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Abstract

C29H35Cu2N7015, monoclinic, P121/c1 (no. 14),
a=15.1087(4) A, b =15.5163(4) A, ¢ = 163871(4) A,
B =112.077(2)°, V= 3560.0 A°, Z = 4, Ry(F) = 0.043,
WRier(F?) = 0.139, T =173 K.

Source of material

An aqueous solution (5 ml) of Cu(NO3)2 - 6H20 (0.299 g,
1.0 mmol) was slowly added to a stirred solution of 2,2'-bi-
pyridine (0.324 g, 2 mmol) and hippuric acid (0.179 g, 1.0 mmol)
in 20 ml ethanol. The mixture was further stirred for ca. 30 min at
room temperature, and the pH was adjusted to 6-7 with 1 M NaOH
solution. The mixture was further stirred for another 2 hours, fil-
tered, and the resulting filtrate was allowed to stand at room tem-
perature. Blue prismatic crystals of the title compound were
obtained by slow evaporation after one week (yield 45 % based on
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the Cu(NO3); - 6H20 input). After separation of the blue pris-
matic crystals, dark blue block-like crystals were yielded from the
remaining filtrate several days later in a yield of 50 % based on the
initial Cu(NO3)2 - 6H20.

Experimental details

H atoms attached to C atoms were positioned geometrically and
treated as riding, with d(C—H) = 0.93 A (aromatic) or 0.97 A
(methylene) and Usiso(H) = 1.2Uq(C). Water, hydroxy and amino
H atoms were located in Fourier difference maps. The O—H dis-
tances of O3w and OS5 were refined, and the O4—H, O4w—H,
O5w—H and O6w—H distances were constrained to ride at the
as-found O—H distances (0.92(2) A), with Uiso(H) = 0.204 A%,
The H atom attached to the N atom was refined freely.

Discussion

The crystal structure of the title compound consists of dinuclear
[Cuz(CoHsNO3)(C10HsN2)2(OH)(H20))** complex cations, ni-
trate anions, and lattice water molecules. Each of the dinuclear
cations consists of two edge-shared distorted square-pyramidally
coordinated units, one hippurato anionic ligand, one water mol-
ecule, one hydroxyl anion, and two 2,2'-bipyridine molecules
as ligands for Cu(II). The hippurato ligand adopts a bident-
ately bridging syn-syn coordination mode, with two carboxyl-
ate oxygen atoms linking two Cu(Il) atoms (figure, top). The
coordinated water molecule (O4) resides on the capping positions
of the two square-pyramids, with the bond lengths Cul—O4
of 2.3621(2) A and Cu2—O04 of 2.3725(2) A being longer than
the other Cu—O and Cu—N bond lengths, which may be due
to the Jahn-Teller elongation effect [1]. All the bond values are
comparable to those of the similar dinuclear copper(Il) com-
plexes: [Cuz(CIC2H202)(C10HsN2)2(OH)(H20)](NO3)2 [2] and
[Cu2(OH)(H20)(bipy)2(Am-hip)](NO3)2 - 4H20 [3]. Hydrogen
bonding interactions stabilize the crystal structure, in which the
coordinated water molecules, hydroxyl anions, lattice water mol-
ecules, and the imine groups of hippurato donate hydrogen atoms
to the nitrate groups, lattice water molecules, and carbonyl O3 to
form intricate hydrogen-bonding networks parallel to (102) (fig-
ure, bottom).

Table 1. Data collection and handling.

Crystal: dark blue block, size 0.24 x 0.28 x 0.32 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 12.74 cm™

Diffractometer, scan mode: Bruker SMART APEX II CCD, w

20max: 56.82°

N(hkl)measured, N(hkl)unique: 29011, 8745

Criterion for Iobs, N(hkl)gt: Tobs > 2 0(Iobs), 5883
N(param)refined: 491
Programs: SHELXS-97 [4], SHELXL-97 [5]
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Table 2. Atomic coordinates and displacement parameters (in Az).

Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(1) 4e 0.4230 0.5938 0.6578 0.113 H(23) 4e -0.1587 0.6778 0.4822 0.067
H(2) 4e 0.4979 0.5617 0.8099 0.157 H(26)  4e —-0.0167 0.6758 0.5937 0.065
HQ3) 4e 0.5436 0.4194 0.8515 0.160 H(27) 4e 0.1363 0.6664 0.7021 0.070
H(4) 4e 0.5429 0.3186 0.7494 0.140 H(28)  4e 0.2584 0.6037 0.6681 0.068
H(5) 4e 0.4730 0.3509 0.5989 0.100 H(29) 4e 0.2237 0.5477 0.5279 0.058
H@BA) 4e 0.3258 0.3969 0.3375 0.060 H(5C)  4e 0.368(2) 0.385(2) 0.482(2) 0.06(1)
H(8B) 4e 0.3616 0.4945 0.3532 0.060 HG3A) 4e 0.266(3)  0.250(3)  0.457(3)  0.092
H(10)  4e —-0.1522 0.5028 0.0984 0.063 H(3B) 4e 0.364(3) 0.208(3) 0.519(3) 0.092
H(11) 4e —-0.2820 0.5364 —-0.0300 0.076 H(4A) 4e 0.3319 0.6854 0.4013 0.204
H(12)  4e —-0.2563 0.6163 -0.1401 0.082 H(4B) 4e 0.2988 0.7342 0.3460 0.204
H(13) 4e -0.1027 0.6605 —-0.1205 0.068 H(4C) 4e 0.0731 0.6976 0.3129 0.204
H(16)  4e 0.0499 0.6979 -0.0895 0.069 H@4D) 4e 0.1495 0.6650 0.3093 0.204
H(17) 4e 0.2099 0.7348 —-0.0422 0.077 H(5A) 4e 0.5108 0.7469 0.5628 0.204
H(18)  4e 0.3143 0.6954 0.0992 0.075 H(5B)  4e 0.4527 0.6836 0.5612 0.204
H(19)  4e 0.2563 0.6174 0.1893 0.065 H(5D) 4e 0.002(5)  0.424(5)  0.236(4)  0.204
H(20) 4e -0.1614 0.5514 0.2267 0.066 H(6A) 4e 0.4203 0.0663 0.4669 0.204
H(21) 4e -0.3013 0.6101 0.2300 0.079 H(6B) 4e 0.4499 0.1554 0.4479 0.204
H(222) 4e —-0.3003 0.6756 0.3575 0.076

Table 3. Atomic coordinates and displacement parameters (in 10%2).

Atom Site x y z Un Uxn Uss U1z Uz Uz
Cu(l)  4e 0.04726(2)  0.53535(2)  0.35439(2)  0.0364(2) 0.0428(2) 0.0374(2) 0.0024(1) 0.0170(2) 0.0006(1)
Cu2) 4e 0.06265(2)  0.54483(2)  0.17559(2)  0.0428(2) 0.0429(2) 0.0336(2) 0.0018(1) 0.0150(2) 0.0034(1)
0(1) 4e 0.1883(1) 0.5017(1) 0.2513(1) 0.042(1) 0.049(1) 0.039(1) 0.0055(9) 0.0180(9) 0.0050(9)
0(2) 4e 0.1740(1) 0.4849(1) 0.3822(1) 0.040(1) 0.057(1) 0.036(1) 0.0093(9) 0.0159(9) 0.0033(9)
0@3) 4e 0.3913(2) 0.5756(2) 0.4948(2) 0.068(2) 0.075(2) 0.065(2) —0.009(1) 0.023(1) —0.002(1)
04) 4e 0.0867(1) 0.6535(1) 0.2837(1) 0.049(1) 0.039(1) 0.051(1) 0.0022(9) 0.0228(9) 0.0007(8)
0(5) 4e -0.0039(1) 0.4856(1) 0.2381(1) 0.043(1) 0.044(1) 0.038(1) —0.0029(9) 0.0155(9) 0.0004(8)
0(6) 4e 0.1823(2) 0.2949(2) 0.2802(2) 0.071(2) 0.084(2) 0.097(2) —0.006(1) 0.043(2) 0.008(2)
O(7) 4e 0.0301(2) 0.2974(1) 0.2474(1) 0.057(1) 0.053(1) 0.055(1) —0.006(1) 0.007(1) 0.006(1)
0(8) 4e 0.1235(2) 0.2310(2) 0.3634(2) 0.087(2) 0.092(2) 0.068(2) 0.022(2) 0.039(2) 0.035(2)
0(9) 4e 0.2436(3) 0.6048(3)  —0.1546(3) 0.133(3) 0.167(4) 0.095(3) —0.041(3) 0.028(3) —-0.015(3)
0(10)  4e 0.3616(5) 0.5380(3)  —0.0768(5) 0.219(6) 0.156(5) 0.318(8) 0.093(4) 0.155(6) 0.119(5)
Oo(11)  4e 0.3740(3) 0.66193)  —0.1257(4) 0.102(3) 0.093(3) 0.323(7) —-0.002(2) 0.097(4) —0.014(3)
N(1) 4e —-0.0534(2) 0.5635(2) 0.0675(2) 0.050(1) 0.041(1) 0.036(1) 0.006(1) 0.014(1) —0.003(1)
N(2) 4e 0.1215(2) 0.6125(2) 0.1058(2) 0.055(1) 0.043(1) 0.040(1) 0.004(1) 0.023(1) 0.004(1)
N@3) 4e —-0.0788(2) 0.5808(2) 0.3489(2) 0.041(1) 0.046(1) 0.049(2) —0.001(1) 0.022(1) 0.002(1)
N(4) 4e 0.0867(2) 0.5789(1) 0.4781(2) 0.044(1) 0.042(1) 0.042(1) 0.000(1) 0.021(1) 0.001(1)
N(5) 4e 0.3627(2) 0.4359(2) 0.4615(2) 0.037(1) 0.066(2) 0.052(2) 0.007(1) 0.011(1) 0.010(1)
N(6) de 0.1129(2) 0.2742(2) 0.2979(2) 0.063(2) 0.040(1) 0.048(2) —0.003(1) 0.025(1) —0.002(1)
N(7) 4e 0.3292(3) 0.60093) —0.1163(3) 0.086(3) 0.074(2) 0.113(3) 0.006(2) 0.038(3) —0.009(2)
C(1) 4e 0.4475(3) 0.5376(4) 0.6761(3) 0.058(2) 0.162(5) 0.057(3) 0.013(3) 0.016(2) —-0.007(3)
C(2) 4e 0.4901(4) 0.5185(6) 0.7667(4) 0.077(3) 0.249(8) 0.064(3) 0.022(4) 0.023(3) —0.019(4)
C(3) 4e 0.5202(4) 0.4347(6) 0.7909(4) 0.072(3) 0.254(9) 0.067(4) 0.020(4) 0.020(3) 0.034(5)
C(4) 4e 0.5173(3) 0.3743(5) 0.7308(4) 0.070(3) 0.186(6) 0.074(3) —0.005(3) 0.003(3) 0.051(4)
C(5) 4e 0.4765(3) 0.3940(3) 0.6412(3) 0.048(2) 0.125(4) 0.065(3) —0.008(2) 0.008(2) 0.028(2)
C(6) de 0.4411(2) 0.4754(3) 0.6135(2) 0.033(2) 0.117(3) 0.048(2) —-0.002(2) 0.011(1) 0.009(2)
C(7) 4e 0.3966(2) 0.4991(3) 0.5189(2) 0.035(2) 0.075(2) 0.060(2) —-0.001(2) 0.018(2) 0.004(2)
C(8) 4e 0.3219(2) 0.4511(2) 0.3679(2) 0.037(2) 0.066(2) 0.046(2) 0.005(1) 0.016(1) 0.003(1)
C(9) 4e 0.2194(2) 0.4817(2) 0.3316(2) 0.039(1) 0.036(1) 0.043(2) —0.001(1) 0.018(1) —0.002(1)
C(10) de -0.1421(2) 0.5362(2) 0.0541(2) 0.054(2) 0.055(2) 0.047(2) 0.006(1) 0.017(2) —-0.010(1)
C(11) 4e —-0.2196(3) 0.5554(2)  —0.0225(2) 0.054(2) 0.074(2) 0.055(2) 0.011(2) 0.011(2) —0.016(2)
C(12) de —0.2042(3) 0.6025(2) —0.0872(2) 0.072(2) 0.074(2) 0.043(2) 0.024(2) 0.002(2) —0.005(2)
C(13) de -0.1140(3) 0.6292(2)  —0.0755(2) 0.069(2) 0.055(2) 0.038(2) 0.014(2) 0.011(2) 0.001(1)
C(14) 4e —0.0386(2) 0.6101(2) 0.0035(2) 0.061(2) 0.039(1) 0.037(2) 0.010(1) 0.019(1) —0.005(1)
C(15) de 0.0607(2) 0.6363(2) 0.0250(2) 0.066(2) 0.037(1) 0.037(2) 0.010(1) 0.024(1) 0.001(1)
C(16) 4e 0.0929(3) 0.6822(2)  —0.0323(2) 0.087(3) 0.052(2) 0.041(2) 0.012(2) 0.033(2) 0.009(1)
C(17) 4e 0.1867(3) 0.7036(2)  —0.0044(2) 0.090(3) 0.052(2) 0.067(2) 0.003(2) 0.048(2) 0.008(2)
C(18) 4e 0.2487(3) 0.6801(2) 0.0790(2) 0.065(2) 0.062(2) 0.070(2) —0.003(2) 0.037(2) 0.005(2)
C(19) de 0.2138(2) 0.6341(2) 0.1323(2) 0.055(2) 0.055(2) 0.054(2) 0.002(2) 0.023(2) 0.010(2)
C(20) 4e —0.1605(2) 0.5780(2) 0.2792(2) 0.043(2) 0.068(2) 0.052(2) 0.004(2) 0.016(2) —-0.001(2)
C(21) de —0.2441(2) 0.6127(2) 0.2808(3) 0.040(2) 0.076(2) 0.075(3) 0.006(2) 0.015(2) 0.007(2)
C(22) de —-0.2436(2) 0.6507(2) 0.3557(3) 0.044(2) 0.068(2) 0.088(3) 0.008(2) 0.036(2) 0.006(2)
C(23) 4e —-0.1600(2) 0.6527(2) 0.4289(2) 0.056(2) 0.055(2) 0.070(2) 0.006(2) 0.039(2) 0.002(2)
C(24) de —-0.0781(2) 0.6177(2) 0.4239(2) 0.043(2) 0.041(1) 0.051(2) 0.002(1) 0.027(1) 0.006(1)
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Table 3. Continued.

Atom Site X y z Ui U Uss Uiz U1z Uz
C(25) 4e 0.0157(2) 0.6161(2) 0.4975(2) 0.052(2) 0.038(1) 0.046(2) 0.001(1) 0.030(1) 0.003(1)
C(26) 4e 0.0334(2) 0.6495(2) 0.5809(2) 0.066(2) 0.054(2) 0.055(2) 0.002(2) 0.037(2) 0.001(2)
C(27) 4e 0.1237(3) 0.6443(2) 0.6448(2) 0.072(2) 0.065(2) 0.042(2) -0.003(2) 0.026(2) —-0.007(2)
C(28) 4e 0.1953(2) 0.6071(2) 0.6250(2) 0.056(2) 0.067(2) 0.043(2) —0.006(2) 0.015(2) —-0.000(2)
C(29) 4e 0.1742(2) 0.5744(2) 0.5412(2) 0.045(2) 0.057(2) 0.047(2) 0.002(1) 0.020(1) —-0.001(1)
O(BW) 4e 0.3242(2) 0.2588(2) 0.4885(2) 0.087(2) 0.075(2) 0.097(2) 0.007(2) 0.007(2) 0.005(2)
O(4W)  4e 0.2766(2) 0.6824(2) 0.3542(2) 0.057(1) 0.065(1) 0.092(2) —0.008(1) 0.023(1) —-0.011(1)
O(5W)  4e 0.4716(5) 0.7341(4) 0.5932(4) 0.284(7) 0.161(4) 0.283(7) —0.062(5) 0.185(6) —-0.074(5)
O(6W)  4e 0.4357(3) 0.1203(3) 0.4877(4) 0.126(3) 0.117(3) 0.284(6) 0.019(3) 0.049(4) —-0.026(4)
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