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Abstract: Two lead complexes, [Pb(phen)(NOs)(H,0)|NO; (1) and [Pb(phen),(NO;)|[NO; (2) (phen=1,10-phenanthro-
line) were synthesized via a solution synthesis method at room temperature. They were characterized by elemental
analysis, IR spectroscopy and single-crystal X-ray diffraction. In complex 1, the central metal Pb(Il) is tetra-
coordinated to form a distorted tetrahedral geometry. In complex 2, the central metal Pb(Il) is hexa-coordinated to
form a distorted octahedral geometry. By extensive intermolecular hydrogen bonds, complex 1 is connected into
1D chain supramolecular structure, while complex 2 is assembled into 3D supramolecular network. Complexes 1
and 2 have a strong inhibitory effect on Escherichia coli and Golden staph. The higher the concentration, the
stronger the inhibitory effect. And the activity of complex 2 is superior to that of complex 1. CCDC: 1574687, 1;
1574688, 2.
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FLIR A B o A B, A AT R
— R ARG E TR BT R A
UG PR3 (4 75 G DL R AE A 77 ol i vhoxt & i g, 4
FIRESE I T AATTRE A58 AU 040, PH It 4%
A1 I BC AR 5 Z FE AL, R B G 04 9 A M s 28 B
TUVE W BT HERE ) b ASAUAT RLHERR A A P 3 1 1
BT ELIR 1T DL SR A A SO iR R A Ak
I 20 e A DR HL R B (R TE S e D, ) Iz I
THHREBA TR REY ., Hd 1,10-960%
Wk (phen)H A F T W E 2548 | [W B & 2 Dl E A
[ DA DN S N el WS R L V0 AP S S
A, 535k phen BAREHY 7 HBF5240K 5 &8 8 Fid
PLETREAZIE W R B o B, T AR IR A 1 4 ) B
5 % T 4B BA R A AL RE 10, V5 £ phen 1
BCG W RI RO | A R A v BT,
JEAEDT IR 5 A H A — 2 Y N T X Sl G
W) TC e 78 A A2 B BT 5% 1 3 2 78 B F A 7
Prit A b # R E EEMEN , RN & )8
Be &) C DLAE | (B BT B I PO 5T 43 8 A 2
R5EN PRt RS2 5 T AT 535 B phen A BT
PRV THAL2E T 2 A3 50 19 #5 B A Y [Pb(phen)(NO5)
(H,0)]NO; (1),[Pb(phen),(NO3)NO, (2), il % 1 1]
mn R E5H  FIHISERR 9 HOE A T RC S 1 R 2 1Y
MBI, Z5REBYIE Y 1A 2 X 2 FhaZ i T bk
LA 58 08 1 00 BT 0

1 SEWHES

1.1 RFIESNEE

JEE TR Perkin-Elmer 240C # 50 437
G5, £EAMETE ] JASCO FT/IR-480 AL {7 i 2%
2L ETEAL(KBr F - ,400~4 000 em )il 5, Hi A
XA ELAE RT-2100 B bR AL fE IR 55 7240 fH IR 47K |
BLOHLAE S TAE S S5, IRHT phen M5l 412 |
| 2O A Al R 3 AR R A i 4l 2R
i B BE AR R B8 AR AR A I L T
VBT T A AR I W
1.2 HEREF

A S5 i T R R W A T (Escherichia coli,
LR fRIARE.C), S EPAMEAN R, & O ARk E
(Golden staph, VA N FK G.S.), % == FAVE AN, 1L
TG R A Y Se g s S it Seg0 T R SR
LB WBCTT A RE 3 o HEER 10 g AL S g,
g 15~20 g MIZEMK 1 L,pH=7.4~7.6, LB X3¢

WA B H e R o3 [ A R o
1.3 KR
1.3.1  FE#[Ph(phen)(NO3)(H,0)INO; (1) 5 1
FREL 0.083 g(0.25 mmol)il 2 #5 (Ph(NO,),), FH 10
ml CEEE ARSI a, PRI 0.09 g(0.5 mmol)MIWk &
P2 (HIAA) 1 0.05 g (0.25 mmol)#J phen, | 10 mL &
BEVS ATV b, 8 b A a T 19 3R 3 (04T X
VEM AR 2 U8 S AR R AT W, EE IR
5d, B4 0.103 g K @SR 775 78% (LA Ph
), a1 195572 CoH NP, TTR 3 M
C,HoN,O.Pb T+ 518 (%).C 27.22,H 1.90,N 10.58;
SEYE (%) : C 26.98 ,H 1.87,N 10.53, IR(KBr,cm™);
3 368(¥on);3 062(@am); 1 517 (we); 1 496(vc); 1 385
¥yo )1 139(weo); 1 100(ven);854,778,725 B4n); 558

(VPM)) 5 415 (VPM)) o
1.3.2  FCA I[Pb(phen),(NO5)|- NO; (2)f4 75 AL

R 74t phen B &R 0.10 g (0.5 mmol), %
Fe R R LSS HAeilon] R R AR IR A A 1
SR DA MR AR, U85 A5 B Y
B, SBE 15 d, RZ&A455)0.123 g HHE O
&, 7232 719%((Vh Ph i), JTCR ML CoH gNeOGPh
T (%):C 41.68,H 2.33,N 12.15; L K {8 (%) C
41.61,H 2.29,N 12.15, IR (KBr,em™):3 054 .);
1 514(vey); 1 496(rc); 1 386(ry, )31 141(veo); 1 100
(V) ; 848,776, 724(8 1) ; 552(Wp0) ;41 T (Wimyo0)
1.4 BRIEEHHNE

TE £ AR K /NN 0.25 mmx0.20 mmx0.15 mm
FBCA Y 1 1 0.78 mmx0.61 mmx0.18 mm A AL &
P 2, H Bruker Smart APEX Il CCD(Mo Ko b i 41
I8 ,1=0.071 073 nm), 75 % I T WCAR AT S Bl AT ot
SREERCIR 28 Lp I FACIE |, R IRSE M i B
XA AR SR T A bR R A 1) S O R R TR AT 4
MR/ N IR B IE SR T AR bR B B N A R )T
W, A TR SHELX-97 2 P k17, Bl &9
1R 2 W28 TR 1, AW 12
R (nm) S #EA ()8 T3 2,

CCDC:1574687,1;1574688,2,
1.5 HEFEELE

LB 3533 i S0 #8 LA @ 5 mm AYUEAT
R ITE 121 CKH 30 min, $ K5 03 7= 5wl Ak
R AE] 50 CAA, MR BICEARAEEIA 9 em
FRE SR i 22 v BE BT, A (37+1) CCHE R 1%
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Table 1 Crystal data for complexes 1 and 2
Complex 1 2
Empirical formula C,H;,N,O,Pb Co4HsNsOsPb
Formula weight 529.43 691.62
Temperature / K 293(2) 273(2)
Crystal system Monoclinic Monoclinic
Space group P2/c P2i/n
a/nm 0.716 93(14) 1.667 1(4)
b/ nm 0.998 3(2) 0.774 4(2)
¢/nm 2.107 4(4) 1.812 §(5)
B/ 99.60(3) 98.114(3)
V /o 1.487 2(5) 2.316 7(11)
A 4 4
D,/ (g-em™) 2.365 1.983
w/ mm™ 11.390 7.338
F(000) 992 1328
6/(° 3.20~27.48 2.27~25.00
Reflection collected 14 127 11 130
Tndependent reflection [I>2¢(1)] 2 896 3181
Goodness-of-fit on F? 1.075 1.016
Data, restraint, parameter 3392, 0,217 4 075, 0, 335
R, wR [I520(1)] 0.026 3, 0.050 7 0.040 1, 0.092 3
R, wR, (all data) 0.034 6, 0.053 0 0.056 4, 0.098 4
(A) s (p)uin / (€+nm™) 472, -1 343 1760, -1 710
“Ri=SMNEJEN S IE), MwR={ X [w(F = FAT T [wFA P F>d0(F).
x2 BEAEYIM2HBIERKOmEERC)
Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2
Complex 1
Ph-0(1) 0.269 8(4) Ph-0(4) 0.245 1(3) Ph-N(1) 0.249 9(4)
Pb-N(2) 0.256 4(3)
0(4)-Pb(1)-N(1) 82.68(12) 0(4)-Pb(1)-N(2) 73.19(11) N(1)-Pb(1)-N(2) 65.88(12)
0(4)-Pb(1)-0(1) 80.68(12) N(1)-Pb(1)-0(1) 79.63(12)
Complex 2
Ph-N(1) 0.248 3(6) Pb-N(2) 0.258 1(6) Pb-N(3) 0.261 0(6)
Pb-N(4) 0.258 8(6) Pb-0(1) 0.275 6(6) Pb-0(2) 0.267 8(6)
N(1)-Pb-N(2) 65.18(18) N(1)-Pb-N(4) 82.31(19) N(2)-Pb-N(4) 83.29(18)
N(1)-Pb-N(3) 83.02(19) N(2)-Pb-N(3) 136.91(18) N(4)-Pb-N(3) 63.42(19)
N(1)-Pb-0(2) 78.88(19) N(2)-Pb-0(2) 120.66(18) (4)-Pb-0(2) 138.04(19)
N(3)-Pb-0(2) 77.23(18) N(1)-Pb-0(1) 76.99(19) N(2)-Pb-0(1) 79.39(19)
N(4)-Pb-0(1) 157.2(2) N(3)-Pb-0(1) 122.45(18) 0(2)-Pb-0(1) 46.30(18)

FAHEEFE 24 h 5, KA O A, Ak
B A 2 R TR (. C.) 4 65, 7 720 3K T

(G.S.), B K5 UL A (D 5 mm) V- HELE 5 B Y
LB #5353 WA i Bic & 40 1.2 R
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R4, Be il A 20,105 F1 2.5 mg-mL™" AE W, 177 2
phen 73 51 il B¢ 6.8 3.4 1.7 .0.85 mg-mL"(phen 1)
#110.4.5.2.2.6 1.3 mg-mL"(phen 2)IAE WK , 5 — F
AL BN Zy i 10 pl, fE(37«1) °C 1Y 1H iR 5
FAA TR R 24 WY WO IDEMEA BERG A ER
91 BE) (K 4), A8 (T B £ AR FLAE )% 405 7 H
HEATHI T A BB B AR KT 20 mm R8BSR AN
ROR I P FE 10~20 mm Ky v SE 400G 40 5 Bl /N T
10 mm M EFHNEA

2 GRS

2.1 RSN

BCA Y 1 AT FR L IC AR AE 1A IUBC A Y
& )& Pb*E 1,11 phen 73,1 DALY R R 251
AL ASFECALA KSR, Rh B 1/ 30 B 06 i 7R AR 5
¥ &JE PhIDAECALFREE AN & 1a FT7s  Ph> B 140
W5 2 AR 2 AR AT AR BCHL
IO A, o 2 AR Tk A T 1 AL
KA F 1 AT RS R AR 25104 F1 01),2 14
Ji sk B T [ —4> phen 43§ (N1 F1 N2), 455
phen I (& IE LAY Ph-N 54 535152 0.249 9(4) Fl
0.256 4(3) nm , 5 SCHK{E (0.247 8~0.260 3 nm)#z i M
By 5 L B R AR B OB Y Pb-O B K R

Ellipsoid probability: 50%; Symmetry codes: #2: —x+1, y—1/2,
—z+1/2

K1 (&% 1148 PhIDmE A 55 (&9 1
B — R A5
Fig.1 (a) Coordination environment of metal Ph(Il) in
complex 1; (b) One-dimensional chain structure

of complex 1

0.269 8 (4) nm, % 5/K4FIE WA Pb-0 KN
0.245 1(3) nm,, MAh BEAY 1 2 D AYRRAR 25 1
T AR (01 AT 07) 5 85 2 18] B 2 AN [R] 43 5]
4 0.269 8(4)F1 0.274 9 nm , BRI E K H S
B Z B IR ES /N 0.005 1 nm, WIS Pb 5
07 Z AT REAFAEE S EAE , NIEre 3Lk,
FIF LA O7 B 26 (9 i 2 A B 12 DA B 8 XA 7
T2 AW 14 0-Pb-0O Z IH] 1 5 £ ¢
80.68(12)°~144.74(11)°3 [l P, 1 N-Pb-N 2 [A] (1) ffi
FEWh 65.88(12)°, BL&H 1 HAFTERCALK 3 T
SR ARTE B O—H---O S5, e G Wil 4o X 2 AU
W AL B TT Y R B — LA IR S TS5 K (AN BT 1b),

BLE Y 2 BAXFR P ICHAATE 1 S SBCAL Y
P> B F,2 4> phen 57,1 A HC LAY FR AR 2 LA &
1 AU PR R B T & Jm Ph(IDAY BC A 2 35 40
&l 2a flt7n ,Ph> & 720 0l 5 4 AR 72 A

(b)
Ellipsoid probability: 50%; Symmetry codes: #1: —x+1/2, y—1/2,
—z+1/2; #2: —x, —y+2, —z+1

2 (faEw 2 ha)d PhIDIY RO B, (b)ELA 9 2
B =48 23 1 M 45 2
Fig.2 (a) Coordination environment of metal Ph(Il) in
complex 2; (b) Three-dimensional

supramolecular network structure of complex 2
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%4 PR A6 FLAT 0T 0 P ) A R BTG & W 5 0 S R B A O & 643

JE R AT A TR JCHL i T A Hod 4 S R URF
WSk A T 2 4 phen 43 (N1-N4),2 M4+ H
T 1AL G B SRR AR B (01 F1 02),
5 phen b0 AJE B Pb-N K 0.248 3(6)~
0.261 0(6) nm, %5 MR & I 1 Pb-O
43028 0.268 1(6)F1 0.275 7(6) nm, O-Pb-O Z[H] 1
A 4629 (19)°, T N-Pb-N 2Z [H] 19 5 £ 0| oy
63.45(19)°~137.01(19)°, PG 2 H W AA7E KRRy
H phen - 19 B i = FI1AY 2 AR - 9 40 T8 B 1Y)
C-H---0 ZH, Frf ks sl 45 ot R 4%
B = 2 I 45 8 43 45 A (B 2b)
2.2 LIAMRIESH

TERC G 1 LA GG E |3 368 em™ Y5

WAL U1 Jas Sk A 7K 43 F- 19 O-HL 19 R A1 W A 0 i
7w, 10-phen R AIE AR 40 4 Bl W i i ven(1 586 ¢cm™),
TEIE MUBC & W 5 MR B BT 1 % 85 (1 517 em™), &
T A%, FHEBK phen Z 5 T A ;1 385 em™
ALY NO; B RRE R Wi ide | e & I7E 558 1 415
em™ Ab SR I 53 5 24 Ph-N Al Pb-O AN, X Fc
G 2, BUAK phen 55 AE A 45 4% 3l W00 ve(1 586
em™), TEIE NI & W5 K 8O 1M 88 8 (1 514
em™), BAET LK, RUEIK phen 5 T HAL,
1 386 cm™ A L7 A HBC AL Y NOy~ Y 47 AiF I AT Ui |
B & 7E 552 A1 417 em™ A B 5% 04 43 51 8 Pb-N Al
Pb-O MM, LA 1R 2 5 LR E g T 9 R AE
WETEANFR AL 35 3,

x3 BRESEESWAINEENEZREIE

Table 3 IR spectra adscription and comparison of the ligands and the complexes

1,10-phen Complex 1 Complex 2
Vou — 3368 -
Vi 3 060 3 062 3054
Ve 1586 1517 1514
Ve 1504 1 496 1 496
Ve 1186 1139 1141
Vex 1090 1 100 1100
Ve 882, 778, 738 854, 778, 725 848, 776, 724
Vxo; — 1385 1386

Vi, Vino — 558, 415 552, 417

23 MEEKE

M LI R (R 4, 3~8)R W] B 4 4 1y 4
R PR IE T phen, BC &) 1 F 2 X0 K A B A 42
A A 2 PR AT R A R I R P R X
QA0 1 KT T, BCE 9 1 F0 2 B4 e 7 A

B 5 T PR A AN BR Y phen , RIDE UL &Y )5
X phen W99 B A EBRREIMEH, A& 90 0040
W ER 5 H phen & & HARIFHLEXR (R=
0.959~0.980), Pl 1 e 45 490 1y e 2 vy | X 794 e 48 AT
£ 00 1 4 FH R

x4 FRERMEEBHHRENKGTENIEFE

Table 4 Bacteriostatic activity of different samples on Escherichia coli and Golden staph

Dose of phen / pg

Sample Dose / pg

Dose(Pb*) / g

Bacteriostatic ring diameter (D)) / mm

(Pyghen / pomol) G.S. (Gram-positive bacteria) E.C. (Gram-negative bacteria)

1 200 68(0.377) 782 20.2 22.2
100 34(0.189) 39.1 16.3 17.2

50 17(0.094 3) 19.6 14.3 154

25 8.5(0.047 2) 9.8 12.3 11.3

phen 1" 68 68(0.377) 0 18.5 21.5
34 34(0.189) 0 14.1 13.5

17 17(0.094 3) 0 8.9 9.0

8.5 8.5(0.047 2) 0 0 6.7
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ik 4
2 200 104(0.577) 60 23.8 26.2
100 52(0.288) 30 19.2 23.2
50 26(0.144) 15 16.2 172
25 13(0.072 1) 7.5 14.5 14.1
phen 2! 104 104(0.577) 0 20.2 23.5
52 52(0.288) 0 174 20.1
26 26(0.144) 0 14.2 16.0
13 13(0.072 1) 0 6 9.6
Ph(NO;), 200 0 105 8.8 7.8
100 0 52.5 6 6
50 0 26.3 0 0
25 0 13.1 0 0
* D(G.S.)=3.702 4In(ny./mol)+74.383 (R*=0.967 8), D\ (E.C.)=4.968 9ln(ny,./mol)+95.182 (R*=0.971 1);
* Di(G.S.)=8.745In(n./mol)+148.81 (R*=0.970 8), D,(E.C.)=7.045 SIn(ny./mol)+124.21 (R*=0.935 6);
¢ D(G.S.)=4.461 9In(ny./mol)+87.149 (R*=0.959), D (E.C.)=6.102 5In(ny./mol)+114.17 (R>=0.980 4);
4 DW(G.8.)=6.604 2In(ny/mol)+116.17 (R*=0.925), Dy(E.C.)=6.606 1In(n,,,/mol)+119.05 (R*=0.977).
= 30
= Complex 2
m Complex 1 254
251 m phen 2
m phen 1
] m Pb(NO
20+ = Pb(NO,), 20 MO,
: E s
g 154 = 15
Sy s
™ 10
5 5
1. Bh (NO:)); E— 2,Pb(NO,), 20mgmL"  10mgmL' S5mgmL~?  2.5mgmL

10 mgmL™ 5 mgmL™?! 2.5 mg'mL™!

phen 1 6.8 mg'mL™! 34mgmL”! 1.7mgmL" 0.85mgmL"’

3 BEAY 1 BBC R R 4 B 00 4 5 BR R A AR
Fig.3 Inhibitory effects of 1 and ligands on G.S.

30+

® Complex 1
m phen 1

= Pb(NO,),

1,Pb(NO,), 20 mgm'L™*
phen 1 6.8 mgmL?! 34mgmL?! 1.7mgmL?! 0.85mgmL!

10 mgm-L?' 5 mgm-L™* 2.5 mgm'L!

K5 B 1 SRR I FT B Y 0 64
Fig.5 Inhibitory effects of 1 and ligands on E.C.

phen 2 104 mgmL?!  52mgmL” 2.6mgmL"' 1.3 mgmL"'
2 2 g 2

4 BCEW 2 JeBponT S o (04 4 1R B Y 00 4R
Fig.4 Inhibitory effects of 2 and ligands on G.S.

30
m Complex 2
254 m phen 2
204 = Pb(NO,),
£
o
104
5 -
0 -
2,Pb(NO,), 20 mgmL™* 10 mg'mL™! 5 mg:mL™! 2.5 mg-mL™!
phen 2 104 mgmL™?  52mgmL" 2.6 mgmL™! 1.3 mg'mL™!

Ko FCa 2 Bele Ao I Mg AT v i 3 il 4
Fig.6 Inhibitory effects of 2 and ligands on E.C.
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304 30
M Complex 1 M Complex 1
259 M Complex 2 251 M Complex 2
20+ 20
5 154 g‘_ 154
Q Q
104 10
54 5
0- 0- T T T
20 10 5 2.5 20 10 5 25
C/(mg:mL™) C/(mg:mL™)

Kl 7 BEEY 1A 2 Xk 00 4 4 Bk A 40 i R
Fig.7 Inhibitory effect of 1 and 2 on G.S.

4 Complex 1
M Complex 2
5| Aphenl
< phen 2

0 T T T A

14 14.5 15 155 16 16.5 17
—In(n, /mol)

phen

Ko A 1 A2 phen 7t 5 H XS 4 8 647 45 2R
AT T Bl R 2 G &R
Fig.9 Linear relationship of phen content of 1 and 2 vs
D,, on G.S.

3 &% it

K WA 7, UL phen A BCAR S il R
BN T 2 DS AT S 0 3 g
np=1:1 B 7E SRR R A TS 15102 ny,.0
np=2:1 I FEH R R b G0 TRCE W 2, 4540 4
W, BCEW 1 E L5 S HETE L 1D HER R 5
TH5 G TTECA Y 2 WHE RE 3D #8531 M 28 454 H:
T phen BC AR B 2 S RO, MR IR &1
FAAE B R JE FDBUA 2SS IR AL, B 1
T 2 6 4 B 0, A 3K AN R T 4 A 4 T 2
T ECAA BE A 0 0 B VS P R JR T phen, BC A4
2 MBS YR TRCE Y 1, 0 Lk B2 B, 304
FH B

Supporting information is available at http://www.wjhxxb.cn

8 LAWY 1A 2 X I AT Y A
Fig.8 Inhibitory effect of 1 and 2 on E.C.

304
254
20
g
E 159 & Complex 1
o
104 | | Complex 2
A
A phen 1 A
5 -
> phen 2
0 T T T T T 1
14 14.5 15 155 16 16.5 17

—In(nphm / mol)
10 BEAY 1 A1 2 ' phen & 5 H X R
00 P e G R
Fig.10 Linear relationship of phen content of 1 and 2 vs
D, on E.C.
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