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Synthesis, Crystal Structures and Antibacterial Activities of
Ni(I), Co(l) Complexes from Amino Acid Schiff Base

ZHANG Xin* DU Cong CHEN Dan HUANG Meng
(College of Chemistry and Life Science, Tianjin Normal University, Tianjin 300387)

[Nil,](CH;0H)(1) and [Col,](CH;0H)(2) were synthesized, where L is a Schiff base
ligand (C»H,,CIN;O3) was derived from condensation of 1-phenyl-3-methyl-4-( p-chlorbenzyl)-5-pyrazolone with L-

Abstract: Two complexes

Phenylalanine methyl ester. They were characterized by elemental analysis, IR and single crystal X-ray
diffraction. The complexes 1 and 2 consist of two individual fragments and a dissociative methanol. Every
fragment is a distorted octahedron with four oxygen atoms and two nitrogen atoms. The Schiff base ligand and its
complexes have been tested in vitro to evaluate their antibacterial activity against bacteria Escherichia Coli and
Staphylococcus Aureus. It has been found that the complex 2 has higher activity than the corresponding free
Schiff base ligand and complex 1 against the same bacteria. CCDC: 759690, 1; 759691, 2.
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1.1 KFENEE

e 5 90 B9 21 7 % B TR200 FTIR %9 21 48 ik
I(KBr )il 2, 56 1 2% 4 i 26 8 Bruker 300
MHz A%t e R AY (75 71 . CDCL) M % ; 76 K 431 th 3
Leeman-labs 7 7 ) CE440 %50 2 43 B A0 &2
AR 25 M FE 15 E Bruker A F) APEX 1T CCD H.Ah 11T
SASGI 22 5 L-2R T 24 R (A= Ak 35, O oK s R 28 D
IKBE R A Jo/K FH B JCK Sk 45X R 43 Ar 4
1.2 BEEWER
1.2.1  JERBRBAK L 14 e

12K -3 4508 Gl 2R HH I - S5- ik ek ok i)
(PMACIBP) % SCHRM )5 2kl 45 . FRIX S mmol L-ZK N
AT T 25 mL Jo/KHEEH 3@ AJS/K HCL 2 L-
RN E R 56 AV ML 2 1 h 28 1 G4 B B Jn
A 30 mL Sk HPORT S UE 2 IR T R R A
A, BHG L ANARTPEEN BB, MAS
mmol PM4CIBP 1 5 N BEE K 40 mL, INFA R 3~4
h, ZZTHH, A WME . CRR RN 2.1 MIRG
RIEZE A, Frif s E2RE L, 8T TESh T
77 % 61%, 'H NMR(CDCy):8:1.35(s,3H,-CH;),
2.96~3.26 (m,2H,-CH,),3.79 (s,3H,-CH;),3.93 ~3.99
(t,1H,-CH),7.10~8.02(t, 14H,Ph-H), 11.57~11.59(m,
1H,N-H), IR(KBr JE /" ,w/em™):3 436 (w),1 750 (s),
1585 (s), 1542 (m),1493(s), 1440 (m), 1090 (m), 1627

(s),1168 (m),846 (m), JCZH 73471 (% , 4% CxHLCIN;O;
W, #59 N A IH5HE).C 68.40 (68.42),H 5.13
(5.10),N 8.87 (8.87),

122 JERAE NiI)(1) . CollD2)BL A 4 1 A5 1k,

1E 50 mL W RS T 17 & AR L (47.4 mg,
0.1 mmol) M TG/K FHEE(10 mL) ¥ W 12 42 i i i 7k
P R %(12.0 mg,0.05 mmol) 1) JE7K H B (10mL) B
Pt ah, VA ER FHE 74 EHREREY 1N
SRt imik, R JHICK CBEVE T 2~3 I, BE T
M3 70%, JCER I3 HT (% , 7 CoHueCLNGOGNi 11
A5 S N I 5E) . C 64.54(64.56) ,H 4.60(4.62) N
8.34(8.37).

BeAW 2 #BRUTRA W 1WAk, ™
F.72%., TTER (% ,#% CsH,CLNO4Co 5 5
Wk HAE) . C 64.50 (64.55),H 4.62 (4.61),N 8.33
(8.36).,

1.3 BIEEHHNE

TE A2 K/ B T XS A S S | 7
Brucker APEX 11 CCD TfI A7 54 1 Wi £ £ 4l | Al
A SEREGRPAl T Mo Ka 5% 1=0.071 073
nm, K H w-20 =475 2, Wb — 2 0 35 BN AT 5
s, FIH Saint B2 )7 HEAT AT 5 ECHE 19 46 Ax Ak A ik
J | SR FH 4 0 RO ST 5 I R AT A5 A, SR T
MR N A5 %], FIH SHELXL # % 4 SHELXTL
AR AR F TR/ ZRIBIE, SR FAIMEIE,
Rt AR &R+ R H SHELXL /5 1& . £
R2EBARTE WL 1,

CCDC:759690,1;759691,2,

1 BEW1M2HMRBEFHE
Table 1 Crystallographic data for 1 and 2

Complex 1

Empirical formula C5sHssCLLNgNiO;
Formula weight 1 036.62
Temperature / K 296(2)

Crystal size / mm 0.30x0.24x0.22
Crystal system Trigonal

Space group P3,21

a/ nm 1.304 9(4)

b/ nm 1.304 9(4)

¢/ nm 5.281 2(2)
al(°) 90

B1() 90

v /() 120

2
CssHsoCLCoNgO;
1 036.84
296(2)
0.38x0.36x0.32
Trigonal

P3,

1.307 0(2)
1.307 0(2)
5.275 8(17)

90

90

120




%3 W AR R BB BT A 000 S 0 ¢ 191
EE
V/ nm’ 7.788 3(4) 7.805(3)
A 6 6
Deae ! (grcm™) 1.326 1.324
0 range / (°) 1.80°=<6<25.01° 1.80°<60<25.03°
Absorption coefficient / mm™ 0.534 0.49
F(000) 3240 3234
Reflections collected 39 349 37 976
Independent reflections 9 160 9191
R 0.031 0.061 6
Refinement method Full-matrix least-squares on F”* Full-matrixleast-squares on F”
Parameters 623 636
Goodness-of-fit 1.051 1.092

Final R indices [[>20(])]
R indices (all data)

Largest diff. peak and hole/ (e-nm™)

R=0.054 7, wR,=0.136 0
R=0.060 2, wR,=0.139 3
501, -422

R=0.066 0, wR,=0.156 5
R=0.083 4, wR,=0.165 3
1 146, -346

Final weighting scheme: w=1/[0*(F,)+(0.065 3P)*+8.229 1P|, P=(F+2F2)/3' for 1; w=1/[0*(F,)+(0.074 5P)*+7.064 4P],

P=(F+2F /3" for 2.

1.4 MEFEENE

H)FH BN B I S50 500 I C AR K540 1.2
Xf # 22 [ BV T KW #F 1 (Escherichia.coli) . 5 2% [G
BF P TR 48 B €4 3 % 3R 14 (Stap hylococcus.aureus) F 41
R B2 YR A P BRI A LA A
FEARHCTE o R 3 P T SR 3K 110 kPa J& |, R
430 min,, HFRLALIR AR 50 CRYBFIREE 18 KA
B AR IR L B 5 87 i Bl 15 7 i B (5]
Ja, REBCRC A EE D 10° mL BB 0.15 mL A
BRSPS BB R 5 KR A9 A4 AR
FETRG KT LB B85 Rl e i 9 09 55 37 b 14 DMF
Pic ) B AN T) 906 52 9 2598 0.15 mL £ HAR N BT
(37x1) CHUMRAR T 24 h J& M #0836 AR

2 SRS

21 LIMSEIERIE

ERE A 1 ARG Y 2 s aik
3392 cm™ Ak W Wy YR R -OH By W T U L1 683
1680 em™ 2 5 FCAL I IR B B i PR sh e | 5
HHBECR L BRI 1750 em™ O E & AR B i
;16021604 cm™ &bk 2 5 LA A bk na B J5 245 1)
C=0 45 IR 31 ; BL A T vy, Snar, ven(1 168 ¢cm™)
WS | FE 15221528 em™ AR H LT ey WO, 150
W BE 5 90 o0 e A B X 25499 JF HL % N 15
L5 AV SR R R S AR 1 T Rz B ) PR B
Wi R AR Ao

2.2 ERAYR RS aREE
&9 1 A2 i s IR/ 1 2 o, 28
HEMEMIER 2, AW 18 8T =0 T

1 AT 15T 45k (A R E 5 30%)
Fig.1 Molecular structure of the complex 1

with 30% probability ellipsoid

2 WA 2 W5 T 45 (HU IR 20 30%)
Fig.2 Molecular structure of the complex 2
with 30% probability ellipsoid
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Table 2 Select bond lengths (nm) and bond angles (°) for complexes 1 and 2

1
Ni(1)-0(1) 0.201 7(3) Ni(1)-N(3) 0.202 9(3) Ni(1)-0(2) 0.218 2(3)
Ni(1)-0(1)#1 0.201 7(3) Ni(1)-N(3)#1 0.202 9(3) Ni(1)-0(2)#1 0.218 2(3)
Ni(2)-0(4) 0.200 3(3) Ni(2)-N(6) 0.203 9(3) Ni(2)-0(5) 0217 8(3)
Ni(2)-0(d)#2 0.200 3(3) Ni(2)-N(6)#2 0.203 9(3) Ni(2)-0(5)#2 0217 8(3)
O(1)-Ni(1)-O(1)#1 92.44(17) O(1)-Ni(1)-N(3)#1 91.11(13) O(1#1-Ni(1)-NG3)#1 91.14(13)
0(1)-Ni(1)-N(3) 91.15(13) O(1)#1-Ni(1)-N(3) 91.11(13) N(3)#1-Ni(1)-N(3) 176.7(2)
0(1)-Ni(1)-0(2) 169.39(11) O(1#1-Ni(1)-0(2) 91.61(12) N@3)#1-Ni(1)-0(2) 98.61(13)
N(3)-Ni(1)-0(2) 78.97(13) 0(1)-Ni(1)-0Q2)#1 91.62(12) O(1W#1-Ni(1)-0Q2)#1 169.38(11)
N(3)-Ni(1)-0(2)#1 98.62(13) 0(2)-Ni(1)-02)#1 86.11(18) N(3)#1-Ni(1)-02)#1 78.97(13)
0(4)-Ni(2)-0(4)#2 90.60(17) 0(4)-Ni(2)-N(6)#2 91.89(13) O(A)#2-Ni(2)-N(6)#2 91.92(13)
0(4)-Ni(2)-N(6) 91.92(13) O(4)#2-Ni(2)-N(6) 91.89(13) O(4)#2-Ni(2)-0(5)#2 170.02(12)
N(6)#2-Ni(2)-N(6) 174.6(2) 0(4)-Ni(2)-0(5)#2 92.89(12) N(6)#2-Ni(2)-0(5)#2 78.63(12)
N(6)-Ni(2)-0(5)#2 97.33(13) 0(4)#2-Ni(2)-0(5) 92.88(12) 0(4)-Ni(2)-0(5) 170.03(12)
N(6)#2-Ni(2)-0(5) 97.37(13) N(6)-Ni(2)-0(5) 78.63(13) 0(5#2-Ni(2)-0(5) 85.24(18)
2
Co(1)-0(1) 0.201 1(3) Co(1)-N@3) 0.208 3(4) Co(1)-0(2) 0.219 2(4)
Co(1)-0(1)#1 0.201 1(3) Co(1)-N3)#1 0.208 3(4) Co(1)-0(2)#1 0.219 2(4)
Co(2)-0(4) 0.202 6(3) Co(2)-N(6) 0.206 3(4) Co(2)-0(5) 0.220 7(4)
Co(2)-0(4)#2 0.202 6(3) Co(2)-N(6)#2 0.206 3(4) Co(2)-0(5)#2 0.220 7(4)
0(1)-Co(1)-0(1)#1 92.6(2) 0(1)-Co(1)-N3)#1 92.68(15) O(1#1-Co(1)-N(3)#1 90.11(15)
0(1)-Co(1)-N(3) 90.11(15) 0(1)#1-Co(1)-N(3) 92.68(15) N(3)#1-Co(1)-N(3) 176.0(2)
0(1)-Co(1)-0(2) 166.21(14) 0(1)#1 ~Cof ) 0(2) 93.63(14) N@)#1-Co(1)-0(2) 99.62(15)
N(3)-Co(1)-0(2) 77.30(15) 0(1)-Co(1)-0(2)#1 93.63(14) O(1#1-Co(1)-0(2)#1 166.21(14)
N(3)-Co(1)-0(2)#1 77.30(15) 0(2)-C ( ) 0()#1 83.1(2) N3)#1-Co(1)-0(2)#1 77.30(15)
0(4)-Co(2)-0(4)#2 94.3(2) 0(4)-Co(2)-N(6)#2 91.34(15) O(4#2-Co(2)-N(6)#2 90.41(15
0(4)-Co(2)-N(6) 90.41(15) 0(4)#2-Co(2)-N(6) 91.34(15) 0(4)#2-Co(2)-0(5)#2 166.28(13)
N(6)#2-Co(2)-N(6) 177.4(2) 0(4)-Co(2)-0(5)#2 92.32(14) N(6)#2-Co(2)-0(5)#2 77.42(15)
N(6)-Co(2)-0(5)#2 100.63(15) 0(4)#2-Co(2)-0(5) 92.32(14) 0(4)-Co(2)-0(5) 166.28(13)
N(6)#2-Co(2)-0(5) 100.63(15) N(6)-Co(2)-0(5) 77.42(15) 0(5)#2-Co(2)-0(5) 83.9(2)

Symmetry codes for 1: #1 vy, x,—z; #2 x—y, —y, —z+1/3; Symmetry codes for 2: #1 x—y, —y, —z+1/3; #2 y, x, —z.

ZSAVRE P321 , FERE X FR I B A 2 AT
THIC(Z=6)( 1), BLEWY 2 456 T =7 Tz
BE P3,, fE A AXTFR BT R B A 2 AT
THIC(Z=6)(K 2), BLEWEA THEH TRIKE
A TGN, BEEY 1.2 7k &R h B[ fE7E iR
2 b R[] 2 2B TR Y 2 Sl Sr BT 1 A
M7 F R IT X N 1 AU S A H B A, LA ONi(T)
Co(1)FT £ 5T 73 0 8 T 598 1 | Ni(2) ,Co(2) T 1E H
JCA R F TG I, Al ST F H T 3 S 7S B A Ak
AW, Ni(1) . Co(1) 53 511 5 2 A B A4 53— H sk ok i

BRI AT T O(1) O()A, L-A TN Z R HY g 1 Bk
FAETF 02).0)A LA B JE KB e 1 25+
N@3).NQR)A 6 M EFRBAL, 7B T 2 A~ FIocH
H I 2 AR TOE A NIQ2) . Co2) 5 5 2 AL
P S3F itk s kL 7 B S SR T O (4) .O(4)A | L-
AN 2R T TR B Bk AR T 0(5) . 0(5)A AR R
B i b B &R T N@6) N6)A 6 I T LAz, 5
SIE I 2 A TITEE A IR 2 SN TUE R IR,

BEG 0 1 Ni(1) 5 Be A 2R Z R B Ni(1)
-N(3) .Ni(1)-N(3)A 4 0.202 9(3) nm, Ni(2)5 B fi &5t
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T Z IH] 1 8 K Ni(2)-N(6).Ni(2)-N(6)A N 0.203 9(3)
nm, Ui B Ni(1DN 197 259 584 w6 K 5 Ni(1) 5 B A 480 i
T Z 1A i HE K Ni(1)-0(1) Ni(1)-0(1)A ¥ 0.201 7(3)
nm, Ni(1)-0(2) .Ni(1)-O(2)A 4 0.218 2(3) nm, H-F-1
HEA N 0.209 95 nm,Ni(2)5 BL A7 4 i 22 1] 114 G
Ni(2)-0(4) .Ni(2)-0(4)A 25 0.200 3(3) nm,Ni(2)-0(5).
Ni(2)-0O(5)A 4 0.217 8(3) nm, H V-5 K4 0.209 05
nm, VW] Ni(2)-0 B-F- BB I 00 s il
bt e bR ) 1 4y D SRS R B e 1 i AU S
Ni BFreE, WRNEARP R RERE TS
Ni B 1Y I B 215 2 R W SR80 i b i) U
R AL N O O =W S Rl R VAT A e a2 N
FE 5 %) 9 2 SR D02 (1) 5 458 T 6 B =2 ] g
FATE 78.97(13)°~98.62(13)° 2 8] | Ni(2)5 45 Fi v Jii +
2 [6] (4 58 A1 7E 78.63(13)°~97.33(13)° Z 1] , Tl PMBP
4 DL- AN AR CER BRI S Y 0 T4k
OVR BS54 C AL B 22 ] 1 58 A 7E 80.32(14)°~
95.75(14)°35 Fl N, 156 B PM4CIBP 4 L- N & 1R
B BRACA Y R B 1 5 2 T - 2 1) B A
5 90w B B BERCK Bk - BT b O AR B
T5 2 AECARH 4 AT 2 A EUR TR S B
IDAEEIN i ANTIRZ S22 0 A S DA RANTIR % 2g sl R D
O BRI -1

BLA 9 2 - FRCAL IR S 1 AHL, Co(1)-N Y
F 5K 0.208 3(4) nm, Co(2)-N P28 K
0.206 3(4) nm, BEEH Co(2)-N F-F- 4 8K % Ji 5 Co(1)-

O W F- 38K 4 0.2102 nm, Co(2)-0 1255 Ky
0.2117 nm, VW Co(1)-0 HI P mE 40, SRR
HE 0 T b e R ) SR B O T i
TR FE Co B TFMBER, IR Z R H R
BIARFH Co BT EREMS L, B R
BT Jie L %) R0 R b e R L ) 42 D TR A6 7
J19m T RN & R F R Pk L R T Co(1)45 45 B
Ji - Z (8] B EE AR E 77.30(15)°~99.62(15)° Z 1], Co(2)
54 B AL 2 4] Y A A 77.42(15)°~100.63(15)°
ZILSEAY VAL, AW 2 5 900 & #2 A T
K, BAEY 2 P FHRICP LR TS 2
AR 4 A ER T 2 A BRE T IE S B A Y
FH /A 25 AR Al 8 5 T/ TR 25 ) F s
A B o T — A, T a B S YA S iE
FE RN AILER ) AR AL S W, X T s B A G R
A WG VR 258, I e B R R B N A T 1
AL A A B R MBI ML PRE X, fEFE
2i ARZy AR RE BRI R A DT T R T
W] 9 1 FH AT e, T 51 T AFEA BIL A R AS X AR
AL TF-PEES FIRIF T A 2= AT )12 2488
2.3 HIEE ML R

MR 3 AT LLE LAY 1.2 IR E A —
S (U0 TR I e (L9 TR AR I o 8 1 28 A AN i e
KFR 3PS W xF K AT B A 40 4 B 2 i T
SO IKE A 1.2 WIMETEER 28T
(IR NG SEEE S/ 0N 778 S R ROEH K KSR 3

®3 MEEENEXHIE
Table 3 Antibacter ial activity data of the ligand and the title complex

Bacterial species

Compound Concentration / (g+L™)
FEscherichia.coli Staphylococcus.aureus
L 5.0 19.5 12.8
25 16 14
1.25 14.8 12.2
0.5 16 13.2
1 5.0 19 15.6
25 20.3 14.5
1.25 20.3 15
0.5 18 17
2 5.0 17 15.5
25 18.3 17
1.25 14.5 16.5
0.5 14.5 14.8
DMF AR 8.0 8.3
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