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Meronom (yHKIIMOHATA 3JIEKTPOHHON TUIOTHOCTH MCCIIEI0OBaHO 0Opa3oBaHME TOUEUHBIX Jie-
¢exroB no lortku B kepamuke MgSiOs. ITokazaHo, uto oOpazoBanue BakaHcuu Mg B 1oJI0-
xeann Mg?2 noutu Ha 1 3B BeIronHee, yeM B nonoxxeHnd Mgl. Haubomnbielt sHeprueit oopa-
30BaHus 00NaiaeT BakaHCHs KpeMHUs. Hanbomee sHEpreTH4eCcKy BBHITOIHBIM Ae(EKTOM SIBIIS-
eTcs BakaHCHUs Kucnopoja B nonoxkeHnu O3 B pemreTku sHcTaTuTa. [IpuBENeHBI pe3ysbTaThl
T10 BJIMSIHUIO BaKaHCHI aTOMOB Ha CTPYKTypHbIe cBoiicTBa MgSiOs.
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CrearnroBas kepamuka (MgSiO;, 3HCTATHT) SABISETCS MHPOKOIIETCBBIM THAJCKTPUKOM U Ora-
rojapsi BbICOKOW JUAJIEKTPUYECKOH M MEXAHWYECKOH NPOYHOCTH, BIAroyCTOMYMBOCTH LIMPOKO HC-
MOJIB3YETCsI B JIEKTPOHHUKE, SJIEKTPOTEXHUKE M SHEPreTUKE B KAYECTBE KOMIIOHEHTA ISl TPOU3BOJCT-
Ba BBICOKOBOJIETHBIX 3JIEKTPOU3ONIATOPOB M BBICOKOYACTOTHOM kepamuku [ 1]. Taxxe MgSiO; uc-
MIOJIb3YETCS MPH U3TOTOBJICHUHN CTOMATOJIOTHYECKUX M OPTOMEINIECKUX TIPOTE30B [ 2 .

DOHCTaTUT sABIseTcs HU3KoTemreparypHod moaupukanueir MgSiO;, KoTopasi Ipu HarpeBaHUU
MEPEXOAUT B MPOTOIHCTATHUT, a MPH OXJIAKACHUH B KIMHOIHCTATHUT [ 3 |. Tak Ha3piBaemas "low-P da-
32" MPOTO’HCTATUTA UMEET POMOUYECKYIO CTPYKTYpPY € MPOCTPAHCTBEHHOH rpymmoi Pbcn ¢ yuciom
(hopMyJIEHBIX CAMHHIL Z =8 " mapaMeTpaMu 3JIEMEHTapHOH siuehku a = 9,2554(4), b= 8,7650(5),
¢ =15,3333(2) A nipu naBnenuu 0 I'Tla [4]. Toueunsie nedekThl B pelieTke SHCTATHTA MOTYT OYEHBb
CUJIBHO BIIMSITH Ha €T0 CTPYKTYPHBIE, MEXaHUYECKHUE, DIIEKTPOHHBIE, a CIIeJIOBATENILHO, U ONITUYECKUE
cpoiictBa [ 5—7 ]. Tak, B pabore [ 7 ] moka3aHo, yTo obnyuyeHrne MgSiO; y-uznyyeHreM (0T HCTOUHH-
ka *’Co) mo3oit ~12 I'p npuBoaut k obpasosanuio O u F' nedextrpix neHTpoB. Touednbie aedEKTh!
B MgSiO; npu onpeeneHHbIX YCIOBUIX COCOOHBI TIepepacTaTh B AUCIOKAIMH C OTpeIeIeHHBIM Ha-
npasyieHueM [ 8 |. B pabote [ 9 | noka3aHa aHW30TPONHS FICKTPUIECKON TpoBouMocTH B MgSiO; us-
3a CTPYKTYPHBIX OCOO€HHOCTEH PEILETKH B 3aBUCUMOCTH OT JaBJICHHUS U TEMIIEPATYPHI.

Taxkum 00pa3om, TouHass WHGOPMAIIUS O PACTIONOKEHUU NeeKTOB B pemieTke, BUIE AcdeKTa
OUYCHb BaKHA IS MPEICKa3aHus JCKTPUICCKUX U ONTUYECKUX cBOMCTB MgSiO;. [Toatomy 1ieib naH-
HOW paloThl COCTOsJIa B TEOPETUYECKOM (KBAHTOBO-MEXaHHYECKOM) pacdeTe TOYEUYHBIX NePEKTOB
B CTPYKTYpE SHCTATHTA.

Mertoapl U AeTaju pacyeToB. Bece pacdersl mosHoM 3HEPTUU B 0000IIEHHO-TPAAUEHTHOM TpH-
ommxennn (GGA) NpoBOAWIM € TOMOLIBIO TEOPUM (PYHKIMOHANA 3IeKTpOHHOH mioTHoCTH [ 10 ], pea-
TU30BaHHOH B mporpaMMHOM makete Abinit [ 11 ]. [lceBmonorenmans: s atomoB Mg, Si u O, momy-
yeHHBIe TIpH momorny mporpaMMbl Thi98PP, B3sTel m3 makera Abinit [ 12]. st MozenmupoBaHUsS

© Yubucos A.H., 2015
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Tao6banmma 1

Bnusnue eaxancuii Ha napamempul a, b, ¢
u 0ovem V suetxku MgSiO;

Bakancus a, A b, A o A v, A
bes nedexron | 9,2947 | 8,8752 | 5,3535 | 441,626
Mgl 9,3214 | 8,9007 | 5,3688 | 445,433
Mg2 9,2989 | 8,8792 | 5,3559 | 442,219
Si 9,3126 | 8,8923 | 5,3638 | 444,179
o1 9,2842 | 8,8652 | 5,3474 | 440,125
02 9,2816 | 8,8627 | 5,3459 | 439,754
03 9,2758 | 8,8572 | 5,3426 | 438,935  AromHas cTpyKTypa 3eMeHTapHOi sueiiku MgSiOs

aneMeHTapHon sueiikn MgSiO; ucnonbp3oBanu crenuaibHblii HA00p k-Touek 2x2x2 (8 k-Touek) 1o
cxeme Monxpocra—TIlaka [ 13 ]. {is MogenupoBaHusi TOYEYHBIX NEPEKTOB CO3JANU CyNepbiderKy
pasmepoM 1x1x2 (¢ yBelMUEHHBIM BABOE MapameTpoM siueiiku ¢) ¢ 80 aromamu. B 3ToM ciiydae ko-
JIMYECTBO k-TOUeK cocTaBisuio 4. DHeprusi obpesanus paBHa 816,34 sB. B mponecce pacyera npoBo-
JIWIA CaMOCOTJIACOBAaHHYIO ONITUMHU3AINIO CTPYKTYPHl ¢ MUHUMH3AIMEH MEKaTOMHBIX CHII IO 3Haue-
Hust opsiaka 5-107 5B/A, 4TO BIIOJIHE HOCTATOYHO IS TTOJTYICHHSI KOPPEKTHBIX 3HAYeHUH (OIM3KHX
K KCIIEPUMEHTAJIbHBIM) MTAPaMETPOB PELIETKU U 0O BEMHOTO MOJYJISl YIIPYTOCTH.

Pe3yabTaThl u ux odcy:kaenue. [Ipouenypa ontuMu3anuu 3j1eMeHTapHoH stueiikn MgSiO; noa-
pobHO ommcana B pabote [ 14 ]. 31ech MBI TONBKO MPHUBEIAEM PACCUMTAHHBIC 3HAYCHHS MapamMeTpOB
pemetku. Tak, a=9,2947, b=8,8752 u ¢=5,3535 &, a 00bEeM 3JIEMEHTAPHOW SYEUKH COCTaBHUII
441,626 &3, YTO XOPOIIO COBIMAJAET C AKCIEPUMEHTAIBLHBIMU 3HaueHusMH a =9,2554, b =8§,7650,
c=53333 Au V=432,650 A’ (tabu. 1) [4].

Ha pucynke mpencraBieHa pomOndeckas CTPyKTypa 3HCTaTHTa C MPOCTPAHCTBEHHON TpyMIon
Pbcn. Dnementapnas sueiika MgSiO; cocrout u3 40 aromoB. Ha prucyHke oTMeUYEeHbI TPU HE3KBHUBA-
JIEHTHBIX TOJI0KeHNs aToMoB kuciopoaa (O1, O2, O3) u n1Ba HEPKBHUBAICHTHBIX IOJIOKEHHS aTOMOB
maruust (Mgl u Mg2) u ogun atom Si (CM. PUCYHOK).

OHepruto 00Opa3oBaHHUA TOYEUHBIX JeeKTOB A aToMoB Mg u Si ompenensuin mo crieayromen
dopmye:

E; = E(vac) - E(perf) + E™(atom), €))

rae E(perf) — monHas sHeprust upeansHoro (6e3neeKTHOro0) KpucTamia; £(vac) — 3Heprust Kpu-
cramia ¢ TouednsiM gedexrom; E (atom) — monnas sHeprus cBobomHoro aroma Mg mwu Si. ITpu
BBIYHCIICHUU YHEPrHU 00pa30oBaHUs E}) KUCIIOPOJIHOM BaKaHCUH Vo Mbl YYUTHIBAJIH, YTO BBILICALINE

W3 PELIETKH aTOMbl KHCIOPOJA CBSI3BIBAIOTCS B MOJeKybl O,. TIpoGiema onpeencHus sueprin £S5
f

B KBaHTOBO-MeXaHWUYECKUX (ab initio) pacdeTax OCTaeTCsl CIIOPHBIM BOIPOCOM, MOCKOJBKY JaHHBIH
MPOILIECC JOCTATOYHO CJIOXKHBIN W HEOJHO3HAYHBIN (CM., HampumMep, padoty [ 15]). B Hammx npexpl-
JIyIuX paboTaX, MOCBAIICHHBIX OMpeaeieHUI0 BakaHCHii O B OKCHIHBIX MaTtepuanax [ 16, 17 ], mMbl
OTIPEIEIISUTH DHEPTHUIO 00pa30BaHMs BaKaHCHUU E}) 10 clieayromei Gpopmyie:

E$ = E(vac) - E(perf) + %E(o2 ), )

rae E(O,) — monHast sHeprus CBOOOJHOM MOJIEKYJBI KHCIOopoaa. Beipakenue (2) MCHOIB30BaIu
U f1pyrue aBTopsl [ 15 ].

B Tabn. 2 mpencTaBieHsl 3HaUCHUS dHEpPruid oOpazoBanms BakaHcuit mo IlloTtkm mis Si, Tpex
aTOMOB KHCJIOPOJIa B HEOKBUBAJIEHTHBIX TosiokeHHsIX O1, O2, O3 u AByX aTOMOB MarHusi B HEOKBU-
BaJICHTHBIX NoJioxkeHUsXx Mgl, Mg2 (cM. pucyHok). M3 Tabauiibl BUAHO, YTO JIsl 0Opa30BaHUs BaKaH-
cuu atoma Mg B nonoxkeHuu Mgl tpebyetcs nopsiaka 11,22 3B, a B monoxxennu Mg2 10,27 3B, T.e.
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Tabnuma 2 mnouru Ha 1 3B menbine. M3 Bcex aToMoB HauOoublIeH 3Hepruel oOpa3oBa-
Suepeus obpazosanus A o0J1alaeT BaKaHCHs KpeMHHUs, i1l Hee Tpedyetcs nopsaka 19,91 3B. [ns
saxarcuii ¢ MgSiO; oOpa3oBanus BakaHCHM Kuciopoaa B mosoxkeHusx O1, O2 u O3 tpebyercs

5,80, 5,51 u 5,35 3B cootBercTBeHHO. TakuM 0OpazoM, HamboJIee SHEPTETH-

Baxancus | £, 9B YECKH BBITOAHBIM Je(PEKTOM SBIISETCS BaAKAHCHS KMCJIOpoa B mosioxkenun O3
Mgl 1122 B pemeTku 3HcTatuta MgSiO;. [Ipu oOpa3oBaHUM BakaHCHHM B TMOJOKEHUH

’ Mgl o0BbeM dnmeMEeHTapHON SYEeWKH YBEIMYUBAETCS 32 CUET YBEIUYEHUS Ta-

Mgz 10,27 pameTpoB a, b u ¢ (cm. Tabu. 1). [Ipu oOpazoBaHWN BaKaHCHHU B ITOJIOKEHUHU
Si 19.91 Mg2 oObeM sueliku yBeanunBaeTcsl He3HaunTenbHo. Co3aHnue BakaHCHUHU Si
Ol 5,80 TaKk)Ke MPHUBOAMT K YBEITUYCHUIO 00beMa SYCHKH, a BAKAHCHH B TIOJOXKECHHS
02 3,51 KHCJIOpOJIa YMEHBIIAIOT ee 00beM. [loiydeHHbIe pe3ysibTaThl OUeHb XOPOIIO
03 5,35 COIJIaCYIOTCS ¢ DKCTIEPUMEHTAIBHBIMU JaHHbIMK pabort [ 7, 18 ], rae mokasa-

HO, 4TO Y-00JIyueHHEe MPUBOIUT K 00pa30BaHMIO0 BaKaHCHH Kuciaopoaa. Hamm
pacueTbl MOATBEPKAAIOT AaHHBIN (akT. M3-3a CTPYKTYpHBIX OCOOEHHOCTEW pacroiOKeHHs aTOMOB
O3 B pemerke MgSiO; npu 00pa3oBaHUM UX BaKaHCHH OHM MOTYT 0Opa3oOBbIBAThH LIEJIbIE KJIACTEPHI,
CKOIUICHHS B BHJIE JTMHEHHBIX IIEMOYEK, MapauieabHbIX mIockocTh (100), KOTOphIe 3aTeM MOTYT mepe-
pactaTh B AuciIoKanuu [ 8 .

[TonyyeHHble HAMU TEOPETHYECKHE AaHHBIE TIO 3HEpreTHke AedexkrooOpa3oBaHHUs B KepaMmUKe
MgSiOs, a TakKe CTPYKTYPHOMY PACIOJIOKEHUIO Ne()EKTOB MOT'YT ObITh OUY€Hb MOJIE3HBI TEXHOIOTaM
MPU W3TOTOBJICHUH KEPAMHUYECKHX MaTepHUanioB Ha OCHOBE DHCTATUTA U s aHanu3a nuddys3un ae-
(EKTOB M ANEKTPONPOBOAHOCTH 3TUX MATEPUAIIOB.

B nacrosmiet pabote MetonoM (DyHKIIMOHANA 3JEKTPOHHON IJIOTHOCTH MPOBEIEHO TEOpEeTHUe-
CKO€ HcclieoBaHre o0pa3oBaHus TOYEHHBIX AedekToB o [llorTku B kepamuke MgSiOs;. Paccunrano
BJIMSHUE BUAOB JeEKTOB HA aTOMHYIO CTPYKTYpY 3HcTatuTa. [lokazaHo, 4ro Hanbosee sHepreTuye-
CKH BBITOJIHBIM J1e(DEKTOM SIBIISIETCS BaKaHCUs Kuciopoza B nonoxxkeHnu O3 B pemetkn MgSiO;.

Pabora nognepskana rpantom [pesnanyma JIBO PAH (Ne 12-111-A-02-021).
Pabota BBIOJIHEHA Ha cynepKoMIbloTepax BeruncnurensHoro nentpa JaabHeBOCTOUHOIO OT/e-
nennst PAH (r. Xabaposck) u MI'Y (. Mocksa).
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CRYSTAL STRUCTURE AND ANTITUMOR ACTIVITIES OF THE DICHLORIDE
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A new complex Cu(bpbp)Cl,-DMF-H,O0 is synthesized by treatment of CuCl, with 2,6-bis(1-
phenylbenzimidazol-2-yl)pyidine in DMF. Its structure is characterized by elemental, IR, UV,
and single crystal X-ray structure analyses. For the complex: crystal system, triclinic, space
group P1, a=1.0537(1)nm, b=1.1735(1)nm, c¢=13749(2)nm, o =112.275(2)°,
B=91.531(2)°, y=97.700(2)°, ¥=1.553(4)nm’, Z=2. In a distorted trigonal bipyramidal
geometry the Cu(Il) ion is coordinated by three nitrogen atoms from 2,6-bis(1-phenyl-
benzimidazol-2-yl)pyridine and two chloride ions. The antiproliferative activities of the com-
plex are screened by MTT assay against HepG2, Huh7, Ecal09, and Eca9706 cancer cells. The
complex exhibits specific inhibition on Eca9706 cancer cells with the 1Cs, value of 28 uM af-
ter 48 h treatment. CCDC: 968927.

DOI: 10.15372/JSC20150308

Keywords: benzimidazole, copper complex, crystal structure, antitumor activities.

The widespread success of cisplatin in the clinical treatment of various types of neoplasias has
placed coordination chemistry of metal-based drugs in the frontline in the fight against cancer [ 1—4 ].
The cure with cisplatin is still limited by dose-limiting side effects and inherited or acquired resistance
phenomena. These problems have stimulated an extensive search and prompted chemists to develop
alternative strategies based on different metals with improved pharmacological properties and aimed at
different targets. However, the accumulation of metal ions in the body can lead to deleterious effects
and unavoidable toxicity. Thus, biodistribution and clearance of the metal complex as well as its
pharmacological specificity need to be considered [5]. Benzimidazole derivatives are important
pharmacophores in drugs that display a diversity of pharmacological activities, such as anti-inflamma-
tory, antioxidant, gastroprotective, and antiparasitic activities [ 6 ]. Many DNA minor groove binders
containing one or more benzimidazole heterocycles endowed with promising antitumor and antipara-
sitic activities have been reported to date [ 7, 8 ]. Studies have showed that the intercalating abilities of
the complexes depended on the types of metal ions, the ligand donor atoms, the planarity of ligands,
and the coordination geometry [9]. In our previous study, two zinc complexes based on 2,6-bis(1-
phenylbenzimidazol-2-yl)pyridine have been synthesized and evaluated for in vitro anticancer activi-
ties [ 10].

Copper is an essential element for most aerobic organisms employed as a structural and catalytic
cofactor, and consequently, it is involved in many biological pathways [ 11—13 ]. Several strategies
aimed at the development of new anticancer therapeutics targeting the elevated tumor-specific copper

© Huang Q.-W., Liu S.-G., Li G.-B., Wang S.-X., Su W.-Y., Liang D.-M., Mao S.-Q., 2015
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level have been proposed [ 14, 15 ]. In this article, we synthesized a new copper(Il) complex based on
2,6-bis(1-phenylbenzimidazol-2-yl)pyridine and investigated its antitumor activities. The result de-
monstrates that the dichloride 2,6-bis(1-phenylbenzimidazol-2-yl)pyridine copper(Il) complex has
high proliferation inhibition toward Eca9706 cancer cells in vitro.

Experimental. General. o-Phenylenediamine, pyridine-2,6-dicaboxyl acid, bromobenzene, and
CuCl, were purchased from Shanghai Aladdin Reagent Company. All the chemicals and solvents were
analytically pure and used without further purification. The analyses (C, H, and N) were made on a
Perkin-Elmer 240C elemental analyzer. The solid infrared spectra (IR) were obtained from a Bruker
IFS66V vacuum-type FT-IR spectrophotometer in KBr pellets. The UV absorption spectra were rec-
orded on a model UV-240 spectrophotometer (Shimadzu, Japan). The synthesis of 2,6-bis(1-phenyl-
benzimidazol-2-yl)pyridine (bpbp) was accorded to the literature method [ 16 ].

Synthesis of the Cu(bpbp)Cl,-DMF-2H,0 complex. A solution of CuCl, (0.135 g, 1.0 mmol)
in 5 ml of water was added to a hot stirred solution of bpbp (0.464 g, 1.0 mmol) in 30 ml of DMF. The
reaction mixture was stirred for 20 min at room temperature. After two weeks, blue crystals were ob-
tained from the DMF solution. Yield 0.239g (80 %). Calculated for C;4H;iCl,CuN¢O,
[Cu(bpbp)Cl,-DMF-2H,0] C, 59.26, H, 4.39 % N, 12.20 %: found: C, 59.39 %, 4.26, N, 12.10 %.
Selected IR data (KBr, cm™): 3415, 3342, 3069, 2924, 1668, 1590, 1501, 1456, 1384, 1334, 1300,
1149, 1093, 994, 887,814,753, 680, 647, 613.

X-ray crystallography. The single crystal structure determination of the complex was performed
on a Bruker SMART APEX CCD diffractometer equipped with a normal focus, 3 kW sealed tube
X-ray source and graphite monochromated MoK, radiation (A =0.71073 A) at 173 K, operating at
50 kV and 30 mA. The structures were solved by direct methods using the SHELXTL program. Ab-
sorption correction was semi-empirical from the equivalents using the Fourier difference techniques
and refined by full-matrix least-squares. All non-hydrogen atoms in both structures were refined by
means of anisotropic displacement parameters. All hydrogen atoms were added theoretically. CIF file
containing complete information on the studied structure was deposited with CCDC, deposition num-

Table 1

Crystal data and structure refinement for the complex

Empirical formula

Formula weight

Crystal system

Space group

a, b, c,nm

a, B, v, deg.

v, nm’>

VA

d., g,/cm’3

Absorption coefficient, mm™
F(000)

Theta range for data collection
Index ranges

Independent reflections
Reflections collected

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ >20(/)]

R indices (all data)

Largest diff. peak and hole, e/nm

C34H30CuNgO,
689.07
Triclinic
Pi
1.0537(1), 1.1735(1), 1.3749(2)
112.275(2), 91.531(2), 97.700(2)
1.553 (4)
2
1.471
0.918
708
1.61 to 25.01
—-12<h<12, -13<k<10, -16</< 14
6878 [R;y=0.0202]
5482
5294/0/418
1.069
R, =0.0451, wR,=0.1330
R, =0.0671, wR,=0.1625
0.662, —0.830
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Fig. 1. UV-vis absorption spectra of the free ligand and the (.7 314 nm
complex 0.6

0.5
ber 968927, and is freely available upon request from 4]
the following website: www.ccdc.cam.ac.uk/data f"é 031
request/cif. The crystal data are summarized in Table 1. 0]

Cell culture. The cell lines were obtained from ]
American Type Culture Collection (ATCC, Manassas, %]
VA) and maintained in the DMEM medium supple- 0]
mented with fetal bovine serum (10 %), penicillin -0.1 — T
(100 units-ml™"), and streptomycin (50 units-ml™") at 200 250 \)?/SSelengt:;hS?lm 400 450
37 °C in a humidified incubator with 5 % CO, in the ’
atmosphere.

MTT assay. The effects of the complex on cell proliferation were determined by the MTT assay.
Briefly, the cells were seeded in 96-well culture plates at different densities. After 24 h, different con-
centrations of compounds were added and incubated for the indicated time. Then, 20 pl per well of the
MTT solution (5 mg-ml™" phosphate buffered saline) was added and incubated for 5 h. The medium
was aspirated and replaced with 200 pul per well of DMSO to dissolve the formazan salt formed. The
color intensity of the formazan solution, which reflects the cell growth condition, was measured at
570 nm using a microplate spectrophotometer (VERSA max).

Results and discussion. IR, UV for the complex. The purity of the complex was carefully
checked by the elemental analysis. Single crystals suitable for the X-ray crystallographic analysis were
obtained by recrystallization from DMF. The IR spectra of the free bpbp ligand and the complex show
all absorption bands resulting from the skeletal vibration of benzimidazole. In the complex there is a
strong peak at 1668 cm ™', which shows DMF in this complex. The UV-vis absorption was recorded at
a concentration of 1.0x10~° mol/l in DMF at room temperature. The UV-vis absorption spectra of the
free ligand and the complex are shown in Fig. 1. The ligand has absorption in the range of 270—
350 nm and the complex has absorption in the range of 270—400 nm. The maximum ligand absorp-
tion is located at about 314 nm, which can be assigned to intraligand m—n* transitions. There is one
more peak observed at 365 nm for the complex which probably arises from the metal—ligand charge
transfer.

Crystal structure. The ORTEP drawing for the complex with atom numbering is shown in
Fig. 2. The central Cu,;(II) atom has an N;Cl, distorted trigonal bipyramidal geometry. The benzimida-

bpbp

Fig. 2. Molecular structure of Cu(bpbp)Cl, at a 30 % probability.
H atoms and solvents were omitted for clarity
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Table 2
Selected bong lengths (nm) and bond angles (deg.)

Cul—N3 | 0.1999(3) || N3—Cul—N4 | 78.44(13) || N3—Cul—N1 | 78.16(13)
Cul—N(1) | 0.2038(3) || N4—Cul—N1 | 155.05(14) | N3—Cul—Cl1 | 160.82(10)
Cul—CI2 | 2.4837(12) || N&—Cul—ClI1 | 100.22(10) | NI—Cul—Cl1 | 99.03(10)
Cul—N4 | 0.2034(3) | N3—Cul—CI2 | 99.17(10) | Nd—Cul—CI2 | 97.45(10)
Cul—Cll | 0.2244(1) || N1—Cul—CI2 | 94.69(10) || Cll—Cul—CI2 | 99.97(4)

zole rings and the central pyridine ring of the ligand together with Cu12+ form a plane (r.m.s. =

=0.0645°). The two CI ions are located on two sides of the plane formed by N;, N3, N4, and Cu,. The
two substituted phenyl rings (C;—C 1, C,0—Cys) are inclined with their attached planar benzimida-
zole rings with the dihedral angles of 88.5° and 87.1° respectively. Selected bond lengths and angles
for the complex are listed in Table 2. The average Cu—N bond length is 2.021 A, which falls into the
range of normal Cu—N distances.

The antiproliferative activities of the complex were screened by MTT assay against HepG2,
Huh7, Ecal09, and Eca9706 cancer cells. As shown in Fig. 3, the copper complex exhibits specific
inhibition on Eca9706 cancer cells with ICsy of 28 uM after 48 h treatment, with cisplatin (12 uM)
used as a positive control. The complex has no antitumor activities on HepG2, Huh7, and Ecal(09 can-
cer cells. The copper complex is a promising novel complex with the application potential in treatment
of Eca9706 cancer.

Conclusions. A new complex Cu(bpbp)Cl,-DMF-H,0 was synthesized by treatment of CuCl,
with 2,6-bis(1-phenylbenzimidazol-2-yl)pyridine (bpbp) in DMF at room temperature. The complex
was characterized by single X-ray crystal structure analyses. In the complex, the distorted trigonal
bipyramidal geometry of the Cu(Il) ion is coordinated by three nitrogen atoms from 2,6-bis(1-phenyl-
benzimidazol-2-yl)pyridine and two chloride ions. The antiproliferative activities of the complex were
screened by MTT assay against HepG2, Huh7, Ecal09, and Eca9706 cancer cells. The copper com-
plex exhibits specific inhibition on Eca9706 cancer cells.

The authors thank the National Natural Science Foundation of China (No. 81201727 and
No. 21403191) and the Natural Science Foundation of Guangdong Province (No.2014A030307010)
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