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Synthesis, Crystal Structure and Antibacterial Activity of Schiff Base Ni(I) Complexes
Containing Schiff Base and Imidazole
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Abstract: The two nickel (II) complexes [Ni(L)(Himdz)](1) .[Ni(L)(Mimdz)](2) were synthesized from the reaction of
tridentate Schiff base (1-phenyl-3-[(2-hydroxyphenyl)imino]-1-butanone) (H,L) and monodentate N-heterocycles
[imidazole (Himdz), 2-methylimidazole (Mimdz)| with Ni(OAc),-4H,0 and characterized by elemental analysis, IR,
'H NMR spectroscopy. An X-ray structure determination of the complexes has been completed. In the solid state,
both [Ni(L)(Himdz)] (1), [Ni(L)(Mimdz)] (2) crystallize in P2,/c space groups, and exist as dimers due to
intermolecular C-H --- 77 interactions. Each of the dimeric molecules forms a one-dimensional zigzag chain via
intermolecular N-H --- O hydrogen bonds involving the heterocycle N-H group, respectively. The antibacterial
activities of the ligand and complexes were tested against seven kinds of bacteria. The results show that the

complexes 1 and 2 possess inhibiting effects. CCDC: 695200, 1; 695201, 2.
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DNA Fl RNA 1) —F &b # R o0, Pt 347 46
G B DR 1y R0 R T D SR AT A4 S A B S
TR HL(1- AR FE-3-[(2-F2 FE 2R W Bl |- 1- T 1), 98 ) 4 i
TR HL WK i 58 35 2- T KL BK R Ni(0,CCH5), - 4H,0
HEATHC AL RN, A5 20 T 2 AN ECA PI[Ni(L)(Himdz)|(1)
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1.1 & #A

T T R 08 S B AR Iy | R 2 FE RS DK N
(0,CCHy),+4H,0 VA R e fir a0 3 g 43 dr 4
1.2 KL ER

JEOL ECX 500 MHz #% #% 4% 1Y ; Bio-Rad A1
S 2L AR 35 L (4 000~400 ¢m); Ultrospec 5300
pro 54— W43 6O BE 1t Vario ELTI A 7T R 4304
A (FETE 5 & 1A 25 449 D 7 R Bruker Smart Apex .
n TS
1.3 BEWEK
1.3.1 B HL 5

] SR 2 FL 1 2.18 ¢, (0.02 mmol) 1Y 20 ml, &P
T2 N 3.2 ¢, (0.02 mol) A< HH Bt A A 30 mL &
BV, B AR 10 b, B4 BEZE bR KA,
O BEER L5 uk, B2 T 1577 3.50 ¢, 7
#.70% ,m.p. 169~170 °C, 'H NMR (DMSO-d): &
1.597 6(s,3H, -CH;), 5.817 6(s, 1H, =CH-), 7.258 3~
7.903 0 (m, 10H, Ar-H and -NH-), 12.381 9 (s, 1H, -
OH). TR (%, 1% C,HsNO, THE, 55 N hit
BAE): C 75.89 (75.87), H 5.92 (5.97), N 5.56 (5.53).
IR (KBr pellet): 3 429(m), 3 134(s), 1 686(s), 1 646
(m),1 601(s),1 575(s),1 539(m),1 400(s),1 330(s),1 285
(m), 1 214(m), 1 100(w), 1 030(w), 754 (m), 710(w),
682(w).
132 BEAEY 12 MG

FREL Schiff BFC A HoL(2.53 g, 10 mmol) F1 I
(0.68 g, 10 mmol)¥# i 7E = L (20 mL)H , AT
Ni(0,CCHs),+4H,0(2.5 g, 10 mmol) i £, (20 mL)#
W, AR R 4 b, A AR ETTE A R, &
BEPE 3 Uk, HLAE TR AEIK 2.5 g, 77 66%,

m.p.>300 °C., ¥ i B & Wi e = A P e sl
SR H AR SRR D, IR CE 3~4
d, fHEEA X LM, TR (%, %
CoHN:NiO, 58, &5 W it 5 fH): C, 60.31
(60.36); H, 456 (4.53); N, 11.08 (11.11). IR (KBr
pellet): 3 128 (s), 1 628(m), 1 480(w), 1 401(s), 1 113
(w), 1 066(w), 831(w), 742(w), 693(w).,

BLEY) 2 RS 1 RUMINES L, 187
227 g, 77H.58% ,m.p.>300 C, TR (%, 4%
CxHWN:NiO, 753, 655 W Bt B H): C, 61.27
(61.25); H, 4.88 (4.85); N, 10.72 (10.74). IR (KBr
pellet): 3 140(s), 1 628(m), 1 580(w), 1 560(w), 1 480
(m), 1 400(s), 1 286(w), 1 114(w), 735(w), 697(w).
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Scheme 1 Chemical strutures of H,L
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Table 1 Crystal data and structure refinement for the complex 1 and 2

Complex 1 2
Empirical formula CioH;;N5NiO, CooHN3NiO,
Formula weight 378.07 390.08
Temperature / K 293(2) 293(2)
Crystal system Monoclinic Monoclinic
Space group P2 /e P2/c
a/nm 0.744 01(7) 0.771 31(5)
b/ nm 2.263 0(2) 2.199 84(12)
¢/ nm 1.982 83(19) 2.070 10(11)
B/ 90.820(4) 91.735(4)
Volume / nm’ 3 338.1(6) 3.510 8(4)
A 8 8
D./ (g-cm™) 1.505 1.574
6/(°) 1.37°<60< 26.00° 1.35°=<6=< 25.00°
Absorption coefficient / mm™ 1.180 1.476
F(000) 1568 1616
Crystal size / mm 0.24x0.22x0.18 0.25x0.23x0.21
Reflections collected 37 164 44 217
Independent reflections 6 532 6 897
Observed reflections (I>20(1) 4 545 4216

Refinement method Full-matrix least squares on F>
Number of parameters 453

Goodness-of-fit on F* 1.046

Final R indices (I>20(I)) R=0.040 1, wR=0.080 8

R indices (all data) R=0.071 1, wR,=0.088 9
Final weighting scheme

(AP)us (A)uin / (€-nm™) 249, -319

w=1/[*(Fy?)+0.043 0P)+0.946 2P|, P=(F+2F2)/3

Full-matrix least squares on F>

473

0.967

Ri=0.046 9, wR,=0.103 5

Ri=0.096 5, wR,=0.128 5

w=1/[0*(Fe)+0.093 2P)+1.775 9P|, P=(Fii+2F2)/3
335, -289

AR 86.50(8)°~96.74(8)° [ ,4 M HEK 7F 0.1814
(17)~0.1921(2) nm Z[8] , BKW: 5 2 ASAFR Y 10
S 9H 141.71°F0 143.61°, A XFFRES A4 FIC 4055
2 GRS W) 503X 2 Mo Ce B
%l (H6) Al ¥ A (N5/C36/N6/C37/C38),C12 I 1) &
(H12) F1 ¥ B (C30/C31/C32/C33/C34/C35),C17 | 1#
2 (H17) F1 ¥R C(C20/C21/C22/C23/C24/C25),C29 I
) & (H29B) F1 ¥ D(C11/C12/C13/C14/C15/C16) (Z
B 4)Z B AFFE C-He--r M EAEFH(LIE 2), 4
X C-H---7r FHEAE R 2 4SS5 AH L B & 8
R (i 2), X TR ITH T4 T E N3-
H3A--03,N6-H6A ---O1 (2 5 S 4 WL 3% 3) & A ]
[ 25 [R] 47 JR B I 6% AH B8 5 1) g 147 78— 2 R 40 1 ik
(anfE 3,

MEEY 1AM, BLEY 2 FAXFRES 5T

T E 2 ANBCEY T, AW 2 b Ni(DE
FLA ALY 75 - 1 A TR 43 551 5 T R Y SRR T
SR I 2 R T TR D e i 4R i LA B Bl B
A - H R R s 1 R HEA T RO, B B 1 A4S I B
THT A T 53 B ZE A R 7S R R AR E 4548, NI =5+ JA] [
4 NMHEETE 86.44(12)°~96.57(12)°3E [l 4 /> K 7F
0.1829(2)~0.1938(3) nm Z [] | 2- F J WK W (1) Ik s 345
5 2 AN A 500 143.49°H0 146.84°, AN
X FRES K BT T AL 2 S S A AR LY LA o
X 2N F I C2 A (H2)FIER E(C31/C32/C33/
(34/C35/C36),C10 HA (H10B) FIFE F(C21/C22/
(C23/C24/C25/C26),C23 LA (H23) ¥R G(C11/
C12/C13/C14/C15/C16),C32 I 1 % (H32) F1 A H(N2/
C17/C18/N3/C19)(Z %3 3) ZMIfEHE C-H---7 tH
HAERLE 2), B X8 C-H---ar A B AE L 2 4
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Fig.1 Thermal ellipsoid plot at 25% level of the asymmetric units of the complexes 1 and 2
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Table 2 Select bond lengths(nm) and bond angles(°)for the complex 1 and 2

1
04-Ni2 0.182 17(18) Ni2-N4 0.187 3(2) Nil-02 0.181 44(17)
03-Ni2 0.184 47(17) Ni2-N5 0.192 0(2) Nil-01 0.184 30(17)
Nil-N1 0.187 8(2) Nil-N2 0.192 0(2)
04-Ni2-N4 96.94(9) 04-Ni2-N5 86.73(9) 02-Nil-N1 96.74(8)
03-Ni2-N4 87.79(8) 03-Ni2-N5 88.53(9) 01-Nil-N1 87.86(8)
02-Nil-N2 86.50(8) 01-Nil-N2 88.89(8)
2
N1-Nil 0.188 2(3) N2-Nil 0.193 8(3) N4-Ni2 0.188 4(3)
N5-Ni2 0.193 8(3) 01-Nil 0.184 4(2) 02-Nil 0.182 9(2)
03-Ni2 0.183 5(2) 04-Ni2 0.181 6(2)
02-Ni1-NI 96.57(12) 01-Nil-NI 86.78(12) 02-Nil-N2 86.44(12)
01-Nil-N2 90.21(11) 04-Ni2-N4 96.22(12) 03-Ni2-N4 87.63(12)
04-Ni2-N5 85.08(12) 03-Ni2-N5 91.23(12)

®3 BEEYW1IF2HEESH

Table 3 Structural parameters of hydrogen bonds for complex 1 and 2

D-H---0 d(D-H) / nm d(H---0) / nm d(D---0) / nm £ DHO / ()
N3-H3A---03' 0.086 02 0.198 83 0.281 7(3) 161.47
N6-H6A---01" 0.086 01 0.197 98 0.281 5(3) 163.34
N3-H3A---03ii 0.085 99 0.204 22 0.288 6(4) 166.69
N6-H6A---01" 0.085 99 0.203 88 0.288 3(4) 166.78

Symmetry relations:' —1+x, 1/2—y,=1/2+z; * x,1/2—y,1/2+4z; ¥ x,1/2—y,1/24z; ¥ —14x,1/2-y,~1/2+z

SR AL BC A T L R AR (I 2), SEAE Y1 DL C40 I /) Z(H40A) FIER H(N2/C17/C18/N3/C19)
AN, BA 2 BR T 4y F I N3-H3A---03,N6-H6A (B HUULER 4) Z[BAFAE C-H---ar A0 EAE FH M ) 25 ]
- Ol(E S EL R HZAESL  2- P Repkme PR 2 Z A B A 4l 147 Y — 4 ) 7 B (L 8]
$E B C20 EAYE(H20A)FIFR J(N5/C37/C38/N6/C39),  4),
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Fig.2 Complex 1 and 2 formed dimers through C-H---7r interactions

x4 BEWIM2HCH--mHBEER
Table 4 C-H---7r interactions in complex 1 and 2

X-H--Cg Ce d(H---Cg) / nm d(X--Cg) / nm £LXCg /()
C6-H6--- A’ A(N5/C36/N6/C37/C38) 0.293 87 0.3.699(4) 139.90
CI2-H12---B’ B(C30/C31/C32/C33/C34/C35) 031151 0.365 9(3) 119.10
C17-H17---C C(C20/C21/C22/C23/C24/C25) 0.275 26 0.360 8(4) 15343
€29-H29B- - I D(C11/C12/C13/C14/C15/C16) 0.284 40 0344 7(4) 121.75
C2-H2--EF E(C31/C32/C33/C34/C35/C36) 0.322 39 0.384 5(6) 125.95
C10-H10---F F(C21/C22/C23/C24/C25/C26) 0.254 25 0.344 4(5) 156.42
€23-H23---G' G(C11/C12/C13/C14/C15/C16) 0.332 83 0.384 8(5) 117.56
€32-H32---H H(N2/C17/C18/N3/C19) 0.291 90 0373 8(5) 147.60
€20-H20A - J(N5/C37/C38/N6/C39) 0.275 62 0.342 3(6) 127.15
C40-H40A---H H(N2/C17/C18/N3/C19) 0.275 27 0.3453(6) 130.38

L

Symmetry relations: ' x, v, z; " x, ¥, z

Dashed lines representation of the hydrogen bonds, Symmetry relations: ' —1+x,1/2-y,~1/2+4z; * x,1/2—y,1/2+z
B3 BCA Y 1Y i i AU R o T R

Fig.3 Complex 1 through hydrogen bonds form a supramolecular chain

22 HIEEHE FRHEE L A b 10 WL BRI 2 0 (BL A B L

AN S g ARy ak it AT, Bzl WA 10 mL DMSO %%, R B 1 280 pg-mL™"' 1Y
W (7.5%107 CFU-mL) 2 3R 7 M-H BEie 3597 W) T4 b Bk a8 RAE 12.8 pg, A HIR
FL0F AR b K BEIRAR (6 mm) FHIAE SR AR AR, T 37 CEE 24 h 5SRO/ RABK
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Dashed lines representation of the hydrogen bonds and C-H:--7 interactions, Symmetry relations: ™ x,1/2—y,1/2+z; ¥ —14x,1/2-y,~1/2+z
K4 EAEY 2 T8 RGHE ST LN 5 5

Fig.4 Complex 2 through hydrogen bonds form a supramolecular chain

x5 BAEREEAY 12 HEMIEFEGE

Table 5 In viro bacteriostatic activity of the ligand and complex 1 and 2

Diameterof bacteriostatic circle / mm

Beacteria
Imidazole 2-Methylimidazole Ligand Complex 1 Complex 1 Gentamicin
S. aureus 6 6 6 12 11 28
E. coli 6 6 6 10 12 27
P. aeruginosa 6 6 6 10 10 27
P. mirabilis 6 6 6 9 10 28

M 2-FPRE K M R IR K B R A S X IR R BE
BAES TR 5, B FHE R R 4 860 5 4 Bk R (S
aureus)(CMCC (B)26003), KM (E. coli)(ATCC
8739), il 4k B HL ML TR (P, aeruginosa) (ATCC9027), &F
SASTEHFE (P, mirabilis) (ATCC35659), 45 R 28 ik
M 2 FF DR I ARG K L 4 T A I M T
A1 2 X5 X LA O AR E A — AR
M B TR DR 2- B BRIk G| A JE A G, A
HHMRKKEE R, FAS Y0990 &S MRS A i
PR IR K% R 0
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