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Structure, Antibacterial Activities and DNA Cleavage of a Copper(ll)
Complex with 2-(2'-Pyridyl)benzimidazole and L-Alaninate

Lu, Yanmei” Ou, Zhibin" Hu, Wei” Le, Xueyi*’
(“ Department of Applied Chemistry, South China Agricultural University, Guangzhou 510642)
( Institue of Biomaterial, South China Agricultural University, Guangzhou 510642)

Abstract A new copper(Il) complex: [Cu(HPB)(L-Ala)(ClO4)(H,0)],*H,O [HPB = 2-(2'-pyridyl)
benzimidazole, L-Ala=L-alaninate], was synthesized and characterized by elemental analysis, IR, UV-Vis,
molar conductivity, ES-MS and single crystal X-ray diffraction. The crystal belongs to the monoclinic space
group P2;, with the crystal cell parameters: a=1.1900(2) nm, »=0.80500(16) nm, ¢=1.9700(4) nm, f=
94.78(3)°, Z=2, D.=1.672 g*cm °, F(000)=968, residual factors R; =0.0427, wR,=0.1106 [I>24(])], S
=0.999. The central Cu(Il) ions for the complex show a distorted and elongated octahedral geometry in
which two nitrogens of HPB and the carboxylate oxygen atom O and the amino nitrogen atom N of L-Ala
bind at the molecular plane, a water molecule and one oxygen atom of perchlorate are coordinated at the
axial site. The complex was tested for its ability to inhibit the growth of two gram-positive (B. subtilis, S.
aureus) and two gram-negative (E. coil, Salmonella) bacteria by doubling dilutions method, and DNA inter-
action of the complex has been studied. The result showed that the MICs of the complex against the bacteria
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are in the range of 50~80 pug*mL ', and can cleave pBR 322 DNA in the presence of vitamin C with hy-

droxyl radicals as the active species.
Keywords
tivity; pBR322 DNA
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WL B0 %5 T 1 HPB-Cu(Il)-L-a- 2 L FR AL & M F
FPL R, 5 HPB KA ERA L, XRR A H
AHER PRI b T BRI, A3
BEUE A BT T R (2-(2'- ML BE ) 4% JF: DK A ) (L- P 2 PR AR )
(B A [Cu(HPB)(L-Ala)(Cl04)(H,0)]*0.5H,0 [HPB
=2-(2-MEIE) AR I BRI, L-Ala=L-NZFRIR], W
TAERRRRVEE S T SIS RS AT B (B, subtilis, G),
SRR B E (S, aureus, G+), KIWHHE(E. coil, G—)
VP TT EAT i (Salmonella, G—)IIMEETE, LLERCA
Y%t pBR322 DNA [1 444 H.

1 SKIRERSY

1.1 ER5EF
JCZE M1 ELEMENTAR /A Vario EL JCE /047
A5 XS e B it 45 K 5 £ Bruker /A 7] SMART Apex
I CCD HEAATHAY; 20503 45 E BRUKER A+
FT-IR BULTAM G4, K KBr s FEE; LRAMGiE
{8 Fil F 4% Shimadzu 23 7 Shimadzu UV-2550 74 4& /7] I,
Pawirv s a7 W vee 7/ FINGERS S el SN R N E A 2 5
R 7] DDS-12A RG24, Fui 156 [H FINNIGAN
A7) LCQPEM I FH A 25 it &%) pBR322 DNA
0T 24 D D T R B 8 e Lk 4 A R KR K 22
BIO-RAD Laboratories-Segrate /A & BIO-RAD #t/i i
BN RGN,

L-INZ R TENEHERERS . TR pBR322 DNA 1 —F%
FH L H ¢ [ tris(hydroxymethyl)aminomethane, Tris] A
AAARF; 2-(2'-MEIE) 2 IR M (HPB) 2 i SCik! )y v il
. HERF T E A, AR R DR Bt

2-(2'-pyridyl)benzimidazole; L-alanine; copper(Il) complex; crystal structure; antibacterial ac-

RIS WK ZL pBR322 DNA I, NAKZE K 10 mmol®
L' Tris+50 mmolsL ™" NaCl (pH=7.2)Z W, it
AT B MR B GEIE FL PR BT 4.5 1072 molsL ™" Tris+4.5
X102 molsL™' H3;BO;+1 molL™' EDTA (TBE, pH=
8.3) LRI

12 BEMEK

#4 0.5 mmol HPB 1 0.5 mmol Cu(ClOy), 73 5l ¥ 1
20 mL Jo/K SEEFT 1 mL 7K, B TR WY 10 min;
WETBEFE S, ) EIRWH RN 5 mL %44 0.5 mmol A
ZIR 1 0.5 mmol NaOH [FI7KEE W, 1 5E J5 4k S n A
[H%E 20 min; FRERAHI S SR8, JEREE 15 d
JE AT H I T X2 R ST I 8 S A I
WK D BRI SRRSO AA, FREZ <+
P53 B TR IR A TR, PPN 68%.
TCE M ATE R A MBS AR CyoH36CLCuNgO 5.
SZUGE(%): C 38.29, H 3.84, N 11.97; 11544  C 38.06, H
3.83,N 11.84.
1.3 RIRGEHNE

H—55 /N A 0.15 mm X 0.20 mmX0.25 mm ¥ 5
1A & F Bruker SMART Apex II CCD H AT F. 7
293.2(2) K F, & A HEHR AL Mo Ka (A=
0.071073 nm)4E5H1E A YEIR, 76 1.93°<0<25.00°u [H P
W 5595 BT AT 1 (Rin=0.082), 4y 4520 A~Af
WMEE T 1=20(]). SRS R SHEXS-97 P2 i H 0%
filthh, SR T IR INA, A AR T AR bR KA )
SR N S IE B A AR RN R,
P2, A, B0 a=1.1900(2) nm, b=0.80500(16)
nm, ¢=1.9700(4) nm, f=94.78(3)°, Z=2, D.=1.672
gecm °, F(000)=968, ¥ 2 [H 7 R, =0.0427, wR,=
0.1106 [I>20()], $=0.999. HAZEMH T = Eh ik
B A TE VI S5 KR AR L 53 90 K Apimax =718 FH Appin =
—523 eenm °. Flack Z%¥h 0.051(16). Frfiil5735H
SHELXTLO7 & 44 &5 # 23 #7 8 4 4 52 i ", ceDe:
809216.
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No. 8 FHEMEAE : (2-(2'-MHEHE) R I IR M) (L- A Z R ) B (IDAC A 0 4K U eIt A DNA IR 284 H 975

HIZEKEE(S. aureus, G+)~ KW EH(E. coil, G—)FPL]
[CATF R (Salmonella, G—), Hh G+F1 G— 4 IR 7R 2%
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FMZE IR 1.0 mL WHIMAR] 3 548, HE 95
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e ¥ AR N B SRR T E R (1 =37 C)EIR(RH>
80%)15 7% 24 h Ja U WS Il sk SR I A
1.5 E&Ex pBR322 DNA BT ZLEF

il 5 Jioki pBR322 DNA 4 200 ng, 75 5l IIAANFH]
KA, H 10 mmolsL™" Tris+50 mmoleL ™' NaCl
(PH="T7.2) B AL R MRFE AT E 0 17 L,
28 CAKEHIFA 2 h J5, A 3 pL Loading buffer(:
0.25%¥ View (4~5 pL)VEAHHEAE (L], W EEA1EA
HLPK I PR A, IR G955, 60 V HUE NTE 0.8%
(SR BRI bk, PR 6 B S B B e I FH 5 e ok
BT RGTA W, A TYEPARREL AN DNA (1)
W/ I BLR, 564 200 ng pBR322 DNA 73] 55— &
() — LV (DMSO). 2,2,6,6-VY H E-4-IRBE fil (TMP)
B RFAI(NaN;) R E1ER 15 min, FINAR &9 K44
# C (Vit C), 7& BIRAHFI A FERTL Bl vk S it
ST

2 HR5WHE

21 BEVMRIE

DLFF AR, W73 1.2X 1073 moleL ™' L& 4yt BE
IR 123.3 Seem®omol ', KWL & 04E H REHIR
Hoh 1o B, T SRR B AT A S A

F KBr J&J, WAREC A9 HPB K L-NZIRA A
W 1R,

B 1 0T, ARG YR LD AR U 3491
em ' (Vo na,o) ), 3106 F12934 cm™' (Vo) , Vs(=NH) ),
1648 cm ™! (Vascoo)), 1390 ecm ™! (Vycoo ) )BA K 1461
em™ (View ) L-TH & BRAT I 20 MR i 1 47 3083,
2930 1 2602 cm ™' (Vs ), 1592 cm™! (Vascoo—) LA K
1404 cm ™' (Vycoo)); 1M 2-(2'-MEWE) R JF IR A 20 b
W IEAT: 3057, 2972 em ' (Vs=nmy )L 1452 cm™!
(Ve ). S5RRM, 1O (L) & e 6 L L-
AR —NHY A h—NH,, 2-(2'-RHLBE) Ik e %

HPB

L-ala

Transmittance/%

Complex

1 1 " 1 " 1 " 1 i
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1 WU WS TR ENTHEAR ] S v <
Figure 1 IR spectra for the complex, 2-(2'-pyridyl)benzimi-
dazole and L-alanine

W R TR, WA AN IE S L- 2
P S 2-(2'- M ) 24 IR e ot 1 PRI R e A LE A, k2
THEMZL. 5 L-IWER L, BEA Y Vacoo)
Vycoo) 73 Al s e BFIR % Bf% 31, H. Av (= Vascoo™)
— Vycoo ) =1648 cm '—1390 cm '=258 cm ')>200
cm ', F£W L-Ala ) COO™ DL FLA FE 4 2 Lma fr L
Bl & 930, 1062 A1 1120 ecm ' Ab4r AR Al A & T
ClO; ) Vici—oy, HHUIEHED ClO; 514 55 B A7 - Lo
D &7 PL ghah, A WA L0 AMIG B X R BT 43
FEH I Vew—ocon,) » 2 WK F OO BB AT HLAL.

R, LU EBEAER, A AERE 1.0X107°
moleL ™' A1 2.0X 1072 moleL ™" R, ll5E T B AWM (1)
2 HM200~400 nm) & 1] WL(400~800 nm)yit. Horp,
243 nm (¢=14694 Lemol '*cm ")H1 331 nm (¢=12460
Lemol 'ecm™ ") &b I /> 42 5 116 W5 80 068 U1 )8 1 i A4 11
n—*ERIT, 1M 642 nm (¢=85 Lemol 'scm™ )4k 55 111 5% 1)
WA ] U T rhoty Cu(ID 5 1-H d—d BRaz!™,

IS A BRI ES-MS HLA IE B 16 miz
=345.9, V)& T % F[Cu(HPB)(L-Ala)] . £ MK K&
R S SR S BE DRSS, 5 EiRa s
W BEIR e B LR XS 4 B AT S 4 S
22 BEYIRIKE

BCA PR B2 H ) T3 1, i rh0 42 s A (1)
BT 5 2 .

X IR LA AT S5 AR, BTG S A A T
RHb R, 2SEBEN P2, FLAW) RS AL
2 153 K [Cu(HPB)(L-Ala)(C104)(H,O) ] 45 K4 8 75
Cu()AI Cu(2), HIATLARTHRIE IR A2 & 2
xW, HA Cu(IDBE 754 L-Ala (N,0). —1
HPB(N,N). —/~ H,0(0) % —/ ClOg (O)ECALIE I — A
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Table 1 Selected bond lengths (nm) and angles (°) for the complex

Cu(1)—O0(1) 0.1924(4)
Cu(1)—O(1W) 0.2603(6)
Cu(1)—0(3) 0.2669(6)
Cu(1)—N(1) 0.2005(4)
Cu(1)—N(3) 0.2041(3)
Cu(1)—N(4) 0.1966(5)
O(1)—Cu(1)—O(1W) 90.87(17)
O(1)—Cu(1)—0(3) 85.1(2)
O(1)—Cu(1)—N(1) 173.13)
O(1)—Cu(1)—N(3) 93.1(2)
O(1)—Cu(1)—N(4) 84.76(17)
O(1W)—Cu(1)—O0(3) 176.77(16)
O(1W)—Cu(1)—N(1) 92.8(2)
O(1W)—Cu(1)—N(3) 86.2(2)
O(1W)—Cu(1)—N(4) 99.0(2)
0(3)—Cu(1)—N(1) 90.4(2)
0(3)—Cu(1)—N(3) 95.0(2)
0(3)—Cu(1)—N(4) 79.6(2)
N(1)—Cu(1)—N(3) 81.3(2)
N(1)—Cu(1)—N(4) 100.49(18)
N(3)—Cu(1)—N() 174.3(3)

Cu(2)—0(7) 0.1935(4)
Cu(1)—O(1W) 0.2607(6)
Cu(1)—0(9) 0.2694(6)
Cu(1)—N(5) 0.1982(4)
Cu(1)—N(7) 0.2012(5)
Cu(1)—N(8) 0.1976(5)
O(7)—Cu(2)—O0(2W) 94.39(17)
0(7)—Cu(2)—0(9) 84.9(2)
O(7)—Cu(2)—N(5) 170.1(3)
O(7)—Cu(2)—N(7) 92.4(2)
O(7)—Cu(2)—N(8) 84.03(18)
02W)—Cu(2)—0(9) 177.55(17)
0(2W)—Cu(2)—N(5) 93.7(2)
0(2W)—Cu(2)—N(7) 88.4(2)
0(2W)—Cu(2)— N(8) 92.8(2)
0(9)—Cu(2)—N(5) 87.3(2)
0(9)—Cu(2)—N(7) 94.0(2)
0(9)—Cu(2)—N(8) 84.8(2)
N(5)—Cu(1)—N(7) 82.0(2)
N(5)—Cu(1)—N(8) 101.42(19)
N(7)—Cu(2)—N(8) 176.3(2)

B2 Bavn riEiE

Figure 2 Perspective view of molecule for the complex

P KMty N A B, Hirp HPB (N,N) 5 L-Ala (N,0)4b 7+
JNIAZRE S b, B B A5 2 ke -8 (1D)-L-o- 2
SERAC A g P AR e I . B AT, T
HO(O) Ml iy SRR (O)Y 7 1=\ i 4l ) |, 455 4899[Cu
—O BK A 0.2603(6)~0.2669(6) nm], ¥ K EEM, 5
FIRAC G ES-MS MK LT A e 25 R — 3, Al
B A Y[ Cu(L-Tle)(Phen)(H,0)(ClO )] 45 #41°). £E Cu(l)
H1, 0(1), N(1), N(3), N(4) Fl Cu(1)Fr4b i) — V-1 /7 F2
g —0.0009x+0.8590y—0.5120z=3.4559, HixLt )1
i 5% e FE 2> %A —0.0067, —0.0074,
—0.0253, 0.0268 F1 0.0662 nm; £ Cu(2), O(7), N(5),

N(7), N(8)F Cu(2)r &b ) — 3Pl 7 F24: —0.0194x+
0.8146y—0.5796z=—0.8228, iX4E 5 1 2 1% — Fe F-1f
5559k 0.0783, 0.0746, —0.0473, —0.0411 A
—0.0645 nm; £ REL W] Cu(1)H Cu2)RE V11 L 54N
THBIEA FACLE R AP b I B2, A
2 LEON N R RN AR BB 2203, Cu(1)F1 Cu(2) H R %)
AL

FEN, ERAEVAT, K TYH L-Ala FRIEE (R
AR VHPB 75 B AR 7ok L-Ala Z ISR T55) LUK
L-Ala ZERET 5 m SRR A A4 5 S
YEFH(EE 2), AHAB Cu(1)F1 Cu(2)ff) HPB X IR A7-AE 55 BRHE
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Table 2 Hydrogen bonds of the complex

D—H---A d(D—H)/nm d(H:+*A)/nm d(D++*A)/nm ZDHA/(®)
O(B3W)—H(3WD):*-0(7) 0.08500 0.22700 0.312(2) 177.00
O(1W)—H(1A)+-0(5) 0.08500 0.19800 0.2790(11) 160.00
O(1W)—H(1B)-*-O(8) 0.08500 0.18600 0.2680(6) 162.00
O(3W)—H(3WB):--O(11) 0.08500 0.25000 0.2971(18) 116.00
O(2W)—H(2A):--O(11) 0.08500 0.20700 0.2904(9) 168.00
OQ2W)—H(2B)--0(2) 0.08500 0.18000 0.2641(6) 168.00
NQ2)—H@2N)-+-0(2W) 0.08600 0.19900 0.2791(6) 154.00
N(4)— H(4A)*+-0(4) 0.09000 0.21800 0.3011(6) 153.00
N(4)— H(4B)-+O(4) 0.09000 0.21900 0.3044(9) 157.00
N(6)— H(6N)-+-O(1W) 0.08600 0.19900 0.2803(6) 158.00
N(8)—H(8A)-+-0(10) 0.09000 0.21900 0.3043(9) 159.00
N(8)—H(8B)---O(10) 0.09000 0.21600 0.3048(6) 169.00
FUEFIIPT IR A 4.0, FREOEES 0.3802(4) nm](E Wi ).

3), IXLEAEAE RS & dt A AT B R RS e
23 EEMINEEME

AR HTE AR ORI E bR - 5%« HPB
K Cu(ClO,), MAS R (B. subtilis, G+), 4 078 %
EREA(S. aureus, G+), KA EE(E. coil, G—)FYPTTEAF
W (Salmonella, G—)FARINSARIMHIA R, B e WG
WIBC IR FE Ay 640, 800 J 1024 pgemL ™" [ 50, P il it
TR G MR IC T B AR B LV, A5 1 4 A B
AR P (MICs), FEAK L VAN HER A A 0 1 v i
GiRY TR 3.

B3 BT HER

Figure 3 Molecular packing view in the complex

g W], XTI AR, LR R A BoR T
T, T A A ) A K G AR P 8
Cu(ClOy4), & HPB [#/], 15t W BT & PG P e 34 28
JeTe Ak HPB, 3wl g 325 L w8 4 (1) 25 A 1A
Z AR RV AT G, AR 45 A 12 BT BIF ST
fic & [ Cu(HPB)(L-Met)|CO, "2 AT /N (K40 BT
Pk, R L-o-28 SERRINEESS S LRI S T B 5 5

24 FELE3 pBR322 DNA HIKTHRIER

h T RIS RREEDPURAE LS, A ST T B
G W R 4 T pBR322 DNA (1) W 24 1E .
pBR322DNA Il A7/ = Fh s [ A4 8, RISLA P IR
JiE(Form T)« HUBESEZ FF PR (Form 1) A2k P (Form I1T). H:
1 Form I 45 #4955, 1M Form IT & A, DRif7E—
FAATE N, Form 1 3T AE AR 1, Form III YXZ., 1l Form
I 7EB . bR S &%t pBR322 DNA A H ) B e it
JREHL Pk &5 R 4 .

1 2 3 4 5 6
Form II
Form I

B4 FAY0 pBR322 DNA W4 E F I B bl e v vk 141
Figure 4 Agarose gel eletrophoresis showing the cleavage of
pBR322 DNA by [Cu(HPB)(L-Ala)(ClO4)(H,0)],*H,O in the
presence of Vit C

Lanel: 200 ng pBR322 DNA; Lane 2: 200 ng pBR322 DNA+1.25 mmolsL '
Vit C; Lane 3: 200 ng pBR322 DNA+1.25 mmol-L ' Vit C+25 pmolsL '
Cu(ClOy)y; Lane 4: 200 ng pBR322 DNA+1.25 mmol<L ' Vit C+25 pmole
L' HPB; Lane 5: 200 ng pBR322 DNA+25 umol-L ! [Cu(HPB)(L-Ala)-
(C104)(H,0)],°H,0; Lane 6: 200 ng pBR322 DNA+1.25 mmolsL ™' Vit C+
25 pmoleL™! [Cu(HPB)(L-Ala)(Cl04)(H,0)],°H,0

HE 4 7T, 7650 2 fF4 Vit C, Vit C+
Cu(ClOy),, Vit C+HPB kit 591, pBR322 DNA 471
KA AR B 2~5 VkiE), (H4RAEYE Vit C 3t
AEINE, SLAr PR B R i A B (Form 1) W 32 13 D7) 31 Bl
B2 H B (Form 10) (3 6 ¥Kkif), RUIRER A WAL Vit C
146 P RES LU pPBR322DNA Wi,
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#3 A WPUATEEMICs (ugemL )
Table 3 The in vitro antibacterial activity of compounds [MICs/(ugemL™")]

Compound B. subtilis (G+) S.aureus (G+) E. coil (G—) Salmonella (G—)
Cu(ClOy), 320 320 256 256
2-(2'-Pyridyl)benzimidazole 256 200 160 256
[Cu(HPB)(L-Ala)(Cl04)(H,0)],°H,O 64 50 64 64
[Cu(HPB)(L-Met)]CI10,"? 50 64 80 64

H T REE AR pBR322 DNA Wi HALEI, W
ST AEOH [ HHFEWE K7 R I(DMSO). BskA
S0y WA 2,2,6,6-VU FHE-4-DRiE il (TMP) 2k & 2040
(NaN)FEAE K, FLAYIxt pBR322 DNA R, 45 5
5 Fi.

1 2 3 4 5
EET o [ [ ['orm 1]
= ST AT — R

Bl 5 AFEHIFIAEEINTC S YY) %] pBR322 DNA 3B
eI LUk

Figure 5 Agarose gel electrophoresis showing cleavage of
pBR322 DNA with [Cu(HPB)(Z-Ala)(Cl0,)(H,0)],*H,0O in the
presence of different inhibitors such as dimethyl sulfoxide
(DMSO), trimethylolpropane (TMP), or sodium azide (NaN3)
Lane 1: 200 ng pBR322 DNA, Lane 2: 200 ng pBR322 DNA+1.25 mmolsL '
Vit C+25 pmolsL™! [Cu(HPB)(L-Ala)(Cl04)(H20)]»*H;0, Lane 3: 200 ng
pBR322 DNA+1.25 mmol-L ' Vit C+25 pmol-L ' [Cu(HPB)(L-Ala)
(Cl04)(H,0)],*H,0+4 pL DMSO; Lane 4: 200 ng pBR322 DNA+1.25
mmolsL ™" Vit C+25 pmolsL™' [Cu(HPB)(L-Ala)(ClO4)(H,0)]>*H,0+100
umoleL ' TMP; Lane 5: 200 ng pBR322 DNA+1.25 mmolsL ' Vit C+25
pmoleL ! [Cu(HPB)(L-Ala)(C104)(H,0)]*H,0+ 100 pmolL ™! NaNj;

H &5 w0, FEAELE Vit CIE, INAFE E i 5E-OH 1
T3 DMSO 1T B 5 HHIEC A4 % pBR322 DNA [
PERICEE 3 YKiE), TN L A4 10, 57 TMP(ES 4
PKIE) B NaN3 (56 5 VkIE) N, SFic & 4i%4 pBR322 DNA
VEFAAT 5 ma, b HE AR U & T B 32 Bl
FRIE I Hi2Ee-OH 443 pBR322 DNAPY, 5 ATTLL
RIWFFE B AP AN, S 3L R A Tt — b
NF5E.

3 4t

AR RAE T OB AL A 4 [Cu(HPB)(L-Ala)-
(C104)(H,0)*H,0, FEHIFFT T % T & W40 18 7% 1 S0t
pBR322 DNA W], 45 REW, iaWnTh—
PR TR G R, o 2-(2'-mEme ) R K AT - %
P MR 29 LA 75 3 ) T A4 7R P T b 5 o O (1) 25
T AL, 17K ST B e SRR DL U S5 BCA T 434l Tr)
by EMSCECAR B SR A B, FC AR, ST (B, sub-

tilis, G+), &y ERE(S. aureus, G+), KIGFF#
(E. coil, G—)FIYP 11 EKAHT B (Salmonella, G—)% HAT R
WFAMEIERL; 46 Vit C fA4E N, RERSImR B2 1 it
*OH LI DNA. #F5E4s AR T I &8 4T B 7 2
CERS-9'8
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