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Synthesis and Characterization of Metal-Directed Assembly of Complexes
with N-p-Tolylsulfonyl-p-Aminobenzoic Acid
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Abstract: Four complexes, [Cu(Ts-p-aba),(phen)(H,0)], (1), [Zn(Ts-p-aba),(phen)(H,0)]-H,0 (2), [Pb(Ts-p-aba),
(phen)}, (3), and {[Pb(Ts-p-aba)(phen)(NO)|(DMF)}, (4) (Ts-p-aba=N-p-Tolylsulfonyl-p-Aminobenzoic acid, phen=
1,10-phenanthroline, DMF =N,N-dimethyl formamide), were synthesized using a common solution method. Their
crystal structures were determined by single-crystal X-ray diffraction. Complexes 1 and 2 are of triclinic system,
and belong to space group P1. The central Cu* ion of complex 1 is in a distorted octahedral position and shows a
one-dimensional chain bridged by N-p-Tolylsulfonyl-p-Aminobenzoic acid. The complex 2 is a mononuclear-
molecule. The coordination polyhedron of Zn®* ion is distorted square pyramidal. Complexes 3 and 4 are of
monoclinic system, with space group P2/c. The complex 3 is a dipolymer linked by N-p-Tolylsulfonyl-p-
Aminobenzoic acid. The Pb* ion is in a geometry of distorted octahedral. Complex 4 has a one-dimensional chain
with a distorted one-face-centered octahedral environment. Further, TG analysis, cyclic voltammetric behavior,
and fluorescent properties of the four complexes were investigated. CCDC: 968877, 1; 824654, 2; 939749, 3;
939748, 4.
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Table 1 Crystal data and structure parameters of complexes 1~4
Complex 1 2 3 4
Empirical formula CuC4HuN,0,S, ZnC,oH36N,0,S, PbC,0HzN,0sS, PbCxH»Ns0sS
Formula weight 842.37 862.22 968.01 812.81
Temperature / K 293(2) 291(2) 296(2) 293(2)
Crystal system Triclinic Triclinic Monoclinic Monoclinic
Space group Pl P1 P2/c P2//c
a/ nm 1.067 30(9) 1.071 29(10) 1.021 9(3) 1.104 7(3)
b/ nm 1.370 72(11) 1.346 92(13) 2.196 6(6) 0.888 8(2)
¢/ nm 1.522 21(12) 1.529 06(15) 1.815 1(5) 3.074 7(7)
al(°) 79.973 0(10) 80.962(7) 90.00 90.00
B/ 87.052 0(10) 87.025(6) 106.077(3) 104.531(8)
v /(% 89.203 0(10) 89.465(6) 90.00 90.00
V /o’ 2.190 0(3) 2.176 0(4) 3.915 0(18) 2.922 3(12)
D./ (g-em™) 1.277 1.316 1.642 1.847
A 2 2 4 4
Absorption coefficient / mm™ 0.648 0.718 4.473 5.905
F(000) 870 892 1912 1592
Crystal size / mm 0.17x0.19x0.22 0.20x0.22%0.26 0.14x0.15%0.17 0.09x0.21x0.22
0 range / (°) 1.36~25.50 1.53~26.00 2.28~25.50 1.90~27.51
Limiting indices -2 <h<12, -13 < h < 13, -13 < h <13, -14 < h < 14,
-16 < k < 16, -16 < k < 16, -16 < k < 16, 9<k<Il,
-8=<1<16 -8 =</<18 -8 =</<18 -37<1<39

Reflections collected / unique

Data / restraints / parameters

Goodness of fit on F*

Final R indices [I>20(])]

Largest diff. peak and hole / (e*nm™)

12 732/ 8 091
(R,,=0.022 7)
8091/0/453
1.097

R,=0.057 9,
wR,=0.168 7

655 and -1 585

33376/ 8 546
(R;,=0.059 8)
8546 /0/534
1.066
R=0.054 9,
wR,=0.108 7
456 and -411

28 969 / 7 279
(R,=0.058 7)
7279707497
1.010
R.=0.033 7,
wR=0.061 1
840 and —737

22916/ 6 636
(R,,=0.056 4)
6636 /0 /400
1.072
R=0.056 8,
wR=0.183 2

2 947 and -4 341

*Conventional R on F: LIFJ-IFI/XIF); * Weighted R on |F = X [w(IF,P=IFA) X [w(F,»4"
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Table 2 Selected Bond lengths (nm) and bond angles (°) for complexes 1~4

1
Cu(1)-03) 0.194 5(2) Cu(1)-0(9) 0.199 5(2) Cu(1)-N(@) 0.201 4(2)
Cu(1)-N@3) 0.203 3(3) Cu(1)-0(7) 0.238 2(2) Cu(1)-0(6)#1 0.267 5(5)

0(3)-Cu(1)-0(9) 94.37(9) 0(9)-Cu(1)-N(4) 169.46(10) 0(9)-Cu(1)-N(3) 93.09(10)

0(3)-Cu(1)-N(4) 89.68(9) 0(3)-Cu(1)-N(3) 170.14(10) N()-Cu(1)-N(3) 81.90(10)

0(3)-Cu(1)-0(7) 96.31(9) 0(9)-Cu(1)-0(7) 88.49(9) N(@)-Cu(1)-0(7) 100.75(9)

N(3)-Cu(1)-0(7) 90.33(10) 0(6)#1-Cu(1)-0(7) 172.81(58) 0(6)#1-Cu(1)-0(3) 85.66(91)

0(6)#1-Cu(1)-0(9) 84.47(11) 0(6)#1-Cu(1)-N(4) 86.13(91) 0(6)#1-Cu(1)-N(3) 88.64(1)

2
Zn(1)-N(1) 0.216 2(3) Zn(1)-N(2) 0.209 5(3) Zn(1)-0(4) 0.199 7(2)
Zn(1)-0(2) 0.206 4(2) Zn(1)-0(1W) 0.210 7(2)
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0(4)-Zn(1)-0(2) 100.60(9) 0(4)-Zn(1)-N(2) 89.93(10) 0(2)-Zn(1)-N(2) 104.97(9)
0(4)-Zn(1)-O(1W) 92.36(9) 0(2)-Zn(1)-0(1W) 96.96(8) N(2)-Zn(1)-0(1W) 157.14(9)
0(4)-Zn(1)-N(1) 162.72(10) 0(2)-Zn(1)-N(1) 95.02(10) N(2)-Zn(1)-N(1) 78.88(10)
O(1W)-Zn(1)-N(1) 93.02(9)
3
Ph(1)-0(5) 0.242 3(3) Ph(1)-N(3) 0.247 0(4) Ph(1)-N(4) 0.251 9(4)
Ph(1)-0(2) 0.256 2(4) Ph(1)-0(6) 0.260 6(3) Ph(1)-0(1)#1 0.270 1(3)
0(5)-Pb(1)-N(3) 81.75(13) 0(5)-Pb(1)-N(4) 76.59(12) N(3)-Pb(1)-N(4) 66.16(15)
0(5)-Pb(1)-0(2) 86.22(12) N(3)-Ph(1)-0(2) 81.12(14) N(4)-Pb(1)-0(2) 144.67(14)
0(5)-Pb(1)-0(6) 52.25(11) N(3)-Pb(1)-0(6) 125.42(13) N(4)-Pb(1)-0(6) 74.94(14)
0(2)-Pb(1)-0(6) 117.76(12) 0(5)-Ph(1)-0(1)#1 145.05(11) N(3)-Ph(1)-0(1)#1 75.83(12)
N(4)-Ph(1)-O(1)#1 69.97(12) 0(2)-Ph(1)-0(1)#1 115.80(11) 0(6)-Ph(1)-0(1)#1 124.54(11)
4
Ph(1)-0(4) 0.240 9(5) Ph(1)-N(3) 0.248 9(6) Ph(1)-N(2) 0.251 8(6)
Ph(1)-0(3) 0.288 0(7) Ph(1)-0(5)#1 0.282 5(6) Ph(1)-0(3)#2 0.268 5(6)
Ph(1)-0(6) 0.281 4(7)
0(3)-Ph(1)-0(4) 48.58(18) 0(3)-Ph(1)-0(6) 116.7(2) 0(3)-Pb(1)-N(2) 119.20(18)
0(3)-Ph(1)-N(3) 101.85(19) 0(3)-Ph(1)-0(5)# 161.82(17) 0(3)-Ph(1)-0(3)#2 69.95(18)
0(4)-Ph(1)-0(6) 109.0(2) 0(4)-Ph(1)-N(2) 70.8(2) 0(4)-Ph(1)-N(3) 79.4(2)
0(4)-Ph(1)-0(5)#1 139.63(18) 0(3)#2-Ph(1)-0(4) 107.4(2) 0(6)-Ph(1)-N(2) 75.29(19)
0(6)-Ph(1)-N(3) 135.25(19) O(5)#1-Ph(1)-0(6) 78.2(2) 0(3)#2-Ph(1)-0(6) 133.3(2)
N(2)-Ph(1)-N(3) 66.17(19) O(5)#1-Ph(1)-N(3) 69.79(19) 0(3)#2-Ph(1)-N(3) 79.50(19)
0(5)#1-Ph(1)-N(2) 73.16(18) 0(3)#2-Ph(1)-N(2) 145.49(18) 0(3)#2-Ph(1)-0(5)#1 92.35(18)
Symmetry code: for 1: #1: x, =14y, z: for 3: #1: —x, —y+1, —z+1; for 4: #1: 1-x, 1=y, 2—z; #2: 1, 2—y, 22
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Table 3 Parameters of hydrogen bonds for the complexes 1~4
D-H--A d(D-H) / nm d(H-+-A) / nm d(D-+-A) / nm ZDHA / (%)
1
C(36)-H(36)---0(4) 0.093 00 0.236 00 0.324 3(4) 158.00
C(30)-H(30)---0(1) 0.093 00 0.245 00 0.325 2(5) 145.00
2
C2)-H(2)---0(7) 0.093 00 0.246 00 0.325 9(4) 144.00
C(8)-H(8)---0(3) 0.093 00 0.238 00 0.325 4(4) 157.00
3
N(2)-H(2)---0(1) 0.086 00 0.206 00 0.284 1(6) 150.0
N(1)-H(1)---0(7) 0.086 00 0.218 00 0.303 3(6) 1722
4
C(27)-H(27A)--0(8) 0.096 00 0.245 00 0.338 4(12) 164.00

phen 73+ 4 NE A 3 DK H Ts-p-aba LA,  0.238 2(2) nm,Cu-O(6)#1 #E 25 0.267 5(5) nm, AH

3 1A A K Ay R A Co-N B K S X Cu-O3) M Cu-09) MBS Hi K T8 2 | H I Cu®
& 0201 4 (2)~0.203 3 (3) nm;Cu-O FEEGJL[E S & HC A BB A P g /N TIAR LT RL . O(7)
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(2) 1D chain and the coordination environment of Cu* ion showing 30% probability displacement ellipsoids (Symmetry code: #1: x, —1+y, z);

(b) 2D gridding structure linked by C—H---O hydrogen bonds; (¢) 3D supramolecular structure builded by C—H:--O hydrogen bonds
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Fig.1 Structures of complex 1

172.81(58)° ;N(3) \N(4) .O(3) Fl O(9) J5L T3 T % i {7
B £ N4)-0(3)-0(9)-N(3)=2.52°, 4% it 3
I, AR Ts-p-aba TERCG WA 2 R AR . —
F DL R AR 5 Cu® B TR ; o) — R BR
THEREER TS Co B FRALI ,-S0, 11
ARTFWSETHEA, X 2 MAETS Cl 8T
BEALAE H S8 | BB B> 70 7R il — 4t
Cu---Cu FE 4 1.370 72(12) nm, Cu-Cu-Cu Z [A] /)
Je £ J& 180.000(4)°, Ut B —4EHE I 1) B4~ Cu® B T
#AER — EH 2k I phen 27 F 19 H J&F 5485 I
FRCAK Ts-p-aba TARZS HEALN O R FIEELT C-
H---0 55 28 (& 3), H €(36)-H(36)---O(4) ¥ BL &
Y19k 2D BIA%AR (Bl 1b), C(30)-H(30)---O(1)i#
—E BGPTSR 3D M AR (A 1e),

2.1.2 LA W[ Zn(Ts-p-aba)y(phen)(H,0)]- H,O ()11

rn R4 1

BLEY 22— a T EGY (K 2a), M 11
BER S (Zn*) 2 A Ts-p-aba .1 1> phen 1 ALK 53
TH G AR (eI A4 oK o1&
3 ANTE fi I P 0 A 4000 0.3.0.3.0.4 19K 4y
TR, BFEFEEA S DEFS5ZBA, 2 A
JEF[N(1) N(2)12K A F B A4 3E 1% 1k (phen) , 3 4~ %05
F[O(1W),0(2) . O@)| i BL 2K FBCAA Ts-p-aba 3R
FAR AR X5 AR R R TR B R —
WA A5 f DU Ff A 1 O 47 PR BT Hoh () 7E T,
N(1).N(2).0(4) .O(1W)TE K &B ,4 > J5t+Hz i 28 1
(415 1R £ O(1W)-0(4)-N(2)-N(1)=5.56°], 2 1> Ts-p-
aba FC M (R H 3 Lk O X 5 ol 22 B 11



ER

BOUD U6 4B T 16D L4 B B b S A Y R R 2 4 0 4 5 2037

A AnE A

3{}* Y

(a) Molecular structure showing 30% probability displacement ellipsoids; (b) 2D gridding structure linked by C—H:---O hydrogen bonds
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Fig.2  Structures of complex 2
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(a) Molecular structure showing 30% probability displacement ellipsoids (Symmetry code: #1: —x, —y+1, —z+1);

(b) 3D supramolecular net structure formed by hydrogen bonds
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Fig.3 Structures of complex 3
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(a) 1D chain and the coordination environment of the Pb* ion showing 30% probability displacement ellipsoids (Symmetry code: #1:1-x, 1-y, 2—z,

#2: 1-x, 2—y, 2—2); (b) Coordination polyhedron of the Ph* ion; (c) 2D supramolecular structure build by -7 stacking; (d) Weak hydrogen bonds

of the DMF
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Fig.5 TG-DSC curves of the complexes 1 (a), 2 (b), 3 (c) and 4 (d)
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