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Abstract: Treatment of sulfamonomethoxine or sulfathiazole with Cu(CH;COOQ); H,O(I) in condition of hydrother-
mal, the corresponding metal complexes were produced respectively. The compounds were characterized by

elemental analysis, IR, UV-Vis and X-ray single crystal diffraction. The results showed that two compounds are
binuclear; each copper ion is coordinated by two N atoms from sulfonamide and heterocycle, exhibiting the linear
geometry. The compounds were calculated by DFT method. The calculation indicated that the copper ions in
complexes are one positive valence in agreement with crystal structure and spectrum. The Mulliken population
analysis had a good testimony for the coordination in the crystal structures. Orbital density isosurface analysis

speculated that the compounds have high antibacterial activity. CCDC: 663940, 1; 663941, 2.
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1261 (m),1 211(s),1 138(s), 1 082 (s), 1 055 (m), 1 020
(m), 978(m), 901(m), 818(s), 677(s), 577(m), 550(m)

- 1.2 mmol(0.306 g)
1.1 (I) 0.6 mmol(0.120 g), 20 mL
, : 99%, 13.2 mL
(In), ,12mL ,0.6mL : 20 min, 110
: ; : 4d, ,
1.2 ( 2), :
Bruker Smart APEX CCD X- 53%( Cu ) : >280 CisHi1sCU,
: EL- ; FTIR-8400  N.O,S, (%): C 34.02, H 2.52, N 13.23;
: VARIAN Cary-300 (%): C 34.35,H 2.65,N 13.04 IR (KBr, cm'): 3402
; WRR (m), 3336(m), 1 628(m), 1 594(s), 1 573(m), 1 540 (w),
1.3 1 2 1.500(m), 1 450(s), 1 385(m), 1 320(m), 1 280(s), 1 171
0.45 mmol  (m), 1136(s), 1 089(s), 942(s), 831(m), 734(m), 713(w),
(0.126 g) (I) 0.45 mmol (0.090 g), 680(s), 651(m), 616(m), 574(s), 547(m)
10 mL : 1.4
6.6 mL ,06 mL ,0.3mL , 20 1 2 ,
min, 140 4d, , Bruker Smart APEX CCD X-
( 1), Mo . 293Q) K, ¢
32%( Cu ) :>280 SHELXTL
CoHaCUNGO;S, (%): C 37.55,H 3.41, N 15.93; 1) ,
(%): C 37.53, H 3.47,N 15.75 IR(KBr, cmY): 1 2 , 1,
3422(m), 3 344(m), 1 595(s), 1 528(w), 1 506(m), 1 481 2 3
(m), 1 456(m), 1 437 (W), 1 391(s), 1 340(m), 1 302 (m), CCDC: 663940, 1; 663941, 2
1 2

Table 1 Summary of crystallographic data for the compounds 1 and 2

Compound
Empirical formula
Formula weight
Temperature / K
Crystal system
Space group

a/nm

b/nm

c/nm

B/ ()

V/ nm?

D./ (Mg )

z

p/ mmt

Reflections collected
Independent reflections
R; [I>20(1)]

WR; (all data)

1
CooH2Cu:NgO:S,
703.69
293(2)
Monoclinic
C2/c

2.027 4(2)
0.574 91(6)
2.351 9(3)
107.401(2)
2.615 9(5)
1.787

4

1.847

5 159

2 300
0.043 2
0.099 7

2
CigH16CUN:O.S,
635.69
293(2)
Monoclinic
P2;

1.307 6(10)
0.551 6(4)
1.614 8(12)
110.508(12)
1.090 8(14)
1.935

2

2.375
2574

2 492
0.040 4
0.078 6
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2.1

2 1
Table 2 Selected bond lengths (nm) and angles (°) of compound 1
Cu(1)-N@3) 0.189 7(3) S(1)-C(3) 0.175 8(3) N(4)-C(10) 0.133 7(4)
Cu(1)-N(1) 0.189 9(3) N(1)-C(1) 0.137 2(4) C(10)-0@3) 0.132 9(4)
Cu(1)-Cu(1A) 0.249 76(8) N(2)-C(6) 0.139 0(4) C(11)-0(3) 0.144 0(4)
S(1)-0(1) 0.143 4(3) N(3)-C(9) 0.134 1(4)
S(1)-N@) 0.163 0(3) N(3)-C(1A) 0.137 1(4)
N(3)-Cu(1)-N(1) 174.03(11) O(1)-5(1)-C(3) 106.97(15) N(1)-C(1)-C(2) 126.4(3)
N(3)-Cu(L)-Cu(1A) 89.06(8) N(1)-S(1)-C(3) 107.59(14) C(4)-C(3)-S(1) 121.8(3)
N(1)-Cu(1)-Cu(1A) 85.31(8) C(1)-N(1)-S(1) 120.2(2) N(2)-C(6)-C(7) 120.7(4)
O(1)-S(1)-0(2) 116.73(16) C(1)-N(1)-Cu(1) 127.2(2) 0(3)-C(10)-N(4) 119.43)
O(1)-S(1)-N(1) 112.52(15) S(1)-N(1)-Cu(1) 112.40(15) C(10)-0(3)-C(11) 117.9(3)
0(2)-S(1)-N(1) 103.27(14) N(3A)-C(1)-N(1) 114.93)
Symmetry code: A: -X, -V, -z
3 2
Table 3 Selected bond lengths (nm) and angles (°) of compound 2
Cu(1)-N(5) 0.188 8(6) S(1)-0(2) 0.142 7(5) N(2)-C(1) 0.132 8(7)
Cu(1)-N(1) 0.191 2(5) S(1)-N(1) 0.162 0(5) N(2)-C(2) 0.137 5(8)
Cu(1)-Cu(2) 0.257 49(19) S(1)-C(4) 0.174 9(6) N@)-C(7) 0.139 5(7)
Cu(2)-N(2) 0.189 8(5) S(2)-c(1) 0.173 1(7) C(2)-C(3) 0.130 4(9)
Cu(2)-N(4) 0.190 6(6) N(1)-C(1) 0.136 1(7)
N(5)-Cu(1)-N(1) 171.7(2) C(1)-S(2)-C(3) 89.4(3) N(2)-C(1)-5(2) 112.9(4)
N(5)-Cu(1)-Cu(2) 86.32(15) C(1)-N(1)-5(1) 120.9(5) N(1)-C(1)-S(2) 126.0(5)
N(L)-Cu(1)-Cu(2) 85.99(14) C(1)-N(L)-Cu(1) 122.6(4) C(3)-C(2)-N(2) 117.2(6)
0(2)-S(1)-0(1) 117.9@3) S(1)-N(1)-Cu(1) 116.2(3) C(2)-C(3)-S(2) 110.0(5)
0(2)-S(1)-N(1) 104.1(3) C(1)-N@)-C(2) 110.5(6) C(5)-C(4)-S(1) 117.4(5)
O(1)-S(1)-N(1) 111.7Q3) C(1)-N@)-Cu(2) 122.9(4) C(8)-C(7)-N@3) 121.6(7)
O(1)-S(1)-C(4) 106.8(3) C(2)-N(@)-Cu(2) 126.2(4)
N(1)-S(1)-C(4) 107.5(3) N(2)-C(1)-N(1) 121.1(6)
[14];
N H
: ; Scheme 1
Cu™
Ny | SIS R (e I [
] N-Cuy=-—N
OCH, CHCH, H,CO J R
la) N
T;gm,v pl. —
R s pyridine INPNE Hydrothermal N—Cu—N__ 5
i NJ Hyckolfermnal {R N_EJ ] Ea e S\/_E;N_ll" F:

'8 11_.N©—50._

{hj

Scheme 1 Synthetic routes of compounds 1 (a) and 2 (b)
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2.2
1 2 1 ,
2 N
( ) N :
2 N 2
, Cu,N,GC,, 2
( )
Cu-Cu 0.24976 (8) 0.257 49(19)
nm, Cu-Cu = Cu-Cu
0.249 4(5)~0.267 4(5) nm ,
1 2 - 1617 Cu-N
0.188 8(6)~0.191 2(5) nm :
CU-N [18~20]

(a) Symmetry code: CulA: —x+1/2, =y+1/2, =z; CulB, O1AB: x+

172, ¥+1/2, z: (b) Symmetry code: CulA, Cu2A, S4B, 04B: v, v, =
M2 ALY a0 2(b)0 —4EREARES H 14

Fig.2 One-dimensional chain structures of compounds

1 (a) and 2 (b)

2.3
2.3.1
KBr
1
& , , -NH, 3406 cm*
(b) 3348 cm'? Vs(N-H)  vy(N-H) ,
BL AL A 1(a) A 20b)6 5 T4 K R 16 1 3422 cort - 3344 cm'®
(W ER JL A 30%) v(N-H) 3250 cm*
Fig.1 Molecular structures of compounds 1 {a) and 2 (b) 1 , N-H H ;
with thermal ellipsoids at the 30% probability 1323 cm? 1157 cmt
level V&(S=0)  v(S=0), 1, V(S=0)
1 Cu-0 1340 cm?® 1302 cm! , V(S=0)
, 0.3222 nm 2 1138 cmt V(S-N) 941 cm*
Cu-S Cu-0 1 978 cm'?;
: Cu(lA)-S(4B) 0.3573 (2]
nm, Cu(2A)-S(4B) 0.358 0 nm, Cu(2A)-O(4B) 2 ,
0.2794 nm 1 2 1
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2.3.2 - Cu )
(9.5%~10.5%) , Cu +1 +2
1.0x10* mot L* , , 1 2
( 3 1 A=207.4 nm Cu +1
m - T* , , ,
, Materials Studio 4.0 Dmol®
, 1 A=261.1 nm n - m* 1 2
, 2 , (Geometry
optimization) , (Energy)
sl; GGA ,
2 PWA1, DND;Cu +1 , Charge
0, Multiplicity ~ Single; Cu  +2 , Charge
2, Multiplicity ~ Triplet ,
DNP; Properties
Frequency, Orbitals ~ Population analysis;
3 2 Cu
“ +1 42 2 4 4
:Cu +1  +2 2
200 300 400
Wavelength / nm
[ : compound 1; I : corresponding ligand of compound 1; , +1
1l: compound 2; IV: corresponding ligand of compound 2
16 3 G FORT I B0 M ) 5 Sh -] I 3 ] , , :
Fig.3 UV-Vis spectrogram of compounds and , , +1
corresponding ligands 42 ‘Cu  +1
2.4 (2.8408eV) Cu +2
24.1 Cu (2.9052 eV) ,
4 2 Dmol®
Table 4 Calculation results with Dmol®of compound 2
Parameters Cu(+1) Cu(+2)
Selected bond lengths (nm) and angles (°) Cu(1)-Cu(2) 0.257 9 0.256 7
Cu(1)-N(5) 0.190 9 0.191 2
Cu(1)-N(1) 0.191 4 0.191 7
N(1)-Cu(1)-Cu(2) 84.684 83.514
N(5)-Cu(1)-Cu(2) 87.798 90.524
N(5)-Cu(1)-N(1) 172.219 172.481
Energies of molecular orbital and total energy (eV) Ervovo -4.665 9 -10.445 9
Evno -1.8251 -7.540 7
DE=Euno- Evow 2.840 8 2.905 2
Total energy - 168 687.455 3 - 168 672.093 2

Frequency analysis

No imaginary frequency

No imaginary frequency
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Cu , : 2 Cu +1
+1 Cu +2
15.3621 eV, , 5 Cu(I) 2
,Cu +1 Mulliken

5 2 Mulliken
Table 5 Mulliken atomic charges of compound 2 and corresponding ligand

Charge Charge Charge
Atom Atom Atom
Compound Ligand Compound Ligand Compound Ligand
C(1) 0.503 0.412 C(13) -0.060 Cu(l) 0.318
C(2) 0.135 0.104 C(14) -0.037 Cu(2) 0.319
CQ) -0.087 -0.049 C(15) -0.120 0o@) -0.396 -0.358
C(4) - 0.062 -0.029 C(16) 0.194 0o@) -0.403 -0.409
C(5) -0.037 -0.007 C@17) -0.118 0o@) - 0.402
C(6) -0.120 -0.104 C(18) -0.033 o) - 0.400
C(7) 0.191 0.220 N(1) -0.487 -0.373 S(1) 0.570 0.586
C(@8) -0.114 -0.103 N(@2) -0.418 -0.330 S(2) -0.105 -0.164
C() -0.033 -0.031 N(@) -0.410 -0.404 S(3) 0.571
C(10) 0.500 N(4) -0.485 S(4) -0.100
c(11) 0.135 N(5) -0.417
C(12) - 0.096 N(®) -0.411
24.2 ,
5 : 2 (-0.417,0.318, - 0.487, 0.503, -
N N(1) N(2) N@) N@G) 0.418,0.319, - 0.485, 0.500), 8
: N , :
N C , 2
C(l) C10) S S(1) S@)
, 2.4.3
Cu(I) Cu 0.318  0.319, :
+1, Cu* ,
: Cu N , HOMO
: , LUMO
, Cu* , 4 2 HOMO
Cu* ,

N(5)-Cu(L)-N(L)-C(1)-N(2)-Cu(2)-N(4)-C(10)

(a) (b)
Bl 4 BAY 2 09w o R L (o) T A 25 BB (b)

Fig4 HOMO(a) and LUMO(b) of compound 2
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