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Structures and Bioactivities of Four Zinc Complexes Containing Ferrocenyl
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Abstract: Four zinc complexes containing ferrocenyl, [Zn(FcCOO)(phen),|C10,+FcCOOH (1) (FeCOO=ferrocene-
carboxylate, phen=1,10-phenanthroline), [Zn(FcCOO)(phen),] -ClO,-H,0 (2), [Zn(FcCOO)(FcCOGly)(phen)] -
C,HsOH (3) (FcCOGly=N-ferrocenylformylglycine), and [Zn(FcCOGly),(phen)] -CH;0H (4) were synthesized and
their crystal structures were determined by X-ray single-crystal diffraction method. Bioactivities of the four

complexes were studied. Relationship between the bacteriostatic activity and the strength of the coordination bond

as well as the phen content in the complexes was observed. CCDC: 670506, 1; 670507, 2; 670508, 3; 670509, 4.
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Bruker CCD Area Detector 1T %1% ; 3& E Nicolet
360 FTIR RS A8 4 21 S0 6% (KBr FE ), 7
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1.2.1  BLAYI[Zn(FcCOO)(phen),]- ClO,-

FcCOOH (1) A 1k

# 0.2302 g (1.0 mmol) FcCOOH,0.0992 g (0.5
mmol) phen 1 0.1098 (0.5 mmol) Zn(CH;COO),-2H,0
LI K 0.46 g (2 mmol) NaClO,- 6H,0 MIA 2 5 Hs S )i
Z A 12 mL K$EAT B B K ILCE 7E 100 C
PR E R N RONE 72 h R ZIBRHI EE R
13 RMELLAPOR A, 77 32%, JTTR 4T L {E
(%):C 56.41,H 4.18 N 5.42; ¥ 1H(%):C 56.13 ,H
3.58,N5.69, IR (KBr,cm™):4348.6 (s),2927.4(m),
1687.2(s),626.9(m), 1 519.3(s), 1 485.5(m), 1 428.0(s),
1385.1(m),1 106.9(vs), 1 095.1(vs),1075.5(vs), 1 020.4
(w),849.0(m),823.7 (w),726.3(s),621.5(m),511.8 (m),
480.2(w).

122 BLAWI[Zn(FcCOO)(phen),]- ClO,- H,0 (2)

ORESN

# 0.1152 g (0.5mmol) FcCOOH,0.099 2 g (0.5
mmol) phen,0.109 8 g (0.5 mmol) Zn(CH;COO),-2H,0
F10.46 g (2 mmol) NaClO,-6H,0 VA F 0.5 mmol Gly
(H 2B A B & e 22 v A 12 mL K385,
% 5 R AE 100 °C A E ML RS N OB 72 h R E
HOZEAHEER BABO YRR, R
43%., JCFR 53T IEME (%) . C 54.55,H 3.31,N 7.03;
TH51H (%) .C 54.43,H 3.52N 7.25, IR(KBr,cm™):3
430.7 (s),2956.7(m),1 584.9(vs),1 517.4(m),1 473.8(s), 1
429.2 (m),1385.7(s),1347.0,1 184.2(w), 1 105.1(s), 1
019.9 (w),849.4 (m),817.2 (w),730.2 (m),620.3(w),
513.7(w),490.4(w).

1.2.3  BLAYI[Zn(FcCOO)(FcCOGly)(phen)]-
CH,CH,OH (3)/ & 1

¥ 0.0195 g (0.1mmol) phen MAF]F 0.0221 g
(0.1 mmol) Zn(CH;CO0),-2H,0 1 5 mL I EEHE W,
BEFE 30 min J5, WA 0.057 7 g(0.2 mmol) FeCOGly
#10.023 1 g (0.1 mmol) FcCOOH 1Y 5 mL H A,
AT PE 48 h, 15 2 B AR MR, 0 UE S IR E
THEAL, FiR TSR 15 d JRR R ek
A, 7PE 73%, TR SPLNE (%).C 56.03,H
4.55,N 5.01;1151H(%).C 56.24 ,H 425,N 521, IR
(KBr,cm™):3 339.8(s),3 095.1(w),2 966.7 (w), 1 650.5
(s),1616.2(vs),1 586.4(s), 1 537.7(S),1 519.0(s),, 1 478.2
(m),1 427.4(m),1 388.5(s),1 357.9 (m), 1 344.6 (m), 1
283.0(m), 1 106.2(w), 1 001.5(w), 1 026.9(w), 852.4(m),
820.2(w),727.8(s),645.8(w),513.4(w),487.9(w).

1.2.4 A W[Zn(FcCOGly)y(phen)]- CH;OH (4)

5 i

# 0.0400 g (0.2 mmol) phen N A5 0.0444 ¢
(0.2 mmol) Zn(CH,CO0),-2H,0 [ 5 mL F B3 W,
PiHE 30 min J5, IMAE 0.1150 g (0.4 mmol) FeCOGly
15 mL CPEAW ., ARSEGFE 48 h, 153 @A)
W, S IEE R E TR = R 15 d
JE A5 BRG LA B R R, 7 5 679% TR 43 A
(%):C 55.08,H 3.92,N 6.32; 115 {H (%) C 55.12,H
427N 6.59, IR(KBr,cm™):3419.9(s),3 105.2(w), 2 928.6
(w),1628.3(vs),1 543.3(s),1 517.2(m),1 428.2(m),1 397.3
(m),1291.5(m),1 195.7(w), 1 105.2(w), 1 003.7(w) , 850.2
(m), 822.4(w),727.0(m),621.1(w),489.3(w).,
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Table 1 Crystal data and structure parameters for the complexes

Complex 1 >
CiH35C1Fe;N,O57n

Empirical formula

CssH,,ClFeN,O-Zn

3 4
CisHzFeaN;OsZn CaHseleaN,07Zn
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Formula weight 984.30 772.28 805.75 849.79

Temperature / K 298(2) 298(2) 298(2) 298(2)

Crystal system Monoclinic Monoclinic Triclinic Orthorhombic

Space group P2i/n P2i/n Pl Aba2

a/nm 0.963 38(17) 1.591 9(2) 1.168 6(3) 2.072 7(3)

b/ nm 1.503 7(2) 2.128 5(2) 1.289 7(3) 1.968 9(3)

¢ /nm 2.760 4(3) 2.383 5(3) 1.384 3(3) 0.988 5(2)

al () 90 90 66.341(2) 90.00

B1() 95.210(2) 127.560(3) 68.526(3) 90.00

v /() 90 90 65.021(3) 90.00

Volume / nm’ 3.982 2(10) 6.402 1(13) 1.683 0(7) 4.034 1(11)

Z 4 8 2 4

D./ (g-em™) 1.642 1.602 1.590 1.399

w/ mm™ 1.447 1.344 1.610 1.350

F(000) 2008 3152 826 1 744

Crystal size / mm 0.24 x 0.15 x 0.14 0.24 x 0.15 x 0.14 0.50 x 0.45 x 0.32 0.28 x 0.14 x 0.09

6 range / (°) 1.48 10 25.01 1.44 10 25.01 1.65 10 25.01 2.29 10 25.00

Limiting indices 11 <h <11, —18<h <18, “13<h <9, 24 <h <23,
-17<k<11, 25 <k <25, -15<k<12, -23<k <22,
-31<1<32 28<[<28 -16<I1<16 -1<i<l11

Reflections collected / 17 633 / 7 024 32 144 / 11 273 8 809 /5 855 9982 /3 327

unique (R,=0.055 8) (R:,=0.090 0) (R,=0.024 3) (R,=0.075 5)

Data / restraints /
parameters
Goodness-of-fit on F
Final R indices [I>20(])]
R indices (all data)
Largest diff. peak and

hole / (e*nm™)

7024 /0/559

1.030
R=0.050 0, wR,=0.126 7
R=0.095 1, wR,=0.162 8

453 and -640

1127370/ 883

0.864
R=0.051 8, wR,=0.054 3
R=0.167 1, wR,=0.067 1

506 and -339

5855/51/455

1.043
R=0.040 6, wR,=0.096 6
R=0.066 6, wR,=0.115 1

652 and -641

3327/98 /249

1.034
R=0.071 4, wR,=0.172 8
R=0.136 9, wR,=0.223 4

790 and —-645

2 #R5iTie
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Table 2 Selected bond distances (nm) of the complexes

Complex 2
Zn(1)-0(1) 0.226 4(3)

Complex 1
Zn(1)-0(1) 0.202 2(4)

Complex 4
Zn(1)-0(1) 0.193 9(8)

Complex 3
Zn(1)-0(1)  0.194 8(3)
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Zn(1)-0(2) 0.259 0(4) Zn(1)-0(2) 0.209 8(3) Zn(1)-0(2) 0.268 2(3) Zn(1)-O(1)#1 0.193 9(8)
Zn(1)-N(1) 0.216 5(4) Zn(1)-N(1) 0.212 1(4) Zn(1)-0(4) 0.249 7(2) Zn(1)-N(2) 0.207 3(9)
Zn(1)-N(2) 0.211 0(4) Zn(1)-N(2) 0.217 6(4) Zn(1)-0(5) 0.201 3(3) Zn(1)-N(2)#1 0.207 3(9)
Zn(1)-N(3) 0.209 9(4) Zn(1)-N(3) 0.213 6(5) Zn(1)-N(2) 0.207 8(4) Zn(1)-0(2) 0.253 4(8)
Zn(1)-N4) 0.214 4(4) Zn(1)-N4) 0.210 3(5) Zn(1)-N(3) 0.208 9(3) Zn(1)-0(2)#1 0.253 4(8)
Symmetry transformations used to generate equivalent atoms: #1: —x+1, —y+1, z.
x3 BEEYNHBIER
Table 3 Selected bond angles (°) of the complexes
Complex 1
O(1)-Zn(1)-N(3) 97.94(15) N(3)-Zn(1)-0(2) 145.50(13) N(4)-Zn(1)-N(1) 92.28(17)
0(1)-Zn(1)-N(2) 94.87(15) N(4)-Zn(1)-0(2) 82.11(14) 0(1)-Zn(1)-0(2) 55.19(13)
N(3)-Zn(1)-N(2) 101.77(16) O(1)-Zn(1)-N(1) 170.13(16) N(2)-Zn(1)-0(2) 101.78(14)
0O(1)-Zn(1)-N(4) 94.77(15) O(1)-Zn(1) N(l) 160.52(15) N(1)-Zn(1)-0(2) 08.11(14)
N(3)-Zn(1)-N(4) 78.93(16) N(3)-Zn(1)-Ni 101.22(15)
N(2)-Zn(1)-N(4) 170.13(16) N(2)-Zn(1)- ( 77.91(16)
Complex 2
0(2)-Zn(1)-N(4) 93.42(18) 0(2)-Zn(1)-0(1) 59.84(12) N(4)-Zn(1)-N(2) 91.55(17)
N(4)-Zn(1)-N(1) 165.78(18) N(1)-Zn(1)-O(1) 92.53(16) N(3)-Zn(1)-N(2) 108.79(15)
N(4)-Zn(1)-N(3) 77.9(2) 0(2)-Zn(1)-N(1) 98.23(14) N(4)-Zn(1)-O(1) 100.39(15)
0(2)-Zn(1)-N(2) 106.90(15) 0(2)-Zn(1)-N(3) 143.40(16) N(3)-Zn(1)-O(1) 86.51(15)
N(1)-Zn(1)-N(2) 77.31(18) N(1)-Zn(1)-N(3) 97.14(19) N(2)-Zn(1)-O(1) 162.39(14)
Complex 3
O(1)-Zn(1)-0(5) 120.20(13) 0(5)-Zn(1)-N(3) 99.29(12) O(1)-Zn(1)-N(3) 116.26(13)
0(5)-Zn(1)-N(2) 102.11(12) O(1)-Zn(1)-N(2) 128.45(14) N(2)-Zn(1)-N(3) 81.01(13)
Complex 4
O(1)-Zn(1)-O(1)#1 135.1(5) O(1)#1-Zn(1)-N(2)#1 106.4(4) O(1)#1-Zn(1)-N(2) 107.6(4)
O(1)-Zn(1)-N(2)#1 107.6(4) O(1)-Zn(1)-N(2) 106.4(4) N(2)#1-Zn(1)-N(2) 80.1(6)

Symmetry transformations used to generate equivalent atoms: #1: —x+1, —y+1, z.

12 1B FHE A 1A Clo, Fom 1 AR BE
{2 FeCOOH 41 A%, Zn(I) A F e A7 i 1B 2843501 5 5k
F 2 1 phen B 4 /> N JEFHl 1 4 FeCOOH 01
JEFEAL, 24 phen T B 20 R A S 99.40
Zn(1)-0(1) BEES N 0.2022(4) nm, 75 1EH# B0 BN,
1M Zn(1)-0(2 ¥E £4(0.259 0(4) nm) kb 1E % 79 Zn-0 B
ALEER IR BT 0.202 nmPVR V2 | WY AL B B 1 v
19 Rk IR AR IR TC AL, RIECAZI) 02 5
T B 1) S Ak R AR 3 B 1 U T HA T U 58 11
SrFl A, N2 F 44 Zn-N #EY I BN
ERCIN P i RN AN i N s X 8 s [ (]
S5 B R RRAR Y 02 5 AR AL R H
253+ 1 H4 JE W58 1 ZU8E 04—-H4--- 02, H4 -+ 02
FEES R 0.18570(1) nm,04---02 HYFEES A 0.265 93(1)
nm, 734b Cl1O, Y 08 5 phen 1) H24 Z [H] £ 7E

Bl ECAEY 15T 450 B (i ERLE 30%)

Fig.1 Molecular structure of complex 1

(Displacement

ellipsoids are drawn with 30% probability)



2

BEHORAT & TR A BT 5 W B0 A R A T

171

5540 H AR, 08---H24 A B & 0.260 32(1) nm, 08
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Fig.2  One-dimensional chain structure of complex 1
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106.2°, L 1 PR RIFZ SN Clo, BTE 5K
ST A EIER , deah, S &R AR 55 40 3 4
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Fig.3 Molecular structure of complex 2 (Displacement

ellipsoids are drawn with 30% probability)
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Table 4 Hydrogen bonds for complex 2
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm £DHA / (°)
013-H71---05 0.085 0 0.236 5 0.320 6 170.41
013-H71---06 0.085 0 0.264 4 0.3315 136.87
013-H72---01 0.085 0 0.196 7 0.281 1 172.02
014-H73---03 0.085 0 0.199 1 0.283 6 172.76
014-H74---09 0.085 0 0.216 7 0.298 4 161.15

BeGY 3 05> FA5H UL 4a, BCA T Zn(l)
LAY S A7 4391 5 1 4 phen 1 4> FeCOO-F1 1 4
FeCOGly B, FeCOO 1 FeCOGly $4) 3R UL 14 fic {7
J7 2 oA AE phen ¥l Zn FIAE B9 T AN Znd -
01 PEE5°4 0.194 8(3) nm,Zn(1)-0(5)# &5 4 0.201 3(3)
nm;Zn(1)-N(2)F1 Zn(1)-N(3)FE 25 5351 41 0.207 8(4)F1
0.2089(3) nm, BLEWITH ) LB FARS S, &
TR R AR R s Ak WY B R AR A v ]
BHEE B PR AR I R BC A 04 T2 iU, H6- -
04 FEE} 0.193 66 nm,06-04 FE#4 0.273 59 nm,
A 3 A M S 2 AR AT, X 2 A
B 457 43 73 o SR ar-ar HE R B — A 0 X AR
(9353 - G548 B TT (AN 4b) i sr F 45 F st
2 > phen A1 2 4> Zn(IDAE R —F A, ek

B2 MR Y O5 F 7 4k Yk H 2R e 28 1Y o £
M HS U R RS 5 015
phen ¥ 109 1 4> o 17 B H34 Z [8] £7 75 55 A1 HAE
FH 3 5Bk PR 2 R 4 40 A R AT 1 00 i 6 B0 5 )
— A F 1Y phen FIE T - HBUWEH], IR
H.0 5 phen B9 1 A4S0 IE 26 Hh 0 B BE B R 0.358 92
nm,2 DI A 15.6°, SUHLER, R gk
It H W2 (14 55 A — i S R 5 53 Ah— A W5 45
{1 phen B 1 ANHEBEIRIE B ar-or HEBUVE ], JE 43X
LS VE G W) 3 He U] 5 TR 9 2 AR
AT FE5H

BG4 15y T4t aniEl 6 s, mEE,
Be &9 4 R [Zn(phen)XY]H X=Y=FcCOGly FI1EHL .
e 57 53 b S — 1~ 38 ok S S R T AL T
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Fig.4 Molecular structure of complex 3 (Displacement ellipsoids are drawn with 30% probability)

K5 FaY 3 —4el o T 45K 18 (be F i)
Fig.5 Two-dimensional network structure of

complex 3 (bc plane)
SR AR RO 1 5 L 4 O1 3 2 T B4 T (11 6a)

Zo (D) 19 B A7 4 SECALE T 5k BT 2 4
FeCOGly #9 2 4> 0 #1 1 /4> phen 9 21> N, 2 20K
PR WAL H = AR Y LB e XS Zn(D4S &,
5390 F Zn() 5 phen 41 B A F- 16 P, Zn(1)-O(1)
PR 0.1939(8) nm, 2 1> Fe 1 Zn J& i — & 1 # BE ,
£ FeZnFe=142.5° iZ V- 73 & 1E 4 & BC A2 70 5 A
Frih (Il 6b), 5 HA 3 MMES W —FE LG 4 WA
R phen W22 00 - SEBERT
A BRI 0 AT A L R S 5 A — A4y
T4 phen 5 ] Y 2K B L - HEBVEHT (A 1Al
7a), AT phen AL AIEEE A 0.37201 nm,
- HERRAE AU BC & ) 4 3% 35 i — 2 IR 4+
ZER (A E 7b),

Symmetry code: #1: —x+1, —y+1, z

Ko BaW4mmT

2 (W BR JL 3 30%)

Fig.6 Molecular structure of complex 4 (Displacement ellipsoids are drawn with 30% probability)
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Fig.7 - stacking interaction of complex 4

23 ESYHREEN

FcCOGly 1 Zn(Ac),-2H,0 /] DMF/H,0=1:1 i
B, HARHE A A DMF B 5 0.025 g-mL
W, LA MH BIE 8 B SR 2 SR 4C R 97 A
(Kirby Bauer 75234790 B S5 56 | LA PR K %5 2 Ar
PUAERRAAERXIR, KA & 25540 0.5 pg/h .,
P A RIS TR S,

M 5 AT LUE 4 A TC 5 W0 0 50 TR R AR T
phen Y955, H HE H Al C R K 4 T A4 BT 17 15 AR
SR, BCE W 10k S AT R A ROR A (X R
FFRR 4 B (00 0 BRTA | B2 A A BRTAT 00 FE AT T N
LRI FERTRIX 5 > BRI AR AT L5 e B 400 i 2
R 2 X RIBAF T 22 A A BRI | 3R B
%) BR TR M Y B A0 ZE T TR X 4 A T R 4 1) 80CR L

B ELA Y 3 X R IAFF A | 4 v (0 A 4 2K R A
P FERFBRIIX 3 AR FP DRI BOR LR 8 BL &9 4
SO R i FF T 0405 FEAT BT 10 300 4 2R EL A A 8 &5
RIS YN 1 2 4 (P05 5 AR 15 Ok s
S—Jr, BAYMPTETEYE S phen 7ERL A
14 J3 2 ET 40 R Zn-N 7 B 110 ik B R R — 2
MIFE, INELA ) 2 ) 4, phen 7553 T H 0 E 4> &
HEIEL N Zn-N P BB 0N, B AT
[Fi] — B o 14 410 0 FH A 328 25 055 9 B 3% 1568 Phen
W A A f R, BT PR AT Zn-N B B
AN, BRI TR 2 L BCA 1 FIEL A 2
4 T AL FH 25 - 1 4 AR ) (R BE & 9 1 e T T
FLEC AW 2 94T, AT RE 5 108 & A AR BC A Y Rk
HR o3 A O (A B AR I G R0 2

x5 BEWMAYMEER

Table 5 Diameter of antibacterial rings of compounds (mm)
Compound E. coli S. aureus S. epidermidis S. typhi S. paratyphi B P. aeruginosa
FeCOOH 0 0 0 10 9 8
FeCOGly 0 15 8 0 7 0
Zn(Ac),-2H0 13 10 0 0 12 10
phen 38 38 40 33 35 30
Complex 1 30 28 30 20 25 8
Complex 2 30 23 25 0 23 8
Complex 3 28 20 8 20 7 7
Complex 4 27 0 7 19 0 0
Solvent 0 0 0 0 0 0
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