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Synthesis, Crystal Structure and Antibacterial Activity of A Bis-
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Abstract A Dbismuth(Ill) complex [Biy(PPA)¢*(Phen);] (HPPA = phenylacetic acid; Phen =
1,10-phenanthroline) was synthesized and characterized by elemental analysis and infrared (IR) spectros-
copy, its crystal structure was determined by single crystal X-ray diffraction. The crystal of bismuth(III)
complex belongs to triclinic system with space group P-1, a=0.9100(6) nm, »=1.2617(8) nm, c¢=
1.3324(9) nm, a=89.757(8)°, f=87.277(8)°, y=81.155(8)°, ¥'=1.5099(17) nm’, D, =1.748 gecm >, u=
5.890 mmfl, Z=1, F(000)=1780, residual factors R;=0.0484, wR,=0.1090 [/>20(])], S=1.002. The com-
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complex is a binuclear bismuth(IlI) compound, and every bismuth(IIl) atom is nine-coordinated by six O

atoms from three ligands (PPA) and two N atoms from one ligand (Phen) and one bridged O atom, and the

coordination polyhedron around the bismuth(IIl) atom can be best described as a distorted tricapped trigo-

nal-prismatic tetrakaidecahedron geometry, the valence sum of around Bi atom Vgi;y=2.897. The distance
of Bi***Bi is 0.4469(2) nm. The complex has a good effect against E. Coli, S. Aureus and B. Subtilis.
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Dk = oG B AL APk, Horh— SR R R
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JHAT BT 43 € 25 BR R R BAT B8 (R BT o, A e
SR AN . 29, T E
AR AR AL T — S H A B RN AN E 45 B
(RN i
1.1 {XEEFRAF
Perkin Elmer-2400 4703 43 #14% (3 [H Perkin-Elmer

bismuth(IIT) complex; crystal structure; antibacterial activity; phenylacetic acid; 1,10-phenan-

AT]); WGH-30/6 LT AP HEAL (R T s AR B R e
HIR AR, pHS-25 B AL B AERER AERT );
Bruker-SMART-1000 . A {753 (4% [ Bruker /A 7).

WA R o pr 2k, 6 B E 2R iR R
A, FHRTAREH Dok, ST wEKk: KM E(E
Coli)« 4> ¥ (I A5 BRI (S, Aureus) AL HEZF fRLA 147 (B.
Subtilis)$5) B E I T2 B 3 1 27 Bt Al A 40 S 00 = 40
S K IR A,
1.2 FREE S¥[Bi(PPA)s(Phen)]89& B

B IRA[Bi(NO5)325H,0] 0.485 g (1 mmol), 95%4.
B% 10 mL, A\ 100 mL =68, & T 65 C/KBH
InFERE, RIGZEIIA 25 mL 56K L8 0474 g (3
mmol). ZBIEL MK 0.198 g (1 mmo ) FIE AL 0.12 ¢ (3
mmo 1)1 95% LI (pH=6~7), 70 ‘C K . 6 h, #
PGhE, JEUFH D EK. SRR, BT, AR,
LA H CBE-DME R ARV - V=20 : 1)ELE, 158
B TR AT I A B BRI AR A, PR 57% (LA
Bi(NO;);*5H,0 if), IR (KBr J}): 3074, 1603, 1582,
1545, 1517, 1427, 1403, 1386, 1007, 847, 719, 540, 415
cm . Anal. caled for [Biy(CsHgO,)e*(C12HgN>),]: C 54.41,
H 3.30, N 3.53; found C 54.78, H 2.92, N 3.65.
1.3 iR S8 RIREHNE

BE i ] ~F R/ 0.51 mm X 0.35 mm X 0.23 mm
50, BT Bruker SMART CCD 1000 F i fiT 5 £,
KU MoKa (A=0.71073 A&, 78 298(2) K it/
T, Bl p—o J7NFH, 45 2.23<<0<<26.53°3EH N 3L
BEFIRTH AL 11060 A, HAMOTATH 2L 5248 N(Rin=
0.0653), SRR T A% V315 5o B (1> 20()] I AT 5t
RO3824 AN, A 5248 ANMSLATH R TS RRTHE,
K F AR A% (Patterson) VA 2 T B I I AR RS AL E, H.
WA Fourier & Ui RALAIR T, AT AL
Bk LT INEEAS 2, By JE SR 13 2% 1) S M b kS
&, AT R NI AR . 589 iR W, i
SWREET =R, P-1 BB, BB o=
0.9100(6) nm, b=1.2617(8) nm, ¢=1.3324(9) nm, a=
89.757(8)°, f=87.277(8)°, y=81.155(8)°, ¥'=1.5099(17)
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nm’, Z=1, D,=1.748 gecm >, F(000)=780, Wit &%k u
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mm AN RT TR AR b, PR RCAA . AR AL
WA RN S AR 25045 100 ul 43 BN 2 -
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(Vascoo—» 1545 cm l)ﬂj X R A 445 i 50 B AL e (Vaccoo-)»
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WIS, o Av [vagcoo)—Vacoo- ] 73720 142 Hi
169 cm ', KT 100 ecm ', i/~ T 200 em™', UG
[FFRHAM(COO )5 4 8 Bi(IID) it~ 1] BEAFAE 2 P
P75 s X AR [ H L AAAE S 2 IH (Phen) 1)
RFAE MR CRF AE A A AR B vey, 1560 em ™', [I4PAZ
VRSN Oc—n, 853, 739 em YW KRA TS, HMaBE
1517, 847 F1719 cm ', FWASRE W (R A U5 T [+
i 2 5 A28 3 5 AR A 1 5 8 B — 3.
FAN, BAYIAE 540, 415 em™' ARHBLT 2 A5
W, 4358 T Bi—N P 4iIRENIE v AT Bi—O [
LR BN v o, Bi—O HERT Bi—N FEWR IS4 1

IR — RS T B BT & DA .
2.2 EEYIHRIAREETEA

B 8 R 5 W) [Bio(PPA )g*(Phen), ] (1) 43 1 45 Ko & — AN
HODXTRIIXUZ AL A9, Wil 1 R, 2K S A
T3 1, IEAWRAXFRE TG H— M &7 —
AR HE LR B = ANBCAT T A 1] 1 AR R AR I 125 1 21 k.

B 1 FESE S Y[BiyPPA)e(Phen),] (1 4> F 45 M R 4 4 )
Bi(II) J& 1 A RCAL DY THIAA. A T TG R 8 23 S 5 hRidi A
MALE[G) 1—x, 1=y, 1—z], FHALTERETF

Figure 1 Molecular structure of the title complex [Bi,(PPA)ge
(Phen),] and the coordination tetrakaidecahedron geometry
around Bi(IIl) atom. For clarity, the part of the atoms were la-
beled at symmetric position [(i)) | —x, 1—y, 1—z] and all H at-
oms have been omitted

T4 A A 2 11 p, d B T AR 2 22 56 L1
T A BB A ™, A Bi(D) Rl 5k
] —ANEBHE P BRI ANZUR T IN(DFT N©2)] =
AR SRR YT ES T I SAN AR F[0(1)—0(6)] e —
Sk R RRAL B MR T O(6) [ FRAARR: () 1—x, 1
—y, 1=z, FFEJEATECAL, TEs— LR L th =15
SO7RE DU AR (B 2). Bi(II) J5 1Ak 78 = AN T T
0(2), O5) A1 O(6)" 4 & I R V- Y, Hifw 2= N
0.0084(4) nm, —J5 ¥ b\ T4 3 H O(3), O(4), O(6)
ATO(1), N(1), N4 &, —FZ YR 27.53)°, 5
FRIE SIS 20 30h 23.7(2)F1 25.2(2)°, BiF50 T
Ff Bi()AT Bi(1)' il it — xHFE R R T O6)
O(6) 4z, F WA R IBE R 120 ISR o —
DOXTFRIAAZ IS A Y5> T, RRRFOAE2, 172, 1/2),
{8 S PiE 37 22 T A A IR — 45 B BE[O(6) - O(6) ]I -
S = RS A DY T AR LA R B Can T TR,
Bi(1)-+*Bi(1) [ FE 25 4 0.4469(2) nm, 3XMEES /N T P54
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Bi Ji 7 ITE AL AR HI(0.468 nm), FWJE T Bi(1)M
Bi(1) Z A7 AEA AR .

LER A SR g b, Bi—N 8 R 0.2613(8) 1
0.2476(7) nm, Bi—O B[R E1E 0.2347(6)%] 0.2746(7)
nm 2 [f], Bi—O #A —MECKTE . 7R S8
Bi(1I0) B 1~ Jl [l () e A 455 K Aoy B ) i 95 A — i —
SR, R A AH AR T i 5 R 2 [ BB e B
HAHHARCY: v, =expl(Ry—dy)/b RIS i Ji1 ik
M aXev=>r;, W RHERC S Y Bi() s 1 (1

i) JE BB N, O ST (5T )Rl B AL Ay
(V) LA K HS64 Bi(ID (7 ) 85 A e 1) e
WHER), X, Ry i /TR j PR d;
NSRRI NIREEE . by e i
A AR E A G S5, IhAb, Ry n=0.202
nm. bg; y=0.035 nm; Rp; 0=0.2094 nm. bg; 0c=0.037
nm™ bR A A A AR Ve =
0.246, Vii1y-ne =90.356, Vaiay-ony="0.278, Vii1y—o =
0.454, Vi) 0@ =0.319, Vait)—ow=0.505, V1) os) =
0.301, Vaiay-o6=0.172, Vai1)-o@e =0.266, JLECALH Bi
JRF SN Vi) =2.897, XAMERS /N T Bi(IID) 25+
LA %L 3, thRWIE T Bi(1)A! Bi(1) Z [AIA7AEAH 1
VER. $BESCERPI S G Sb—0=0.26 nm 1£24
B UG I R L ORI A T K L O AN L
Voo 0=0.184, 5 LIS 4 R LA, 43501 Bi(1)—
0(6)=0.2746(7) nm J& X ZL 5, HATnT R A o

B 2 [%E Bi()Js 1 LRSI il I8 =7 FE T DU AR )
FRAAKR: (i) 1—x, 1—y, 1—2]

Figure 2 A distorted nine coordination tricapped trigonal-
prismatic tetrakaidecahedron around Bi(Ill) atom [Symmetry
code: (i) 1 —x, 1 —y, 1—2]

FERL AR, FRFE LB LAY 7 0T Bi(IID) &5 T
B WXt B A AR 3%, C—O B i) BE 59 95 B A
0.1210(12)%1 0.1263(11) nm, 55 JF LA H1 % H(COOH) &
RIRIEM C—O K [0.1205(3)H1 0.1298(3) nm] P4
PEZ R (1, 2R AT A4 PRI L 4 T o7 et

W TAL, X 5 AW LA R e S0k, Bk
FELTANE 1 1700 em ™' BT %47 W 52 5] COOH HIFSAE
A U

TEAR LA D)) Sl ARk v, R B 1) - AH ELA
MR C—Hn SHOERS T IR _4EME5H. e
(172, 172, 12)I50 FAARAE(x, y, 2) M ECAARLRE D Bk 1 (1)
R NQ)/CO)—CA0FIJFLy Cg(1)XEHOAE(L2, 3/2,
1/2)[153 1 B3R Cg()' DA FRAAER: Qi) 1—x, 2—y, 1
—z, FIAl] J8 i L R AP R EE S o IR [0 1
0] BE(K 3), AL Ce(1)5 Cg(1)! Z 1A HH B 2
0.34703(14) nm, PIANIRTZ AT, FOIEL S 3
TREI RS 72 20.82°.

B3 neen MEAEFESE 0 1 0)6E, b T KB, A
TEET

Figure 3 A chain by connected n***m interaction in the [0 1 0]
direction. All H atoms have been omitted for clarity

HOTE(L2, 172, 12)5 T AFRTE(x, y, 2T
CQ4)ET HQR4EL: R P OAE(—1/2, 172, 12)53T LI
P Cg(D)™ DAFRARFR: (i) —1+x, y, z R, i
RS R ERAEIER [1 0 0] 278K 4), 3t
o C(24)-+-Cg(1)"=0.3476(11) nm, ~C(24)—H(24)-+
Cg(1)i=134.7>. [010] F1 [100] 42> FHEMm%s &4
—A [00 1] g ghi), ALRM 4t 85 2 AL
RS e A C—He-m A EAER.

B4 C—H-n MIAEHIESO[L 0 018, Db T BB 4
T AR R AR T

Figure 4 C—H-x hydrogen-bonded chain in the [1 0 0] direc-
tion, H atoms not involved in the hydrogen bonds have been
omitted for clarity
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R BB S0 T 2K (nm) FISE A (°)
Table 1 Selected bond lengths (nm) and angles (°) of the title
complex

Bi(1)—0(1) 0.2567(8) Bi(1)—0(2) 0.2389(8)
Bi(1)—O0(3) 0.2517(7) Bi(1)—0O(4) 0.2346(7)
Bi(1)—O(5) 0.2538(7) Bi(1)—0O(6) 0.2747(7)
Bi(1)—O(6)' 0.2584(6)

Bi(1)—N(1) 0.2614(8) Bi(1)—N(2) 0.2474(7)
0(1)—C(29) 0.1264(12) O(2)—C(29) 0.1210(12)
0(3)—C(21) 0.1250(12) O(4—C(21) 0.1257(12)
0(5)—C(13) 0.1217(11) O(6)—C(13) 0.1260(11)
N(1)—C(1) 0.1338(12) N(1)—C(5) 0.1324(12)
N(2)—C(6) 0.1339(12) N(2)—C(10) 0.1334(11)

O(4)—Bi(1)—0Q2) 77.4(3)
OQ)—Bi(1)—0(3) 73.4(3)  O(4)—Bi(1)—0(5) 78.02)
OQ2)—Bi(1)—0(5) 146.7(2) O(3)—Bi(1)—0(5) 108.2(3)
O(4)—Bi(1)—0(1) 128.1(2) O(2)—Bi(1)—0(1) 51.52)
O(3)—Bi(1)—0(1) 110.5(3) O(5)—Bi(1)—0(1) 141.3(3)
O(4)—Bi(1)—0(6)' 129.2(2) 0O(2)—Bi(1)—0(6)' 105.2(2)
O(3)—Bi(1)—0(6) 78.6(2)  O(5)—Bi(1)—0(6)' 107.7(2)
O(1)—Bi(1)—0(6)' 78.8(2)  O(4)—Bi(1)—0(6) 86.3(2)
OQ)—Bi(1)—0(6) 149.7(2) O(3)—Bi(1)—0(6) 76.4(2)
O(5)—Bi(1)—0(6) 48.52)  O(1)—Bi(1)—0(6) 142.4(2)
0(6)"'—Bi(1)—0(6) 66.1(3)

O(4)—Bi(1)—N@2) 79.52) 0O(2—Bi(1)—N(2) 77.8(2)
N(2)—Bi(1)—0(3) 128.3(2) N(@2)—Bi(1)—0(5) 75.9(2)
N(@2)—Bi(1)—0(1) 81.5(3) N(2)—Bi(1)—0(6)' 151.3(3)
O(4)—Bi(1)—N(1) 135.8(2) O(2)—Bi(1)—N(1) 115.8(2)
N(@2)—Bi(1)—N(1) 64.3(2) O@B)—Bi(1)—N(1) 167.0(2)
O(5)—Bi(1)—N(1) 69.72)  O(1)—Bi(1)—N(1) 72.4(2)
0(6)"'—Bi(1)—N(1) 89.7(2)  N(2)—Bi(1)—0(6) 124.4(2)
N(1)—Bi(1)—0(6) 93.7(2)

0(4)—Bi(1)—0(3) 53.0(2)

Symmetry transformations used to generate equivalent atoms: (i) 1—x, 1—y,

1—z.
23 MEEMN

PG I FFEARINIEY A e/ T 0 e S0
Bl HAA KT 20 mm Ros B AT IR B, e
10~20 mm A a5, FEEDNT 10 mm 5540
BB, sei BOR, AN 3 Pzl A AL H A s
(I T, G A5 420 P 00 BT 1 FH B 5 AR 1) B8 A o sk
59, HARIME RN 5X107* moleL ™!, MK T XM AT
GYRARRAMEAE S, H3R 3 w5, 7ER—IaH
(5X107° moleL™")F, AHEZ4HA[Bi(NOs)s*5H,O1F1 [ Hific
PRIR TR TCARAE T, 1 BTG AR AR SE 2 W 7 o S R
AR AE TSR IEC A ) oA R R E . R WE

IRECE )G, SR TS ARAEZ R, TR LR (1 B R 1 H
FIGR TR HOR, AER BRI ) (I R 1 2 58 T
SCHR[7 RS (BRI & 4.

2 AN R (mm)

Table 2 Antibacterial activities of the complex in vitro (mm)

Antimicrobial circle diameter/mm

W R &/ I vk T
Compd. 2 ey B s by
(molsL"") HI R (S.
(E. coli) (B. subtilis)
aureus)
5%X107° 29 27 26
2.5%X1073 25 24 22
fic &M 1X1073 17 15 17
7.5%X107* 13 13 14
5X107* 8 8 8
A
B 5X10°° 20 19 19

[N
KWK 5X1073
s 51073

3 e

A IR E TR () K Z1R-1,10-48 3 2/ bk — T fid
“1) [Biy(PPA)ge(Phen), ] &AL K, X% Bi Bié
Y, SRR T =R R, AXFRPICH NI E T
—/NERFE DIk S = AN LA T XA [F] R SRR AR B 25+
k. o E BI(IDE 15K H =K SRR /S5
JE —ANEBHE BB A1 IR PR U R — M AU
HEATHCAL, T8 RLBCAL Il =18 — 7 A B A7 1 DY
. BRI 4 R BoR, WaYN KT BE(E. coli)s <
EHEERE(S. aureus) IR FATB(B. subtilis) AL
R VE . X s im0 o SR (DA & TE 2y
W) AR 1) T RN I A4 T s 1 B A 4 A R] HE 1)
SEEGEE.
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