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ABSTRACT A 2-thiophene N(4)-phenylthiosemicarbazortél | ligand and its three metal
derivatives [Cuk ] (2), [NiL;] (2) and [Pdly] (3) are synthesized and characterized by elemental
analysis, IR spectra, mass spectra as well adrigkesrystal X-ray diffraction. Compounds-3
have the identical architectures in which the Schifses L ions act as the bibasic chelating
ligands with thiolate S and imine N atoms as theadaites. Cytotoxic studies carried @utvitro
against human liver hepatocellular carcinoma Hepsefls and human normal hepatocyte
QSG7701 cells show thatcan be able to inhibit cell proliferation growtompoundl promotes

a dose-dependent apoptosis in HepG2 cells. Thengtstructure-activity relationships among

HL and1-3 are further investigated by Hirshfeld surface carig fingerprint plots.
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1. Introduction

Thiosemicarbazones and their metal complexes hesgavied considerable attentions due to
their good repeatability, various structures andeffieial pharmacological properties [1-7]. It is
reported that the biological activities of thioseatbazones are closely related to the parent
aldehyde or ketone group, amino-terminal subsbitutand metal ions [8-13]. Moreover, the
antitumour activities of thiosemicarbazones inceeagth their ability coordinating to the metal
ions [8-9].

Thiosemicarbazones usually coordinate to the mietaé, notable for transition metal,
through the bidentate (N, S) mode or tridentate NN.S) mode [14-15], which are obviously
affected by the types of the substituent group tm azomethine carbon. Their coordination
abilities are greatly influenced by the extendedodHization of electron density over the
—NH-C(S)-NH-N=C- system, which can be strengthdmethe substitutions of the terminal N
atom®® Thus, the rational design and synthesis of theiipethiosemicarbazones is still an
interesting and challenging field.

In the past few decades, many transition metalptexes likely Co(ll) [17], Ni(ll) [18-19],
Cu(ll) [20], zn(ll) [21], Pd(ll) [22-24], Ag(l) [25], Au(l) [26] and Pt(ll) [26] relted to
thiosemicarbazones have been prepared and thetogigt activities have been investigated using
different cell line cultures. However, the mechamisf action is still controversial in many
respects and has not been completely identifietldimy ribonucleotide reductase inhibition,
metal dependent radical damage, DNA binding, ahibition of protein synthesigtc. Therefore,
the discovery and development of new metal-basegsdremain an evergrowing area in the
medicinal inorganic chemistry as usual.

In recent years, we have been working on thacttral and biological properties of
thiosemicarbazones and their metal complexes [1728, 27-33]. We focus our mind on the
optimization of thiosemicarbazones and the selectiveference of metal ions in order to
effectively enhance biological activities and reglibe potential toxicity. We have previously
reported the synthesis, crystal structure and Obicéd activities of 2-thiophene
N(4)-methylthiosemicarbazone and its Ag(l) compl@6], which has taken on the better
biological activities. To continue this researchrdin 2-thiophene N(4)-phenylthiosemicarbazone

(HL) is prepared, in which a phenyl is introducedréplace methyl with the aim of altering the
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delocalization of electron density over the —NH-ESMH-N=C- system and adjusting its
coordination ability. Furthermore, we attempt toremse the interaction area of the non-covalent
bond binding like groove binding and intercalatbieding with the substrate molecule. Ultimately,
their pharmacological properties can be improved aptimized. In this paper, three transition
metal complexes [Cul (1), [NiL;] (2) and [PdL] (3) (Scheme 1) are successfully synthesized
via HL . They are carried oun vitro against HepG2 cells and normal QSG7701 cells. Tieete

of 1 on cell apoptosis in HepG2 is studied. The posgishsons for the activity differences among

HL and1-3 are further analyzed by Hirshfeld surface combingdrprint plots.

H H \ N \
SN, MM = Cu, N, Pd) S
N W ‘ M
\ S S S/

- NaOAc, EtOH . \
NJ\N/N R
H

Scheme 1The reaction scheme for the synthesi$-#.

2. Experimental
2.1. Materials and physical measurements

All solvents and reagents were commercially avéland used without further purification.
Melting points were determined with a X-5 Micro Pessor Melting-point Apparatus. C, H and N
elemental analyses were performed on a Perkin-EM@C elemental analyzer. The mass spectra
(MS) were taken out on an Esquire 3000 LC-MS masstsometer. The infrared spectrum was
recorded from KBr pellets on a Nicolet 170SXFT-lestrometer in the range of 4@M00 cn.

2.2. Synthesis of 2-thiophene N(4)-phenylthiosennézane HL)

N(4)-phenylthiosemicarbazide (0.50 g, 3 mmol) idedidropwise to an ethanol solution (30
mL) of 2-thiophene (0.34 g, 3 mmol) with five droplsacetic acid as catalyst. After refluxed for 2
h, the resultant solution is filtered. Yellow powslseparated on cooling are washed with ethanol
and dried over JO, in vacuo, yield 81%. Melting point: 26304 °C. Elemental analysis calcd
(%) for CoH1iNsS,: C 55.14%, H 4.24%, N16.08%. Found: C 55.36%, #7%, N 15.92%.
ESI-MS. Foundm/z 284.0 [HL+ Na']. Calcd: m/z 284.0. Colorless crystals suitable for X-ray

studies are obtained by slow evaporation of itamdhsolution.
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2.3. Synthesis of [Cy]l(1)

An ethanol solution containing Cu(GJ26H,0 (0.074 g, 0.2 mmol) is added dropwise to an
ethanol solution (20 mL) of 2-thiophene N(4)-pheéhigsemicarbazone (0.105 g, 0.4 mmol) and
NaOAc (0.034 g, 0.4 mmol). After refluxing with istng for 2 h, the resultant solution is filtered.
The obtained solid product is recrystallized frotha@ol and dried over4Bq, in vacuo. Yield,
68%. Melting point: 199201 °C. Elemental analysis calcd (%) foi,iCuNsS;: C 49.34%, H
3.45%, N 14.38%. Found: C 49.28%, H 3.59%, N 14.2@&I-MS. Found:m/z 585.7
[Cu(L)(HL)]". Calcd:nvz 585.3.Violet crystals suitable for X-ray studie abtained by slow
evaporation of its ethanol solution.

2.4. Synthesis of [N#.(2)

The procedure is the same as thatif@xcept that Cu(CIg),6H,0O (0.074 g, 0.2 mmol) is
replaced by Ni(ClQ,6H,O (0.073 g, 0.2 mmol). Yield, 60%. Melting pointl2-214 °C.
Elemental analysis calcd (%) for,Bl,0NiNgS;: C 49.75%, H 3.48%, N 14.50%. Found: C
50.02%, H 3.56%, N 14.31%. ESI-MS. Foumdz 578.9 [Ni(L)(HL)]". Calcd:mvz 579.0. Red
crystals suitable for X-ray studies are obtainedlby evaporation of its ethanol solution.

2.5. Synthesis of [PdL(3)

The procedure is the same as thatif@xcept that Cu(Clg.'6H,O (0.074 g, 0.2 mmol) is
replaced by PdGI(0.035 g, 0.2 mmol). Yield, 55%. Melting point: 200 °C. Elemental
analysis calcd (%) for £HooPdNsS,: C 45.96%, H 3.21%, N 13.40%. Found: C 45.28%,39%,

N 13.20%. ESI-MS. Foundn/z 629.3 [Ni(L)(HL)]". Calcd:nvz 628.1. Orange crystals suitable
for X-ray studies are obtained by slow evaporatibits ethanol solution.
2.6.X-ray crystallography

Single crystal X-ray data collection are performad a Bruker SMART APEX CCD
area-detector diffractometer equipped with a grtapmonochromated M&a radiation 4 =
0.71073 A) at 293 (2) K. The intensities are cagddor Lorentz and polarization effects and for
empirical absorption. The structure is solved byeai methods and refined by full-matrix
least-squares techniques based Fnusing SHELXS-97 and SHELXL-97 programs [34],
respectively. All non-hydrogen atoms are refinedsatnopically. All remaining H atoms were
positioned geometrically. A summary of the crystata and refinement results are listed in Table

1. Selected bond lengths are given in Table 2.
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Table 1 Summary of crystal data and refinement result$iforand1-3.

HL 1 2 3
Empirical formula C1oH11N3S, Co4H20CUNsS, Co4H20NiINgS, CoqH20PANsS,
Formula weight 261.36 584.29 579.41 627.10
Crystal size /mm 0.58x0.40x0.07 0.46%0.34x0.07 0.56%0.49x0.11 0.48x0.37x0.08
Crystal system Triclinic Monoclinic Orthorhombic Orthorhombic
Space group P-1 P2(1yc Pbca Pbca
T/K 296(2) 296(2) 296(2) 296(2)
alh 5.724(11) 7.105(4) 9.8627(15) 10.0707(10)
b/A 10.09(19) 7.507(4) 7.8100(12) 7.7048(7)
c/A 11.56(2) 24.771(14) 32.299(5) 32.526(3)
VA3 629.6(2) 1291.7(12) 2487.9(7) 2523.7(4)
o (°) 72.374(3) 90.00 90.000 90.00
B(°) 81.929(4) 102.143(18) 90.000 90.00
7 (°) 88.249(4) 90.00 90.000 90.00
D./g cni® 1.379 1.502 1.547 1.650
Z 2 2 4 4
i /mm? 0.403 1.194 1.142 1.093
4 (°) 1.87-26.00 2.84-25.00 2.42-25.00 2.38-25.00
Fooo 272 598 1192 1264
Index ranges -6<h<7, -8<h<8, -11<h<11, -11<h<11,
-12<k<9, -8<h<s, -9<k<9, -7<h<9,
-14<1<13 -18<1<29, -17<1<38 -38<1<34,
Refl. collected 3472 6206 10379 11795
Refl. unique 2432 2248 2168 2212
Rint 0.0538 0.0894 0.1230 0.0767
Parameters 154 160 161 160

RLWR: [I > 26 (1)]

R, wR: (all date)

Goodness-of-fit on¥

0.0595, 0.1602
0.0919, 0.1739

0.856

0.0807, 0.1845
0.1198, 0.1949

0.873

0.0509, 0.1095
0.0979, 0.1335

0.744

0.0309, 0.0491
0.0644, 0.0538

0.756




Table 2 Selected bond lengths (A) and bond angles (°Hiorand1-3 2.

HL 1 2 3
S(1)-C(7) 1673(4)  Cu(l)-N@W#1 1.978(7)  Ni(1)-N@3) 1.882(4) Pd(1)-N(3)#1 2.011(3)
N(1)-C(7) 1336(5)  Cu(1)-N@3) 1.978(7)  Ni(1)-N@)#1 1.882(4) Pd(1)-N(3) 2.011(3)
N(1)-C(6) 1.433(5)  Cu(1)-S(1) 2.265(3)  Ni(1)-S(1)#1 2.1679(15)  Pd(1)-S(1)#1 2.2929(10)
N(2)-C(7) 1341(5)  Cu(1)-S(L)#1 2.265(3)  Ni(1)-S() 2.1679(15)  Pd(1)-S(1) 2.2929(10)
N(2)-N(3) 1378(4)  S(1)-C(7) 1.741(9)  S(1)-C(7) a775) S(1)-C(7) 1.747(3)
N(3)-C(8) 1.288(5) N(1)-C(7) 1.359(10)  N(1)-C(7) 361(6) N(1)-C(7) 1.366(4)
C(1)-C(6) 1.373(5) N(1)-C(6) 1.424(11)  N(1)-C(6) 413(6) N(1)-C(6) 1.403(4)
C(1)-C(2) 1.376(6) N(2)-C(7) 1.308(10)  N(2)-C(7) 301(6) N(2)-C(7) 1.299(4)
C(2)-C(3) 1.360(6) N(2)-N(3) 1.388(8)  N(2)-N(@3) 03(5) N(2)-N(3) 1.394(3)
C(3)-C(4) 1.382(6) N(3)-C(8) 13119  N(@3)-C(8) a%g6) N(3)-C(8) 1.296(4)
C(12)-5(2)-C(9) 926(2)  N@#1-Cu(1)-N(3) 180.0(3)  N(3)-Ni(1)-N@#1 1801 N@)#1-Pd(1)-N(3)  180.00(11)
C(7)-N(1)-C(6) 127.6(3)  N(@3)#1-Cu(1)-S(1) 96.9(2)  N@)-Ni(1)-SL)#L  9474(14)  N@#1-Pd(1)-S(L)#L  82.59(9)
C(7)-N(2)-N(3) 1206(3)  N(3)-Cu(1)-S(1) 83.1(2)  N@#L-Ni(1)-S(1)#1 85.26(14)  N(3)-Pd(1)-S(1)#1  97.41(9)
C(8)-N(3)-N(2) 116.9(3)  N@W#1-Cu1)-SQ#1  83.1(2)  N(@3)-Ni(1)-S(1) 85.26(14)  N(3)#1-Pd(1)-S(1)  97.41(9)
C(1)-C(6)-N(1) 121.1(4)  N(3)-Cu(1)-S(L)#1 96.9(2)  N@WL-Ni(1)-S(1)  94.74(14)  N(3)-Pd(1)-S(1) 82.59(9)
C(5)-C(6)-N(1) 118.4(3)  S(1)-Cu(1)-S(1)}#1 180.00(6)  S(1)#1-Ni(1)-S(1)  TBO. S@#1-Pd(1)-S(1)  180.0

& Symmetry transformations used to generate equivatems:—x+1, —y+1, -z, —x+2, -y, —z+1;—x+1, -y, —z+1
for 1-3, respectively.



2.7.Cytotoxicity assay [27]

The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltazolium bromide (MTT) assay is carried
out to evaluate cytotoxicity. Cells are plated i@ well plates at a cell density of 1 x*idells
per well and allowed to grow in a G@cubator. After 24 h, the medium is removed aplaced
by fresh medium containing the tested compoundghwhare dissolved in DMSO at 0.01 M and
diluted to various concentrations with phosphatffdoed saline (PBS) before the experiment, and
the final concentration of DMSO is lower than 1%fteA 24 h of incubation, cultures are
incubated in 10QiL of medium with 10uL of 5 mg mL* MTT solution for 4 h at 37 °C. The
medium with MTT is removed, and 1QQ of DMSO was added to each well to dissolve the
formazan. The absorbance at 570 nm is measured asinicroplate reader (Bio-Tek ELX800,
USA). The inhibitory percentage of each compoundagious concentrations is calculated, and
the 1Ggvalue is determined.

2.8. Apoptosis analysis [27]

To examine whether the cytotoxicity bfis due to apoptosis, cell apoptosis is determimed
morphologic observation and Annexin V-FITC. For pluslogic observation, cells are stained
with acridine orange (AO) and ethidium bromide (EB) assessed by fluorescence microscopy.
Briefly, 1 uL of a stock solution (10 mL™ AO and EB) was added to 328 of a cell
suspension. EB-negative cells with nuclear shriekdédebbing, and apoptotic bodies are counted

as apoptotic cells.
3. Result and discussions

3.1. Structural features ¢fL and1-3

Molecular structures of the title compound& and 1-3 are shown in Fig. 1. ForL,
thiolate S(1) atom is trans to imine N(3) atomisatHL is not propitious to combine a metal ion
as chelating ligand. Relevant N(3)-C(8) 1.288(5N&2)-N(3) 1.378(4) A and C(7)-S(1) 1.673(4)
A bond lengths show that -N(2)H-N(3)=C(8)- and JES{1) modes exist iRIL as observed in
other free unsubstituted thiosemicarbazides [1},135 at (x, y, 2) and the other molecule at{
-y+1,-z+1) are linked together through a pair of N(2)—-8(1) hydrogen bonds building ££6)

ring, which helps to stabilize the structure pagkin



Fig.1. Molecular structures of compoun#f. and 1-3, showing the atom numbering scheme.
Displacement ellipsoids are drawn at the 30% pritibalevel. H atoms not involved in hydrogen
bonding have been omitted for clarity. Symmetryeo@): —x+1, —y+1, —zin 1, —x+2, -y, —
z+1in2; —x+1, -y, —z+1in3.

Through HL, three compoundsl-3 having the identical structures are successfully
synthesized. H atom bound to N(2) finally separaseilting in a Lanion in1-3. Compound. has
an inversion center at €usite, which is coordinated by two knions through two N(3) atoms
[Cu(1)-N(3) 1.978(7) A] and two S(1) atoms [Cu(1)B)S 2.265(3) A] forming a regular
parallelogram. After Lion coordinating to Cii ion, the related C(7)=S(1) and C(7)-N(2) bond
modes inHL are obviously changed to C(7)-S(1) and C(7)=N(2)domodes irl, which can be
proved bythe obvious changes of the corresponding bond hengditor2, bond distances round
Ni%*ion are Ni(1)-N(3) 1.882(4) A and Ni(1)-S(1) 2.16I) A, respectively. The corresponding
C(7)-S(1) and C(7)-N(2) bond lengths are 1.728¢%) 4.299(6) A. For3, Pd(1)-N(3) and
Pd(1)-S(1) bond lengths are 2.011(3) and 2.2929k1Qespectively. Additionally, the related
C(7)-S(1) and C(7)-N(2) bond distances are 1.744td)1.299(4) A. These results fully indicate
the related C(7)=S(1) and C(7)-N(2) bond modediinare also changed to C(7)-S(1) and
C(7)=N(2) bond modes ia-3.
3.2.Infrared spectra study

The characteristic vibrational bandsHif and1-3 corresponding to the important functions
in the system are presented in Table 3. The fgandlHL shows two bands at 3300 and 3141

cm® assigned to NH stretching vibrations, which are observed at 33881 and 3381 cthin



complexesl-3 [27], respectively. A strong absorption at 1546 dmattributed ta(C=N) in HL .
The decrease in frequency 9{C=N) band for three compounds compared to thaHin
indicating that the coordination is through imineatdm. The obviously increase in frequency of
v(N=N) band from 1204 cthin HL to 1245, 1250, 1247 c¢hmin 1-3 further support the
coordination of imine N atom. A band appeared a5’ is assigned to(C=S) inHL, which
has been shifted to lower frequency 823, 830 afidc88' in 1-3 suggesting that the coordination
of thiolate S atom through —C—-S—Metal mode afteslization followed by deprotonation on
sulfur [3, 14].

Table 3IR spectral assignment fetL and1-3 (cm?).

Compounds v (N-H) UC=N) UN-N) UC=S)
HL 3300, 3141 1546 1204 854

1 3379 1525 1245 823

2 3381 1502 1250 830

3 3381 1496 1247 830

3.3.Cytotoxicity assay

The ability of Cu(ClQ),'6H,0, HL and three metal compounds to inhibit growth of G2p
and QSG7701 cells are tested. Herein Mitoxantreneised as the reference compound for
comparison. Comparison of the cytotoxic activiiiedicatesl has much lower I§value (12.71 +
1.22, 13.12 + 0.53M) with the better cytotoxicity (Fig. 2). Cu(Clp-6H,0O, HL and2-3 have

no antitumor activity at all. Fat, it is necessary to make embedded study in thénamesm of

action
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Fig. 2. The cytotoxicity of Cu(CIl@),, HL and1-3 on tumor cells and normal cells. Mitoxantrone



(Mito) is used as reference.

3.3.1 Effect of 1 on cell apoptosis

Green live cells with normal morphology are obsdrirecontrol group (Fig. 3). Green early
apoptotic cells with nuclear margination and chrimaondensation and orange later apoptotic
cells with fragmented chromatin and apoptotic bediee observed aftdrtreatment. The results

suggest that can induce liver cancer cells apoptdsisitro.

12pM 125pM
Fig. 3. Morphologic observation of HepG2 cell apoptosisiésermined by AO/EB staining with

the indicated concentrations bfor 48 h.

3.4. Hirshfeld surface analysis

Hirshfeld surfaces combining fingerprint plots gexted by the Crystalexplor@rl software
% can identify the types and regions of intermolacthteractions and the proportion of this
interaction to the total Hirshfeld surfaces arealédular Hirshfeld surfaces in crystal structure
are constructed from the electron distribution. Tilbemalized contact distancedd) based on
both d,, di and thevdw radii of the atom are listed in the following etjaa. The 2D fingerprint
plot is the combination ad, andd; [37-39].

dnorm= (di - rinW)/ rinW + (de_ re\ldw)/revcm
Hirshfeld surfaces foHL and1-3 have been mapped ok, Shape index and curvedness (Fig.

4a-c), respectively. As shown in Figaddeep red areas are corresponding to the metahdN a
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metal-S bonds. The interactions between thiolat¢o8) and H atoms bound to N are shown as
pale red areas in the Hirshfeld surfaces. Visilplets are attributed to the H---H contadtke
intermolecular NH- - - Sinteractions with 23.6%, 20.5%, 17.2% and 16.3%trifmution to the
total Hirshfeld surface foHL and1-3 appear as two distinct spikes in the 2D fingetppiots
(Fig. 5a-b). The lower spike attributes to S atoms interactiith H atoms bound to the nitrogen
atoms, the upper spike beingtlatoms interacting with S atoms. C---H/H- - - C ateteonstitute
24.2%, 24.7%, 27.6% and 26.7% (Fig, &) of the total Hirshfeld surface attributing to the
CH- - « interactions for HL and-3, which can also be seen from the pairs of typieaigs’
appear at the top left and bottom right of the tlimensional fingerprint plots. The scattered
points spread up td; = d.~ 1.0 A are corresponding to the H---H interacti@antribution
comprising: 38.1%, 33.0%, 32.1% and 32.7%Ha&r and1-3) in the fingerprint plots (Fig.&. In
these compounds;z interactions are not observed because the adjesgiaind blue triangles are
not present in the shape index surface. Additignaliz interactions are not evident on the
curvedness as a large flat region across the nlel¢8@]. After HL ligands are converted into
metal coordination complexets3, the proportion of NH---S and H---H interaction comprising
slightly decrease and -&-- = interaction constituting increase slightly, whichuggest
metal-chelating has little influence on the shape fiexibility of HL ligand.

Fig. 4. Hirshfeld surface:d) dnorm () shape index andat) curvedness foarlL and1-3.
11



28 d
26
24 Ll
22
20
8
16
14
2 :
1o y
os }
¢ | sL.H/H..S23.6% | H/H...C 24.2% [ [d
(A 06081.01.214161.82022242628 A 0608101.214161.82022242628
o [A] I [ M ] 1
26 26 o NN
24 24 24 4
22 22 22
20 | Hour§ 20 20
i \ N 18
e il I . i "
14 A - 14 PO 4 14
12 12 I an 12 [/ 1 1 11
ol ! ! 10 "
* 'HH SrH dl | SLH/H..520.6% d °°|[CL.H/H.C24.7%

A 0608101.21.4161.82022242628 A 06081.01.214161.82022242628 A 0608101.21416182022242628
w [T 20 [ [ [ 2
26 I 26
24 _ 2 24
22 o 22 22
20 20 20
LR I i
- 16 16
" I 14
12 12 12
0 0 0
o8 1 o8 o8

N
o8 H-H < iH dl  *[s.HMH.517.2% dl *°[c.Hm..C27.6% d

A 06081.01.214161.82022242628 (A 06081.01.21.4161.82022242628 A 06081.01.21416182022242628
= = as [A HH 20 [ 3
26 g 26
24 4 _—— 4 ed 1 24
22 3 & s 22
20 | HEtS | 2 20
i i I e
AREN ] T
. 14 ”

12 12 12
10 b i 10
08 08 08
o8 7H74 b | SLH/L.ST6.3 ¢ [CLH/H,.C 26.7%
R YRy RERERY Y FEEY Y V) W 0608101.21.4161.82022242628 W 0608101214 161.82022242628
a b c

Fig. 5. Fingerprint plots ofHL and 1-3: (a) full and involving 6) S---H/S---H andc)(
C---H/H---C contacts showing the proportion of axiat contributing to the total Hirshfeld

surface area of molecules

3.5. Structure—activity relationships

Under the same experiment condition, Cu(§J®H,O andHL have no cytotoxicity at all. For
1-3, althoughthey have the identical structures, ordlyembodieshe bettemiological activities.
On the one hand, coordination plays an importalet iro cytotoxic dose reduction. On the other
hand, the types of metal ion play key roles in dh@wth inhibitory activity [40]. Therefore, the
perfect matching betwedfl and transition metal results in their finally lmglcal activity.

The investigation results of Hirshfeld surface gisial combining fingerprint plots and cytotoxic
studies signify that the action betwekmandthe substrate molecule is not the non-covalent bond
binding like electrostatic binding, groove bindiagd intercalative bindingst al We deduce the

mode may be covalent bond binding or other wayahetdral C&" having the poorer stability in
12



the solution can be easily interacted by other datoms and changed into square pyramid or
octahedron resulting in the biological activity. the future, it is necessary to make further
biological evaluatiorin vivo.
4. Conclusions

In summary, 2-thiophene N(4)-phenylthiosemicarbaz(#i ) ligand and its three relevant
metal derivatives [Cul] (1), [NiL,] (2) and [PdL] (3) have been successfully synthesized and
characterized. Cytotoxic studies are cariiedsitro against HepG2 cells and normal QSG7701
cells, which illustrates that original ligamtl. has no biological activity. For its three coordioa
compounds having identical structures, ofilys able to inhibit cell proliferation growth. The
results indicate the better matching betwettn and metal ion determines their final biological
activity. The apoptotic mechanism fdr is evaluated in HepG2 cells. The structure-agtivit
relationships forHL and 1-3 have been deeply investigated by Hirshfeld surfecmbing
fingerprint plots, which shows that the action mddd#weenl and the substrate molecule is not
the non-covalent bond binding. In this paper, iivadtiL has been successfully transformed into
an active coordination compound. Unfortunatdlycannot well distinguish HepG2 cells from
QSG7701 cells. So, this problem will need to béhker gone into.
Appendix A.Supplementarymaterial

CCDC numbers 1023272023275 for complexesHL and 1-3, respectively. These

crystallographic data for this paper can be obthinee of charge via www.ccdc.cam.ac.uk/conts/
retrieving.html.
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