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Synthesis, Crystal Structure and Bacteriostatic Activity of M
(M=Co?", Cd**, Mn*") Complex with 2,5-Bis(3,5-
dimethylpyrazol-4-thio)-3,4-thiadiazole
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Abstract Three complexes [Co(L)2(H20)4](NO3)2*4(CH3CH,OH)(1), [Cd(L)2(H20)4](NO3),*4(CH3CH,-
OH) (2) and [Mn(L)2(Cl)2(CH30H),]*2(CH30H) (3) were synthesized from the reaction of 2,5-bis(3,5-
dimethylpyrazol-4-thio)-3,4-thiadiazole with Co(NO3),*6H,0, Cd(NO3),*4H,0 and MnCl,*4H,0, and char-
acterized by elemental analysis, FT-IR and single crystal X-ray diffraction. The results of structural analysis
indicate that the ligand (L) was adopted “U” configuration, and each complex shows a “S” conformation. In
three complexes, the coordination environment of each metal center show a distorted octahedral geometry,
and each metal ion was coordinated with two ligands. The bacteriostatic activity results indicated that both

of the ligand and complexes possess some bacteriostatic effect.
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A AR AU RN SRS R, S AN
& I B T A Y 4 R R e 45 S TS A 8, i
Kb G RE—RZ s, BAadoE. Juis. ot
W U EE PUBRSE Z A, — B AT
ATV i e P A A B R B
LR, REGTE, R ELINIE R, KRR, DAL M
I BUAREE T L2 5 AR 4, AEAR A AR B2
MO, COF W 2O M Kk M 4k
ARUBL Rk, BATBET A R T B A 2,5- 5 gE-1,3,4-
WE I R ER R AR L (2,5--(3,5- - F Rl Ie-4-57
H)-1,3,4-WE ), FEREELA L 4R Co(Il), Cd(ID),
Mn(ID) & FHEATECAL, RRIRCEY 1~3, SRIGH5% T
P S S A 0 A B S

1 SKIRERS

1.1 RF

Co(NO;),*6H,0, Cd(NOs),*4H,0, MnCl,*4H,0, Z
AT, CSa, KA IHF LA A e i R 51380 4 23 B 4.
1.2 MHRLES

JEOL ECX 500 MHz ¥ ILHRA(TMS J A r),
DMSO-ds 4 #5; Bio-Rad #3721 41543 (4000 ~
400 cm ™ "); Vario ELII B G ML, di A4 bl s K
FH Bruker Smart Apex H. 4 ATEF X
1.3 BEMEK
1.3.1 Btk L 696

PR 2,5- - (3-Bif i —Hil)-1,3,4-WE 4 346 ¢
(10 mmol)¥% T~ 100 mL LB, In#iali, 221830 1.0
g (20 mmol)/K &, [ 5 h, JEXRmH, Wik, LREE
ghdh, AR, MRBIAAEE S 22 g 7TE 65%,
m.p. 213~214 °C; 'H NMR (DMSO-dg) d: 12.908 (s, 2H,
C=N—H), 2.186 (s, 6H, CHj), 2.086 (s, 6H, CH;); IR
(KBr) v: 3583(m), 3322(s), 3223(s), 3103(s), 2954(w),
2865(w), 1630(m), 1565(m), 1405(s), 1309(m), 1049(m),
814(m), 694(w), 626(w), 503(w). Anal. caled for
CoH4,NgSs: C 42.58, H 4.17, N 24.83; found C 42.54, H
4.14, N 24.86.
132 Beodh 1~3 96 m%

1] L (0.34 g, 1 mmol)(#] ZHEAH(20 mL) 1, 12183
1l Co(NO5),*6H,0 (0.20 g, 1 mmol) ) ZEEVEW, i
B 5 dJaEE N A, g, T8, 19 330 mg A
Y1, 775 60%, m.p. 258~259 ‘C; IR (KBr) v: 3585(m),
3330(s), 3228(s), 3106(m), 2973(w), 2927(w), 2882(w),
1628(m), 1562(m), 1403(s), 1311(m), 1064(m), 1036(w),

997(w), 823(m), 760(m), 683(m), 640(w), S00(w), 468(w).
Anal. calcd for Cs;HgyCoN;4014S6: C 3443, H 542, N
17.57; found C 34.38, H 5.40, N 17.63.

RCE) 2 I E 1 R TT5E K, 15774 320
mg, ;73 55%, m.p. 228~229 C; IR (KBr) v: 3584(m),
3322(s), 3230(s), 3107(m), 2969(w), 2928(w), 2876(w),
1626(m), 1565(m), 1391(s), 1310(m), 1110(w), 1064(m),
1031(w), 1006(w), 823(m), 759(m), 688(m), 630(w),
504(w), 470(w). Anal. calcd for C;HgoCdN14014S4: C
32.86, H 5.17, N 16.76; found C 34.81, H 5.14, N 16.72.

FCE) 3 4Ll a1 U TT i i, T IR
LWE, 15779 270 mg, 77 58%, m.p. 242~243 C; IR
(KBr) v: 3377(s), 3235(s), 2965(w), 2926(w), 2875(w),
1621(m), 1564(m), 1384(s), 1124(w), 1060(m), 831(w),
767(w), 687(w), 660(w), 583(w), 504(w). Anal. calcd for
CysH4ClbMnN,04S4: C 36.12, H 4.76, N 18.05; found C
36.08, H 4.70, N 18.01.

A R 1 Scheme 1.

N™Ng NHaNHo H0 Ny
N‘\“,"

CH3CH,OH

M= Co?" (R = R? = R® = R* = H,0), Cd®" (R' = R? = R®=R* = H,0),
Mn?* (R = R* = CI, R? = R® = CH,0H)

Scheme 1

1.4 BRIRGEHNE

TR/ EIE AP a4, H Bruker Smart Apex
CCD gAY, SRS A SR AR ELT Mo Ka
F4(1=0.071073 nm), LA p-o $145 77 207 — & 1) 0 VL H
W, WSCER B AT S B R O AT T 2 0 WO
IFy LPRRIE. SRS 1 tH HE AT, XA E R ¥
AR S F0 35 ) SRS HOIEAT T AR R N e
IE. A SHELX-97 P se i, Btk = #h
2, P-1 A RE, £F 2.00°<0<<25.00°30 [Fl A ol A7 5
7399 A, LA ASZ AT A 2680 A4, AR £ 2085 A4,
a=0.8761(3) nm, 5=0.8909(3) nm, ¢=1.0630(4) nm, a=
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87.413(11)°, f=73.033(11)°, y=85.398(12)°, V=
0.7907(5) nm’, Z=4, D, =1.466 gecm >, F(000)=365,
©=0.475 mm ', GOF=1.086, R,=0.0397, wR,=0.1132.
BCAHI 1 R R, P2y/c ZFIARE, 7F 1.45°<60<26.00°
YN SERCERTSS 0 22517 A, ARG ATSS S 4930
A, B A 40314, a=1.49825(10) nm, b=0.90321(6)
nm, ¢=2.00904(14) nm, f=110.019(2)°, V'=2.5544(3)
nm’, Z=2, D,=1.451 gecm >, F(000)=1170, x=0.653
mm ', GOF=1.071, R,=0.0407, wR,=0.1054. [, 2
HHRHR R, P2i/c AR, 1E 2.15°<6<27.51°J6H K
SEWCBEATI A 24482 AN, H AP ISZ AT 115970 4N, W
M 5578 A, a=1.49772(4) nm, b=0.92347(3) nm, c=
2.00730(5) nm, #=109.1260(10)°, ¥=2.62304(13) nm®, Z
=2, D,=1.481 gecm >, F(000)=1212, x=0.725 mm ',
GOF=1.071, R,=0.0373, wR,=0.0943. B4 3 bl
MR, P2i/c B, 16 0.78°<0<26.00°75 H Py IL i £
FI9F . 33010 AN, HrP MO ATSs  8156 AN, nl M 4
5976 A, a=2.6567(2) nm, b=0.85971(7) nm, ¢=
1.91648(16) nm, f=101.265(2)°, V=4.2929(6) nm’, Z=
4, D,=1.436 gecm °, F(000)=1920, x=0.772 mm ',
GOF=1.031, R,=0.0524, wR,=0.1355. CCDC: 833348,
BC&9 1; 833349, BL&) 2; 833350, HCH4 3; 833351,
ligand.

2 H#HR5HE

2.1 BRIREEH
BiofA L J2 2,5-%53E-1,3,4-8 — MEMFIE AN 3,5- 1

SE-ME MR R, HEAS TR “U” FEIRE 1a), C(3)—S(1)
—C(6), C(7)—S3)—C(10)[1J5H #1537k 103.04(13)°F1
101.91(13)°, ¥ A~ 3,5- = H1 JE - ik M BR ¥ = TH A1 A
166.89°, ML [MHLOEEES R 0.6346 nm, 73T L
Tl N(5)—H(5)+*N(5), O(1)—H(1)O(A)--*N(6)&
B ) (A G RN K] 2a), —4ERELE SR AR a
g R CS” FE N, —4EEEE T N(1)—H(1):-N(3),
N(D)—H()-"NAOAEEESH N E DI Bl e 4
(& 2b).

B4 1 [ty Co(1D) i 43 Al 5K A - TAH ARG A4
I BT, DAY K 3 FREAT A, Co(ID) i1
AL\ AR I C AL A 7, Co(1)—0(1), Co(1)—0(2),
Co(1)—N(Q) 8K 4351 0.20957(18), 0.20945(19) A1
0.21401(19) nm, i £0(2)—CO(1)—0(1)=91.64(8)°,
£0(2)—CO(1)—0(1)=88.36(8)°, £O(2)—CO(1)—N(2)
=88.13(8)°, LO(2)—CO(1)—N(2)=91.87(8)°, LO(1)—
CO(1)—N(2)=92.45(7)°, £0(1)—CO(1)—N(2)=
87.55(7)°. A MBI, WA — i 1 BUR A4 2
T, BCEPIER “S” TR AL A Kl 1b, Be
A Gy — S (1) U T B A IR AR R AU T B R N(6)—
H(6)---OQ)&HE. 7> 1 570 72 [l A AEH, Widh
Pl b 7 1Y e R AT LI ) = 4E g5 R (K 3), LlEsY
FHEAL KD T AR TR 0(6)—H(6A)+-0(1),
O(1)—H(1)O(B)**+0(6), O(7)—H(7)*-*N(4), O(2)—
H(Q2)O(A) - O(NA B (A S H W& DfEmLd, ¥
G & 40 m] Rt LI AT — 2 IR B VE .

B R PR E Y 1~3 RIRERE
Figure 1 Thermal ellipsoid plot of the ligand and complexes 1~3

(a) ligand, (b) the complex 1, (c) the complex 2, (d) the complex 3
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B2 (a)FCARIE R U R — eSS A, (b) MR 0 T R — e 4 ) (R 2 AR S )
Figure 2 (a) The ligand through hydrogen bonding to form 1D structure, (b) the ligand through hydrogen bonding to form 2D structure
(dashed lines representation of the hydrogen bonds)

1 AR THREY 1~3 HNE#ZSH

Table 1 Structural parameters of hydrogen bonds for the ligand and complexes 1~3 (nm, °)

Compound D—H---A d(D—H) dH:--A) d(D--A) Z(DHA) Symmetry code

Ligand N(1)—H(1):*N(3) 0.0860 0.2315 0.3142 161.29 x,y—1,z
N(2)—H(2):*N4) 0.0860 0.2476 0.3218 144.97 x,y—1,z
N(S)—H(5)***N(5) 0.0860 0.2100 0.2952 171.05 —x, —y, —z+2
O(1)—H(1)O(A)***N(6) 0.0765 0.2159 0.2875 155.96

Complex 1 N()—H(1):-:04) 0.0860 0.1978 0.2784 155.77
N(6)—H(6):-O(3) 0.0860 0.2155 0.2869 140.16 —x+2,y—1/2, —z+5/2
O(6)—H(6A):*-O(1) 0.0820 0.1891 0.2686 162.95 —x+2,y+1/2, —z+5/2
O(7)—H(7A):**N(4) 0.0820 0.2236 0.2974 149.87 —x+3,y—1/2, —z+5/2
O(1)—H(1)O(A)**-O(5) 0.0810 0.2044 0.2853 175.50
O(1)—H(1)O(B)*+-O(6) 0.0775 0.1911 0.2686 177.84 —x+2,y—1/2, —z+5/2
O(2)—H(2)O(A)**-O(7) 0.0836 0.1919 0.2752 173.80
O(2)—H(2)O(B)*--0(3) 0.0833 0.2042 0.2856 165.24 x,y—1,z

Complex 2 N(1)—H(1):--O(5) 0.0860 0.1997 0.2810 157.23
N(6)—H(6A)---O(4) 0.0860 0.2090 0.2844 146.12 —x+2,y—1/2, —z+1/2
O(1)—H(1)O(A)---O(3) 0.0807 0.2023 0.2823 171.56 —x+2, —y+1, —z+1
O(1)—H(1)O(B)--O(7) 0.0793 0.1875 0.2666 174.88 x, —y+3/2,z+1/2
O(2)—H(2)O(A)-:-O(4) 0.0828 0.2036 0.2849 166.87 —x+2, —y+2, —z+1
O(2)—H(2)O(B)--0(6) 0.0782 0.1977 0.2741 165.75 —x+2, —y+1, —z+1
O(6)—H(6)::-0(2) 0.0820 0.2055 0.2741 140.96 —x+2, —y+1, —z+1
O(7)—H(7)+--O(1) 0.0820 0.1956 0.2666 144.37 x, —y+3/2,z—1/2

Complex 3 N(2)—H(2)---O(4) 0.0860 0.1962 0.2773 156.79 —x,y—1/2, —z+1/2
N(7)—H(7)---CI(1) 0.0860 0.2482 0.3071 126.36 —x+1, —y—1, —z+1
N(12)—H(12)-:-:0(3) 0.0860 0.1905 0.2761 173.63 —x+1,y+12, —z+1/2
O(1)—H(1)O-*N(11) 0.0892 0.1809 0.2699 174.67 —x+1,y+12, —z+1/2
O(2)—H(2)O-**N(1) 0.0894 0.1811 0.2705 178.94 —x,y+1/2, —z+1/2
O(3)—H(@3)O---C(11) 0.0952 0.2207 0.3128 162.39 —x+1, —y—1, —z+1
O(4)—H(4)0---C(12) 0.0977 0.2192 0.3158 170.00

B &4 2 sy CAAD B 43 5050k - FARARRCAR  0.22952(19) nm, 4 ELICA4 1 A AH N OB I, A
I ER T, DAKDYAN K S AT BCAZ, CA(IDES 1R Z0(2)—Cd(1)—N(2)=92.19(7)°, £0O(2)—Cd(1)—N(2)
AL\ THAR A A Y, Cd(1)—O0(1), Cd(1)—0(2), =87.81(7)°, Z0(2)—Cd(1)—0(1)=93.39(7)°, £LOQ2)—
Cd(1)—NQ)EK 54 0.22966(18), 0.22943(18)F Cd(1)—0(1)=86.61(7)°, ZN@2)—Cd(1)—0(1)=84.81(7)°,
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ZN(2)—Cd(1)—0(1)=95.19(7)°. A& 1 L, B
A FOF — i () U1 N 8 & A, LS IeR “S”
FIW BRI A 1c), BT —u i) &R T 5
FR AR (42 T I N(6)—H(6A)-+-O(4) A 8. 70T 545
T SR, YR AL ARED o-3h T I R AT AL
T = HE S5 M (A ANEC G4 1 R0, T DUASIE H 4544
K. W5y 5 ALK T IA R T IE i O(6)—
H(6)+-0(2), O(2)—H(2)O(B)**+0(6), O(7)—H(7)---O(1),
O(1)—H(1)O(B)---O(NA B DL, 51254,
Vi HATC A )T BEXT AT — 7 IR PR .

BCEY) 3 BIAX TR ICHAFE AN 51, PN T
AL, FRATT R S rp — AN AT R, A 3 Ml
Mn(ID) & 43 55 5% B T AR AR A SR T, A
FE 231 DA S AN GUR 7 1EATC A7, Mn(1D) & HAT 4
il )\ T AR B BC A7 R B, Mn(1)—O(1), Mn(1)—O0(2),
Mn(1)—CI(1), Mn(1)—Cl(2), Mn(1)—N(6), Mn(1)—N(8)
B AR RN 3R 0.2167(2), 0.2154(3), 0.25645(10),
0.25545(10), 0.2378(3), 0.2330(3) nm, #HL0(Q2)—
Mn(1)—N(6)=89.45(10)°. £O(2)—Mn(1)—N(6)=
90.55(10)°. £0(2)—Mn(1)—Cl(2)=90.26(9)°, LO(2)—
Mn(1)—CI(2)=89.74(9)°, £N(6)—Mn(1)—Cl(2)=
83.98(7)°, ZN(6)—Mn(1)—C(12)=96.02(7)°, LO(1)—
Mn(2)—N(8)=88.27(10)°, £O(1)—Mn(2)—N(8)=
91.73(10)°, £O(1)—Mn(2)—C(11)=91.06(8)°, LO(1)—
Mn(2)—CI(1)=88.94(8)°, ZN(8)—Mn(2)—Cl(1)=
84.11(8)°, £0(1)—Mn(2)—CI(1)=91.06(8)°, £LN(8)—
Mn(2)—CI(1)=95.89(8)°. FIELA4 1 A1 2 25480, Flik X
i (1 U 1 R 8 3 IO, BCEYIERR “S” - I¥
AL AP 1d), Bk —ui AU T SRR 1
AR T NQ)—H(2) - 0(4), O(2)—H(2)O+**N(1),
N(12)—H(12):--0(3), O(1)—H(1)O- N1 D& 8. 7T 5
oy 7 AT A BV AR b-Sh T 1) 4 R R B AT LT
(=4 gifly; H2, s5MAILEY 1, 2 HTARE 4),
B &) —r FHEES S, 5 —0F HEE e, Ui
B R TR AP E . FUR T NQ)—H(Q2)
0(4), N(12)—H(12)--0(3), O(3)—H(3)0-**CI(1), O(4)—
H(4)O---CIQ)EBE (K 1), UHIE-AY T Rex A&
FRTIRE B A
22 WMEFEMN

PRSI S5 AR OEE T, RS2
(7.5X 107 CFU/mL)¥JA MR fE M-H 5515 2L (K5 AR
by KRR IEACT (6 mm) PATE B R B, )
WE 10 uL (R 25 W (RO AR S LS 10 mL
DMSO i, Fifék 1280 pg/mL M%) 1404 L,
TRACH KA 12.8 pg, ENTEEA N, T 37 CHE 24

B3 HE 1 S ) = RS (R 2 A U )
Figure 3 The complex 1 through hydrogen bonding to form 3D
structure (Dashed lines representation of the hydrogen bonds)

B4 AL 3 U ) — de 45 i (R 2 AR S
Figure 4 The complex 3 through hydrogen bonding to form 3D

structure (Dashed lines representation of the hydrogen bonds)

h S WS /N, LA 3,5- R e R R DR OK B
YERXRT R, SRR EARES T3 2, P wIF A 4t
I BRIE (S, aureus)(CMCC(B)26003), KT HI(E. coli)
(ATCC 8739). 45 L3R W, Bo AR AL A 400 5 1K 5 o B0
PR — @ BT, A 1 LUERCE Y 3 FIR
PRI VS A 2 (H2, BB 2 04 (i 2 Bk
R WA B 0400 RT3 B A 2 T G A 2 50 1 TS
EW 3. AR S5 3,5- PR MR HL i, HAm
TEPEEAT I R, B 3,5- T FE R MRy 2,5- 5%
HE-1,3,4- 08 RS AT B YR 2 KA. 5
IR XK 7 26 B, ORI A5 400 1 00 T 3 M 1 e
PR PR B -

3 #Hi

WS T A S 2,5- 8 d-1,3,4-W98 e TnLE s
HHIRCAK L (2,5--(3,5- - HIEHEME-4-57 35 )-1,3,4- 108
M), JEHFILAR L ) B CO™Y, Cd*F, Mn? " B AT TR AY,
REMEY) 13, BLfk R “U” FIEEH, IaY 1~3
ST PRGN, A 1R 2 (g, HE A
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R2 ARSI EY 1~3 RIS
Table 2 [n vitro bacteriostatic activity of the ligand and complexes 1~3

) Diameter of bacteriostatic circle/mm

Beacteria
3,5-Dimethylpyrazol Ligand Complex 1 Complex 2 Complex 3 Gentamicin

S. aureus 10 10 11 18 10 28
E. coli 8 9 8 14 9 27
Y R = e fLIR S5 K, I B SR — 52 BB AE A 1109 (in Chinese).

Fe&Y 3 MM ET, —n Pz S5ih, 55—
T, M B R = LR S, (R, &
FIABC 1, 2 AN RIS R AR AT RS S EAT T 141 g
MEREERTA, 45 RR, WOk SRS AT 9
FEEE, FLBECE) 2 X < 0 s 2 BR B AT K AT i 1)

T E I R T AR R /AW 1 i &) 3. 10
11
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