao dgng hoa tri chinh trén pho IR
va hdp thu cuee dai trén pho UV-Vis

Hap chit IR (v, cm™) UV-Vis (., nm)
OH NH SH C=N C=S N-N a*<m a*<n
1334 205
L 3430 3163 2363 1527 .. 1018 . 365
Zn(L)2(H-0 3480 3003 2356 1527 o0 q0pq 200 376
[2n(L)o(H20)c] 887 247 390
. 1366 205 315
[Ni(L)2(H.0):] 3441 3078 2360 1512 1026 235
887 378
260
, 1358 207
[Cu(L')o(H0)] 3441 3094 2330 1520 ... 1057 oo 380

Céc két qua dic trung ctia phd IR va UV-Vis duoc liét ké ¢ Bang 2, va dugc md ta &
Hinh 3 va 4. Céc tin hiéu cong huong quan trong cing duoc trinh bay ¢ Bang 3. Cac
nguyén tir carbon va proton dugc quy uéc danh sé nhu Hinh 2.
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12 thioketone 1 thiol

Hinh 2. Can bang thioketone va thiol

L t5n tai hai ciu hinh chinh 1a thioketone va thiol khi ngung tu cac tac chit tuong
g trong diéu kién t6i wu [11]. Piéu nay dugc chiing minh bang cac cap tinh hiéu trén pho
NMR cua L véi ti 1€ cuong do tich phan 86: 14 ung véi ti 1€ mol caa thioketone: thiol. Pac
diém nay ciing xuat hién trén phé NMR cua phtc chat, trong d6 luong thioketone chiém
gap 4 lan thiol. Biéu nay cho thiy, can bang thiol-thioketone van duoc duy tri khi L phdi
tri voi ion kim loai. Hién tuong nay khéng gidng véi két luan tir cdng b [12] khi tham gia
tao phtrc, can bang nay sé& dich chuyén theo chiéu thuan. Nguyén nhan caa hién twong nay
la do pH khéng dugc kiém soét trong qua trinh tong hop, dan dén L khong thé phan li hoan
toan va cho proton. Ngoai ra, tin hiéu cong huong va dic diém tach spin-spin trén phd
NMR cua cac phuc thay doi khong dang ké véi cac phire Zn(Il) va Ni(II). Thém vao d6, su
xuat hién caa dao dong héa tri cac nhdm chirc co ban nhu N-H, S-H, C=N, N-N va C=S
caa bo khung TSC ciing dugc quan sat trén phd FT-IR. Do do, c6 thé két luan riang L d4
bao toan cau trlc thione va thiol cua bo khung TSC khi tao phirc véi Zn(11) va Ni(ll).

Xeét cac phuc da tong hop, s6 song & 1510-1530 cm™ duoc quy két cho dao dong hoa
tri C=N giam di so véi L ty do, vi bac lién két caa C=N bi giam khi nguyén tir nitrogen
lién két v6i ion trung tdm. Bén canh dé, dao dong hoa tri caa N-N va C=S chiju su an ngi
khong gian trong cau tric phic. Didu ndy dan dén su ting sé song cia dao dong N-N va
C=S trén phd hap thu hdng ngoai. Céc tin hiéu cong huong caa H-C7=N, H-C7=N va C=S
dich chuyén vé phia truong yéu trén phd NMR do hiéu ung giam chan khi phic chét hinh
thanh. Nhiing co s nay cho thiy nguyén tir nitrogen H-C7=N va nguyén ta sulfur ¢ vai
trd tao lién két voi ion kim loai [10].

Két luan tuong tu ciing dwgc dan ra khi s6 liéu phd UV-Vis dugc phan tich. Hé s6
hap thu ciia chuyén muc d-d thudng nho hon nhiéu so véi muc chuyén dién tich tir L sang
ion kim loai. Do d6, cac chuyén mirc d-d ludn bi xen phu bai cac hap thu n*«m va n*<n
caa L. Dién hinh, budc song cua dai n*—n va n*«n dich chuyén vé phia séng dai so véi
phdi tir tw do. Dau hiéu nay cho thay L da lién két véi ion trung tdm qua nguyén tir
nitrogen va sulfur.

Phan tich phan manh trén phé MS cia phuc chéat cho phép du doan ti 18 mol kim loai
va phdi tir c6 trong phic chat. Tat ca cac phirc déu I phirc don nhan vai ti 1¢ nguyén ta
kim loai/L bang 1/2. Phan tir nudc ciing tham gia phdi tri trong phtc cua Cu(ll). Hiéu tng
ddng vi xuét hién trén tin hiéu ion phan tir 1a dau hiéu cho thiy phac chat da duoc hinh
thanh nhu @& phén tich ¢ trén.
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Hinh 3. Mét s6 dao déng héa tri dic trung ciia TSC Hinh 4. Phé UV-Vis cia L va phiic chdt
Bdng 3. Tin hiéu cgng huong chinh trén phé *H va *C-NMR
P9 chuyén L [Zn(L)(H20)] [Ni(L)(H.0).] [Cu(L)2(H20),]
dich hoa hoc . . . . . . . .
Thioketone  Thiol Thioketone Thiol Thioketone Thiol Thioketone Thiol
(ppm)
H-
H 7,99 7,95 7,30 7,25 8,66 8,46 - -
C7=N , , , , , ,
C7=N 1449 1442 148,8 156,6 1479 1554 148,3 158,2
BCc  C=S
C-SH 180,3 182,4 174,6 185,7 170,4 188,8 170,5 190,3

3.2. Sw thay déi cdu tric L trong [Cu(L’)2(H20)]

CH OH,
"\‘ 3 10 98 , 1 N s }»JO 12
4 ch' NIy, :(,:

CH
12 Sed| My
6 ‘ \©\ _CH;
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6a (\Hj
|
56
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¥ A A
R T R T (T
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Hinh 5. Phé *H-NMR ciia phite Cu(Il)

Trén phd NMR cia [Cu(L’)2(H20)2], trong khi tin hiéu proton H-C7=N mit di, tin
hiéu carbon C7=N van xuét hién. Hon nira, twong quan C7 - H5, C8 - H5 va C7 - H6 ciing
dugc ghi nhan trén phé HMBC. Diéu nay cho thiy qua trinh dong vong L xay ra tao nén
lien két C7-C5 bang co ché gbc tu do khi c6 mat xic tac Cu®* trong qué trinh tong hop
phtic twong ng. Hién tugng nay ciing quan sat dugc trong nhitng cong bd trude day
[13], [14].

63



TAP CHi KHOA HOC - Trwdng DHSP TPHCM Tdp 15, Sé 12 (2018): 58-66

H
N (‘S H ~~ H
N N/N\/g}Cu2+ N’N 20 N8
RJ' D o= J J N
—_— ol =
) R Ccut RH./{‘ ® -Cu;r /Il\r; ®
o j H ¥ H>
© o
o
u O, 4H" 2H20

o

Hinh 6. Co ché déng vong ciia L tu do khi cé mat Cu?* 1am xdc tac

3.3. Thdm do hogt tinh sinh hgc

Kha ning gy doc té bao MCF-7 va Hep-G2 cua phdi tir ty do va ba hdn hop phuc
dugc tién hanh theo phuong phap MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]. Phirc Zn(II) va Cu(Il) gy doc hiéu qua dong té bao Hep-G2
hon L, phirc Ni(ll) khdng thé hién hoat tinh & nong d6 bé hon 100 pg/mL. DSi voi dong

MCF-7, [Cu(L")2(H20)2] ¢6 ICso = 1,81 pug/mL gép 8 lan ICso cua cisplatin.

Bdng 4. I1Cso cua L (phai ti7) va ba hon hop phitc chdt so sénh véi cisplatin

ML Néng do dau Néng dd wc ché (1Cso; pg/mL)
(Hg/mL) Hep-G2 MCF-7
L 100 >100 2,81
[Zn(L)2(H20)] 100 6,49 10,44
[Cu(L")2(H20)7] 100 8,72 1,81
[Ni(L)2(H20)] 100 >100 >100
Cisplatin
100 7,23 8,00
[15], [16]

4. Kétluan

Phirc chat cua Zn(IT), Ni(IT) va Cu(Il) duoc tong hop va xac nhan cau trdc bang dir
lisu phd IR, UV-Vis, NMR va MS. L tao phic chelate vgi ion kim loai théng qué nguyén
tr nitrogen va sulfur. Mét trong sé ba hdn hop phirc ¢ kha niang wc ché té bao ung thu va
MCEF-7 la [Cu(L’)2(H20)2] véi IC50 = 1,81 pg/mL.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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