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Abstract

C21H24CoN4O4, triclinic, P1 (no. 2), a = 9.782(1) Å,
b = 10.135(1) Å, c = 11.277(1) Å, 0 = 94.587(1)°,
/ = 99.261(1)°, . = 101.145(1)°, V = 1075.5 Å3, Z = 2,
Rgt(F) = 0.033, wRref(F

2) = 0.077, T = 296 K.

Source of material

1,6-bis(imidazol-1-yl)-hexane (bih, 22 mg, 0.1 mmol), 5-
methyliso- phthalic acid (mip, 17.9 mg, 0.1 mmol), Co(OAc)2 $

4H2O (24 mg, 0.1 mmol) and KOH (11.2 mg, 0.2 mmol) were
added to water (12 ml) in a Teflon-lined stainless steel vessel. The
mixture was heated at 433 K for 3 d, and then slowly cooled down
to room temperature. Pink block-like crystals of the title complex
were obtained.

Discussion

Metal-organic hybrid materials are studied because of their in-
triguing structural architectures and topologies, as well as their
potential applications as functional materials in the fields of mo-
lecular recognition, ion exchange, adsorption, fluorescence, ca-
talysis, and magnetism [1-5]. Multicarboxylate ligands have been
widely used to construct various coordination structures. For ex-
ample, 1,3-benzenedicarboxylic acid, 1,2,3-benzenetricarbo-
xylic acid as well as their derivatives [6-7] have been widely in-
vestigated for constructing novel coordination polymeric frame-
works.
The crystal structure of the title complex comprises a 5-
methylisophthalato molecule, a Co(II) ion and a 1,6-
bis(imidazol-1-yl)-hexane molecule per asymmetric unit. Both
carboxylate groups of the acid are deprotonated. The Co(II) ion
has the distorted tetrahedral coordination which is composed of
two nitrogen atoms from the bih ligands and two oxygen atoms
from the carboxyl groups of mip. The Co—O distances are
1.981(1) Å and 2.010(2) Å, the Co—N distances are 2.016(2) Å
and 2.036(2) Å. The bond angles around the central Co(II) ion

range from 97.85(6)° to 114.93(8)°. Four Co(II) ions are inter-
linked by the two bih and the two mip ligands, thus affording a
square grid (puckered 44 net) with a large window of 10.14 '

15.88 Å2. The single nets are interlocked and form a 2-fold inter-
penetrated architecture.
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Crystal: pink block, size 0.18 ' 0.23 ' 0.29 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 8.32 cm01

Diffractometer, scan mode: CCD area detector, *,1
2"max: 51°
N(hkl)measured, N(hkl)unique: 8239, 3984
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3377
N(param)refined: 272
Programs: SHELXS-97, SHELXL-97, SHELXTL [8]

Table 1. Data collection and handling.

H(2) 2i 0.7438 1.1049 0.6920 0.043
H(4) 2i 0.3870 1.2478 0.6506 0.046
H(6) 2i 0.3665 0.8485 0.6289 0.049
H(9A) 2i 0.1600 1.0918 0.6536 0.098
H(9B) 2i 0.1516 0.9352 0.6391 0.098
H(9C) 2i 0.1565 1.0157 0.5262 0.098
H(10) 2i 0.6353 0.4479 0.4325 0.053
H(11) 2i 0.9900 0.7135 0.5369 0.067
H(12) 2i 0.9845 0.6257 0.3286 0.072
H(13A) 2i 0.6650 0.3560 0.2221 0.074
H(13B) 2i 0.8012 0.4228 0.1744 0.074
H(14A) 2i 0.7086 0.6049 0.1240 0.070
H(14B) 2i 0.5865 0.5676 0.1977 0.070
H(15A) 2i 0.6022 0.4251 00.0235 0.074
H(15B) 2i 0.4845 0.3771 0.0522 0.074
H(16) 2i 0.9699 0.8664 0.7932 0.057
H(17) 2i 0.8632 0.5406 0.9486 0.067
H(18) 2i 1.0587 0.6912 1.0880 0.070

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: minle_han@163.com)



Co(1) 2i 0.72398(3) 0.61827(3) 0.68291(3) 0.0413(2) 0.0209(2) 0.0447(2) 0.0053(1) 0.0007(1) 0.0033(1)
O(1) 2i 0.5704(2) 0.7253(1) 0.6735(2) 0.057(1) 0.0206(7) 0.067(1) 0.0102(7) 0.0015(8) 0.0065(7)
O(2) 2i 0.7689(2) 0.8617(2) 0.6571(2) 0.053(1) 0.0337(9) 0.066(1) 0.0169(8) 0.0015(9) 0.0065(8)
O(3) 2i 0.7970(2) 1.3576(2) 0.7398(2) 0.044(1) 0.0318(8) 0.073(1) 0.0033(7) 00.0025(8) 0.0014(8)
O(4) 2i 0.6037(2) 1.4372(1) 0.6837(2) 0.0473(9) 0.0201(7) 0.064(1) 0.0077(6) 0.0091(8) 0.0063(7)
N(1) 2i 0.7965(2) 0.5871(2) 0.5277(2) 0.043(1) 0.0296(9) 0.047(1) 0.0058(8) 0.0040(9) 0.0045(8)
N(2) 2i 0.7904(2) 0.5085(2) 0.3390(2) 0.055(1) 0.048(1) 0.047(1) 0.014(1) 0.011(1) 0.0024(9)
N(3) 2i 0.8771(2) 0.6855(2) 0.8320(2) 0.050(1) 0.032(1) 0.046(1) 0.0054(8) 00.0003(9) 0.0044(8)
N(4) 2i 1.0530(2) 0.8215(2) 0.9565(2) 0.046(1) 0.046(1) 0.053(1) 0.0061(9) 00.004(1) 00.005(1)
C(1) 2i 0.5659(2) 0.9583(2) 0.6595(2) 0.050(1) 0.021(1) 0.037(1) 0.0100(9) 00.000(1) 0.0032(8)
C(2) 2i 0.6455(2) 1.0899(2) 0.6785(2) 0.040(1) 0.028(1) 0.039(1) 0.0083(9) 0.0008(9) 0.0036(9)
C(3) 2i 0.5790(2) 1.1993(2) 0.6774(2) 0.043(1) 0.021(1) 0.036(1) 0.0069(9) 0.0029(9) 0.0035(8)
C(4) 2i 0.4319(2) 1.1749(2) 0.6542(2) 0.046(1) 0.025(1) 0.047(1) 0.0126(9) 0.008(1) 0.0064(9)
C(5) 2i 0.3501(2) 1.0440(2) 0.6362(2) 0.041(1) 0.032(1) 0.049(1) 0.0048(9) 0.004(1) 0.008(1)
C(6) 2i 0.4195(2) 0.9366(2) 0.6399(2) 0.048(1) 0.023(1) 0.048(1) 0.0026(9) 0.000(1) 0.0064(9)
C(7) 2i 0.6410(3) 0.8428(2) 0.6626(2) 0.055(2) 0.025(1) 0.043(1) 0.013(1) 00.003(1) 0.0018(9)
C(8) 2i 0.6687(2) 1.3408(2) 0.7025(2) 0.044(1) 0.024(1) 0.038(1) 0.0054(9) 0.008(1) 0.0035(9)
C(9) 2i 0.1899(3) 1.0194(3) 0.6115(3) 0.046(2) 0.046(2) 0.101(2) 0.005(1) 0.007(2) 0.016(2)
C(10) 2i 0.7231(2) 0.5035(2) 0.4333(2) 0.044(1) 0.036(1) 0.049(1) 0.004(1) 0.007(1) 0.003(1)
C(11) 2i 0.9172(3) 0.6484(3) 0.4897(2) 0.046(1) 0.050(2) 0.065(2) 00.002(1) 0.005(1) 0.007(1)
C(12) 2i 0.9150(3) 0.6008(3) 0.3747(3) 0.051(2) 0.065(2) 0.067(2) 0.007(1) 0.019(1) 0.013(1)
C(13) 2i 0.7269(3) 0.4416(3) 0.2166(2) 0.079(2) 0.060(2) 0.048(2) 0.019(2) 0.014(1) 00.004(1)
C(14) 2i 0.6429(3) 0.5300(3) 0.1458(2) 0.067(2) 0.059(2) 0.048(2) 0.016(1) 0.012(1) 00.004(1)
C(15) 2i 0.5455(3) 0.4561(3) 0.0316(2) 0.073(2) 0.059(2) 0.050(2) 0.014(1) 0.008(1) 00.005(1)
C(16) 2i 0.9669(2) 0.8035(2) 0.8490(2) 0.051(1) 0.039(1) 0.046(1) 0.004(1) 00.003(1) 0.004(1)
C(17) 2i 0.9091(3) 0.6257(3) 0.9344(2) 0.065(2) 0.045(1) 0.054(2) 0.005(1) 00.000(1) 0.014(1)
C(18) 2i 1.0172(3) 0.7082(3) 1.0121(2) 0.065(2) 0.057(2) 0.048(2) 0.011(1) 00.005(1) 0.013(1)
C(19) 2i 1.1722(3) 0.9360(3) 0.9984(3) 0.053(2) 0.054(2) 0.066(2) 0.002(1) 00.006(1) 00.011(1)
C(20) 2i 1.3080(3) 0.9005(3) 0.9774(3) 0.058(2) 0.063(2) 0.067(2) 0.003(1) 0.003(1) 00.011(1)
C(21) 2i 1.4308(3) 1.0201(3) 1.0046(3) 0.061(2) 0.069(2) 0.062(2) 00.004(2) 0.006(1) 00.009(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(19A) 2i 1.1781 0.9620 1.0840 0.074
H(19B) 2i 1.1565 1.0127 0.9557 0.074
H(20A) 2i 1.2971 0.8632 0.8937 0.079

Table 2. Continued.

Atom Site x y z Uiso

H(20B) 2i 1.3287 0.8312 1.0278 0.079
H(21A) 2i 1.4360 1.0633 1.0856 0.082
H(21B) 2i 1.4150 1.0855 0.9483 0.082
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Atom Site x y z Uiso
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Abstract

C24H30O7, monoclinic, P21 (no. 4), a = 6.7733(5) Å,
b = 14.662(1) Å, c = 11.4365(9) Å, / = 95.770(3)°,
V = 1130.0 Å3, Z = 2, Rgt(F) = 0.040, wRref(F

2) = 0.102,
T = 293 K.

Source of material

The dried and powdered leaves of Isodon eriocalyx were ex-
tracted with 95% methanol and filtered. The filtrate was concen-
trated and extracted with diethyl ether to give a residue, which
was applied to silica gel column chromatography eluting with
chloroform/acetone (1:0-0:1). The fraction [chloroform/acetone
(8:1)] produced colorless needles by recrystallization from me-
thanol; m.p. 500-502 K; [0]D

13 = –175.5 (c = 0.98, C5H5N).

Experimental details

The molecule contains no heavy atoms, therefore a meaningful
Flack parameter could not be determined with Mo K0 radiation
(x = –0.5(10)) and the absolute structure could not be made sure.

Discussion

The title compound was first isolated from Rabdosia nervosa. Its
crystal structure has not been analyzed completely [1-3]. We used
a larger data set and achieved better residual values compared to
the previous publications, e.g. in [3].
The compound crystallizes with one molecule in the asymmetric
unit of the acentric space group P21. The bond distances and bond
angles are all in normal range. The carbonyl distances are

d(C1—O1) = 1.201(3) Å and d(C7—O5) = 1.198(3) Å. The dis-
tances in the acetoxy groups are d(C23—O7) = 1.189(3) Å,
d(C23—O6) = 1.350(3) Å, and d(C15—O6) = 1.453(3) Å, with
an angle of .C23–O6–C15 = 117.84(18)°, and d(C21—O4) =
1.198(4) Å, d(C21—O3) = 1.351(3) Å and d(C6—O3) =
1.445(3) Å, with an angle of .C21–O3–C6 = 116.4(2)°. The
compound contains three six-membered rings, r ing
A(C1/C2/C3/C4/C5/C10) is in boat conformation, ring
B(C5/C6/C7/C8/C9/C10) is in chair conformation, and ring
C(C8/C9/C11/C12/C13/C14) is in a distorted chair conforma-
tion.
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Crystal: colourless block,
size 0.21 ' 0.25 ' 0.29 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 0.92 cm01

Diffractometer, scan mode: Bruker CCD, */1
2"max: 50°
N(hkl)measured, N(hkl)unique: 12084, 3929
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3096
N(param)refined: 281
Program: SHELXL-97 [4]

Table 1. Data collection and handling.

H(2A) 2a 0.3424 0.3019 0.5571 0.092
H(2B) 2a 0.2968 0.1971 0.5413 0.092
H(3) 2a 0.6198 0.2177 0.6319 0.078
H(5) 2a 0.4903 0.1126 0.3268 0.056
H(6) 2a 0.8838 0.1662 0.2934 0.054
H(9) 2a 0.3562 0.2342 0.1688 0.052
H(11A) 2a 0.3069 0.3685 0.0950 0.070
H(11B) 2a 0.3574 0.3970 0.2264 0.070
H(12A) 2a 0.6586 0.4518 0.1938 0.081
H(12B) 2a 0.5177 0.4865 0.0858 0.081
H(13) 2a 0.8043 0.4262 0.0111 0.072
H(14A) 2a 0.8637 0.3194 0.1828 0.063
H(14B) 2a 0.9094 0.2770 0.0612 0.063
H(15) 2a 0.6228 0.2013 00.0680 0.057
H(17A) 2a 0.5463 0.4361 00.1772 0.090
H(17B) 2a 0.4359 0.3420 00.2163 0.090
H(18A) 2a 0.6033 0.0030 0.4894 0.156
H(18B) 2a 0.4179 0.0623 0.5111 0.156
H(18C) 2a 0.5905 0.0494 0.6118 0.156
H(19A) 2a 0.9523 0.1855 0.4927 0.146
H(19B) 2a 0.9369 0.0790 0.4838 0.146
H(19C) 2a 0.9139 0.1278 0.6036 0.146
H(20A) 2a 0.8052 0.3138 0.3575 0.067
H(20B) 2a 0.6316 0.3819 0.3740 0.067

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: ltpan@yahoo.cn)
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3. Zhai, Y.; Ju X.; Zhai J.: Study on the Crystal Structure and Electronic
Sturcture for Neorabdosin. J. Zhengzhou University 31 (1999) 84-88.

4. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112-122.

H(22A) 2a 0.8956 00.1197 0.3054 0.154
H(22B) 2a 1.1261 00.1087 0.3313 0.154
H(22C) 2a 1.0307 00.1228 0.2019 0.154

Table 2. Continued.

Atom Site x y z Uiso

H(24A) 2a 0.0225 0.1533 00.0527 0.114
H(24B) 2a 0.0618 0.0709 00.1346 0.114
H(24C) 2a 00.0222 0.1627 00.1894 0.114

Table 2. Continued.

Atom Site x y z Uiso



Crystal structure of N-[1-(2,6-dichloro-4-trifluoromethyl)-phenyl-3-

cyano-1H-pyrazol-5-yl]-N'-4-chlorobenzoyl-thiourea, C19H9Cl3F3N5OS

Jun DaiI, Xiao-Hong Zhang*,II, Chenghai WuI, Mingmin WangI and Ping Zhong*,I

I Oujiang College, Wenzhou University, Wenzhou 325027, P. R. China
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Abstract

C19H9Cl3F3N5OS, monoclinic, P21/n (no. 14), a = 16.973(2) Å,
b = 7.3779(7) Å, c = 17.346(2) Å, / = 94.280(2)°,
V = 2166.0 Å3, Z = 4, Rgt(F) = 0.074, wRref(F

2) = 0.177,
T = 298 K.

Source of material

Following the method in [1], reaction of 2,6-dichloro-4-
trifluoromethylamine (0.01 mol) with a suspension of nitrosyl
sulfuric acid, followed by reaction with a solution of ethyl 2,3-
dicyanopropionate (0.01 mol) in acetic acid, gave 5-amino-3-
cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-pyrazole
(about 0.005 mol, product 1). Furthermore, according to the
method in [2], 4-chlorobenzoyl chloride (0.007 mol) with dry
potassium thiocyanate (0.1mol) was refluxed in anhydrous
CH3CN for two hours at 80 °C and was then filtrated to obtain
acylisothiocyanate solution (product 2). The products 1 and 2
were then reacted in anhydrous CH3CN for about four hours to get
the title compound.

Experimental Details

Single crystals suitable for X-ray analysis were obtained by slow
evaporation of the solution of acetone (m.p. 482 - 483 K).
IR and NMR data are available in the CIF file.

Discussion

Acyl-thiourea derivatives have attracted much attention due to
their chemical properties and biological activity. For example,
some thiourea derivatives have been found to be useful as herbi-
cides, inhibitors, anti-HIV and plant-growth regulators [3-6].

Futhermore, the pyrazoles with the functional groups of chloride
and trifluoromethyl, like 5-amino-3-cyano-1-(2,6-dichloro-4-
trifluoromethylphenyl)-4 trifluoromethylsulphenylpyrazole or
5-amino-3-cyano-1-(2,6-dichloro-4-trifluoromethylphenyl)-4-
trifluoromethylsulfonyl pyrazole, show good bioactivity [1]. So
we envisioned the acylthiourea derivatives bearing pyrazole
moiety might have high biological activity.
The title compound is an acyl-thiourea with an overall U-shape.
In the crystal structure, the dihedral angles between the pyrazole
and attached phenyl ring and the chlorophenyl are 73.04(1)° and
29.51(1)°, respectively. An intramolecular N2–H2$$$O1 hydro-
gen bond with an d(N2$$$O1) = 2.604(4) Å additionally stabilizes
the molecule.
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Crystal: colorless block, size 0.24 ' 0.25 ' 0.34 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 5.68 cm01

Diffractometer, scan mode: Bruker APEX, * and 1
2"max: 50.04°
N(hkl)measured, N(hkl)unique: 10964, 3810
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3387
N(param)refined: 289
Programs: SHELXS-97, SHELXL-97, SHELXTL [7]

Table 1. Data collection and handling.

H(1) 4e 0.8603 0.6914 0.0592 0.050
H(2) 4e 0.9411 0.7291 0.2298 0.053
H(2A) 4e 1.1568 0.7770 00.0690 0.061
H(3) 4e 1.1085 0.7436 0.0509 0.058
H(5) 4e 0.8873 0.7737 00.0447 0.058
H(6) 4e 0.9350 0.8150 00.1644 0.067
H(10) 4e 0.7701 0.5039 0.3135 0.057
H(15) 4e 1.1825 0.7134 0.3189 0.064
H(17) 4e 1.0899 1.1616 0.4066 0.054

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: kamenzxh@163.com,

zhongp0512@163.com)



308 C19H9Cl3F3N5OS

S(1) 4e 0.76040(6) 0.5722(2) 0.15844(7) 0.0323(6) 0.089(1) 0.0489(7) 00.0124(6) 0.0022(5) 0.0012(6)
O(1) 4e 1.0141(2) 0.7530(5) 0.1520(2) 0.039(2) 0.087(2) 0.043(2) 00.015(2) 00.001(1) 0.006(2)
F(1) 4e 1.2254(3) 1.1789(9) 0.3240(6) 0.066(3) 0.180(6) 0.49(1) 00.040(3) 0.015(5) 0.204(8)
F(2) 4e 1.2817(2) 0.9446(7) 0.3424(4) 0.045(2) 0.143(4) 0.301(8) 00.016(2) 0.043(3) 00.004(5)
F(3) 4e 1.2521(4) 1.087(2) 0.4293(5) 0.138(5) 0.46(2) 0.198(7) 00.204(8) 0.032(5) 00.117(8)
N(1) 4e 0.8896(2) 0.6918(5) 0.1018(2) 0.035(2) 0.057(2) 0.032(2) 00.007(2) 0.000(1) 0.003(2)
N(2) 4e 0.8958(2) 0.6797(5) 0.2341(2) 0.037(2) 0.056(2) 0.039(2) 00.018(2) 0.004(2) 0.004(2)
N(3) 4e 0.9288(2) 0.6895(5) 0.3684(2) 0.039(2) 0.058(2) 0.037(2) 00.015(2) 0.001(2) 0.007(2)
N(4) 4e 0.9045(2) 0.6374(5) 0.4380(2) 0.044(2) 0.067(2) 0.037(2) 00.010(2) 0.006(2) 0.008(2)
N(5) 4e 0.7537(3) 0.4135(7) 0.5217(3) 0.055(3) 0.112(4) 0.064(3) 00.018(3) 0.009(2) 0.031(3)
C(1) 4e 1.0499(3) 0.7993(6) 00.1276(2) 0.056(3) 0.038(2) 0.044(2) 00.004(2) 0.017(2) 00.001(2)
C(2) 4e 1.1027(3) 0.7774(7) 00.0639(3) 0.036(2) 0.064(3) 0.054(3) 00.003(2) 0.011(2) 00.001(2)
C(3) 4e 1.0735(2) 0.7563(6) 0.0073(3) 0.037(2) 0.058(3) 0.049(3) 0.002(2) 0.004(2) 0.003(2)
C(4) 4e 0.9930(2) 0.7534(5) 0.0155(2) 0.034(2) 0.033(2) 0.045(2) 0.000(2) 0.006(2) 0.000(2)
C(5) 4e 0.9416(2) 0.7752(6) 00.0494(2) 0.033(2) 0.065(3) 0.046(2) 0.000(2) 0.002(2) 0.003(2)
C(6) 4e 0.9698(3) 0.7991(7) 00.1209(3) 0.046(3) 0.079(3) 0.042(2) 00.001(2) 0.001(2) 0.003(2)
C(7) 4e 0.9676(2) 0.7335(5) 0.0954(2) 0.036(2) 0.037(2) 0.047(2) 00.002(2) 0.006(2) 0.002(2)
C(8) 4e 0.8513(2) 0.6498(5) 0.1681(2) 0.034(2) 0.038(2) 0.043(2) 00.000(2) 0.003(2) 00.001(2)
C(9) 4e 0.8767(2) 0.6398(6) 0.3084(2) 0.037(2) 0.046(2) 0.040(2) 00.007(2) 00.000(2) 0.003(2)
C(10) 4e 0.8152(3) 0.5529(6) 0.3393(3) 0.039(2) 0.056(3) 0.047(2) 00.016(2) 0.003(2) 0.006(2)
C(11) 4e 0.8361(2) 0.5550(6) 0.4188(2) 0.037(2) 0.056(3) 0.045(2) 00.009(2) 0.005(2) 0.010(2)
C(12) 4e 0.7918(3) 0.4768(7) 0.4778(3) 0.044(2) 0.074(3) 0.048(3) 00.013(2) 0.002(2) 0.012(2)
C(13) 4e 1.0026(2) 0.7800(6) 0.3654(2) 0.031(2) 0.052(2) 0.033(2) 00.006(2) 00.002(2) 0.010(2)
C(14) 4e 1.0675(2) 0.6890(6) 0.3401(3) 0.045(2) 0.044(2) 0.049(2) 00.002(2) 00.001(2) 0.008(2)
C(15) 4e 1.1398(3) 0.7738(7) 0.3375(3) 0.037(2) 0.060(3) 0.063(3) 0.005(2) 0.008(2) 0.012(2)
C(16) 4e 1.1469(2) 0.9499(7) 0.3632(3) 0.034(2) 0.062(3) 0.059(3) 00.008(2) 00.002(2) 0.016(2)
C(17) 4e 1.0838(2) 1.0429(6) 0.3891(2) 0.042(2) 0.045(2) 0.048(2) 00.006(2) 00.003(2) 0.006(2)
C(18) 4e 1.0116(2) 0.9583(6) 0.3887(2) 0.037(2) 0.049(2) 0.034(2) 00.001(2) 00.003(2) 0.008(2)
C(19) 4e 1.2252(3) 1.043(1) 0.3624(5) 0.039(3) 0.086(4) 0.126(6) 00.018(3) 0.001(3) 0.014(4)
Cl(1) 4e 1.08635(8) 0.8338(2) 00.21759(7) 0.0733(8) 0.0760(9) 0.0493(7) 00.0058(7) 0.0248(6) 0.0004(6)
Cl(2) 4e 1.05809(9) 0.4668(2) 0.3107(1) 0.0751(9) 0.0455(7) 0.103(1) 0.0027(6) 0.0030(8) 00.0033(7)
Cl(3) 4e 0.93154(7) 1.0775(2) 0.41736(7) 0.0466(6) 0.0748(8) 0.0493(6) 0.0103(5) 0.0046(5) 00.0030(6)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Crystal structure of bis(acridinium)tetrachloromanganate(II),
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Kwang Ha*

Chonnam National University, School of Applied Chemical Engineering, Research Institute of Catalysis, Gwangju 500-757, Republic of Korea

Received March 18, 2011, accepted and available on-line June 23, 2011; CCDC no. 1267/3455

Abstract

C26H20Cl4MnN2, monoclinic, C2/c (no. 15), a = 12.838(1) Å,
b = 10.2435(9) Å, c = 18.730(2) Å, / = 92.553(2)°,
V = 2460.8 Å3, Z = 4, Rgt(F) = 0.055, wRref(F

2) = 0.139,
T = 200 K.

Source of material

The title compound was unexpectedly obtained as a byproduct
from the reaction of MnCl2 $ 4H2O (0.1982 g, 1.001 mmol) with
acridine (0.3538 g, 1.974 mmol) and pyridine-2-carboxylic acid
(0.2464 g, 2.001 mmol) in EtOH (20 ml). After reflux of the reac-
tion mixture for 3 h, the formed white and yellow precipitates
were separated by filtration, washed with EtOH and ether, to give
the main product as a white powder (0.2321 g). The yellow by-
product (0.0672 g) was obtained from the mixture of filtrate and
washing solution by recrystallizing at -85 °C. Crystals suitable
for X-ray diffraction analysis were obtained by slow evaporation
from a CH3NO2 solution of the byproduct.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å, d(N—H) =
0.88 Å and Uiso(H) = 1.2 Ueq(C,N). The highest peak (0.51 e Å–3)
and the deepest hole (–0.55 e Å–3) in the difference Fourier map
are located 1.13 Å and 1.76 Å from the atoms Cl1 and Cl2, respec-
tively.

Discussion

The asymmetric unit of the title compound contains a protonated
acridinium cation and half of an anionic Mn(II) complex (figure,
top). In the complex, the Mn(II) ion is four-coordinated by Cl at-
oms in a tetrahedral environment. The complex is disposed about
a twofold rotation axis running in the [010] direction passing
through the Mn atom. The distances d(Mn—Cl) are nearly equal
(2.339(1) Å and 2.378(1) Å) and .Cl–Mn–Cl (106.32(7)° –
116.50(7)°) are close to the tetrahedral angle. These values are
similar to those observed in the analogous compound
(C10H10N3)2[MnCl4] [1]. Two cations interact with one complex
by means of intermolecular N–H$$$Cl hydrogen bonds with
d(N$$$Cl) = 3.193(4) Å (figure, bottom). Moreover, the cations
display numerous intermolecular #-# interactions between adja-
cent six-membered rings. The shortest distance between Cg1 (the
centroid of ring N1–C13) and Cg2i (ring C1–C6; symmetry code
i: ½–x,½–y,–z) is 3.693(2) Å, and the dihedral angle between the
ring planes is 1.0(2)°.
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Crystal: yellow block, size 0.09 ' 0.12 ' 0.22 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 9.89 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 56.58°
N(hkl)measured, N(hkl)unique: 8973, 3042
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1401
N(param)refined: 150
Programs: SHELXS-97, SHELXL-97 [2],

ORTEP-3 [3], PLATON [4]

Table 1. Data collection and handling.

_____________
* e-mail: hakwang@chonnam.ac.kr



Mn(1) 4e 0 0.18329(9) ¼ 0.0374(6) 0.0398(6) 0.0251(5) 0 0.0046(4) 0
Cl(1) 8f 00.10435(8) 0.3225(1) 0.17459(6) 0.0403(7) 0.0572(8) 0.0358(7) 0.0050(6) 0.0019(5) 0.0099(5)
Cl(2) 8f 0.10760(9) 0.0631(1) 0.17684(6) 0.0506(7) 0.0562(8) 0.0393(7) 0.0061(6) 0.0130(6) 00.0080(6)
N(1) 8f 0.4432(3) 0.1575(3) 00.0500(2) 0.043(2) 0.040(2) 0.033(2) 00.004(2) 0.011(2) 0.003(2)
C(1) 8f 0.3437(3) 0.1155(4) 00.0619(2) 0.042(3) 0.035(3) 0.031(3) 0.001(2) 0.006(2) 0.002(2)
C(2) 8f 0.2997(4) 0.1014(4) 00.1311(2) 0.059(3) 0.042(3) 0.034(3) 00.003(2) 0.004(2) 0.003(2)
C(3) 8f 0.1989(4) 0.0598(4) 00.1402(3) 0.068(4) 0.044(3) 0.041(3) 00.002(3) 00.008(3) 00.001(2)
C(4) 8f 0.1377(4) 0.0318(4) 00.0807(3) 0.050(3) 0.044(3) 0.055(3) 00.002(2) 0.000(3) 0.001(2)
C(5) 8f 0.1798(3) 0.0443(4) 00.0137(3) 0.039(3) 0.041(3) 0.043(3) 0.002(2) 0.002(2) 0.003(2)
C(6) 8f 0.2840(3) 0.0855(4) 00.0014(2) 0.041(3) 0.029(3) 0.037(3) 0.003(2) 0.011(2) 00.003(2)
C(7) 8f 0.3321(3) 0.0996(4) 0.0662(2) 0.042(3) 0.031(3) 0.033(3) 00.001(2) 0.009(2) 0.001(2)
C(8) 8f 0.4327(4) 0.1427(4) 0.0764(2) 0.053(3) 0.032(3) 0.028(3) 0.002(2) 0.006(2) 00.001(2)
C(9) 8f 0.4840(4) 0.1596(4) 0.1452(3) 0.068(4) 0.050(3) 0.033(3) 00.004(3) 0.007(3) 00.003(2)
C(10) 8f 0.5830(4) 0.2062(5) 0.1513(3) 0.061(3) 0.056(3) 0.041(3) 00.002(3) 00.006(3) 00.007(2)
C(11) 8f 0.6368(4) 0.2377(5) 0.0901(3) 0.045(3) 0.053(3) 0.049(3) 00.009(2) 00.005(3) 00.002(2)
C(12) 8f 0.5935(4) 0.2214(4) 0.0236(3) 0.045(3) 0.043(3) 0.045(3) 00.009(2) 0.007(2) 00.003(2)
C(13) 8f 0.4906(3) 0.1737(4) 0.0155(2) 0.047(3) 0.029(3) 0.030(3) 0.002(2) 0.007(2) 0.000(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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0029626).
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H(1) 8f 0.4796 0.1755 00.0875 0.046
H(2) 8f 0.3395 0.1205 00.1713 0.054
H(3) 8f 0.1692 0.0495 00.1872 0.061
H(4) 8f 0.0674 0.0044 00.0880 0.060
H(5) 8f 0.1386 0.0251 0.0258 0.049

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

H(7) 8f 0.2937 0.0785 0.1069 0.042
H(9) 8f 0.4485 0.1380 0.1870 0.060
H(10) 8f 0.6160 0.2175 0.1973 0.063
H(11) 8f 0.7056 0.2714 0.0955 0.059
H(12) 8f 0.6318 0.2418 00.0172 0.053

Table 2. Continued.

Atom Site x y z Uiso



Crystal structure of dichlorobis(dimethylsulfoxide-O)-bis-

(isonicotinic acid-N)copper(II) — dimethylsulfoxide (1:2),

[CuCl2(C6H5NO2)2(C2H6OS)2]2 · 2C2H6OS
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Abstract

C20H34Cl2CuN2O8S4, triclinic, P1 (no. 2), a = 7.105(5) Å,
b = 10.578(7) Å, c = 11.007(7) Å, 0 = 71.58(1)°, / = 84.51(2)°,
. = 77.47(2)°, V = 765.8 Å3, Z = 1, Rgt(F) = 0.050,
wRref(F

2) = 0.155, T = 296 K.

Source of material

The title complex was synthesized from a mixture of CuCl2

(0.120 g, 0.9 mmol), isonicotinic acid (0.111 g, 0.9 mmol) and
DMSO (1.0 ml) sealed in a pyrex tube, heated to 100 °C for 68
hours, and then cooled to room temperature at 10 °C/h. The pH
value of the solution before and after the reaction was 7 and 5, re-
spectively. The solid products were recovered by vacuum filtra-
tion and washed with DMSO. Pale green rod-like crystals were
obtained as a single phase. The product was slightly unstable in

air. The yield was about 48 % based on copper. EDS analysis con-
firmed the presence of Cu and Cl.

Experimental details

All the hydrogen atoms associated with the isonicotinic acid and
DMSO molecules were placed geometrically and refined as
riding.

Discussion

The crystal structure of the title compound comprise discrete
centrosymmetr ic mononuclear CuCl2 ( isonicot inic
acid)2(DMSO)2 and lattice DMSO molecules. The crystallo-
graphically unique Cu atom is coordinated by two chlorine atoms
(d(Cu—Cl) = 2.335(2) Å), and two nitogen atoms from different
isonicotinic acid molecules (d(Cu—N) = 1.987(4) Å). The addi-
tional oxygen atoms of two DMSO molecules (d(Cu—O) =
2.453(3) Å) complete an octahedral environment of Cu. The bond
valence sum (BVS) calculation for Cu gives a value of +1.78, in-
dicating an oxidation state of +2. The copper atom lies on a crys-
tallographic inversion center so that .N–Cu–N, .Cl–Cu–Cl and
.O–Cu–O are 180°. Also, two pyridine rings are coplanar, how-
ever, they are not parellel with either CuN2Cl2 or CuN2O2 planes,
with the torsion angles of C2–N1–Cu1–Cl1 = 115.45(4)° and
C2–N1–Cu1–O3 = 154.81(4)°. The carboxylic acid group has to
be conjugated and therefore is coplanar as shown by the torsion
angle C4–C5–C6–C2 = –1.3°. The lattice DMSO molecules form
hydrogen bonds to the carboxyl groups in the CuCl2(isonicotinic
acid)2(DMSO)2 molecules. The DMSO molecule serves as a
strong hydrogen bond acceptor, as indicated by the hydrogen
bonding between the OH groups in the complex and the S=O
groups in DMSO with d(H$$$O) = 1.712(9) Å, .O–H$$$O =
169.01(4)°, d(O$$$O) = 2.541(1) Å. Several coordination com-
plexes containing isonicotinic acids and chlorine atoms are re-
ported, and examples include Cu(I)Cl(isonicotinic acid),
Pd(II)Cl2- (isonicotinic acid)2, and Pd(II)Cl2(isonicotinic acid)2 $

2DMSO [1-3]. The complex Pd(II)Cl2(isonicotinic acid)2 $

2DMSO has lattice DMSO molecules, and it shows similar
hydrogen bonding between the isonicotinic acid in
Pd(II)Cl2(isonicotinic acid)2 and the lattice DMSO molecules as
found in the title complex [3].
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Cu(1) 1c 0 ½ 0 0.0432(4) 0.0321(6) 0.0349(4) 00.0074(4) 00.0121(3) 00.0018(3)
Cl(1) 2i 0.1082(2) 0.6839(1) 0.02365(9) 0.0531(7) 0.0389(8) 0.0446(5) 00.0141(6) 00.0072(5) 00.0076(5)
O(1) 2i 0.4748(5) 0.1244(4) 0.5652(2) 0.059(2) 0.070(3) 0.031(1) 00.015(2) 0.001(1) 00.003(2)
O(2) 2i 0.7173(5) 0.1839(5) 0.4325(3) 0.037(2) 0.126(5) 0.037(2) 00.015(2) 00.011(1) 00.004(2)
N(1) 2i 0.1711(5) 0.3768(4) 0.1398(3) 0.045(2) 0.032(3) 0.036(2) 00.010(2) 00.007(2) 00.004(2)
C(1) 2i 0.1018(6) 0.3120(6) 0.2568(4) 0.038(2) 0.045(4) 0.040(2) 00.013(3) 00.003(2) 00.009(2)
C(2) 2i 0.3654(6) 0.3618(5) 0.1264(3) 0.035(2) 0.048(4) 0.030(2) 00.008(2) 00.008(2) 00.002(2)
C(3) 2i 0.2173(6) 0.2432(5) 0.3596(3) 0.035(2) 0.039(3) 0.032(2) 00.009(2) 00.008(2) 0.001(2)
C(4) 2i 0.4889(6) 0.2936(6) 0.2240(3) 0.035(2) 0.045(4) 0.037(2) 00.006(2) 00.007(2) 00.005(2)
C(5) 2i 0.4148(6) 0.2351(5) 0.3456(3) 0.043(2) 0.034(3) 0.033(2) 00.005(2) 00.004(2) 00.009(2)
C(6) 2i 0.5352(6) 0.1741(5) 0.4591(4) 0.037(2) 0.036(3) 0.037(2) 0.005(2) 00.009(2) 00.008(2)
S(1) 2i 0.6777(2) 0.6390(2) 0.2145(1) 0.0581(8) 0.042(1) 0.0487(6) 00.0045(7) 00.0060(6) 00.0110(6)
O(3) 2i 00.2606(5) 0.5244(4) 0.1590(3) 0.054(2) 0.052(3) 0.039(1) 00.009(2) 00.004(1) 00.017(2)
C(7) 2i 0.4585(8) 0.6100(8) 0.3023(5) 0.063(4) 0.073(6) 0.076(3) 00.009(4) 0.008(3) 00.037(3)
C(8) 2i 0.8289(8) 0.6028(8) 0.3461(5) 0.064(3) 0.080(6) 0.065(3) 00.013(4) 00.013(3) 00.032(3)
S(2) 2i 0.9636(2) 0.0078(2) 0.7260(1) 0.0573(8) 0.057(1) 0.0458(6) 00.0167(8) 00.0032(6) 00.0165(6)
O(4) 2i 0.0843(5) 00.1438(5) 0.3759(3) 0.064(2) 0.085(4) 0.041(2) 00.029(3) 00.012(2) 0.004(2)
C(9) 2i 00.1482(8) 00.0243(7) 0.1875(4) 0.071(4) 0.050(4) 0.051(2) 00.016(3) 00.016(2) 0.002(2)
C(10) 2i 0.2278(8) 00.0086(8) 0.1580(4) 0.063(4) 0.099(7) 0.051(3) 00.022(4) 0.005(3) 00.005(3)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(2) 2i 0.7748 0.1626 0.4994 0.107
H(1) 2i 00.0302 0.3142 0.2678 0.049
H(2A) 2i 0.4178 0.4003 0.0458 0.047
H(3) 2i 0.1629 0.2020 0.4386 0.045
H(4) 2i 0.6213 0.2863 0.2094 0.049
H(7A) 2i 0.3646 0.6098 0.2452 0.103
H(7B) 2i 0.4109 0.6809 0.3409 0.103
H(7C) 2i 0.4823 0.5238 0.3678 0.103
H(8A) 2i 0.8231 0.5140 0.4037 0.100
H(8B) 2i 0.7859 0.6693 0.3905 0.100
H(8C) 2i 0.9594 0.6057 0.3151 0.100
H(9A) 2i 00.2565 00.0443 0.2441 0.090
H(9B) 2i 00.1015 00.0967 0.1507 0.090
H(9C) 2i 00.1871 0.0592 0.1205 0.090
H(10A) 2i 0.2028 0.0737 0.0877 0.112
H(10B) 2i 0.2376 00.0853 0.1273 0.112
H(10C) 2i 0.3467 00.0145 0.1961 0.112

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z UisoCrystal: green rod, size 0.18 ' 0.20 ' 0.43 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 12.03 cm01

Diffractometer, scan mode: Rigaku R-AXIS RAPID, */1
2"max: 54.96°
N(hkl)measured, N(hkl)unique: 6323, 3417
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1715
N(param)refined: 174
Programs: SHELXS-97, SHELXL-97 [4],

DIAMOND [5]

Table 1. Data collection and handling.

312 [CuCl2(C6H5NO2)2(C2H6OS)2]2 $ 2C2H6OS
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Abstract

C8H26Mn2N4O18S2, monoclinic, P121/c1 (no. 14),
a = 8.1522(5) Å, b = 11.6765(7) Å, c = 11.9942(7) Å,
/ = 91.667(1)°, V = 1141.2 Å3, Z = 2, Rgt(F) = 0.036,
wRref(F

2) = 0.104, T = 200 K.

Source of material

MnSO4 $ H2O (0.1688 g, 0.999 mmol) and 2,2'-bipyrimidine
(bpym; 0.1587 g, 1.003 mmol) in H2O (20 ml) were refluxed for
1 h. After evaporation of the solvent, the residue was washed with
ether and dried at 50 °C, to give a light yellow powder (0.3152 g).
Crystals suitable for X-ray diffraction analysis were obtained by
slow evaporation from a water solution at 50 °C.

Experimental details

The H atoms of the bipyrimidine ring were positioned geometri-
cally and allowed to ride on their parent atoms with d(C—H) =
0.95 Å and Uiso(H) = 1.2 Ueq(C). The H atoms of the water ligands
and solvent molecules were located from Fourier difference maps
and refined isotropically: d(O—H) = 0.72(4) Å - 0.99(4) Å. The
highest peak (0.50 eÅ–3) and the deepest hole (–0.54 eÅ–3) in the
difference Fourier map are located 1.71 Å and 0.71 Å from the
atoms H2A and S1, respectively.

Discussion

The asymmetric unit of the title crystal structure contains one half
of an Mn(II) cationic complex, an SO4

2– anion and a water solvent
molecule. The centroid of the complex is located at a center of
inversion. Each two Mn(II) ions are bridged by a bis-chelating

2,2'-bipyrimidine ligand to form a dinuclear Mn(II) complex.
Each Mn atom is six-coordinated in a considerably distorted octa-
hedral manner by two N atoms of the bridging bpym ligand and
four O atoms from four water molecules. In the previously re-
ported crystal structures of the analogous dinuclear Mn(II) com-
plex [Mn2(SO4)2(H2O)6(bpym)], an SO4

2– anion coordinates the
Mn(II) ion as a monodentate ligand via one O atom, and thus each
Mn atom is coordinated by two N atoms from bpym and four O
atoms from one sulfato ligand and three water molecules [1,2].
The main contribution to the distortion of the ocatahedron is
made by the tight chelate angle .N1–Mn1–N2 = 71.82(8)°,
which results in non-linear trans axes (.N1–Mn1–O3 =
172.02(8)° and .N2–Mn1–O4 = 162.25(9)°). The apical
O1–Mn1–O2 bonds are almost linear with the bond angle of
179.49(9)°. The distances d(Mn—N) and d(Mn—O) are roughly
equivalent: d(Mn1—N1/N2) = 2.295(2) Å and 2.307(2) Å,
respectively, d(Mn1—O1/O2/O3/O4) = 2.130(2) - 2.186(2) Å).
The shape of the sulfate anion is nearly tetrahedral with the
O–S–O bond angles of 107.8(1)° - 110.7(1)°, and the almost
equal d(S—O) = 1.460(2) - 1.491(2) Å.
In the crystal structure, the complex, the anions and the solvent
molecules are linked by O–H$$$O hydrogen bonds with d(O$$$O) =
2.706(3) - 2.818(3) Å, forming a three-dimensional network. In
addition, several intermolecular #–# interactions between pyri-
midine rings are present. The distance between Cg1 (the centroid
of ring N1–C4) and Cg1i (symmetry code i: 2–x,–y,1–z) is
5.589(2) Å, and the ring planes are parallel and shifted by
4.611 Å.
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Crystal: light yellow block
size 0.14 ' 0.21 ' 0.27 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 13.80 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, *,1
2"max: 56.54°
N(hkl)measured, N(hkl)unique: 8031, 2765
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2091
N(param)refined: 194
Programs: SHELXS-97, SHELXL-97 [3],

ORTEP-3 [4], PLATON [5]

Table 1. Data collection and handling.

H(1A) 4e 0.242(5) 00.111(3) 0.299(3) 0.03(1)
H(1B) 4e 0.251(6) 00.093(4) 0.196(4) 0.08(2)
H(2A) 4e 0.474(5) 0.301(3) 0.380(3) 0.04(1)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* e-mail: hakwang@chonnam.ac.kr



Mn(1) 4e 0.30433(5) 0.10957(3) 0.30717(3) 0.0169(2) 0.0179(2) 0.0176(2) 0.0010(2) 0.0013(2) 0.0010(2)
O(1) 4e 0.2237(3) 00.0624(2) 0.2588(2) 0.027(1) 0.018(1) 0.025(1) 0.0017(9) 0.0006(9) 00.001(1)
O(2) 4e 0.3846(3) 0.2780(2) 0.3533(2) 0.020(1) 0.021(1) 0.035(1) 0.0004(9) 00.002(1) 00.005(1)
O(3) 4e 0.0605(2) 0.1797(2) 0.2820(2) 0.015(1) 0.031(1) 0.025(1) 0.0040(9) 00.0041(9) 00.003(1)
O(4) 4e 0.3882(3) 0.1392(2) 0.1431(2) 0.028(1) 0.045(1) 0.020(1) 00.014(1) 0.004(1) 0.003(1)
N(1) 4e 0.5515(3) 0.0281(2) 0.3581(2) 0.016(1) 0.019(1) 0.016(1) 0.0004(9) 0.0018(8) 00.0001(9)
N(2) 4e 0.2972(3) 0.0614(2) 0.4935(2) 0.017(1) 0.019(1) 0.022(1) 0.0021(9) 0.0024(9) 0.001(1)
C(1) 4e 0.6770(3) 0.0085(2) 0.2900(2) 0.022(1) 0.022(1) 0.021(1) 00.001(1) 0.004(1) 0.001(1)
C(2) 4e 0.8168(3) 00.0469(2) 0.3259(3) 0.018(1) 0.025(1) 0.029(2) 0.001(1) 0.008(1) 00.004(1)
C(3) 4e 0.1741(3) 0.0804(2) 0.5636(2) 0.018(1) 0.025(1) 0.023(2) 0.002(1) 0.002(1) 00.002(1)
C(4) 4e 0.5707(3) 00.0089(2) 0.4627(2) 0.019(1) 0.012(1) 0.019(1) 00.002(1) 0.002(1) 0.000(1)
S(1) 4e 0.76934(8) 0.21735(6) 0.01718(6) 0.0154(3) 0.0181(3) 0.0188(4) 00.0004(3) 0.0026(2) 00.0007(3)
O(5) 4e 0.6716(2) 0.1426(2) 00.0579(2) 0.022(1) 0.025(1) 0.027(1) 0.0001(8) 00.0001(8) 00.0069(9)
O(6) 4e 0.8920(2) 0.1443(2) 0.0784(2) 0.023(1) 0.036(1) 0.025(1) 0.0069(9) 00.0036(8) 00.0002(9)
O(7) 4e 0.6597(2) 0.2709(2) 0.0977(2) 0.023(1) 0.023(1) 0.029(1) 00.0020(8) 0.0066(8) 00.0063(9)
O(8) 4e 0.8534(2) 0.3054(2) 00.0459(2) 0.027(1) 0.026(1) 0.032(1) 00.0064(9) 0.0049(9) 0.005(1)
O(9) 4e 0.1749(3) 0.4121(2) 0.4677(2) 0.026(1) 0.021(1) 0.042(1) 0.002(1) 0.008(1) 00.001(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(2B) 4e 0.322(5) 0.312(3) 0.377(3) 0.04(1)
H(3A) 4e 0.005(4) 0.167(3) 0.230(3) 0.020(9)
H(3B) 4e 00.021(5) 0.196(3) 0.339(4) 0.07(1)
H(4A) 4e 0.461(5) 0.178(3) 0.129(3) 0.05(1)
H(4B) 4e 0.330(5) 0.121(3) 0.086(4) 0.05(1)

Table 2. Continued.

Atom Site x y z Uiso

H(1) 4e 0.6682 0.0338 0.2148 0.026
H(2) 4e 0.9039 00.0617 0.2769 0.028
H(3) 4e 0.0777 0.1180 0.5361 0.026
H(9A) 4e 0.164(5) 0.477(4) 0.462(4) 0.05(1)
H(9B) 4e 0.099(5) 0.393(3) 0.493(4) 0.04(1)

Table 2. Continued.

Atom Site x y z Uiso



Crystal structure of 3-ethoxy-2-hydroxybenzaldehyde oxime, C9H11NO3

Li-Fang Cai*

Key Laboratory of Surface and Interface Science of Henan, School of Material & Chemical Engineering, Zhengzhou University of Light Industry,
Zhengzhou 450002, P. R. China

Received March 22, 2011, accepted and available on-line June 20, 2011; CCDC no. 1267/3470

Abstract

C9H11NO3, monoclinic, P121/c1 (no. 14), a = 9.259(2) Å,
b = 14.679(3) Å, c = 7.036(1) Å, / = 108.40(2)°, V = 907.4 Å3,
Z = 4, Rgt(F) = 0.044, wRref(F

2) = 0.131, T = 293 K.

Source of material

The title compound was synthesized by the reaction of 3-ethoxy-
2-hydroxybenzaldehyde (1 mmol, 0.166 g) with hydroxylamine
hydrochloride (1.2 mmol, 0.084 g) in the presence of NaHCO3

(1.2 mmol, 0.1 g) in methanol at room temperature (3 h). When
evaporated to dryness, the product was extracted with dichloro-
methane and recrystallised from methanol. Colourless single
crystals of the title compound were obtained over a period of one
week.

Discussion

Oxime derivatives are often the source of iminoxy radicals when
oxidized chemically [1], which have potential enzymatical
application [2].

In the title crystal structure, the molecule adopts an E geometry
with respect to the C=N double bond. The molecule is planar,
atom C8 is displaced from the plane by –0.207(2) Å. An
intramolecular O–H$$$N hydrogen bond is observed which helps
to stablize the molecule structure. An intermolecular O–H$$$O
hydrogen bond links the molecules into centrosymmetric dimers.
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O(1) 4e 0.0525(1) 0.07597(9) 0.2323(2) 0.0463(7) 0.081(1) 0.0525(7) 00.0046(6) 0.0229(5) 00.0205(7)
O(2) 4e 0.2190(1) 0.15052(9) 0.5607(2) 0.0459(7) 0.0719(9) 0.0515(7) 00.0071(6) 0.0197(5) 00.0134(6)
C(3) 4e 0.0678(2) 0.1433(1) 0.5400(2) 0.0459(9) 0.044(1) 0.0483(9) 0.0012(7) 0.0206(7) 00.0008(8)
N 4e 00.2111(1) 0.0125(1) 0.0176(2) 0.0439(8) 0.063(1) 0.0476(8) 00.0021(7) 0.0120(6) 00.0059(7)
C(2) 4e 00.0201(2) 0.1016(1) 0.3640(2) 0.0459(9) 0.044(1) 0.0450(9) 0.0056(7) 0.0207(7) 0.0019(8)
C(1) 4e 00.1748(2) 0.0878(1) 0.3270(2) 0.0435(9) 0.044(1) 0.0483(9) 0.0058(7) 0.0183(7) 0.0033(8)
O(3) 4e 00.3157(1) 00.0314(1) 00.1437(2) 0.0493(7) 0.089(1) 0.0565(7) 00.0070(7) 0.0129(6) 00.0192(7)
C(9) 4e 00.2682(2) 0.0419(1) 0.1481(2) 0.0423(9) 0.057(1) 0.055(1) 0.0031(8) 0.0180(8) 0.0036(9)
C(6) 4e 00.2401(2) 0.1180(1) 0.4693(3) 0.0477(9) 0.062(1) 0.065(1) 0.0048(9) 0.0284(8) 00.000(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

Crystal: colourless block,
size 0.18 ' 0.21 ' 0.22 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 1.00 cm01

Diffractometer, scan mode: Bruker SMART CCD, 1
2"max: 52.76°
N(hkl)measured, N(hkl)unique: 3523, 1857
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1293
N(param)refined: 119
Program: SHELXTL [3]

Table 1. Data collection and handling.

H(1A) 4e 00.0087 0.0521 0.1343 0.087
H(3A) 4e 00.2705 00.0561 00.2128 0.099
H(9A) 4e 00.3716 0.0338 0.1284 0.061
H(6A) 4e 00.3435 0.1091 0.4473 0.067
H(4A) 4e 0.0574 0.2021 0.7935 0.065
H(5A) 4e 00.2003 0.1804 0.7325 0.074
H(7A) 4e 0.3060 0.1630 0.8555 0.067
H(7B) 4e 0.2889 0.2565 0.7409 0.067
H(8A) 4e 0.5442 0.2118 0.8479 0.104
H(8B) 4e 0.4833 0.2140 0.6132 0.104
H(8C) 4e 0.5002 0.1208 0.7269 0.104

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* e-mail: cailifang2011@126.com
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C(4) 4e 00.0003(2) 0.1732(1) 0.6767(3) 0.058(1) 0.056(1) 0.053(1) 00.0003(9) 0.0230(8) 00.0085(9)
C(5) 4e 00.1546(2) 0.1602(1) 0.6400(3) 0.060(1) 0.073(1) 0.062(1) 0.006(1) 0.0338(9) 00.010(1)
C(7) 4e 0.3158(2) 0.1929(1) 0.7373(3) 0.055(1) 0.060(1) 0.052(1) 00.0071(9) 0.0174(8) 00.0081(9)
C(8) 4e 0.4752(2) 0.1841(2) 0.7307(3) 0.052(1) 0.091(2) 0.064(1) 00.005(1) 0.0169(9) 00.004(1)
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Crystal structure of 1,1'-dihydro[4,4'-bipyridine]-1,1'-diium-bis(2-

sulfonatoterephthalic acid) — water (1:4), (C10H10N2)(C8H5O7S)2 · 4H2O

Xin-Xiang Lei* and An-Jiang Zhang

Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, P. R. China

Received March 10, 2011, accepted and available on-line June 17, 2011; CCDC no. 1267/3436

Abstract

C26H28N2O18S2, triclinic, P1 (no. 2),
a = 8.4687(5) Å, b = 9.4670(5) Å, c = 10.4823(6) Å,
0 = 73.007(1)°, / = 71.567(1)°, . = 89.582(1)°, V = 759.1 Å3,
Z = 1, Rgt(F) = 0.035, wRref(F

2) = 0.110, T = 298 K.

Source of material

2-sulfoterephthalic acid (0.246 g, 1.0 mmol) was dissolved in hot
ethanol (5 mL, 95%), and a solution of 4,4'-bipyridine (0.156 g,
1.0 mmol) in the same solvent (5 mL) was added. After one hour
of reflux the solution was filtered. After two weeks colorless
crystals had formed, which were suitable for X-ray diffraction
experiments.

Expermental details

All H atoms were positioned geometrically and allowed to ride on
their parent atoms at distances of d(C sp2—H) = 0.93 Å with
Uiso = 1.2 Ueq(parent atom), d(N—H) = 0.86 Å with Uiso =
1.2 Ueq(parent atom) and d(O—H) = 0.82 Å with Uiso =
1.5 Ueq(parent atom).

Discussion

The design and synthesis of supramolecular compounds,
especially those constructed by hydrogen bonding interactions
have been more and more attractive due to their special physical
properties and potential application. A well known and effective
design strategy is the matching of suitable hydrogen bonding
donors and acceptors [1,2]. 2-sulfoterephthalic acid may act as an

excellent, readily available hydrogen bond donor. The 2-
sulfoterephthalic acid possesses several interesting charac-
teristics: (a) it has two carboxyl groups and one sulfonate group
which may be completely or partially deprotonated, inducing rich
coordination modes and allowing interesting structures with
higher dimensions; (b) it can act not only as hydrogen-bond
acceptor but also as hydrogen-bond donor, depending upon the
number of deprotonated groups [3-7].
In the 2-sulfoterephthalic acid ligand, the sulfonic group is
deprotonated, two carboxyl groups are protonated. The distances
d(C—O) of the two carboxyl groups are 1.202(3) Å, 1.310(3) Å
and 1.199(4) Å, 1.310(3) Å, which is shorter than a typical
d(C—O) = 1.439(2) Å, but longer than a typical d(C2O) =
1.173(5) Å [8,9]. d(S1—O3), d(S1—O4) and d(S1—O5) are
1.446(2) Å, 1.453(2) Å and 1.440(2) Å, respectively. d(N1—C9)
= 1.377(4) Å and d(N1—C13) = 1.384(4) Å are shorter than typi-
cal d(N—C) = 1.443(4) Å, but longer than typical d(N2C) =
1.269(2) Å. In order to balance the anion charge of the 2-
sulfonatoterephthalatic acid, the N atoms of the 4,4'-bipyridine
ligand are protonated.
The adjacent water molecules and 2-sulfonatoterephthalatic acid
ligands are linked by intermolecular O—H···O bond interactions
(O9—H9B· · ·O4 i , O9—H9A· · ·O5 i i , O9—H9A· · ·O3 i i ,
O8—H8B· · ·O9, O8—H8A· · ·O2 i i i , O8—H8A· · ·O3 i i i ,
O7—H7·· ·O9 i v , O1—H1···O8v , symmetry codes: (i)
–x+1,–y+1,–z+1; (ii) x–1,y+1,z; (iii) –x–2,–y+1,–z+1; (iv)
x,y–1,z+1; (v) x+1,y,z). The adjacent 4,4'-bipridinediium and 2-
sulfonatoterephthalatic acid ligands are linked by N1—H1A···O2
(symmetry code: (vi) x–1,y,z) hydrogen-bond interactions. All
above hydrogen bond interactions may enchance the stability of
the solid-state structure of the title compound and generate a
three-dimemsional architecture.
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Crystal: colorless prism, size 0.15 ' 0.21 ' 0.26 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 2.64 cm01

Diffractometer, scan mode: Bruker APEX II, */1
2"max: 50.2°
N(hkl)measured, N(hkl)unique: 8997, 2686
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2506
N(param)refined: 220
Programs: SHELXS-97, SHELXL-97 [10]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: xinxianglei@yahoo.com.cn)



S(1) 2i 1.02057(6) 0.12620(5) 0.65556(5) 0.0403(3) 0.0398(3) 0.0363(3) 0.0046(2) 00.0100(2) 00.0194(2)
O(1) 2i 1.2722(2) 0.4481(2) 0.7702(2) 0.057(1) 0.061(1) 0.061(1) 00.0227(8) 00.0297(8) 0.0009(8)
O(2) 2i 1.1559(2) 0.4496(2) 0.6079(2) 0.066(1) 0.068(1) 0.0377(8) 00.0265(8) 00.0132(7) 00.0063(7)
O(3) 2i 1.2015(2) 0.1433(2) 0.6043(2) 0.0398(8) 0.078(1) 0.0594(9) 0.0167(7) 00.0117(7) 00.0363(8)
O(4) 2i 0.9487(2) 0.2313(2) 0.5621(1) 0.0385(7) 0.0493(8) 0.0323(7) 00.0004(6) 00.0088(5) 00.0146(6)
O(5) 2i 0.9510(2) 00.0235(2) 0.6900(2) 0.088(1) 0.0414(8) 0.0523(9) 00.0011(7) 00.0208(8) 00.0247(7)
O(6) 2i 0.5592(2) 00.1061(2) 1.1565(2) 0.075(1) 0.058(1) 0.058(1) 00.0269(8) 0.0022(8) 00.0251(8)
O(7) 2i 0.5444(2) 0.0609(2) 1.2698(2) 0.0543(9) 0.0516(9) 0.0471(8) 00.0055(7) 0.0020(7) 00.0188(7)
O(8) 2i 0.4797(2) 0.6612(2) 0.5755(2) 0.0435(9) 0.055(1) 0.100(1) 00.0017(7) 00.0076(9) 0.0046(9)
O(9) 2i 0.3060(2) 0.8983(2) 0.4942(1) 0.0377(7) 0.0572(9) 0.0478(8) 0.0055(6) 00.0111(6) 00.0257(7)
N(1) 2i 0.1935(2) 0.4229(2) 0.3294(2) 0.0379(8) 0.056(1) 0.0312(8) 0.0025(7) 00.0027(6) 00.0105(7)
C(1) 2i 1.1611(2) 0.3997(2) 0.7257(2) 0.0349(9) 0.0359(9) 0.043(1) 0.0010(7) 00.0121(8) 00.0151(8)
C(2) 2i 1.0299(2) 0.2863(2) 0.8415(2) 0.0365(9) 0.0319(9) 0.0371(9) 0.0030(7) 00.0142(7) 00.0117(7)
C(3) 2i 0.9545(2) 0.1691(2) 0.8185(2) 0.0362(9) 0.0328(9) 0.0345(9) 0.0054(7) 00.0140(7) 00.0135(7)
C(4) 2i 0.8233(2) 0.0782(2) 0.9257(2) 0.0404(9) 0.0313(9) 0.0372(9) 0.0008(7) 00.0138(8) 00.0129(7)
C(5) 2i 0.7610(2) 0.1031(2) 1.0565(2) 0.042(1) 0.0327(9) 0.0346(9) 0.0030(7) 00.0122(8) 00.0101(7)
C(6) 2i 0.8382(3) 0.2162(2) 1.0808(2) 0.054(1) 0.042(1) 0.0336(9) 00.0004(8) 00.0123(8) 00.0157(8)
C(7) 2i 0.9729(3) 0.3043(2) 0.9752(2) 0.051(1) 0.0367(9) 0.041(1) 00.0041(8) 00.0155(8) 00.0168(8)
C(8) 2i 0.6117(2) 0.0064(2) 1.1660(2) 0.045(1) 0.040(1) 0.038(1) 0.0009(8) 00.0117(8) 00.0110(8)
C(9) 2i 0.2098(3) 0.3254(3) 0.2590(2) 0.059(1) 0.053(1) 0.045(1) 00.021(1) 0.001(1) 00.012(1)
C(10) 2i 0.3287(3) 0.3538(2) 0.1287(2) 0.062(1) 0.046(1) 0.042(1) 00.019(1) 0.0020(9) 00.0193(9)
C(11) 2i 0.4334(2) 0.4844(2) 0.0696(2) 0.0336(9) 0.0316(8) 0.0310(9) 0.0004(7) 00.0099(7) 00.0097(7)
C(12) 2i 0.4087(2) 0.5846(2) 0.1470(2) 0.0395(9) 0.0317(9) 0.0367(9) 0.0027(7) 00.0098(7) 00.0122(7)
C(13) 2i 0.2888(2) 0.5506(2) 0.2773(2) 0.047(1) 0.046(1) 0.038(1) 0.0124(8) 00.0114(8) 00.0190(8)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(1) 2i 1.3344 0.5161 0.7060 0.092
H(7) 2i 0.4633 0.0052 1.3277 0.082
H(8A) 2i 0.5717 0.6643 0.5169 0.115
H(8B) 2i 0.4278 0.7333 0.5560 0.115
H(9A) 2i 0.2705 0.9521 0.5437 0.069
H(9B) 2i 0.2266 0.8660 0.4787 0.069
H(1A) 2i 0.1187 0.4029 0.4115 0.053

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso
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H(4) 2i 0.7754 00.0009 0.9106 0.043
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Crystal structure of dichloro-2-[(3-cyclohexylaminopropylimino)-

methyl]-5-methoxyphenolatozinc(II), Zn(C17H26N2O2)Cl2
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Abstract

C17H26Cl2N2O2Zn, monoclinic, C12/c1 (no. 15),
a = 25.102(4) Å, b = 10.540(2) Å, c = 14.994(2) Å,
/ = 91.445(2)°, V = 3965.9 Å3, Z = 8, Rgt(F) = 0.034,
wRref(F

2) = 0.092, T = 298 K.

Source of material

A methanol solution of ZnCl2 (0.14 g, 1 mmol) was added to a
methanol solution (30 ml) of the Schiff base ligand (0.29 g,
1 mmol) with stirring. The resulting solution was allowed to stand
at room temperature for a few days, yielding colorless block-
shaped single crystals.

Experimental details

H atoms were constrained to ideal bonding parameters, with
d(C—H) = 0.93 - 0.97 Å, d(N—H) = 0.90 Å, and with Uiso(H) =
1.2 Ueq(C, N) and 1.5 Ueq(C17).

Discussion

Schiff bases and their complexes have been attracted much atten-
tion for the interesting structures and applications [1-4]. The
zinc(II) complexes with Schiff bases have been widely investi-
gated for their biological properties [5-7].
The Zn atom in the title complex is coordinated by the phenolic O
atom and the imino N atom of the Schiff base ligand, and by two
chloride atoms in a tetrahedral environment. The distortion of the
tetrahedral coordination can be observed from the coordinate
bond angles, ranging from 95.69(6)° to 116.37(5)°. The bond
lengths are comparable to those observed in similar zinc(II) com-
plexes with Schiff bases [8-11]. The crystal structure is stabilized

by intermolecular hydrogen bonds: d(N2–H2A···Cl1) = 3.210(2)
Å, .N2–H2A···Cl1 = 159.7° and d(N2–H2B···O1) = 2.777(2) Å,
.N2–H2B···O1 = 173.2°.
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Crystal: colorless block, size 0.30 × 0.30 × 0.32 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 15.19 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, 1
2"max: 54°
N(hkl)measured, N(hkl)unique: 11323, 4327
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3324
N(param)refined: 218
Programs: SHELXS-97, SHELXL-97 [12]

Table 1. Data collection and handling.

H(2A) 8f 0.0999 0.4225 0.3297 0.040
H(2B) 8f 0.1262 0.4406 0.4161 0.040
H(3) 8f 0.1158 0.3056 00.1475 0.044
H(5) 8f 0.1693 00.0415 00.0821 0.066
H(6) 8f 0.2059 0.0371 0.0457 0.064
H(7) 8f 0.2303 0.1963 0.1419 0.051
H(8A) 8f 0.2673 0.4461 0.2261 0.054
H(8B) 8f 0.2576 0.3040 0.2525 0.054
H(9A) 8f 0.2283 0.4477 0.3639 0.049
H(9B) 8f 0.1861 0.5018 0.2950 0.049
H(10A) 8f 0.1574 0.2721 0.2892 0.049
H(10B) 8f 0.1827 0.2719 0.3860 0.049
H(11) 8f 0.0977 0.2403 0.4614 0.044
H(12A) 8f 0.0170 0.4184 0.4165 0.060
H(12B) 8f 0.0507 0.4192 0.5062 0.060
H(13A) 8f 0.0125 0.2277 0.5495 0.079
H(13B) 8f 00.0333 0.3250 0.5279 0.079
H(14A) 8f 00.0521 0.1254 0.4620 0.074
H(14B) 8f 00.0496 0.2321 0.3892 0.074
H(15A) 8f 00.0012 0.0601 0.3404 0.077
H(15B) 8f 0.0327 0.0576 0.4297 0.077
H(16A) 8f 0.0841 0.1520 0.3203 0.058
H(16B) 8f 0.0387 0.2504 0.2979 0.058
H(17A) 8f 0.0610 0.1808 00.2410 0.111
H(17B) 8f 0.0817 0.0959 00.3187 0.111
H(17C) 8f 0.1144 0.2153 00.2874 0.111

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: lishujinghuaxue@126.com)



320 Zn(C17H26N2O2)Cl2

Zn(1) 8f 0.15905(1) 0.50171(2) 0.10734(2) 0.0468(2) 0.0383(2) 0.0326(2) 0.0034(1) 00.0020(1) 00.00047(9)
Cl(1) 8f 0.08295(2) 0.50684(5) 0.18661(4) 0.0431(3) 0.0577(3) 0.0409(3) 0.0054(2) 0.0003(2) 0.0050(2)
Cl(2) 8f 0.19581(3) 0.68995(6) 0.08635(4) 0.0743(4) 0.0539(3) 0.0616(4) 00.0206(3) 0.0001(3) 00.0009(3)
N(1) 8f 0.20743(6) 0.3650(2) 0.1547(1) 0.0319(8) 0.050(1) 0.0334(8) 0.0054(7) 0.0020(7) 0.0029(7)
N(2) 8f 0.11695(6) 0.3820(1) 0.3749(1) 0.0359(8) 0.0333(8) 0.0297(8) 00.0035(6) 00.0021(7) 00.0021(6)
O(1) 8f 0.14587(6) 0.4231(1) 00.00911(8) 0.0602(9) 0.0335(7) 0.0341(7) 0.0104(6) 00.0050(7) 00.0001(6)
O(2) 8f 0.12106(6) 0.0706(1) 00.2049(1) 0.073(1) 0.0403(8) 0.057(1) 00.0146(8) 00.0044(8) 00.0083(7)
C(1) 8f 0.18227(7) 0.2203(2) 0.0330(1) 0.034(1) 0.039(1) 0.041(1) 0.0068(8) 0.0029(9) 0.0044(8)
C(2) 8f 0.15371(7) 0.3019(2) 00.0263(1) 0.0307(9) 0.0325(9) 0.035(1) 0.0035(7) 0.0077(8) 0.0011(7)
C(3) 8f 0.13352(7) 0.2522(2) 00.1072(1) 0.036(1) 0.037(1) 0.039(1) 00.0029(8) 0.0040(9) 0.0018(8)
C(4) 8f 0.13941(8) 0.1257(2) 00.1282(1) 0.041(1) 0.036(1) 0.048(1) 00.0066(9) 0.008(1) 00.0040(9)
C(5) 8f 0.1661(1) 0.0443(2) 00.0690(2) 0.065(2) 0.031(1) 0.068(2) 0.005(1) 0.001(1) 00.005(1)
C(6) 8f 0.18717(9) 0.0918(2) 0.0076(2) 0.055(1) 0.041(1) 0.064(2) 0.014(1) 00.005(1) 0.006(1)
C(7) 8f 0.20897(8) 0.2579(2) 0.1145(1) 0.034(1) 0.047(1) 0.045(1) 0.0110(9) 0.0014(9) 0.008(1)
C(8) 8f 0.23999(8) 0.3830(2) 0.2366(1) 0.032(1) 0.065(1) 0.039(1) 00.0004(9) 00.0023(9) 0.002(1)
C(9) 8f 0.20555(8) 0.4260(2) 0.3130(1) 0.036(1) 0.051(1) 0.035(1) 00.0075(9) 00.0022(8) 00.0026(9)
C(10) 8f 0.16629(8) 0.3252(2) 0.3403(1) 0.041(1) 0.040(1) 0.042(1) 00.0008(9) 0.0080(9) 00.0022(9)
C(11) 8f 0.07851(7) 0.2906(2) 0.4160(1) 0.035(1) 0.038(1) 0.037(1) 00.0023(8) 00.0005(9) 0.0076(8)
C(12) 8f 0.03508(8) 0.3649(2) 0.4604(2) 0.041(1) 0.057(1) 0.052(1) 00.008(1) 0.010(1) 00.014(1)
C(13) 8f 00.00497(9) 0.2757(3) 0.5020(2) 0.050(1) 0.084(2) 0.064(2) 00.010(1) 0.017(1) 00.004(1)
C(14) 8f 00.02862(9) 0.1848(2) 0.4330(2) 0.046(1) 0.055(1) 0.085(2) 00.012(1) 0.011(1) 0.011(1)
C(15) 8f 0.0147(1) 0.1129(2) 0.3869(2) 0.059(2) 0.040(1) 0.095(2) 00.012(1) 0.010(1) 00.000(1)
C(16) 8f 0.05563(9) 0.2016(2) 0.3456(2) 0.047(1) 0.036(1) 0.062(1) 00.0067(9) 0.006(1) 00.010(1)
C(17) 8f 0.0922(1) 0.1469(2) 00.2682(2) 0.100(2) 0.062(2) 0.059(2) 00.021(2) 00.018(2) 00.005(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Abstract

C13H12ClNO, monoclinic, P21 (no. 4), a = 5.442(2) Å,
b = 14.935(5) Å, c = 6.931(2) Å, / = 99.016(8)°, V = 556.4 Å3,
Z = 2, Rgt(F) = 0.057, wRref(F

2) = 0.131, T = 200 K.

Source of material

To a solution of acridine (0.201 g, 1.12 mmol) in acetone (20 ml)
were added five drops of hydrochloric acid (37%) and stirred for
5 min at room temperature. The formed precipitate was separated
by filtration, washed with ether and dried under vacuum, to give a
yellow powder (0.232 g). Crystals suitable for X-ray diffraction
analysis were obtained by slow evaporation from a CH3CN solu-
tion.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å and Uiso(H) =
1.2 Ueq(C). The H atoms at the N and O atoms were located from
Fourier difference maps and refined isotropically: d(N—H) =

0.87(5) Å and d(O—H) = 0.91(5) Å and 0.94(7) Å. The highest
peak (0.42 e·Å–3) and the deepest hole (–0.47 e·Å–3) in the differ-
ence Fourier map are located 1.03 Å and 0.80 Å from the Cl1
atom, respectively. The Flack parameter is 0.33(11) in the refine-
ment. Because the compound is a weak anomalous scatterer, the
parameter is meaningless and the absolute crystal structure can-
not be determined reliably.

Discussion

The title compound consists of a protonated acridinium cation, a
Cl– anion and a solvent water molecule (figure, top). In the crystal
structure, the component ions and the water molecule interact by
means of intermolecular N–H···Cl and O–H···Cl hydrogen bonds
with d(N···Cl) = 3.095(4) Å and d(O···Cl) = 3.234(4) Å and
3.233(4) Å, forming chains along [100] (figure, bottom). The
nearly planar cations are arranged in a V-shaped packing pattern
along [001] and stacked in columns along [100]. In the columns,
numerous intermolecular #-# interactions between adjacent six-
membered rings are present. The centroid-centroid distance
between Cg1 (the centroid of ring C1-C6) and Cg2i (ring C8-C13,
symmetry code i: x,y,z–1) is 3.937(3) Å, and the dihedral angle
between the ring planes is 1.1(2)°.
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Crystal: yellow block, size 0.06 × 0.25 × 0.28 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 3.19 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 56.58°
N(hkl)measured, N(hkl)unique: 4131, 2719
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1755
N(param)refined: 157
Programs: SHELXS-97, SHELXL-97 [1],

ORTEP-3 [2], PLATON [3]

Table 1. Data collection and handling.

H(1) 2a 1.07(1) 0.261(3) 0.945(7) 0.07(2)
H(2) 2a 1.1718 0.3426 0.6715 0.038
H(3) 2a 1.0623 0.4593 0.4549 0.045
H(4) 2a 0.7275 0.5542 0.4878 0.048
H(5) 2a 0.5094 0.5367 0.7439 0.044
H(7) 2a 0.4421 0.4491 1.0412 0.034
H(9) 2a 0.3717 0.3575 1.3311 0.043
H(10) 2a 0.4891 0.2363 1.5336 0.046
H(11) 2a 0.8240 0.1462 1.4842 0.045
H(12) 2a 1.0397 0.1721 1.2303 0.037
H(1A) 2a 0.697(9) 0.077(3) 0.850(6) 0.05(1)
H(1B) 2a 0.99(1) 0.074(4) 0.842(7) 0.08(2)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
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322 [C13H10N]Cl · H2O

Cl(1) 2a 0.3383(2) 0.15989(8) 0.8646(1) 0.0360(5) 0.0374(5) 0.0391(5) 0.0025(6) 0.0098(4) 00.0031(6)
N(1) 2a 0.9580(7) 0.2989(2) 0.9686(5) 0.027(2) 0.030(2) 0.029(2) 0.003(2) 0.005(2) 00.002(2)
C(1) 2a 0.8988(7) 0.3672(3) 0.8407(5) 0.023(2) 0.023(2) 0.025(2) 00.004(2) 00.000(2) 00.001(2)
C(2) 2a 1.0365(8) 0.3808(3) 0.6865(6) 0.030(2) 0.036(2) 0.029(2) 00.003(2) 0.005(2) 00.003(2)
C(3) 2a 0.9711(9) 0.4499(3) 0.5593(6) 0.040(3) 0.040(3) 0.033(3) 00.009(2) 0.006(2) 0.004(2)
C(4) 2a 0.7713(9) 0.5075(3) 0.5798(6) 0.049(3) 0.031(3) 0.035(3) 00.009(2) 00.005(2) 0.008(2)
C(5) 2a 0.6413(9) 0.4967(3) 0.7300(7) 0.040(3) 0.026(2) 0.042(3) 0.003(2) 0.000(2) 00.001(2)
C(6) 2a 0.7013(8) 0.4257(3) 0.8674(6) 0.032(2) 0.024(2) 0.028(2) 00.005(2) 0.003(2) 00.002(2)
C(7) 2a 0.5744(7) 0.4102(3) 1.0224(6) 0.025(2) 0.025(2) 0.033(2) 00.004(2) 00.001(2) 00.010(2)
C(8) 2a 0.6351(8) 0.3396(3) 1.1513(5) 0.027(2) 0.031(2) 0.025(2) 00.003(2) 0.002(2) 00.007(2)
C(9) 2a 0.5067(9) 0.3207(3) 1.3085(7) 0.035(3) 0.038(3) 0.035(3) 00.004(2) 0.010(2) 00.009(2)
C(10) 2a 0.5769(9) 0.2492(3) 1.4287(6) 0.047(3) 0.041(3) 0.030(2) 00.018(2) 0.014(2) 00.005(2)
C(11) 2a 0.7769(8) 0.1948(3) 1.3980(6) 0.041(3) 0.035(3) 0.034(3) 00.004(2) 0.002(2) 0.001(2)
C(12) 2a 0.9049(8) 0.2098(3) 1.2488(6) 0.030(2) 0.029(2) 0.032(2) 00.003(2) 0.003(2) 0.003(2)
C(13) 2a 0.8358(7) 0.2822(3) 1.1212(5) 0.025(2) 0.027(2) 0.023(2) 00.002(2) 0.002(2) 00.004(2)
O(1) 2a 0.8319(8) 0.0439(2) 0.8322(5) 0.037(2) 0.044(2) 0.072(3) 00.003(2) 0.019(2) 00.007(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Crystal structure of (acridine)dichloro(dimethyl sulfoxide-)S)-

palladium(II) — dimethyl sulfoxide (1:2),

PdCl2(C13H9N)(C2H6SO) · 2C2H6SO
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Abstract

C19H27Cl2NO3PdS3, triclinic, P1 (no. 2), a = 9.6245(6) Å,
b = 10.9445(6) Å, c = 12.7679(7) Å, 0 = 101.015(1)°,
/ = 111.510(1)°, . = 93.545(1)°, V = 1215.3 Å3, Z = 2,
Rgt(F) = 0.046, wRref(F

2) = 0.107, T = 200 K.

Source of material

To a solution of Na2PdCl4 (0.2014 g, 0.685 mmol) in H2O (20 ml)
was added acridine (acr, 0.2561 g, 1.429 mmol), and the mixture
was refluxed for 7 h. The precipitate was then separated by filtra-
tion, washed with acetone and pentane, and dried at 50 °C, to give
a yellow powder (0.3369 g). Crystals suitable for X-ray diffrac-
tion analysis were obtained by slow evaporation from a dimethyl
sulfoxide (DMSO) solution at 90 °C.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å (CH) or 0.98 Å
(CH3) and Uiso(H) = 1.2 Ueq(C) or 1.5 Ueq(Cmethyl). The highest
peak (0.87 e Å–3) and the deepest hole (–0.83 e Å–3) in the differ-
ence Fourier map are located 1.11 Å and 0.83 Å from the Pd1
atom, respectively.

Discussion

Single crystals of the title compound were obtained from a
dimethyl sulfoxide solution of [PdCl2(acr)2]. It seems that an
acridine ligand of the complex [PdCl2(acr)2] was replaced by a
DMSO molecule during crystallization, whereas the analogous Pt

complex [PtCl2(acr)2] crystallized without substitution from a
DMSO solution at 80 °C [1]. It was previously reported that sin-
gle crystals of the complex [PdCl2(acr)(CH3)2NH] were acquired
from an N,N-dimethylformamide solution of the Pd complex
[PdCl2(acr)2] at 50 °C [2].
The title compound consists of a neutral Pd(II) complex and two
DMSO solvent molecules. In the complex, the Pd(II) ion is four-
coordinated in a slightly distorted square-planar environment by
one N atom from an acridine ligand, one S atom of the DMSO
molecule and two chloride ions. The Cl atoms are in trans confor-
mation with respect to each other (.Cl1–Pd1–Cl2 = 176.46(6)°)
and almost perpendicular to the nearly planar acridine ligand,
with the bond angles .N1–Pd1–Cl1 = 88.6(1)° and
.N1–Pd1–Cl2 = 89.7(1)°. In the crystal structure, the complex
and the solvent molecules are linked by C–H···O and C–H···Cl
hydrogen bonds with d(C···O) = 3.114(7) - 3.504(8) Å and
d(C···Cl) = 3.170(6) - 3.666(6) Å, forming a three-dimensional
network structure. In addition, several intermolecular #-# inter-
actions between adjacent six-membered rings are present. The
shortest distance between Cg1 (the centroid of ring N1-C13) and
Cg1i (symmetry code i: 1–x,1–y,1–z) is 3.769(3) Å; the ring
planes are parallel and shifted by 1.400 Å.
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Crystal: yellow block, size 0.06 × 0.12 × 0.24 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 12.61 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 51.96°
N(hkl)measured, N(hkl)unique: 7673, 4694
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3402
N(param)refined: 268
Programs: SHELXS-97, SHELXL-97 [3],

ORTEP-3 [4], PLATON [5]

Table 1. Data collection and handling.

H(2) 2i 0.0067 0.4407 0.3680 0.041
H(3) 2i 00.0336 0.6336 0.4519 0.049
H(4) 2i 0.1565 0.8100 0.5198 0.058
H(5) 2i 0.3744 0.7949 0.4883 0.051
H(7) 2i 0.5326 0.6643 0.4087 0.043
H(9) 2i 0.6816 0.5325 0.3191 0.050
H(10) 2i 0.7087 0.3399 0.2270 0.054
H(11) 2i 0.5189 0.1651 0.1749 0.053
H(12) 2i 0.3143 0.1838 0.2246 0.044

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* e-mail: hakwang@chonnam.ac.kr



324 PdCl2(C13H9N)(C2H6SO) · 2C2H6SO

Pd(1) 2i 0.08368(5) 0.22413(4) 0.27753(4) 0.0232(2) 0.0232(2) 0.0285(2) 0.0003(2) 0.0079(2) 0.0075(2)
Cl(1) 2i 00.0355(2) 0.2701(1) 0.1008(1) 0.0394(9) 0.0332(8) 0.0284(8) 00.0013(6) 0.0034(7) 0.0133(7)
Cl(2) 2i 0.1996(2) 0.1897(1) 0.4595(1) 0.043(1) 0.0408(9) 0.0322(9) 00.0092(7) 00.0018(7) 0.0159(7)
S(1) 2i 00.0891(2) 0.0516(1) 0.2224(1) 0.0227(7) 0.0203(7) 0.0341(8) 0.0015(5) 0.0125(6) 0.0056(6)
O(1) 2i 00.2373(4) 0.0796(3) 0.2205(4) 0.030(2) 0.031(2) 0.066(3) 0.001(2) 0.027(2) 0.001(2)
N(1) 2i 0.2408(5) 0.3849(4) 0.3231(4) 0.024(2) 0.014(2) 0.026(2) 00.001(2) 0.009(2) 0.005(2)
C(1) 2i 0.2172(6) 0.4975(5) 0.3739(5) 0.033(3) 0.030(3) 0.027(3) 0.003(3) 0.009(3) 0.012(3)
C(2) 2i 0.0823(7) 0.5116(5) 0.3917(5) 0.039(4) 0.033(3) 0.030(3) 00.001(3) 0.012(3) 0.013(3)
C(3) 2i 0.0590(8) 0.6254(5) 0.4424(5) 0.056(4) 0.025(3) 0.040(4) 0.006(3) 0.021(3) 0.000(3)
C(4) 2i 0.1719(9) 0.7319(6) 0.4812(5) 0.092(6) 0.027(3) 0.032(4) 0.012(4) 0.033(4) 0.001(3)
C(5) 2i 0.3006(8) 0.7225(5) 0.4635(5) 0.060(5) 0.029(3) 0.038(4) 00.007(3) 0.020(4) 0.006(3)
C(6) 2i 0.3287(6) 0.6055(5) 0.4080(5) 0.031(3) 0.026(3) 0.023(3) 00.003(2) 0.004(3) 0.006(2)
C(7) 2i 0.4572(7) 0.5932(5) 0.3855(5) 0.039(4) 0.029(3) 0.030(3) 00.010(3) 0.002(3) 0.016(3)
C(8) 2i 0.4781(6) 0.4790(5) 0.3297(5) 0.021(3) 0.029(3) 0.034(3) 00.005(2) 0.002(3) 0.014(3)
C(9) 2i 0.6063(7) 0.4625(6) 0.2999(6) 0.031(4) 0.045(4) 0.050(4) 00.003(3) 0.015(3) 0.020(3)
C(10) 2i 0.6223(7) 0.3495(6) 0.2453(6) 0.028(4) 0.055(4) 0.065(5) 0.011(3) 0.024(3) 0.028(4)
C(11) 2i 0.5087(7) 0.2443(6) 0.2151(6) 0.033(4) 0.038(4) 0.062(5) 0.006(3) 0.019(3) 0.012(3)
C(12) 2i 0.3866(6) 0.2559(5) 0.2431(5) 0.026(3) 0.027(3) 0.056(4) 0.000(3) 0.014(3) 0.008(3)
C(13) 2i 0.3650(6) 0.3718(5) 0.2987(5) 0.025(3) 0.027(3) 0.034(3) 0.007(2) 0.009(3) 0.013(3)
C(14) 2i 00.1111(7) 00.0401(5) 0.0860(5) 0.037(4) 0.026(3) 0.036(4) 0.004(3) 0.011(3) 0.002(3)
C(15) 2i 00.0286(8) 00.0579(5) 0.3081(5) 0.056(4) 0.029(3) 0.033(4) 0.007(3) 0.008(3) 0.014(3)
S(2) 2i 0.6435(2) 0.1514(2) 0.8159(2) 0.035(1) 0.0388(9) 0.073(1) 0.0015(8) 0.0121(9) 0.0190(9)
O(2) 2i 0.7437(5) 0.0518(4) 0.8228(4) 0.044(3) 0.047(3) 0.057(3) 0.010(2) 0.013(2) 00.002(2)
C(16) 2i 0.5652(8) 0.1488(6) 0.9220(6) 0.035(4) 0.049(4) 0.070(5) 0.010(3) 0.010(4) 0.006(4)
C(17) 2i 0.4740(9) 0.0897(8) 0.6928(7) 0.053(5) 0.110(7) 0.072(6) 00.009(5) 0.000(4) 0.057(6)
S(3) 2i 0.7909(2) 0.5714(1) 0.1256(2) 0.0387(9) 0.0323(8) 0.046(1) 0.0063(7) 0.0206(8) 0.0101(7)
O(3) 2i 0.7243(5) 0.6884(4) 0.1475(4) 0.051(3) 0.042(3) 0.074(4) 0.014(2) 0.030(3) 0.003(3)
C(18) 2i 0.9762(7) 0.6188(5) 0.1350(5) 0.040(4) 0.034(3) 0.044(4) 0.004(3) 0.015(3) 0.012(3)
C(19) 2i 0.7076(8) 0.5083(7) 00.0272(6) 0.047(4) 0.061(5) 0.046(4) 0.008(4) 0.008(4) 0.003(4)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(14A) 2i 00.1824 00.1167 0.0668 0.052
H(14B) 2i 00.0132 00.0629 0.0886 0.052
H(14C) 2i 00.1499 0.0084 0.0270 0.052
H(15A) 2i 00.0135 00.0200 0.3882 0.062
H(15B) 2i 0.0667 00.0819 0.3054 0.062
H(15C) 2i 00.1053 00.1327 0.2785 0.062
H(16A) 2i 0.5147 0.0638 0.9100 0.083
H(16B) 2i 0.4917 0.2080 0.9150 0.083
H(16C) 2i 0.6459 0.1731 0.9993 0.083

Table 2. Continued.

Atom Site x y z Uiso

H(17A) 2i 0.4961 0.0758 0.6227 0.122
H(17B) 2i 0.4014 0.1495 0.6878 0.122
H(17C) 2i 0.4310 0.0096 0.7000 0.122
H(18A) 2i 0.9703 0.6653 0.0754 0.059
H(18B) 2i 1.0249 0.5442 0.1231 0.059
H(18C) 2i 1.0354 0.6729 0.2116 0.059
H(19A) 2i 0.5999 0.4794 00.0505 0.084
H(19B) 2i 0.7574 0.4373 00.0476 0.084
H(19C) 2i 0.7198 0.5736 00.0673 0.084

Table 2. Continued.

Atom Site x y z Uiso
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Abstract

C19H14Cl2N2O2Pt, monoclinic, C12/c1 (no. 15),
a = 26.276(5) Å, b = 8.056(1) Å, c = 19.944(3) Å,
/ = 121.309(3)°, V = 3606.8 Å3, Z = 8, Rgt(F) = 0.037,
wRref(F

2) = 0.086, T = 200 K.

Source of material

To a suspension of acridine (0.1792 g, 1.000 mmol) and pyridine-
2-carboxylic acid (0.1231 g, 1.000 mmol) in H2O (20 ml) was
added K2PtCl4 (0.4156 g, 1.001 mmol), and the mixture was
stirred at room temperature for 3 h. The formed precipitate was
separated by filtration, washed with H2O, EtOH and ether, and
dried at 50 °C, to give a yellow powder (0.4513 g). Crystals suit-
able for X-ray diffraction analysis were obtained by slow evapo-
ration from a CH3CN solution.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å, d(N—H) =
0.88 Å and Uiso(H) = 1.2Ueq(C, N). The highest peak (1.46 e·Å–3)
and the deepest hole (–2.10 e·Å–3) in the difference Fourier map
are located 0.96 Å and 0.95 Å from the atoms N1 and Pt1, respec-
tively.

Discussion

The crystal structure of the title compound consists of an
acridinium cation and an anionic Pt(II) complex. In the complex,
the Pt(II) ion has a distorted square-planar environment defined
by the N and O atoms from the chelating pyridine-2-carboxylate
anionic ligand and two Cl– anions. The tight N1–Pt1–O1 chelate
angle of 81.6(2)° results in non-linear trans arrangements
(+Cl1–Pt1–O1 = 176.6(2)° and +Cl2–Pt1–N1 = 172.4(2)°). Be-

cause the two Pt—Cl bond lengths are almost equal (2.286(2) Å
and 2.292(2) Å), the different trans effects of the O and N atoms
cannot be observed reliably. The Pt—O bond (2.035(5) Å) is
slightly longer than the Pt—N bond (2.002(6) Å). In the crystal
structure, the ions are linked by intermolecular N–H···O hydro-
gen bonding with d(N···O) = 2.792(9) Å. The acridinium and the
complex are located approximately parallel: the dihedral angle
between the cation and pyridyl ring planes is 5.2(4)°. There are
also numerous intermolecular #-# interactions between adjacent
six-membered rings. For Cg1 (the centroid of ring N2-C19) and
Cg2i (ring C14-C19; symmetry code i: –x,1–y,–z), the centroid-
centroid distance is 3.811(5) Å and the dihedral angle between the
ring planes is 1.9(4)°.
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Crystal: yellow block, size 0.09 × 0.15 × 0.16 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 80.93 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 56.58°
N(hkl)measured, N(hkl)unique: 12849, 4428
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2827
N(param)refined: 235
Programs: SHELXS-97, SHELXL-97 [1],

ORTEP-3 [2], PLATON [3]

Table 1. Data collection and handling.

H(1) 8f 0.2304 0.7466 0.2921 0.048
H(2) 8f 0.2145 0.6672 0.3922 0.053
H(3) 8f 0.1334 0.7755 0.3950 0.054
H(4) 8f 0.0659 0.9466 0.2929 0.051
H(2A) 8f 0.0250 0.7751 00.0593 0.047
H(8) 8f 0.0699 0.7830 00.1378 0.059
H(9) 8f 0.1533 0.7245 00.1428 0.067
H(10) 8f 0.2325 0.5770 00.0441 0.069
H(11) 8f 0.2320 0.4884 0.0659 0.061
H(13) 8f 0.1740 0.4590 0.1349 0.052
H(15) 8f 0.1170 0.4465 0.2031 0.058
H(16) 8f 0.0344 0.5287 0.2079 0.058
H(17) 8f 00.0377 0.7001 0.1111 0.054
H(18) 8f 00.0324 0.7881 0.0045 0.049

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* e-mail: hakwang@chonnam.ac.kr



326 [C13H10N][PtCl2(C6H4NO2)]

Pt(1) 8f 0.16636(1) 0.97934(3) 0.14687(2) 0.0332(2) 0.0331(2) 0.0323(2) 00.0021(1) 0.0176(1) 0.0013(1)
Cl(1) 8f 0.25548(9) 0.8535(2) 0.1856(1) 0.038(1) 0.058(1) 0.049(1) 0.0054(9) 0.026(1) 0.007(1)
Cl(2) 8f 0.16119(9) 1.0930(3) 0.0382(1) 0.052(1) 0.064(1) 0.044(1) 0.003(1) 0.029(1) 0.015(1)
O(1) 8f 0.0876(2) 1.0874(6) 0.1185(3) 0.046(4) 0.045(3) 0.049(4) 0.013(3) 0.026(3) 0.015(3)
O(2) 8f 0.0239(3) 1.1127(6) 0.1594(4) 0.051(4) 0.057(3) 0.090(5) 0.028(3) 0.045(4) 0.021(3)
N(1) 8f 0.1604(3) 0.8941(6) 0.2369(3) 0.031(4) 0.033(3) 0.029(4) 00.006(3) 0.013(3) 00.003(3)
C(1) 8f 0.1970(3) 0.7896(9) 0.2930(4) 0.034(5) 0.045(4) 0.034(5) 00.001(4) 0.014(4) 0.008(4)
C(2) 8f 0.1878(4) 0.7417(9) 0.3526(5) 0.044(5) 0.058(5) 0.027(5) 00.001(4) 0.015(4) 0.012(4)
C(3) 8f 0.1396(4) 0.804(1) 0.3535(5) 0.053(6) 0.061(5) 0.028(5) 00.014(4) 0.026(5) 00.003(4)
C(4) 8f 0.1003(4) 0.9062(9) 0.2941(5) 0.043(5) 0.045(4) 0.046(6) 00.002(4) 0.027(5) 00.012(4)
C(5) 8f 0.1113(3) 0.9499(8) 0.2365(5) 0.046(5) 0.035(4) 0.035(5) 00.002(3) 0.026(4) 00.004(3)
C(6) 8f 0.0707(4) 1.0579(9) 0.1684(5) 0.046(6) 0.040(4) 0.054(6) 00.001(4) 0.028(5) 0.005(4)
N(2) 8f 0.0536(3) 0.7148(6) 00.0220(4) 0.034(4) 0.034(3) 0.053(5) 0.003(3) 0.025(4) 00.001(3)
C(7) 8f 0.1006(3) 0.6742(8) 00.0292(5) 0.042(5) 0.025(3) 0.059(6) 0.000(3) 0.034(5) 00.005(4)
C(8) 8f 0.1024(4) 0.7249(9) 00.0960(5) 0.060(6) 0.045(4) 0.062(6) 0.011(4) 0.045(6) 0.012(4)
C(9) 8f 0.1513(4) 0.689(1) 00.0988(6) 0.076(7) 0.048(5) 0.071(7) 0.006(5) 0.057(7) 00.003(5)
C(10) 8f 0.1991(4) 0.601(1) 00.0394(6) 0.052(6) 0.048(5) 0.091(8) 0.002(4) 0.050(6) 00.015(5)
C(11) 8f 0.1989(4) 0.5471(9) 0.0254(6) 0.038(5) 0.046(5) 0.071(7) 0.004(4) 0.030(5) 00.011(4)
C(12) 8f 0.1482(3) 0.5808(8) 0.0312(5) 0.035(5) 0.028(4) 0.063(6) 00.003(3) 0.028(5) 00.006(4)
C(13) 8f 0.1435(3) 0.5258(8) 0.0951(5) 0.032(5) 0.038(4) 0.045(5) 0.005(3) 0.010(4) 00.005(4)
C(14) 8f 0.0941(3) 0.5694(8) 0.0996(5) 0.038(5) 0.031(4) 0.037(5) 00.006(3) 0.017(4) 00.005(3)
C(15) 8f 0.0876(4) 0.5156(9) 0.1631(5) 0.056(6) 0.040(4) 0.037(5) 00.004(4) 0.016(4) 00.003(4)
C(16) 8f 0.0388(4) 0.564(1) 0.1658(5) 0.054(6) 0.056(5) 0.039(5) 00.013(4) 0.026(5) 00.009(4)
C(17) 8f 00.0048(4) 0.6665(9) 0.1069(5) 0.034(5) 0.057(5) 0.050(6) 00.001(4) 0.026(5) 00.005(4)
C(18) 8f 00.0022(3) 0.7197(9) 0.0438(5) 0.031(5) 0.044(4) 0.048(6) 0.000(3) 0.020(4) 00.011(4)
C(19) 8f 0.0482(3) 0.6679(8) 0.0393(5) 0.033(5) 0.033(4) 0.033(5) 00.009(3) 0.015(4) 00.007(3)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Crystal structure of N,N'-bis(3-ethoxy-2-hydroxybenzylidene)-

octane-1,8-diamine, C26H36N2O4
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Abstract

C26H36N2O4, triclinic, P1 (no. 2), a = 6.905(1) Å,
b = 6.910(1) Å, c = 12.981(2) Å, 0 = 90.123(4)°,
/ = 101.625(4)°, . = 101.530(4)°, V = 593.8 Å3, Z = 1,
Rgt(F) = 0.059, wRref(F

2) = 0.176, T = 200 K.

Source of material

1,8-Diaminooctane (1.0098 g, 7.000 mmol) and 3-ethoxy-
salicylaldehyde (2.3266 g, 14.001 mmol) in EtOH (20 ml) were
stirred for 5 h at room temperature. After addition of pentane
(30 ml) to the reaction mixture, the formed precipitate was sepa-
rated by filtration, washed with ether, and dried at 50 ,C, to give a
yellow powder (2.7674 g). Crystals suitable for X-ray diffraction
analysis were obtained by slow evaporation from a CH3CN solu-
tion.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å (CH), 0.99 Å
(CH2) or 0.98 Å (CH3) and Uiso(H) = 1.2Ueq(C) or 1.5Ueq(Cmethyl).
The hydroxy H atom was located from Fourier difference maps
and refined isotropically: d(O—H) = 0.89(3) Å. The highest peak
(0.38 e·Å–3) and the deepest hole (–0.23 e·Å–3) in the difference
Fourier map are located 1.29 Å and 0.91 Å from the atoms O1 and
C1, respectively.

Discussion

The title compound is a tetradentate Schiff-base, which can act as
a dibasic ligand, i.e. the N and O donor atoms can coordinate one
or two metal ions. The compound crystallizes in the same space
group as the analogous compounds with propylene chain

(C21H26N2O4) [1] and butylene chain (C22H28N2O4) [2], whereas
the analogous Schiff-base with ethylene group (C20H24N2O4)
crystallizes in the monoclinic space group C2/c [3]. A center of
inversion is located at the centroid of the title molecule, and there-
fore the asymmetric unit contains one half of the molecule, and
the two benzene rings are exactly parallel. In the crystal structure,
the ethoxy group is located approximately parallel to the carrier
benzene ring. The N—C bond lengths and the C–N–C bond angle
indicate that the imino N1 atom is sp2-hybridized with d(N1=C9)
= 1.270(3) Å, d(N1—C10) = 1.468(3) Å and .C9–N1–C10 =
121.1(2)°. The Schiff-base displays strong intramolecular
O–H$$$N hydrogen bonding between the hydroxy O atom and the
imino N atom with d(O1$$$N1) = 2.575(3) Å thus forming a nearly
planar six-membered ring. There are also weak intermolecular
C–H$$$O hydrogen bonds with d(C$$$4! 2 )/*)&")! Å. The torsion
angles for the four atoms within the diiminooctylene chain indi-
cate that the chain is almost perfectly in the anti conformation
with .N1–C10–C11–C12 = 179.6(2)°, .C10–C11–C12–C13 =
–179.8(2)° and .C11–C12–C13–C13i = 178.5(3)° (symmetry
code i: 1–x,2–y,–z).
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Crystal: yellow block, size 0.14 × 0.24 × 0.40 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 0.83 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 52°
N(hkl)measured, N(hkl)unique: 3645, 2303
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1514
N(param)refined: 150
Programs: SHELXS-97, SHELXL-97 [4],

ORTEP-3 [5], PLATON [6]

Table 1. Data collection and handling.

_____________
* e-mail: hakwang@chonnam.ac.kr

H(1) 2i 0.891(5) 0.315(5) 0.239(3) 0.07(1)
H(4) 2i 1.2818 00.1797 0.4069 0.041
H(5) 2i 1.5514 0.0040 0.3413 0.045
H(6) 2i 1.5075 0.2784 0.2437 0.041
H(7A) 2i 1.0172 00.2662 0.5007 0.043
H(7B) 2i 0.9641 00.3849 0.3886 0.043
H(8A) 2i 0.6702 00.2843 0.4945 0.068
H(8B) 2i 0.7100 00.5031 0.4836 0.068
H(8C) 2i 0.6153 00.3977 0.3815 0.068
H(9) 2i 1.2966 0.5151 0.1666 0.039

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso



O(1) 2i 0.8686(2) 0.2066(3) 0.2756(1) 0.0283(9) 0.042(1) 0.051(1) 0.0161(7) 0.0116(7) 0.0183(8)
O(2) 2i 0.9083(2) 00.1104(2) 0.3800(1) 0.0320(9) 0.0354(9) 0.049(1) 0.0115(7) 0.0129(7) 0.0171(7)
N(1) 2i 1.0187(3) 0.4985(3) 0.1734(2) 0.036(1) 0.034(1) 0.039(1) 0.0141(9) 0.0084(9) 0.0111(9)
C(1) 2i 1.2130(3) 0.2659(3) 0.2522(2) 0.031(1) 0.035(1) 0.030(1) 0.013(1) 0.0068(9) 0.0050(9)
C(2) 2i 1.0519(3) 0.1573(3) 0.2907(2) 0.025(1) 0.034(1) 0.031(1) 0.0115(9) 0.0038(9) 0.0039(9)
C(3) 2i 1.0779(3) 00.0123(3) 0.3479(2) 0.028(1) 0.032(1) 0.032(1) 0.0058(9) 0.008(1) 0.0037(9)
C(4) 2i 1.2636(3) 00.0671(3) 0.3671(2) 0.032(1) 0.034(1) 0.038(1) 0.012(1) 0.005(1) 0.009(1)
C(5) 2i 1.4243(4) 0.0423(3) 0.3282(2) 0.031(1) 0.040(1) 0.044(2) 0.013(1) 0.006(1) 0.009(1)
C(6) 2i 1.3983(4) 0.2056(3) 0.2709(2) 0.030(1) 0.036(1) 0.038(1) 0.009(1) 0.012(1) 0.009(1)
C(7) 2i 0.9198(4) 00.2918(3) 0.4325(2) 0.040(1) 0.027(1) 0.043(1) 0.009(1) 0.010(1) 0.010(1)
C(8) 2i 0.7105(4) 00.3766(4) 0.4495(2) 0.041(2) 0.036(1) 0.060(2) 0.006(1) 0.014(1) 0.015(1)
C(9) 2i 1.1857(3) 0.4415(3) 0.1922(2) 0.030(1) 0.036(1) 0.034(1) 0.008(1) 0.008(1) 0.008(1)
C(10) 2i 0.9961(4) 0.6763(3) 0.1143(2) 0.042(1) 0.030(1) 0.037(1) 0.015(1) 0.007(1) 0.012(1)
C(11) 2i 0.7806(4) 0.7036(3) 0.1005(2) 0.039(1) 0.033(1) 0.044(2) 0.013(1) 0.007(1) 0.012(1)
C(12) 2i 0.7395(3) 0.8853(3) 0.0407(2) 0.038(1) 0.030(1) 0.037(1) 0.014(1) 0.005(1) 0.009(1)
C(13) 2i 0.5229(4) 0.9082(3) 0.0286(2) 0.040(1) 0.032(1) 0.044(1) 0.013(1) 0.009(1) 0.012(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

328 C26H36N2O4
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Crystal structure of bis(pentane-2,4-dionato-)2
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Abstract

C10H14O4Pt, triclinic, P1 (no. 2), a = 5.7236(7) Å,
b = 7.0751(9) Å, c = 7.942(1) Å, 0 = 81.001(2)°,
/ = 70.010(2)°, . = 66.231(2)°, V = 276.5 Å3, Z = 1,
Rgt(F) = 0.029, wRref(F

2) = 0.070, T = 200 K.

Source of material

The title compound bis(pentane-2,4-dionato-)2O,O')plati-
num(II) was purchased from Aldrich chemicals and used as re-
ceived. Crystals suitable for X-ray diffraction analysis were

obtained by slow evaporation from a mixture of MeOH and
CH3CN solution.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å (CH) or 0.98 Å
(CH3) and Uiso(H) = 1.2Ueq(C) or 1.5Ueq(Cmethyl). The highest
peak (1.79 e·Å–3) and the deepest hole (-1.71 e·Å–3) in the differ-
ence Fourier map are located 1.04 Å and 0.99 Å from the Pt1
atom, respectively.

Discussion

In the title complex, the Pt(II) ion is four-coordinated by O atoms
from two chelating pentane-2,4-dionate (acetylacetonate, acac)
anionic ligands in a slightly distorted square-planar manner (fig-
ure, top). The Pt atom is located on an inversion center, and there-
fore the asymmetric unit contains one half of the complex and the
PtO4 moiety is exactly planar. The O1–Pt1–O2 chelate angle of
96.0(2)° contributes the distortion of square. The Pt—O and
O—C bond lengths are almost equivalent (d(Pt—O) = 1.981(5) Å
and 1.982(5) Å; d(O—C) = 1.291(9) Å and 1.290(9) Å. On the ba-
sis of the bond lengths d(C2—C3) = 1.39(1)Å and d(C3—C4) =
1.38(1) Å, the negative charge of the anionic ligand appears to be
delocalized over the five atoms O1, C2, C3, C4 and O2. In the
crystal structure, the acac ligand is coordinated to the Pt atom
nearly symmetrical, to form a practically planar six-membered
ring (Pt1-O2) with a maximum deviation of 0.006(3) Å from
least-squares plane. The planar complexes are stacked in columns
parallel to the (110) plane (figure, bottom).
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Crystal: yellow plate, size 0.07 × 0.13 × 0.30 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 126.76 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 52.02°
N(hkl)measured, N(hkl)unique: 1691, 1036
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1035
N(param)refined: 72
Programs: SHELXS-97, SHELXL-97[1],

ORTEP-3 [2], PLATON [3]

Table 1. Data collection and handling.

_____________
* e-mail: hakwang@chonnam.ac.kr



330 C10H14O4Pt

Pt(1) 1a 0 0 0 0.0293(2) 0.0292(3) 0.0190(2) 00.0176(2) 00.0094(1) 0.0023(2)
O(1) 2i 0.180(1) 0.1735(8) 00.1687(6) 0.040(3) 0.025(3) 0.023(2) 00.019(2) 00.012(2) 0.000(2)
O(2) 2i 0.058(1) 0.0591(8) 0.2152(6) 0.036(2) 0.032(3) 0.023(2) 00.021(2) 00.013(2) 0.006(2)
C(1) 2i 0.425(2) 0.390(1) 00.265(1) 0.045(4) 0.045(5) 0.028(4) 00.029(4) 00.011(3) 0.007(3)
C(2) 2i 0.287(1) 0.275(1) 00.117(1) 0.030(3) 0.024(4) 0.033(4) 00.015(3) 00.013(3) 0.003(3)
C(3) 2i 0.291(1) 0.278(1) 0.056(1) 0.035(3) 0.027(4) 0.031(4) 00.018(3) 00.014(3) 00.002(3)
C(4) 2i 0.184(1) 0.178(1) 0.207(1) 0.028(3) 0.034(5) 0.027(4) 00.013(3) 00.010(3) 00.007(3)
C(5) 2i 0.215(2) 0.199(1) 0.383(1) 0.044(4) 0.046(5) 0.027(4) 00.028(4) 00.013(3) 00.003(3)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(5A) 2i 0.0773 0.1656 0.4815 0.051
H(5B) 2i 0.1934 0.3418 0.3940 0.051
H(5C) 2i 0.3931 0.1049 0.3875 0.051

Table 2. Continued.

Atom Site x y z Uiso

H(1A) 2i 0.4226 0.3589 00.3804 0.055
H(1B) 2i 0.6108 0.3484 00.2667 0.055
H(1C) 2i 0.3305 0.5389 00.2448 0.055
H(3) 2i 0.3793 0.3589 0.0726 0.033

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso
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Abstract

C17H19CdN2O8.5S3, triclinic, P1 (no. 2), a = 7.3730(7) Å,
b = 9.920(1) Å, c = 15.228(2) Å, 0 = 79.474(1)°,
/ = 89.189(1)°, . = 81.344(1)°, V = 1082.4 Å3, Z = 2,
Rgt(F) = 0.027, wRref(F

2) = 0.077, T = 294 K.

Source of material

Cd(CH3COO)2 · 2H2O (0.5 mmol, 0.133 g), 5-sulfosalicylic acid
(H3ssa, 0.5 mmol, 0.109 g) and pyridine-4-thiol (HSpy,
1.0 mmol, 0.111 g) were dissolved in 20 mL H2O. Then the mixed
solution was sealed in a 25 mL Teflon-lined reactor and kept un-
der autogeneous pressure at 403 K for 5 days. After cooling to
room temperature at a rate of 279 K/h, colourless needle-like
crystals of the title compound suitable for X-ray diffraction were
obtained and collected (yield 108 mg, 36 %, based on Cd).

Experimental details

We refined the O9 atom, but the residual values were not reduced
by splitting it into two positions.

Discussion

In recent years, pyridine-4-thiol has aroused more and more at-
tention in coordination chemistry, not only because it is a better
bridging ligand in preparing structurally novel coordination com-
pounds, but also because its compounds display potential applica-
tion as anticancer [1], chemical switches [2], non-linear optical
[3], or luminescence material [4,5].
The crystal structure of the title compound is comprised of
Cd(C7H4O6S)(C5H5NS)2 complex and lattice water in a ratio 1 : 3.
The Cd(II) center is six-coordinated in an elongated CdO2S4 octa-
hedral configuration formed by two carboxylate O atoms (O1,
O2) of one bidentate chelate 5-sulfosalicylate dianion (Hssa) and
four S atoms (S2, S3, S2A, S3B) of four different 4-thiolato-

pyridinium (SpyH) (symmetry codes A: 1–x,–y,1–z; B: 2–x,–y,
1–z). The S2A, S3B atoms occupy the axial positions, while the
O1, O2, S2, S3 atoms define the equatorial plane. The Cd(II) ion
deviates from the equatorial least-squares plane O1/O2/S2/S3 by
about 0.090 Å towards S2A. The N atoms of HSpy are protonated
and thus forms SpyH ligands. Each SpyH ligand acts as a %2-
bridging one, interlinking two adjacent Cd(II) ions. Thus a Cd2S2

parallelogram is formed between face-to-face arranged Cd(II)
ions and SpyH ligands. The dihedral angle between the neigh-
bouring parallelograms is 62.5°. Through the %2-bridging func-
tion of SpyH ligands a zigzag chain of the title complexes forms
along [100]. The neighbouring Cd···Cd distances are 4.097 Å
(Cd1···Cd1A) and 3.916 Å (Cd1A···Cd1B), respectively. The
central Cd(II) ion is octahedrally coordinated. This is quite differ-
ent from the two other Cd(II) compounds of SpyH [6], because
the Cd(II) center ions of the latter adopt distorted tetrahedral co-
ordination. In addition, the sulfo group of Hssa ligand displays
positional disorder [occupancy 0.834(4):0.166(4)]. The partly
deprotonated Hssa ligand forms intramolecular O–H···O hydro-
gen bonds. Together with the intermolecular O–H···O, O–H···S,
N–H···O and N–H···S hydrogen bonding interactions among lat-
tice water, Hssa dianion and SpyH ligands, the zigzag chain struc-
ture is stabilized and further interconnected to a three-
dimensional supramolecular framework.
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Crystal: colorless needle,
size 0.19 × 0.21 × 0.25 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 13.52 cm01

Diffractometer, scan mode: Bruker APEX II CCD, */1
2"max: 51°
N(hkl)measured, N(hkl)unique: 8292, 3988
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3674
N(param)refined: 288
Programs: SHELXS-97, SHELXL-97, SHELXTL [7]

Table 1. Data collection and handling.

H(3) 2i 0.9459 0.4194 0.5612 0.077
H(1) 2i 0.4644 00.3767 0.8963 0.065
H(2) 2i 0.7332 00.1685 0.1406 0.062
H(3A) 2i 1.0185 0.6010 0.7150 0.046
H(4) 2i 0.9629 0.5387 0.8651 0.043
H(6) 2i 0.7306 0.2184 0.8159 0.037
H(8) 2i 0.3845 00.4840 0.7906 0.062
H(9) 2i 0.4363 00.3942 0.6444 0.051

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z Uiso



332 Cd(C7H4O6S)(C5H5NS)2 · 2.5H2O

Cd(1) 2i 0.74405(3) 0.05794(2) 0.52931(1) 0.0367(1) 0.0411(1) 0.0281(1) 00.0157(1) 0.00562(9) 00.01231(9)
S(1) 2i 0.8097(1) 0.3219(1) 0.97161(5) 0.0442(5) 0.0574(5) 0.0241(4) 00.0094(4) 0.0037(3) 00.0027(3)
S(2) 2i 0.5910(1) 00.16612(8) 0.55617(5) 0.0344(4) 0.0383(4) 0.0241(3) 00.0139(3) 0.0003(3) 00.0013(3)
S(3) 2i 0.9342(1) 0.10583(8) 0.38601(5) 0.0322(4) 0.0363(4) 0.0270(4) 00.0091(3) 0.0024(3) 00.0058(3)
O(1) 2i 0.6945(3) 0.1409(2) 0.6667(2) 0.044(1) 0.039(1) 0.046(1) 00.013(1) 0.001(1) 00.016(1)
O(2) 2i 0.8299(3) 0.2690(3) 0.5601(2) 0.061(2) 0.053(1) 0.030(1) 00.016(1) 0.002(1) 00.017(1)
O(3) 2i 0.9610(4) 0.4809(3) 0.5886(2) 0.083(2) 0.051(1) 0.027(1) 00.030(1) 0.013(1) 00.007(1)
O(4) 2i 0.834(4) 0.7194(5) 0.4489(3) 1.0024(2) 0.113(3) 0.060(2) 0.039(2) 00.009(2) 0.031(2) 00.017(2)
O(5) 2i 0.834 0.9870(4) 0.2739(4) 1.0142(2) 0.054(2) 0.128(4) 0.038(2) 00.010(2) 00.012(1) 0.017(2)
O(6) 2i 0.834 0.6891(4) 0.2196(3) 0.9839(2) 0.076(3) 0.075(2) 0.036(2) 00.032(2) 0.005(2) 00.000(2)
O(4’) 2i 0.166 0.6324(4) 0.3848(3) 0.9838(2) 0.113(3) 0.060(2) 0.039(2) 00.009(2) 0.031(2) 00.017(2)
O(6’) 2i 0.166 0.7898(5) 0.1587(3) 0.9723(2) 0.076(3) 0.075(2) 0.036(2) 00.032(2) 0.005(2) 00.000(2)
O(5’) 2i 0.166 0.9590(4) 0.3302(4) 1.0085(2) 0.054(2) 0.128(4) 0.038(2) 00.010(2) 00.012(1) 0.017(2)
N(1) 2i 0.4868(5) 00.3426(3) 0.8418(2) 0.066(2) 0.054(2) 0.034(2) 00.001(2) 0.017(1) 0.008(1)
N(2) 2i 0.7659(4) 00.1255(3) 0.1805(2) 0.050(2) 0.064(2) 0.044(2) 00.002(2) 00.014(1) 00.025(2)
C(1) 2i 0.8254(4) 0.3289(3) 0.7043(2) 0.030(1) 0.030(1) 0.028(1) 00.003(1) 0.001(1) 00.007(1)
C(2) 2i 0.9160(4) 0.4441(3) 0.6747(2) 0.039(2) 0.034(2) 0.025(1) 00.007(1) 0.003(1) 00.004(1)
C(3) 2i 0.9632(5) 0.5229(3) 0.7352(2) 0.049(2) 0.035(2) 0.034(2) 00.017(1) 0.005(1) 00.008(1)
C(4) 2i 0.9288(4) 0.4865(3) 0.8249(2) 0.042(2) 0.039(2) 0.031(2) 00.010(1) 00.000(1) 00.012(1)
C(5) 2i 0.8425(4) 0.3708(3) 0.8553(2) 0.035(2) 0.039(2) 0.025(1) 00.005(1) 0.002(1) 00.007(1)
C(6) 2i 0.7901(4) 0.2942(3) 0.7954(2) 0.029(1) 0.030(1) 0.031(2) 00.006(1) 0.003(1) 00.002(1)
C(7) 2i 0.7777(4) 0.2411(3) 0.6408(2) 0.031(2) 0.034(2) 0.036(2) 00.001(1) 00.003(1) 00.011(1)
C(8) 2i 0.4393(5) 00.4043(4) 0.7767(3) 0.051(2) 0.044(2) 0.053(2) 00.011(2) 0.011(2) 0.010(2)
C(9) 2i 0.4707(5) 00.3512(3) 0.6896(2) 0.047(2) 0.037(2) 0.042(2) 00.014(1) 0.002(2) 0.001(1)
C(10) 2i 0.5549(4) 00.2316(3) 0.6683(2) 0.027(1) 0.031(1) 0.028(1) 00.002(1) 0.003(1) 0.001(1)
C(11) 2i 0.6040(5) 00.1713(3) 0.7388(2) 0.051(2) 0.038(2) 0.030(2) 00.006(1) 0.003(1) 00.004(1)
C(12) 2i 0.5687(6) 00.2286(4) 0.8249(2) 0.073(3) 0.053(2) 0.031(2) 00.002(2) 0.005(2) 00.008(2)
C(13) 2i 0.7241(5) 00.1675(4) 0.2659(3) 0.040(2) 0.053(2) 0.056(2) 00.011(2) 0.004(2) 00.021(2)
C(14) 2i 0.7733(4) 00.1006(3) 0.3306(2) 0.042(2) 0.046(2) 0.036(2) 00.014(2) 0.011(1) 00.013(1)
C(15) 2i 0.8680(4) 0.0139(3) 0.3083(2) 0.027(1) 0.038(2) 0.027(1) 00.001(1) 00.000(1) 00.005(1)
C(16) 2i 0.9081(5) 0.0530(4) 0.2177(2) 0.052(2) 0.051(2) 0.029(2) 00.011(2) 0.001(1) 00.004(1)
C(17) 2i 0.8572(6) 00.0182(4) 0.1558(2) 0.068(2) 0.063(2) 0.029(2) 00.008(2) 00.006(2) 00.009(2)
O(7) 2i 1.3750(6) 0.4244(5) 0.5767(3) 0.114(3) 0.098(3) 0.140(4) 00.003(2) 00.021(3) 00.048(3)
O(8) 2i 0.3336(4) 0.3092(3) 0.9131(2) 0.066(2) 0.087(2) 0.071(2) 00.014(2) 00.003(2) 00.037(2)
O(9) 2i 0.50 0.307(2) 0.046(1) 0.0563(8) 0.165(4) 0.163(4) 0.164(4) 00.026(1) 0.001(1) 00.030(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23
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H(11) 2i 0.6606 00.0923 0.7273 0.048
H(12) 2i 0.6015 00.1886 0.8719 0.064
H(13) 2i 0.6612 00.2428 0.2814 0.057
H(14) 2i 0.7441 00.1309 0.3898 0.048
H(16) 2i 0.9701 0.1282 0.1996 0.053
H(17) 2i 0.8861 0.0080 0.0961 0.064

Table 2. Continued.

Atom Site Occ. x y z Uiso

H(1W) 2i 1.3835 0.3622 0.5444 0.173
H(2W) 2i 1.2716 0.4714 0.5698 0.173
H(3W) 2i 0.4158 0.2656 0.9495 0.107
H(4W) 2i 0.2447 0.3416 0.9418 0.107
H(6W) 2i 0.50 0.3081 00.0161 0.0263 0.246
H(5W) 2i 0.50 0.2133 0.0573 0.0838 0.246

Table 2. Continued.

Atom Site Occ. x y z Uiso
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Abstract

C16H14N2, monoclinic, P121/c1 (no. 14), a = 8.387(1) Å,
b = 17.453(3) Å, c = 8.694(1) Å, / = 93.092(2)°,
V = 1270.8 Å3, Z = 4, Rgt(F) = 0.046, wRref(F

2) = 0.129,
T = 294 K.

Source of material

The title compound was obtained from the coupling reaction of 2-
naphthaleneboronic acid and 2-iodo-4,6-dimethylpyrimidine as
described in literature [1] and recrystallized from dichloro-
methane/petroleum ether solution at room temperature to give the
desired crystals suitable for single crystal X-ray diffraction.

Experimental details

All the hydrogen atoms were positioned geometrically with
d(C—H) = 0.93 Å, Uiso(H) = 1.2 Ueq(C) for the aromatic groups
and d(C—H) = 0.96 Å, Uiso(H) = 1.5 Ueq(C) for the methyl
groups. The H atoms of the methyl groups in the pyrimidine ring
are disordered over two positions with occupation factors fixed at
0.5.

Discussion

Cyclometalated iridium complexes have attracted considerable
attention in material research because of their outstanding perfor-
mance in organic light-emitting diodes (OLED) [2,3]. In recent
years, various types of cyclometalated Ir(III) complexes have
been developed, such as homoleptic complexes, heteroleptic neu-
tral complexes and cationic complexes [4-6]. In contrast to the
most famous substituted phenylpyridine ligands, few examples of
naphthalenylpyridine iridium complexes have been reported
[7,8].
The pyrimidine ring and naphthalene ring in the crystal structure
of the title compound are approximately coplanar with a dihedral

angle of 2.4°. There exist two types of intermolecular #-#
stacking interactions. One #-# stacking interaction is between the
pyrimidine rings (the inter-plane distance is 3.400 Å). The other
#-# stacking interaction is between pyrimidine ring and naphtha-
lene ring (the inter-plane distance is 3.748 Å). Both are attributed
to construct the layer structure.
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Crystal: colorless block, size 0.03 × 0.31 × 0.42 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 0.73 cm01

Diffractometer, scan mode: Bruker SMART CCD, */1
2"max: 51°
N(hkl)measured, N(hkl)unique: 7463, 2367
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1465
N(param)refined: 164
Programs: SHELXS-97, SHELXL-97, SHELXTL [9]

Table 1. Data collection and handling.

H(1) 4e 0.3477 0.5292 0.6776 0.058
H(3) 4e 00.0869 0.6172 0.5798 0.066
H(4) 4e 0.0189 0.7064 0.4241 0.069
H(6) 4e 0.2569 0.7642 0.3034 0.074
H(7) 4e 0.5251 0.7632 0.2707 0.081
H(8) 4e 0.6882 0.6728 0.3957 0.076
H(9) 4e 0.5846 0.5857 0.5581 0.066
H(13) 4e 00.1134 0.3600 0.9823 0.070
H(15A) 4e 0.50 0.3113 0.3528 0.9412 0.120
H(15B) 4e 0.50 0.1751 0.2913 0.9411 0.120
H(15C) 4e 0.50 0.2029 0.3466 1.0820 0.120
H(15D) 4e 0.50 0.1482 0.3076 1.0350 0.120
H(15E) 4e 0.50 0.2844 0.3692 1.0351 0.120
H(15F) 4e 0.50 0.2566 0.3138 0.8942 0.120
H(16A) 4e 0.50 00.3891 0.4981 0.8181 0.109
H(16B) 4e 0.50 00.3589 0.4632 0.9832 0.109
H(16C) 4e 0.50 00.3923 0.4091 0.8411 0.109
H(16D) 4e 0.50 00.3711 0.4154 0.9435 0.109
H(16E) 4e 0.50 00.4013 0.4504 0.7784 0.109
H(16F) 4e 0.50 00.3679 0.5045 0.9204 0.109

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z Uiso

_____________
* Correspondence author (e-mail: lmq06@126.com)



334 C16H14N2

C(1) 4e 0.2820(2) 0.5648(1) 0.6258(2) 0.045(1) 0.051(1) 0.049(1) 0.0058(8) 00.0011(9) 00.0031(9)
C(2) 4e 0.1210(2) 0.5624(1) 0.6445(2) 0.042(1) 0.051(1) 0.045(1) 0.0045(8) 0.0020(8) 00.0076(9)
C(3) 4e 0.0225(2) 0.6175(1) 0.5672(2) 0.042(1) 0.061(1) 0.062(1) 0.0081(9) 0.0025(9) 00.004(1)
C(4) 4e 0.0861(2) 0.6710(1) 0.4744(2) 0.052(1) 0.057(1) 0.063(1) 0.0140(9) 00.002(1) 0.001(1)
C(5) 4e 0.2516(2) 0.6742(1) 0.4527(2) 0.054(1) 0.046(1) 0.050(1) 0.0043(9) 0.0003(9) 00.0070(9)
C(6) 4e 0.3211(3) 0.7280(1) 0.3549(2) 0.070(1) 0.052(1) 0.062(1) 0.004(1) 0.003(1) 0.005(1)
C(7) 4e 0.4810(3) 0.7274(1) 0.3351(3) 0.073(2) 0.062(1) 0.068(2) 00.009(1) 0.010(1) 0.007(1)
C(8) 4e 0.5793(2) 0.6732(1) 0.4111(2) 0.052(1) 0.069(1) 0.070(1) 00.009(1) 0.009(1) 00.003(1)
C(9) 4e 0.5174(2) 0.6209(1) 0.5071(2) 0.047(1) 0.059(1) 0.059(1) 00.0001(9) 0.0013(9) 00.002(1)
C(10) 4e 0.3515(2) 0.6195(1) 0.5306(2) 0.047(1) 0.048(1) 0.046(1) 0.0014(8) 0.0020(9) 00.0068(9)
C(11) 4e 0.0512(2) 0.5032(1) 0.7431(2) 0.043(1) 0.054(1) 0.044(1) 0.0009(9) 0.0017(8) 00.0110(9)
C(12) 4e 0.0910(2) 0.3986(1) 0.8973(2) 0.054(1) 0.056(1) 0.056(1) 00.0023(9) 0.007(1) 00.003(1)
C(13) 4e 00.0706(2) 0.3975(1) 0.9207(2) 0.057(1) 0.061(1) 0.058(1) 00.010(1) 0.009(1) 00.003(1)
C(14) 4e 00.1669(2) 0.4524(1) 0.8516(2) 0.045(1) 0.069(1) 0.051(1) 00.008(1) 0.0056(9) 00.014(1)
C(15) 4e 0.2053(3) 0.3423(1) 0.9721(3) 0.070(2) 0.071(1) 0.100(2) 0.008(1) 0.011(1) 0.024(1)
C(16) 4e 00.3426(2) 0.4560(1) 0.8756(3) 0.045(1) 0.095(2) 0.078(2) 00.007(1) 0.010(1) 00.007(1)
N(1) 4e 0.1527(2) 0.45174(8) 0.8067(2) 0.0465(9) 0.0518(9) 0.056(1) 0.0018(7) 0.0069(8) 00.0002(8)
N(2) 4e 00.1066(2) 0.50631(9) 0.7609(2) 0.0422(9) 0.065(1) 0.051(1) 00.0008(7) 0.0038(7) 00.0089(8)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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heptahydrate, [C18H20N4][SO4] · 7H2O
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Abstract

C18H34N4O11S, monoclinic, C12/c1 (no. 15), a = 11.168(4) Å,
b = 13.022(4) Å, c = 17.743(6) Å, / = 100.899(4)°,
V = 2533.8 Å3, Z = 4, Rgt(F) = 0.068, wRref(F

2) = 0.160,
T = 143 K.

Source of material

2,2 '-(1,4-butanediyl)bis(3H-benzimidazole) (87.0 mg,
0.3 mmol) was put in 14 mL (0.05 M) of sulfuric acid aqueous
solution, and then was sealed in a 25 mL Teflon-lined stainless
steel container, which was heated at 423 K for 72 h. Some colour-
less block-shaped crystals were obtained after cooled down to
room temperature at a rate of 5 K/h and isolated for X-ray
diffraction measurement.

Experimental details

All hydrogen atoms bound to carbon atoms were placed in calcu-
lated positions and refined in a riding model with d(C—H) =
0.95 Å (Csp2) or 0.99 Å (Csp3), and Uiso(H) = 1.2 Ueq(C). Hydro-
gen atoms bound to nitrogen and oxygen atoms were found in dif-
ference Fourier maps and refined freely. The oxygen atoms of
sulfate are disordered over two sites with occupancies of

0.88(1):0.12(1). The disorder of spherical group SO4
2– in the

crystal structure is a primary reason for the relatively large R val-
ues. The H atoms bound to N1, N2 and O4 were obtained by dif-
ference Fourier syntheses. The other H atoms are set in theoretical
positions. No additional solvent molecule was found.

Discussion

Organic ligands, especially the bridging ligands containing oxy-
gen and nitrogen have attracted a considerable interest in recent
years because of coordination polymers. Bis(2-benzimidazoles)
and some substituted bis(2-benzimidazolyl)alkanes are alterna-
tive choices because of their multifunctional linking groups [1].
They are known to be strong chelating agents coordinating
through both nitrogen atoms [2]. Many complexes based on them
have been reported because of their wide-ranging antivirus
activity [3], importance in selective ion-exchange resins [4] and
mimicking biological systems [5].
The crystal structure of the title compound shows two protons
from the one sulfuric acid molecule transferred to the N atoms of
two benzimidazoles, respectively. There are six annular struc-
tures encircling the S atom in the crystal structure. These annular
structures formed mostly by hydrogen bonds between sulfate
anion and water molecules. Each sulfate anion is linked by these
rings, and forms a reticular inorganic layer in (001). On the other
hand, 2,2'-(1,4-butanediyl)bis(3H-benzimidazolium) is fixed in
the inorganic layer by hydrogen bonds with d(N1–H1N···O1) =
2.67 Å, .N1–H1N···O1 = 165.8°; d(N2A–H2N···O3) = 2.75 Å,
and .N2A–H2N···O3 = 168.3°, respectively. The dihedral angle
of N1/C1/C6/N2/C7 ring with C1/C2/C3/C4/C5/C6 ring is
1.9(2)°, indicating such rings being almost coplanar. The #-#
stacking interactions of the aromatic rings link the organic cations
into an organic layer, which is also parallel (001). Organic and
inorganic layers are interlacing in the crystal structure.
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Crystal: colorless block, size 0.17 × 0.19 × 0.21 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 1.89 cm01

Diffractometer, scan mode: AFC10/Saturn724+, */1
2"max: 54.92°
N(hkl)measured, N(hkl)unique: 9790, 2884
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2184
N(param)refined: 174
Programs: SHELXS-97, SHELXL-97 [7]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: wenpuhong@gmail.com)



336 [C18H20N4][SO4] · 7H2O

N(1) 8f 0.5869(2) 0.6396(2) 0.5599(1) 0.021(1) 0.020(1) 0.022(1) 00.0001(9) 0.0053(9) 0.0007(9)
N(2) 8f 0.5388(2) 0.6146(2) 0.4366(1) 0.022(1) 0.020(1) 0.022(1) 00.0023(9) 0.001(1) 00.0029(9)
C(1) 8f 0.6962(2) 0.6298(2) 0.5340(2) 0.020(1) 0.015(1) 0.025(1) 0.002(1) 0.006(1) 0.003(1)
C(2) 8f 0.8162(3) 0.6308(2) 0.5729(2) 0.024(1) 0.022(1) 0.027(1) 0.000(1) 00.003(1) 0.006(1)
C(3) 8f 0.9048(3) 0.6148(2) 0.5293(2) 0.019(1) 0.021(1) 0.050(2) 0.003(1) 0.004(1) 0.007(1)
C(4) 8f 0.8744(3) 0.5997(2) 0.4499(2) 0.026(2) 0.024(1) 0.049(2) 0.003(1) 0.018(1) 00.001(1)
C(5) 8f 0.7549(3) 0.5986(2) 0.4107(2) 0.032(2) 0.023(1) 0.029(2) 00.002(1) 0.012(1) 00.007(1)
C(6) 8f 0.6656(2) 0.6138(2) 0.4550(2) 0.020(1) 0.016(1) 0.025(1) 00.000(1) 0.003(1) 00.002(1)
C(7) 8f 0.4951(2) 0.6301(2) 0.5006(2) 0.021(1) 0.014(1) 0.028(1) 00.001(1) 0.004(1) 0.001(1)
C(8) 8f 0.3635(2) 0.6374(2) 0.5056(2) 0.020(1) 0.020(1) 0.034(2) 00.000(1) 0.006(1) 0.000(1)
C(9) 8f 0.3159(2) 0.7474(2) 0.4945(2) 0.018(1) 0.019(1) 0.029(1) 00.003(1) 0.006(1) 0.001(1)
S(1) 4e ½ 0.63841(8) ¾ 0.0231(5) 0.0318(6) 0.0220(5) 0 0.0070(4) 0
O(1) 8f 0.88(1) 0.5141(5) 0.7080(2) 0.6861(2) 0.054(3) 0.035(1) 0.033(2) 00.005(1) 0.017(2) 00.002(1)
O(2) 8f 0.88 0.3910(3) 0.5757(2) 0.7259(3) 0.033(2) 0.041(2) 0.068(3) 00.011(1) 0.001(2) 0.010(2)
O(1’) 8f 0.12 0.567(2) 0.7051(4) 0.705(1) 0.054(3) 0.035(1) 0.033(2) 00.005(1) 0.017(2) 00.002(1)
O(2’) 8f 0.12 0.421(2) 0.5702(4) 0.695(1) 0.033(2) 0.041(2) 0.068(3) 00.011(1) 0.001(2) 0.010(2)
O(3) 8f 00.3656(2) 0.3958(2) 0.6957(1) 0.030(1) 0.035(1) 0.037(1) 0.0022(9) 00.0035(9) 00.009(1)
O(4) 4e 0 0.5414(2) ¾ 0.025(2) 0.027(2) 0.041(2) 0 0.002(1) 0
O(5) 8f 00.1353(2) 0.3879(2) 0.6664(1) 0.036(1) 0.030(1) 0.051(1) 0.002(1) 00.005(1) 00.008(1)
O(6) 8f 0.1613(2) 0.6708(2) 0.7034(2) 0.030(1) 0.043(2) 0.089(2) 0.001(1) 0.013(1) 0.017(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23
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Abstract

C38H34CdN2O10, monoclinic, P12/c1 (no. 13), a = 12.923(3) Å,
b = 11.651(2) Å, c = 13.133(3) Å, / = 115.88(3)°,
V = 1779.1 Å3, Z = 2, Rgt(F) = 0.032, wRref(F

2) = 0.079,
T = 293 K.

Source of material

A mixture of 2-benzoylbenzoic acid (2.03 mmol), 4,4'-bipyridine
(1.21 mmol) and cadmium acetate (1.00 mmol) was dissolved in
the mixed solvent of ethanol (10 ml) and N,N-dimethyl-
formamide (1 ml). The reaction was kept at 343 K for 6 h. After-
wards the system was filtrated, and the filtrate was allowed to
stand at room temperature. Slow evaporation for three days
afforded a few pale-yellow grain-shaped single crystals suitable
for X-ray diffraction analysis.

Experimental details

Hydrogen atoms bound to carbon atoms were positioned
geometrically with d(C—H) = 0.93 Å and refined as riding, with
Uiso(H) = 1.2 Ueq(C).

Discussion

4,4'-bipyridine is an excellent bridging ligand, it coordinates
most transitional metals via N atom to produce a series of com-
plexes possessing novel structures [1-5]. 2-Benzoylbenzoic acid
is a main raw material of anthraquinone dyes intermediates. It is
used to manufacture anthraquinone and 1-aminoanthra- quinone.
As ligand, 2-benzoylbenzoic acid can coordinate metal ions to
generate complexes.
In the molecule of the title complex, two neighboring Cd(II) ions
are linked by 4,4'-bipyridine, forming a chain structure. The

Cd(II) ion is coordinated by two aqua oxygen atoms, two oxygen
atoms from two 2-benzoylbenzoates and two nitrogen atoms of
different 4,4'-bipyridine ligands to form a distorted CdN2O4

octahedron, where O1, N1, O1A and N2A are located at the equa-
torial plane, and O4 and O4A occupy the axial positions. The
bond angles of the equatorial plane are .O1–Cd1–N1 =
89.30(3)°, .N1–Cd1–O1A = 89.30(3)°, .O1A–Cd1–N2A =
90.69(3)° and .N2A–Cd1–O1 = 90.70(3)°. The angles
.O–Cd1–O and .O–Cd1–N are within the range of 85.14(5)° to
178.61(6)° and 89.16(3)° to 90.84(3)°, respectively. The average
lengths are d(Cd1—N) = 2.3011 Å. d(Cd1—O1) = 2.2686 Å and
d(Cd1—O4) = 2.3830 Å, which shows that the coordination
ability of O4 in water is weaker than that of O1 from 2-
benzoylbenzoate. Additionally, there exist O–H$$$O hydrogen
bonding interaction involving the oxygen atoms of 2-
benzoylbenzoate ligands and water molecules with the distances
in the range of 2.681(2)-2.903(2) Å.
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Crystal: yellow grain, size 0.10 ' 0.18 ' 0.20 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 6.75 cm01

Diffractometer, scan mode: Rigaku Saturn CCD area detector, 1/*
2"max: 50.04°
N(hkl)measured, N(hkl)unique: 13738, 3142
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2869
N(param)refined: 234
Programs: SHELXS-97, SHELXL-97, SHELXTL [6]

Table 1. Data collection and handling.

H(4A) 4g 0.5518 0.8176 0.0574 0.051
H(4B) 4g 0.4376 0.7904 0.0410 0.051
H(3) 4g 0.0817 0.8925 00.1419 0.065
H(4) 4g 00.1110 0.9210 00.1937 0.072
H(5) 4g 00.1880 0.8688 00.0730 0.076
H(6) 4g 00.0733 0.7910 0.1007 0.066
H(10) 4g 0.0854 0.5733 0.0778 0.098
H(11) 4g 0.1011 0.3802 0.1261 0.132
H(12) 4g 0.1813 0.3282 0.3134 0.120
H(13) 4g 0.2549 0.4636 0.4515 0.099
H(14) 4g 0.2425 0.6562 0.4055 0.082
H(15) 4g 0.4718 0.5548 0.3829 0.070
H(16) 4g 0.4679 0.3594 0.3853 0.071
H(19) 4g 0.6324 0.1841 0.2090 0.042
H(20) 4g 0.6310 00.0112 0.2136 0.042
H(5A) 4g 0.7145 0.1077 0.5808 0.080
H(5B) 4g 0.6592 0.0114 0.5095 0.080

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: czm5191@yahoo.com.cn)



Cd(1) 2f ½ 0.77066(1) ¼ 0.03489(8) 0.01611(8) 0.03602(8) 0 0.01423(6) 0
O(1) 4g 0.3065(1) 0.7683(1) 0.1448(1) 0.0325(6) 0.0483(8) 0.0465(7) 00.0041(5) 0.0122(5) 0.0129(6)
O(2) 4g 0.2898(1) 0.8450(1) 00.0172(1) 0.0480(6) 0.084(1) 0.0532(7) 0.0071(7) 0.0278(5) 0.0192(7)
O(3) 4g 0.1776(1) 0.8323(1) 0.2799(1) 0.082(1) 0.068(1) 0.0396(7) 00.0041(8) 0.0171(7) 00.0115(7)
O(4) 4g 0.5089(1) 0.7737(1) 0.0726(1) 0.0484(6) 0.0404(7) 0.0470(6) 00.0004(5) 0.0291(5) 0.0015(5)
N(1) 2f ½ 0.5742(2) ¼ 0.047(1) 0.017(1) 0.047(1) 0 0.0235(8) 0
N(2) 2f ½ 00.0308(2) ¼ 0.0352(9) 0.020(1) 0.037(1) 0 0.0125(8) 0
C(1) 4g 0.2492(1) 0.8121(2) 0.0480(1) 0.0394(8) 0.0336(9) 0.0400(8) 00.0002(8) 0.0162(7) 0.0016(8)
C(2) 4g 0.1231(1) 0.8258(2) 0.0132(1) 0.0388(8) 0.037(1) 0.0332(8) 0.0024(8) 0.0141(7) 00.0005(7)
C(3) 4g 0.0511(2) 0.8723(2) 00.0921(2) 0.051(1) 0.071(1) 0.0405(9) 0.010(1) 0.0194(8) 0.0100(9)
C(4) 4g 00.0644(2) 0.8890(2) 00.1236(2) 0.049(1) 0.081(2) 0.040(1) 0.020(1) 0.0104(9) 0.008(1)
C(5) 4g 00.1099(2) 0.8584(2) 00.0516(2) 0.0363(9) 0.089(2) 0.055(1) 0.016(1) 0.0115(9) 00.009(1)
C(6) 4g 00.0411(2) 0.8121(2) 0.0525(2) 0.0427(9) 0.076(2) 0.049(1) 00.001(1) 0.0236(8) 00.005(1)
C(7) 4g 0.0756(1) 0.7967(2) 0.0863(1) 0.0389(8) 0.038(1) 0.0357(8) 00.0012(8) 0.0135(7) 00.0050(7)
C(8) 4g 0.1459(2) 0.7587(2) 0.2067(2) 0.0414(9) 0.055(1) 0.0369(9) 00.0057(8) 0.0183(7) 00.0028(8)
C(9) 4g 0.1598(2) 0.6346(2) 0.2357(2) 0.0429(9) 0.059(1) 0.047(1) 00.0030(9) 0.0184(8) 0.0091(9)
C(10) 4g 0.1193(2) 0.5519(2) 0.1536(2) 0.098(2) 0.056(2) 0.061(1) 00.010(1) 0.007(1) 0.006(1)
C(11) 4g 0.1282(3) 0.4360(2) 0.1823(3) 0.124(2) 0.054(2) 0.104(2) 00.016(2) 0.007(2) 0.006(2)
C(12) 4g 0.1772(2) 0.4053(3) 0.2937(3) 0.087(2) 0.071(2) 0.124(2) 00.003(2) 0.028(2) 0.043(2)
C(13) 4g 0.2201(2) 0.4860(2) 0.3759(2) 0.080(2) 0.093(2) 0.076(1) 0.017(1) 0.036(1) 0.041(1)
C(14) 4g 0.2125(2) 0.6012(2) 0.3487(2) 0.070(1) 0.083(2) 0.054(1) 0.010(1) 0.030(1) 0.017(1)
C(15) 4g 0.4831(2) 0.5147(2) 0.3274(2) 0.098(1) 0.028(1) 0.066(1) 00.0003(9) 0.051(1) 00.0049(8)
C(16) 4g 0.4815(2) 0.3971(2) 0.3299(2) 0.102(1) 0.029(1) 0.064(1) 00.004(1) 0.051(1) 0.0006(8)
C(17) 2f ½ 0.3348(2) ¼ 0.040(1) 0.019(1) 0.038(1) 0 0.0155(9) 0
C(18) 2f ½ 0.2079(2) ¼ 0.035(1) 0.019(1) 0.030(1) 0 0.0094(9) 0
C(19) 4g 0.5787(1) 0.1460(1) 0.2261(1) 0.0397(8) 0.0231(8) 0.0470(9) 00.0038(7) 0.0227(7) 0.0003(7)
C(20) 4g 0.5767(1) 0.0290(1) 0.2281(1) 0.0380(7) 0.0247(9) 0.0453(9) 0.0024(7) 0.0216(7) 00.0026(7)
O(5) 4g 0.6572(1) 0.0866(1) 0.5208(1) 0.0564(8) 0.084(1) 0.0560(8) 00.0001(8) 0.0208(6) 00.0222(8)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

338 Cd(C14H9O3)2(C10H8N2)(H2O)2 $ 2H2O
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Abstract

C48H24Cl2F2MnN8O8, monoclinic, C12/c1 (no. 15),
a = 18.878(5) Å, b = 13.481(5) Å, c = 19.633(5) Å,
/ = 121.659(5)°, V = 4253.0 Å3, Z = 4, Rgt(F) = 0.065,
wRref(F

2) = 0.183, T = 293 K.

Source of material

The pH value of a mixture of MnCl2 · 4H2O (0.5 mmol), benzene-
1,2,4,5-tetracarboxylic acid (H4btc, 0.5 mmol) and 2-(2-chloro-
6-fluorophenyl)-1H-imidazo[4,5-f][1,10]phenanthroline (L,
0.5 mmol) in 12 mL distilled water was adjusted to between 5 and
6 by addition of triethylamine. The resultant solution was heated
at 460 K in a Teflon-lined stainless steel autoclave for five days.
The reaction system was then slowly cooled to room temperature.
Pale yellow crystals suitable for single crystal X-ray diffraction
analysis were collected from the final reaction system by filtra-
tion, washed several times with distilled water and dried in air at
ambient temperature (yield 46 % based on Mn(II)).

Experimental details

All H atoms were positioned geometrically with d(C—H) =
0.93 Å and refined as riding, with Uiso(H) = 1.2 Ueq(carrier).

Discussion

2-(2-Chloro-6-fluorophenyl)-1H-imidazo[4,5-f][1,10]phenan-
throline (L) as an important 1,10-phenanthroline derivative
possesses aromatic systems and is a good candidate for the con-
struction of metal-organic supramolecular architectures [1].
Here, we selected H4btc as an organic linker and L as a N-chelat-
ing ligand, generating a new Mn(II) coordination polymer.
Each Mn(II) atom shows a distorted octahedral coordination
sphere, formed by four nitrogen atoms from different ligands L,
and two carboxylate oxygen atoms from different H2btc dianions.

The dianions link two neighboring Mn(II) atoms to a chain struc-
ture. The large conjugated ligands L are attached on opposite
sides of the chains. The #-# stacking interactions as well as the
N–H···O and O–H···N hydrogen bonds further stabilize the crys-
tal structure.

Z. Kristallogr. NCS 226 (2011) 339-340 / DOI 10.1524/ncrs.2011.0152 339

© by Oldenbourg Wissenschaftsverlag, München

Crystal: pale yellow block
size 0.20 ' 0.22 ' 0.28 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 5.14 cm01

Diffractometer, scan mode: Oxford Diffraction Gemini R Ultra, 1
2"max: 61.48°
N(hkl)measured, N(hkl)unique: 9548, 4945
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2568
N(param)refined: 285
Programs: SHELXS-97, SHELXL-97, SHELXTL [2]

Table 1. Data collection and handling.

H(1) 8f 0.3202 0.3223 0.1907 0.039
H(2) 8f 0.1871 0.2791 0.0967 0.045
H(3) 8f 0.1651 0.1514 0.0105 0.043
H(7) 8f 0.6207 0.1023 0.2178 0.042
H(8) 8f 0.6163 00.0323 0.1445 0.043
H(9) 8f 0.4911 00.0921 0.0463 0.040
H(16) 8f 0.0784 00.3316 00.2358 0.132
H(17) 8f 0.0596 00.2677 00.3469 0.130
H(18) 8f 0.1139 00.1327 00.3609 0.109
H(23) 8f 0.4395 0.4155 0.5617 0.031
H(4A) 8f 0.3699 0.2156 0.4320 0.071
H(4) 8f 0.1658 0.0110 00.0837 0.038

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: kongzhiguo1977@yahoo.com.cn)
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N(3) 8f 0.3245(2) 00.0891(2) 00.0503(2) 0.025(2) 0.028(2) 0.028(2) 0.004(1) 0.006(1) 00.006(1)
N(4) 8f 0.2171(2) 00.0057(2) 00.0629(2) 0.022(2) 0.029(2) 0.030(2) 0.001(1) 0.004(1) 00.006(1)
Cl(1) 8f 0.2160(1) 00.0021(1) 00.2524(1) 0.097(1) 0.086(1) 0.102(2) 0.007(1) 0.046(1) 0.018(1)
F(1) 8f 0.1672(2) 00.2635(2) 00.0862(2) 0.089(2) 0.050(2) 0.036(2) 00.025(2) 0.028(2) 0.008(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Abstract

C26H18CuN4O6, monoclinic, C12/c1 (no. 15), a = 27.347(5) Å,
b = 13.317(3) Å, c = 13.523(3) Å, / = 110.869(2)°,
V = 4601.8 Å3, Z = 8, Rgt(F) = 0.065, wRref(F

2) = 0.159,
T = 293 K.

Source of material

A mixture of Cu(CH3CO2)2 · 2H2O (0.040 g, 0.1 mmol), 5-iso-
nicotinamidoisophthalic acid (iaip, 0.028 g, 0.1 mmol), NaOH
(0.081 g, 0.2 mmol), phen (0.020 g, 0.1 mmol), CH3CH2OH
(2 mL) and H2O (8 mL) was sealed in a 15 ml Teflon-lined stain-
less steel reactor, which was heated at 413 K for 72 h and then
cooled to room temperature. Blue needle-like crystals of the title
compound were collected.

Experimental details

H atoms bonded to C atoms were placed geometrically and
treated as riding. The water H atoms found from Fourier differ-
ence maps were refined with restraints for d(O—H) = 0.8499 -
0.8501 Å and Uiso(H) = 1.2 Ueq(O). The number of disordered wa-
ter molecules was established by the thermogravimetric analysis.

Discussion

The rapid expanding field of crystal engineering of one-, two- and
three-dimensional coordination architectures is of great current
interests for their structural as well as for their potential applica-
tions as functional materials [1]. Among them, metal-organic

frameworks (MOFs) with carboxylate-containing ligands have
been extensively studied because the carboxylate groups can vary
coordination modes resulting in formation of different structures.
Particularly, copper complexes with the heterocycle have been
investigated extensively to date [3,4]. It is well known that multi-
carboxylate with pyridine functional group have good coordina-
tion capacity as well as the amide group, a fascinating functional
group with two different types of hydrogen bonding sites [5,6].
In the title complex, the central Cu(II) ion is four-coordinated by
two N atoms from phen ligands, two carboxylate O atoms from
two iaip ligands in a square planar coordination. Furthermore,
carboxylate groups of the iaip ligand adopt the mono-dentate co-
ordination mode to connect two Cu(II) atoms into an infinite
chain, whereas the pyridyl group is not participating in coordina-
tion. There are weak #-# interactions between the aromatic
groups within the chains between the central benzene rings and
benzene and pyridyl rings of iaip with a centroid-centroid dis-
tances of 3.6315(6) Å, 3.7245(7) Å, respectively. Then the #-#
interactions interlink the chains into layer, which are connected
together through the N–H···O and O–H···O hydrogen bonding in-
teractions to give the 3D supramolecular architecture.
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Crystal: blue needle, size 0.10 × 0.15 × 0.20 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 10.02 cm01

Diffractometer, scan mode: Bruker SMART APEX CCD, */1
2"max: 50.0°
N(hkl)measured, N(hkl)unique: 11196, 4042
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3105
N(param)refined: 341
Program: SHELXTL [7]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: cmsniu@163.com)

H(3) 8f 0.7625 0.6260 0.3179 0.041
H(5) 8f 0.8349 0.7331 0.6116 0.045
H(7) 8f 0.7318 0.5056 0.5635 0.045
H(11) 8f 0.8901 0.4977 0.9570 0.067
H(12) 8f 0.8907 0.5024 1.1266 0.078
H(13) 8f 0.7987 0.7346 1.0661 0.088
H(14) 8f 0.7892 0.7302 0.8866 0.074
H(15) 8f 0.6039 0.1643 0.1874 0.085

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z Uiso
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Cu(1) 8f 0.64040(2) 0.38788(4) 0.20276(4) 0.0293(3) 0.0424(4) 0.0378(3) 00.0023(3) 0.0090(2) 00.0053(3)
C(1) 8f 0.7042(2) 0.4817(3) 0.3584(4) 0.028(2) 0.036(3) 0.047(3) 0.006(2) 0.012(2) 00.001(2)
C(2) 8f 0.7417(2) 0.5550(3) 0.4299(3) 0.025(2) 0.032(2) 0.041(2) 0.006(2) 0.009(2) 0.001(2)
C(3) 8f 0.7681(2) 0.6244(3) 0.3914(3) 0.031(2) 0.034(2) 0.036(2) 0.004(2) 0.010(2) 00.002(2)
C(4) 8f 0.8027(2) 0.6913(3) 0.4592(4) 0.026(2) 0.035(2) 0.045(3) 0.003(2) 0.009(2) 00.001(2)
C(5) 8f 0.8109(2) 0.6874(3) 0.5649(4) 0.030(2) 0.036(2) 0.043(3) 00.000(2) 0.008(2) 00.007(2)
C(6) 8f 0.7853(2) 0.6184(3) 0.6052(3) 0.028(2) 0.046(3) 0.038(2) 0.004(2) 0.011(2) 00.003(2)
C(7) 8f 0.7501(2) 0.5526(3) 0.5369(3) 0.026(2) 0.041(3) 0.043(3) 0.001(2) 0.010(2) 0.002(2)
C(8) 8f 0.8307(2) 0.7705(3) 0.4198(4) 0.034(3) 0.037(3) 0.049(3) 0.001(2) 0.016(2) 00.001(2)
C(9) 8f 0.8401(2) 0.6142(4) 0.7930(4) 0.043(3) 0.066(3) 0.041(3) 00.006(3) 0.014(2) 00.003(2)
C(10) 8f 0.8395(2) 0.6148(4) 0.9024(4) 0.041(3) 0.059(3) 0.042(3) 00.015(2) 0.012(2) 00.011(3)
C(11) 8f 0.8700(2) 0.5469(4) 0.9766(4) 0.050(3) 0.057(3) 0.054(3) 00.017(3) 0.011(3) 00.010(3)
C(12) 8f 0.8710(2) 0.5516(5) 1.0778(4) 0.066(4) 0.073(4) 0.048(3) 00.027(3) 0.011(3) 0.000(3)
C(13) 8f 0.8170(3) 0.6849(5) 1.0426(5) 0.077(4) 0.082(4) 0.070(4) 00.020(3) 0.036(3) 00.028(3)
C(14) 8f 0.8117(2) 0.6838(4) 0.9352(4) 0.064(4) 0.063(4) 0.058(3) 00.012(3) 0.022(3) 00.007(3)
C(15) 8f 0.5730(3) 0.2040(5) 0.1675(4) 0.075(4) 0.091(4) 0.044(3) 00.036(3) 0.017(3) 00.009(3)
C(16) 8f 0.5235(3) 0.1571(6) 0.1346(5) 0.096(5) 0.117(5) 0.060(4) 00.052(4) 0.021(4) 00.007(4)
C(17) 8f 0.4807(3) 0.2138(7) 0.1072(5) 0.061(4) 0.161(6) 0.058(4) 00.046(4) 0.016(3) 00.002(4)
C(18) 8f 0.4818(2) 0.3181(7) 0.1118(4) 0.052(3) 0.153(5) 0.032(3) 00.017(4) 0.014(3) 00.001(3)
C(19) 8f 0.4377(2) 0.3869(7) 0.0852(5) 0.035(3) 0.174(6) 0.039(3) 00.004(4) 0.013(2) 00.005(4)
C(20) 8f 0.4448(3) 0.4822(7) 0.0898(5) 0.064(4) 0.170(6) 0.041(3) 0.026(4) 0.020(3) 0.007(4)
C(21) 8f 0.4935(3) 0.5304(7) 0.1216(4) 0.059(4) 0.148(5) 0.029(3) 0.026(4) 0.019(3) 0.009(3)
C(22) 8f 0.5046(3) 0.6307(7) 0.1286(5) 0.098(5) 0.132(5) 0.045(3) 0.053(4) 0.028(3) 0.009(4)
C(23) 8f 0.5525(3) 0.6651(6) 0.1609(5) 0.121(6) 0.098(5) 0.060(4) 0.049(5) 0.033(4) 00.001(4)
C(24) 8f 0.5948(3) 0.5972(5) 0.1866(4) 0.087(4) 0.075(4) 0.053(3) 0.029(3) 0.027(3) 0.004(3)
C(25) 8f 0.5383(2) 0.4646(5) 0.1482(4) 0.049(3) 0.112(4) 0.028(2) 0.022(3) 0.015(2) 0.009(3)
C(26) 8f 0.5317(2) 0.3575(6) 0.1431(4) 0.036(3) 0.132(4) 0.025(2) 00.008(3) 0.014(2) 0.000(3)
N(1) 8f 0.7932(2) 0.6140(3) 0.7152(3) 0.031(2) 0.064(3) 0.038(2) 00.002(2) 0.013(2) 00.001(2)
N(2) 8f 0.8464(2) 0.6194(5) 1.1121(4) 0.088(4) 0.094(4) 0.045(3) 00.042(3) 0.024(3) 00.016(3)
N(3) 8f 0.5766(2) 0.3030(3) 0.1705(3) 0.041(3) 0.066(3) 0.036(2) 00.016(2) 0.009(2) 00.007(2)
N(4) 8f 0.5878(2) 0.4993(3) 0.1788(3) 0.052(3) 0.061(3) 0.041(2) 0.019(2) 0.017(2) 0.004(2)
O(1) 8f 0.7000(1) 0.4806(2) 0.2615(2) 0.041(2) 0.054(2) 0.042(2) 00.015(2) 0.012(2) 00.011(2)
O(2) 8f 0.6776(1) 0.4260(3) 0.3934(3) 0.045(2) 0.051(2) 0.050(2) 00.016(2) 0.014(2) 00.001(2)
O(3) 8f 0.8159(1) 0.7825(2) 0.3200(3) 0.037(2) 0.051(2) 0.047(2) 00.007(2) 0.009(2) 0.012(2)
O(4) 8f 0.8657(1) 0.8198(3) 0.4825(3) 0.063(3) 0.068(3) 0.056(2) 00.035(2) 0.026(2) 00.017(2)
O(5) 8f 0.8818(2) 0.6124(4) 0.7786(3) 0.036(2) 0.161(5) 0.051(2) 00.004(3) 0.014(2) 0.004(3)
O(1W) 8f 0.575(8) 0.4387(3) 0.1650(5) 0.6361(6) 0.097(8) 0.109(7) 0.21(1) 00.038(6) 0.092(8) 00.044(7)
O(2W) 8f 0.425(8) 0.5111(3) 0.9252(5) 0.1154(6) 0.11(1) 0.099(9) 0.120(9) 0.030(7) 0.075(8) 00.019(7)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23
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H(16) 8f 0.5208 0.0860 0.1321 0.111
H(17) 8f 0.4476 0.1813 0.0832 0.114
H(19) 8f 0.4032 0.3609 0.0640 0.099
H(20) 8f 0.4145 0.5235 0.0700 0.109
H(22) 8f 0.4764 0.6772 0.1092 0.110
H(23) 8f 0.5588 0.7354 0.1671 0.112

Table 2. Continued.

Atom Site Occ. x y z Uiso

H(24) 8f 0.6295 0.6229 0.2103 0.085
H(1) 8f 0.7653 0.6110 0.7332 0.053
H(1WA) 8f 0.575 0.4196 0.2079 0.5929 0.154
H(1WB) 8f 0.575 0.4235 0.1479 0.6785 0.154
H(2WA) 8f 0.425 0.5120 0.9016 0.1744 0.120
H(2WB) 8f 0.425 0.5421 0.9241 0.1152 0.120

Table 2. Continued.

Atom Site Occ. x y z Uiso
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Abstract

C27H28N4O9Zn, triclinic, P1 (no. 2), a = 10.380(2) Å,
b = 10.580(3) Å, c = 13.059(2) Å, 0 = 84.682(2)°,
/ = 76.965(3)°, . = 72.834(2)°, V = 1334.4 Å3, Z = 2,
Rgt(F) = 0.040, wRref(F

2) = 0.097, T = 291 K.

Source of material

A mixture of ZnSO4 · 7H2O (0.029 g, 0.1 mmol), malonic acid
(H2L, 0.011 g, 0.1 mmol), NaOH (0.041 g, 0.1 mmol), 1,10-phen-
anthroline (0.019 g, 0.1 mmol), CH3CH2OH (4 mL) and H2O
(6 mL) was sealed in a 15 ml Teflon-lined stainless steel reactor,
which was heated at 393 K for 72 h and then it was cooled to room
temperature. Colorless block-shaped crystals of the title com-
pound were collected.

Experimental details

Hydrogen atoms were placed geometrically and treated as riding
with d(C—H) = 0.93 Å (aromatic) or 0.97 Å (acyclic), d(O—H)
= 0.85 Å and Uiso(H) = 1.2 Ueq(C,O).

Discussion

There is considerable interest in the study of transition complexes
containing carboxylate ligands due to their novel topology and
excellent properties [1-6]. Furthermore, zinc, as one of the most

important trace elements, plays a versatile role in biological sys-
tems caused by its structural and catalytic role in enzymes [7,8].
Therefore, many efforts have been made on the study of synthetic
analogues of zinc enzymes in the hope of clarifying the mecha-
nism of their action.
In the title crystal structure, the Zn(II) ion is six-coordinated by
four N atoms from two phen molecules and two carboxylate O at-
oms from one L2– ligands in a slightly distorted octahedral coordi-
nation with O4 and N4 at the apical positions. Other two
carboxylate O atoms are not coordinating. The bond lengths
d(Zn—N) and d(Zn—O) are in the normal ranges.
In the crystal structure, there are abundant strong O–H···O hydro-
gen bonds between the uncoordinated O atoms of carboxyl
groups and water molecules, which link single complex into a
three-dimensional framwork.
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Crystal: colorless bolck, size 0.14 × 0.20 × 0.24 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 9.83 cm01

Diffractometer, scan mode: Bruker Smart APEX CCD, */1
2"max: 52°
N(hkl)measured, N(hkl)unique: 13993, 5236
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 4851
N(param)refined: 370
Program: SHELXTL [9]

Table 1. Data collection and handling.

H(1A) 2i 0.9374 0.0280 0.6714 0.045
H(2A) 2i 1.0580 00.1720 0.5906 0.053
H(3A) 2i 0.9417 00.2926 0.5343 0.054
H(5A) 2i 0.7120 00.3134 0.5062 0.051
H(6A) 2i 0.4798 00.2431 0.5461 0.046
H(8A) 2i 0.2604 00.0678 0.6259 0.048
H(9A) 2i 0.1622 0.1309 0.7064 0.045
H(10A) 2i 0.3002 0.2489 0.7422 0.038
H(13A) 2i 0.7381 00.0279 0.8743 0.035
H(14A) 2i 0.7184 00.0742 1.0514 0.036
H(15A) 2i 0.5760 0.0869 1.1695 0.042
H(17A) 2i 0.3955 0.3090 1.1974 0.044
H(18A) 2i 0.2722 0.5014 1.1299 0.045
H(20A) 2i 0.2241 0.6489 0.9678 0.042
H(21A) 2i 0.2692 0.6745 0.7893 0.042
H(22A) 2i 0.4223 0.5052 0.6864 0.035
H(26A) 2i 0.7076 0.4980 0.6369 0.041
H(26B) 2i 0.8433 0.4731 0.5507 0.041
H(1X) 2i 0.8963 0.2004 0.8401 0.048
H(1Y) 2i 0.8802 0.1636 0.9460 0.048

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: xuehuanie@126.com)
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C(1) 2i 0.8893(3) 00.0210(3) 0.6477(2) 0.035(2) 0.036(2) 0.039(2) 00.012(1) 00.007(1) 0.007(1)
C(2) 2i 0.9626(3) 00.1418(3) 0.5995(3) 0.030(2) 0.036(2) 0.051(2) 0.006(1) 0.003(1) 0.004(1)
C(3) 2i 0.8934(3) 00.2128(3) 0.5667(3) 0.047(2) 0.031(2) 0.041(2) 00.001(1) 0.010(1) 00.005(1)
C(4) 2i 0.7496(3) 00.1694(2) 0.5801(2) 0.050(2) 0.019(1) 0.019(1) 00.003(1) 00.004(1) 0.0031(9)
C(5) 2i 0.6684(4) 00.2373(3) 0.5447(2) 0.083(2) 0.023(1) 0.022(1) 00.016(2) 00.013(1) 0.006(1)
C(6) 2i 0.5299(4) 00.1932(3) 0.5660(2) 0.077(2) 0.031(1) 0.019(1) 00.030(2) 00.017(1) 0.010(1)
C(7) 2i 0.4589(3) 00.0738(3) 0.6176(2) 0.049(2) 0.027(1) 0.021(1) 00.020(1) 00.018(1) 0.014(1)
C(8) 2i 0.3162(3) 00.0214(3) 0.6421(2) 0.050(2) 0.053(2) 0.030(1) 00.034(2) 00.019(1) 0.020(1)
C(9) 2i 0.2576(3) 0.0969(3) 0.6895(2) 0.029(1) 0.056(2) 0.028(1) 00.016(1) 00.009(1) 0.017(1)
C(10) 2i 0.3413(3) 0.1664(3) 0.7123(2) 0.028(1) 0.044(2) 0.021(1) 00.011(1) 00.005(1) 0.015(1)
C(11) 2i 0.5355(3) 0.0041(2) 0.6465(2) 0.032(1) 0.027(1) 0.014(1) 00.013(1) 00.0097(9) 0.0068(9)
C(12) 2i 0.6836(3) 00.0471(2) 0.6290(2) 0.038(1) 0.024(1) 0.017(1) 00.009(1) 00.007(1) 0.0071(9)
C(13) 2i 0.6790(3) 0.0354(3) 0.9213(2) 0.026(1) 0.034(1) 0.027(1) 00.008(1) 00.011(1) 0.012(1)
C(14) 2i 0.6684(3) 0.0069(3) 1.0273(2) 0.035(1) 0.036(1) 0.025(1) 00.017(1) 00.013(1) 0.014(1)
C(15) 2i 0.5817(3) 0.1018(3) 1.0975(2) 0.045(2) 0.045(2) 0.022(1) 00.023(1) 00.011(1) 0.014(1)
C(16) 2i 0.5016(3) 0.2219(3) 1.0581(2) 0.036(1) 0.037(1) 0.013(1) 00.019(1) 00.005(1) 0.0024(9)
C(17) 2i 0.4076(3) 0.3224(3) 1.1248(2) 0.039(2) 0.052(2) 0.021(1) 00.023(1) 0.003(1) 0.001(1)
C(18) 2i 0.3351(3) 0.4380(3) 1.0847(2) 0.036(2) 0.051(2) 0.026(1) 00.019(1) 0.003(1) 00.010(1)
C(19) 2i 0.3548(3) 0.4622(3) 0.9741(2) 0.023(1) 0.032(1) 0.032(1) 00.010(1) 00.004(1) 00.009(1)
C(20) 2i 0.2867(3) 0.5812(3) 0.9265(2) 0.030(1) 0.033(1) 0.041(2) 00.006(1) 00.002(1) 00.014(1)
C(21) 2i 0.3131(3) 0.5961(3) 0.8210(2) 0.027(1) 0.030(1) 0.046(2) 0.000(1) 00.013(1) 00.006(1)
C(22) 2i 0.4062(3) 0.4940(3) 0.7592(2) 0.022(1) 0.027(1) 0.036(1) 0.001(1) 00.015(1) 0.002(1)
C(23) 2i 0.4500(2) 0.3641(2) 0.9057(2) 0.020(1) 0.021(1) 0.020(1) 00.0065(9) 00.0009(9) 00.0048(9)
C(24) 2i 0.5217(2) 0.2419(2) 0.9492(2) 0.024(1) 0.029(1) 0.017(1) 00.009(1) 00.0076(9) 0.0005(9)
C(25) 2i 0.7182(2) 0.3692(3) 0.5295(2) 0.020(1) 0.029(1) 0.025(1) 0.001(1) 00.0003(9) 0.008(1)
C(26) 2i 0.7806(3) 0.4298(3) 0.5965(2) 0.031(1) 0.024(1) 0.047(2) 00.007(1) 00.011(1) 0.010(1)
C(27) 2i 0.8586(3) 0.3378(2) 0.6726(2) 0.026(1) 0.025(1) 0.032(1) 00.008(1) 00.007(1) 00.004(1)
N(1) 2i 0.7535(2) 0.0252(2) 0.6604(2) 0.029(1) 0.026(1) 0.021(1) 00.0063(9) 00.0011(8) 00.0016(8)
N(2) 2i 0.4776(2) 0.1201(2) 0.6932(2) 0.029(1) 0.027(1) 0.019(1) 00.0094(9) 00.0083(8) 0.0022(8)
N(3) 2i 0.4729(2) 0.3804(2) 0.8016(2) 0.024(1) 0.024(1) 0.019(1) 00.0035(8) 00.0090(8) 0.0031(8)
N(4) 2i 0.6074(2) 0.1510(2) 0.8820(2) 0.024(1) 0.028(1) 0.018(1) 00.0070(8) 00.0096(8) 0.0022(8)
O(1) 2i 0.9787(2) 0.3391(2) 0.6713(2) 0.035(1) 0.044(1) 0.050(1) 00.0188(9) 00.0134(9) 0.003(1)
O(2) 2i 0.7984(2) 0.2653(2) 0.7356(2) 0.0279(9) 0.032(1) 0.033(1) 00.0140(8) 00.0112(8) 0.0077(8)
O(3) 2i 0.7436(2) 0.3892(2) 0.4339(2) 0.036(1) 0.071(2) 0.029(1) 00.009(1) 00.0051(9) 0.024(1)
O(4) 2i 0.6369(2) 0.3009(2) 0.5741(1) 0.044(1) 0.046(1) 0.0104(8) 00.0196(9) 00.0109(7) 0.0050(7)
O(1W) 2i 0.9384(2) 0.1693(2) 0.8897(2) 0.044(1) 0.034(1) 0.043(1) 00.0116(9) 00.0145(9) 0.0064(9)
O(2W) 2i 0.0797(3) 0.2733(3) 0.1285(2) 0.049(1) 0.071(2) 0.043(1) 00.017(1) 00.007(1) 00.009(1)
O(3W) 2i 0.0798(2) 0.5202(2) 0.7328(2) 0.057(1) 0.060(1) 0.035(1) 00.036(1) 00.005(1) 0.004(1)
O(4W) 2i 0.1087(3) 0.3290(2) 0.9118(2) 0.057(1) 0.059(2) 0.049(1) 00.032(1) 00.007(1) 00.000(1)
O(5W) 2i 1.0707(2) 00.1012(2) 0.8743(2) 0.050(1) 0.034(1) 0.067(2) 00.012(1) 00.008(1) 00.001(1)
Zn(1) 2i 0.62469(3) 0.21697(3) 0.72004(2) 0.0219(2) 0.0209(2) 0.0128(1) 00.0068(1) 00.0044(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(2X) 2i 0.0151 0.3453 0.1366 0.065
H(2Y) 2i 0.1286 0.2722 0.0667 0.065
H(3X) 2i 0.0796 0.4957 0.6727 0.056
H(3Y) 2i 0.1389 0.5629 0.7266 0.056

Table 2. Continued.

Atom Site x y z Uiso

H(4X) 2i 0.1009 0.3840 0.8602 0.063
H(4Y) 2i 0.0423 0.2945 0.9240 0.063
H(5X) 2i 1.0299 00.0188 0.8783 0.061
H(5Y) 2i 1.0258 00.1433 0.9203 0.061

Table 2. Continued.

Atom Site x y z Uiso
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Abstract

C11H13NO3S, orthorhombic, Pnma (no. 62), a = 8.445(1) Å,
b = 10.958(1) Å, c = 12.084(2) Å, V = 1118.2 Å3, Z = 4,
Rgt(F) = 0.054, wRref(F

2) = 0.108, T = 173 K.

Source of material

Trimethylsulfoxonium iodide (0.250 g, 1.14 mmol) was added at
room temperature. To a solution containing thallium phthalimide
(0.397 g, 1.13 mmol) in methanol (30 ml). After stirring over-
night, the filtered solution was evaporated to dryness, and the re-
sulting solid was washed with Et2O (yield 0.220 g, 35 %). The
title compound was recrystallized from methanol/Et2O as color-
less crystals.

Discussion

Phthalimide [1(H)-isoindoline-1,3(2H)-dione] and its deriva-
tives are very important compounds. They are used in the synthe-
sis of antimicrobal activity, as anti drogens and agents for treating
tumour necrosis factor. Certain phthalimide derivatives are used
as herbicides and for reducing bacterial contamination.
Phthalimide forms salts with potassium and thallium due to its
high acidity caused by electrophilic carbonyl groups attached to
the nitrogen atom. Potassium phthalimide is used in the Gabriel
synthesis of primary amines and by reacting with thallium nitrate
in aqueous solution produces thallium phthalimide which can
give many phthalimide derivatives by reacting with salts contain-
ing iodide.

The resulted salt crystallizes with one molecular anion and one
cation in the symmetric unit. In the crystal structure, the bond
lengths and angles of the anion are quite similar to those reported
for potassium phthalimide structure [1].
The bonds are most significantly different in the region near N
atom which is the deprotonation site. As a result of deprotonation
the internal ring angle at the nitrogen atom in the protonated neu-
tral molecule closes from 112.8(2)° [2] to 107.9(3)° (N1) in its an-
ion. The opening of each of the internal ring angles at the adjacent
carbon atoms C2 and C2A by 4 - 5° over-compensates for the
closing of the angle at N1 by 4.9°. This suggests that all three an-
gular changes are a consequence of the deprotonation. In addition
the C—O bond length [1.231(3) Å] is slightly increased by about
0.03 Å and C—N bond length [1.369(3) Å] is slightly decreased
by 0.01 Å. These results and the symmetry about N1 indicate also
a symmetric p-electron distribution in the sense of an effective
delocalization within the ring. There are no hydrogen interactions
in the structure and it is interesting to note that the three S—C
bond lengths in the cation are similar (2× 1.750(3) Å and 1×
1.753(4) Å), and the three O–S–C bond angles are slightly similar
(2× 112.85(11)° and 113.06(18)°). The molecular anion is planar;
the two carbonyl groups are not displaced from the mean plane of
their attached molecular anion ring.
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Crystal: colorless needle,
size 0.05 × 0.05 × 0.30 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 2.80 cm01

Diffractometer, scan mode: STOE IPDS 2, *
2"max: 52.74°
N(hkl)measured, N(hkl)unique: 15073, 1201
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 1048
N(param)refined: 107
Programs: SHELXS-97, SHELXL-97 [3]

Table 1. Data collection and handling.

H(4) 8d 0.545(4) 0.536(3) 0.645(3) 0.040(9)
H(5) 8d 0.401(4) 0.644(3) 0.781(3) 0.05(1)
H(12A) 8d 0.210(4) 0.678(3) 0.552(3) 0.037(9)
H(12B) 4c 0.055(6) ¾ 0.522(4) 0.04(1)
H(13A) 8d 0.022(4) 0.634(3) 0.330(2) 0.024(7)
H(13B) 8d 0.170(4) 0.620(3) 0.253(3) 0.044(9)
H(13C) 8d 0.169(4) 0.552(3) 0.366(3) 0.044(9)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: eyad782002@yahoo.com)
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N(1) 4c 0.7896(4) ¾ 0.4195(2) 0.022(2) 0.023(2) 0.020(1) 0 0.002(1) 0
C(2) 8d 0.7336(3) 0.6490(2) 0.4734(2) 0.018(1) 0.024(1) 0.021(1) 00.001(1) 00.004(1) 00.002(1)
C(3) 8d 0.6320(3) 0.6865(2) 0.5700(2) 0.016(1) 0.022(1) 0.019(1) 00.000(1) 00.0047(9) 0.002(1)
C(4) 8d 0.5486(3) 0.6211(3) 0.6477(2) 0.025(1) 0.025(1) 0.028(1) 00.001(1) 0.000(1) 0.004(1)
C(5) 8d 0.4656(3) 0.6867(3) 0.7276(2) 0.025(1) 0.039(2) 0.024(1) 00.004(1) 0.006(1) 0.006(1)
O(7) 8d 0.7625(2) 0.5425(2) 0.4478(2) 0.040(1) 0.022(1) 0.038(1) 0.0030(9) 0.0078(9) 00.0047(8)
S(10) 4c 0.2239(1) ¾ 0.38169(7) 0.0171(4) 0.0212(4) 0.0164(4) 0 00.0016(3) 0
O(11) 4c 0.3936(3) ¾ 0.3654(2) 0.018(1) 0.048(2) 0.027(2) 0 00.001(1) 0
C(12) 4c 0.1693(5) ¾ 0.5217(3) 0.029(2) 0.026(2) 0.017(2) 0 00.002(2) 0
C(13) 8d 0.1314(3) 0.6217(3) 0.3246(2) 0.028(2) 0.020(1) 0.023(1) 00.001(1) 00.001(1) 00.004(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Abstract

C62H51GdN2O6, monoclinic, P21 (no. 4), a = 9.504(2) Å,
b = 20.748(5) Å, c = 12.704(3) Å, / = 92.432(4)°,
V = 2502.8 Å3, Z = 2, Rgt(F) = 0.052, wRref(F

2) = 0.118,
T = 298 K.

Source of material

The chiral ligand (R,R)-6,6-dimethyl-3-pyridin-2-yl-5,6,7,8-
tetrahydro-5,7-methanoiso- quinoline was prepared by the proce-
dures [1] and Gd(dbm)3 · 2H2O was synthesized according to [2].
A solution of Gd(dbm)3 · 2H2O (86 mg, 0.1 mmol) in ethanol
(10 mL) was added to a solution of chiral ligand (25 mg,
0.1 mmol) in acetone (10 mL). The mixture was stirred 10 mi-
nutes and kept at RT. Yellow single crystals of title complex
suitable for X-ray analysis were obtained in 73 % yield by slow
evaporation of the solvent over two weeks.

Experimental details

H atoms were included in calculated positions and treated as
riding atoms with d(C—H) = 0.93 (aromatic), 0.97 (methylene)
or 0.96 (methyl) Å and Uiso(H) = 1.2 or 1.5 Ueq(C). The Flack
parameter is 0.02(1).

Discussion

Chiral lanthanide complexes have attracted considerable atten-
tion of research in the field of coordination chemistry, material
science and life science due to their diverse applications in asym-
metric catalysis, enantioselective synthesis, medical diagnotic
and therapy [3-7]. Among them, the Gd-based complexes are
commonly used as chiral shift reagents for resolving NMR spec-
tra [8].
The introduction of the chiral bipyridine derivative ligand results
in the chirality of the title compound, which crystallizes with
space group P21. The chirality is dominated by the two centers
C12 and C14 of the bipyridine derivative. the Gd(III) ion is coor-
dinated by six oxygen atoms from three /-diketonate ligands and
two nitrogen atoms of chiral pinene bipyridine. The arrangement
of O6N2 donors can be best approximated as a distorted square
antiprism. The bond lengths d(Gd—O) are in the range of
2.328(5) - 2.386(7) Å and d(Gd—N) are 2.574(5) and 2.599(5) Å,
respectively. The O3, O4, O5, O6 (bottom plane) and O1, O2, N1,
N2 atoms (top plane) comprise the two square-basic planes of the
antiprism with mean deviations of 0.072(3) and 0.113(3) Å from
each plane, their dihedral angle is 1.7(2)°.
The present compound was synthesized from the starting materi-
als (R,R)-(–)-6,6-dimethyl-3-pyridin-2-yl-5,6,7,8-tetrahydro-
5,7- methanoisoquinoline, while the reported compound was ob-
tained from (S,S)-(–)-6,6-dimethyl-3-pyridin-2-yl-5,6,7,8-
tetrahydro-5,7- methanoisoquinoline. They are a pair of enantio-
mers, but the synthetic pathways are different [9,10].
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Crystal: yellow block, size 0.22 × 0.24 × 0.30 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 13.81 cm01

Diffractometer, scan mode: Bruker SMART APEX CCD, */1
2"max: 52°
N(hkl)measured, N(hkl)unique: 13499, 8459
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 7308
N(param)refined: 642
Programs: SHELXS-97, SHELXL-97 [11]

Table 1. Data collection and handling.

H(1) 2a 0.7362 0.6454 00.0679 0.066
H(2) 2a 0.5965 0.6692 00.2112 0.076
H(3) 2a 0.3914 0.7256 00.1893 0.072
H(4) 2a 0.3287 0.7545 00.0245 0.075
H(7) 2a 0.2849 0.7803 0.1272 0.058

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: lixl@zzuli.edu.cn)
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C(1) 2a 0.6522(9) 0.6673(4) 00.0586(6) 0.068(4) 0.045(6) 0.052(4) 0.006(3) 0.004(3) 00.008(3)
C(2) 2a 0.5706(7) 0.6816(7) 00.1444(5) 0.068(4) 0.071(5) 0.051(3) 0.008(7) 0.002(3) 00.008(7)
C(3) 2a 0.4491(9) 0.7148(4) 00.1310(6) 0.069(5) 0.059(5) 0.051(4) 0.028(4) 00.009(4) 0.001(4)
C(4) 2a 0.412(1) 0.7320(4) 00.0340(7) 0.070(5) 0.058(5) 0.058(5) 0.031(4) 0.001(4) 0.006(4)
C(5) 2a 0.4998(7) 0.7156(4) 0.0512(6) 0.042(3) 0.044(4) 0.056(4) 00.003(3) 0.008(3) 00.001(3)
C(6) 2a 0.4608(6) 0.7304(3) 0.1608(6) 0.026(3) 0.032(4) 0.070(4) 0.005(2) 0.004(3) 0.004(3)
C(7) 2a 0.3424(7) 0.7638(4) 0.1818(6) 0.041(3) 0.055(5) 0.049(4) 0.008(3) 00.002(3) 00.001(3)
C(8) 2a 0.3086(9) 0.7729(4) 0.2860(7) 0.045(4) 0.038(5) 0.063(5) 0.014(3) 0.019(4) 0.002(3)
C(9) 2a 0.3964(7) 0.7493(3) 0.3639(6) 0.049(4) 0.033(4) 0.054(4) 0.005(3) 0.010(3) 00.004(3)
C(10) 2a 0.5137(7) 0.7160(3) 0.3351(5) 0.039(3) 0.028(3) 0.052(4) 0.008(3) 0.009(3) 0.005(3)
C(11) 2a 0.1828(7) 0.8139(4) 0.3171(6) 0.044(4) 0.043(5) 0.069(5) 0.016(3) 0.024(3) 00.005(4)
C(12) 2a 0.1811(8) 0.8170(4) 0.4372(6) 0.054(4) 0.042(5) 0.057(4) 0.002(3) 0.016(3) 00.017(4)
C(13) 2a 0.3209(9) 0.8339(4) 0.4906(8) 0.059(5) 0.043(5) 0.070(6) 0.008(4) 0.017(4) 00.026(4)
C(14) 2a 0.3607(9) 0.7599(4) 0.4749(7) 0.056(4) 0.056(5) 0.069(5) 0.010(4) 0.012(4) 0.006(4)
C(15) 2a 0.197(1) 0.7491(5) 0.4801(7) 0.070(5) 0.062(6) 0.069(5) 00.013(4) 0.021(4) 00.007(4)
C(16) 2a 0.312(1) 0.8510(5) 0.6063(6) 0.077(5) 0.057(5) 0.055(4) 0.008(4) 0.017(4) 00.008(4)
C(17) 2a 0.4146(8) 0.8832(5) 0.4369(6) 0.058(4) 0.058(6) 0.064(5) 00.002(4) 00.006(4) 00.030(4)
C(18) 2a 0.815(1) 0.5608(5) 0.3649(8) 0.038(4) 0.051(6) 0.053(6) 00.008(4) 0.008(4) 00.002(5)
C(19) 2a 0.8280(9) 0.5465(4) 0.4793(8) 0.048(5) 0.036(5) 0.060(5) 00.006(3) 0.010(4) 0.004(4)
C(20) 2a 0.739(1) 0.5780(4) 0.5448(8) 0.081(6) 0.035(5) 0.071(6) 0.001(4) 0.026(5) 00.006(4)
C(21) 2a 0.741(1) 0.5648(5) 0.6524(7) 0.068(6) 0.060(6) 0.054(5) 0.004(5) 0.014(4) 00.004(4)
C(22) 2a 0.834(1) 0.5216(7) 0.6930(8) 0.062(5) 0.064(7) 0.052(6) 00.019(5) 0.002(4) 0.004(4)
C(23) 2a 0.9216(9) 0.4853(4) 0.6279(6) 0.059(4) 0.057(5) 0.048(4) 00.006(4) 00.011(3) 0.011(4)
C(24) 2a 0.9176(9) 0.4992(4) 0.5198(6) 0.074(5) 0.055(5) 0.045(4) 00.001(4) 0.000(4) 00.002(4)
C(25) 2a 0.8528(8) 0.5156(4) 0.2910(5) 0.063(5) 0.042(4) 0.036(3) 00.002(3) 0.010(3) 0.012(3)
C(26) 2a 0.8416(7) 0.5234(4) 0.1817(5) 0.032(3) 0.046(4) 0.049(4) 0.005(3) 0.007(3) 00.004(3)
C(27) 2a 0.8745(7) 0.4658(3) 0.1126(5) 0.043(3) 0.033(4) 0.044(3) 0.013(3) 0.001(3) 0.005(3)
C(28) 2a 0.9171(8) 0.4787(4) 0.0122(6) 0.063(5) 0.045(5) 0.056(4) 0.001(4) 0.010(3) 0.004(4)
C(29) 2a 0.9549(8) 0.4275(4) 00.0530(6) 0.059(4) 0.061(5) 0.046(4) 0.016(4) 0.011(3) 00.016(4)
C(30) 2a 0.9464(8) 0.3660(4) 00.0157(6) 0.057(4) 0.047(5) 0.062(5) 0.013(3) 00.005(4) 00.006(4)
C(31) 2a 0.9004(9) 0.3526(4) 0.0842(6) 0.079(5) 0.047(5) 0.058(4) 0.008(4) 0.019(4) 00.006(4)
C(32) 2a 0.8642(9) 0.4035(3) 0.1488(6) 0.071(5) 0.021(3) 0.053(4) 00.004(3) 00.001(3) 00.004(3)
C(33) 2a 1.1297(7) 0.6234(3) 0.2145(5) 0.051(4) 0.028(4) 0.039(3) 00.003(3) 0.002(3) 00.001(3)
C(34) 2a 1.2356(8) 0.5889(3) 0.2889(6) 0.033(3) 0.034(4) 0.053(4) 00.007(3) 0.004(3) 0.003(3)
C(35) 2a 1.2018(9) 0.5839(4) 0.3928(6) 0.061(4) 0.028(4) 0.060(4) 0.006(3) 0.004(4) 00.010(3)
C(36) 2a 1.301(1) 0.5543(5) 0.4623(7) 0.064(5) 0.053(6) 0.049(5) 0.008(4) 00.018(4) 0.001(4)
C(37) 2a 1.4236(9) 0.5304(4) 0.4252(7) 0.058(5) 0.049(5) 0.072(5) 0.013(4) 00.018(4) 00.015(4)
C(38) 2a 1.4567(8) 0.5361(4) 0.3226(6) 0.050(4) 0.042(4) 0.058(4) 0.013(3) 00.005(3) 00.002(3)
C(39) 2a 1.3583(9) 0.5662(4) 0.2548(7) 0.056(4) 0.038(4) 0.068(5) 0.004(3) 00.010(4) 00.009(4)
C(40) 2a 1.1428(7) 0.6173(4) 0.1048(5) 0.039(3) 0.047(4) 0.048(4) 0.014(3) 0.008(3) 00.008(3)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(10) 2a 0.5710 0.6980 0.3886 0.048
H(11A) 2a 0.1908 0.8570 0.2885 0.062
H(11B) 2a 0.0958 0.7949 0.2890 0.062
H(12) 2a 0.1010 0.8407 0.4640 0.061
H(14) 2a 0.4213 0.7396 0.5297 0.072
H(15A) 2a 0.1600 0.7158 0.4330 0.079
H(15B) 2a 0.1646 0.7436 0.5508 0.079
H(16A) 2a 0.2626 0.8910 0.6129 0.094
H(16B) 2a 0.4055 0.8552 0.6375 0.094
H(16C) 2a 0.2628 0.8175 0.6418 0.094
H(17A) 2a 0.5060 0.8838 0.4721 0.090
H(17B) 2a 0.3727 0.9252 0.4406 0.090
H(17C) 2a 0.4237 0.8713 0.3645 0.090
H(20) 2a 0.6767 0.6086 0.5168 0.074
H(21) 2a 0.6794 0.5857 0.6957 0.072
H(22) 2a 0.8407 0.5154 0.7655 0.072
H(23) 2a 0.9800 0.4531 0.6560 0.066
H(24) 2a 0.9753 0.4767 0.4753 0.069
H(25) 2a 0.8889 0.4766 0.3163 0.056
H(28) 2a 0.9207 0.5209 00.0120 0.066
H(29) 2a 0.9852 0.4354 00.1205 0.066
H(30) 2a 0.9722 0.3320 00.0585 0.067
H(31) 2a 0.8940 0.3102 0.1075 0.073

Table 2. Continued.

Atom Site x y z Uiso

H(32) 2a 0.8333 0.3956 0.2160 0.058
H(35) 2a 1.1168 0.5995 0.4161 0.060
H(36) 2a 1.2827 0.5509 0.5335 0.067
H(37) 2a 1.4865 0.5095 0.4718 0.072
H(38) 2a 1.5415 0.5206 0.2987 0.060
H(39) 2a 1.3777 0.5706 0.1840 0.065
H(40) 2a 1.2151 0.5915 0.0812 0.053
H(43) 2a 0.9712 0.7172 00.1340 0.067
H(44) 2a 1.0197 0.7071 00.3116 0.068
H(45) 2a 1.1670 0.6274 00.3691 0.072
H(46) 2a 1.2629 0.5534 00.2486 0.070
H(47) 2a 1.2111 0.5589 00.0711 0.074
H(50) 2a 0.7932 0.7276 0.5227 0.063
H(51) 2a 0.7805 0.7455 0.6993 0.073
H(52) 2a 0.7843 0.8514 0.7638 0.073
H(53) 2a 0.8028 0.9355 0.6535 0.075
H(54) 2a 0.8059 0.9181 0.4733 0.059
H(55) 2a 0.7187 0.8930 0.3146 0.068
H(58) 2a 0.7270 0.8526 00.0225 0.074
H(59) 2a 0.5994 0.9220 00.1354 0.084
H(60) 2a 0.4485 0.9981 00.0673 0.069
H(61) 2a 0.4377 1.0083 0.1142 0.070
H(62) 2a 0.5598 0.9380 0.2264 0.073

Table 2. Continued.

Atom Site x y z Uiso
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Abstract

C92H56F4N18O15Pb2, monoclinic, P12/c1 (no. 13),
a = 18.290(1) Å, b = 10.6611(6) Å, c = 20.872(1) Å,
/ = 100.122(1)°, V = 4006.6 Å3, Z = 2, Rgt(F) = 0.039,
wRref(F

2) = 0.096, T = 293 K.

Source of material

The pH value of a mixture of Pb(NO3)2 (0.5 mmol), 5-nitro-1,3-
benzenedicarboxylic acid (1,3-H2bdc, 0.5 mmol) and 2-(4-
fluorophenyl)-1H-imidazo[4,5-f][1,10]phenanthroline (L,
1 mmol) in 13 mL distilled water was adjusted between 5 and 6 by
addition of triethylamine. The resultant solution was heated at
462 K in a Teflon-lined stainless steel autoclave for five days. The
reaction system was then slowly cooled to room temperature.
Pale yellow crystals of the title compound suitable for single crys-
tal X-ray diffraction analysis were collected by filtration, washed
several times with distilled water and dried in air at ambient tem-
perature (28 % yield based on Pb).

Experimental details

All H atoms were positioned geometrically with d(N—H) =
0.86 Å, d(C—H) = 0.93 Å and treated as riding with Uiso(H) =
1.2 Ueq(C,N). The hydrogen atoms of O1W and O2W were not lo-
cated from the difference Fourier maps.

Discussion

1,10-Phenanthroline (phen) is a common ligand in the field of co-
ordination complex due to its strong ability to coordinate the
metal atoms. There are many reports on the coordination com-
pounds constructed from phen or its derivatives [1].
In the title crystal structure, the central Pb(II) atom is six-
coordinated by four nitrogen atoms from two different ligands,
and two carboxylate oxygen atoms from one 1,3-bdc anion in a
distorted octahedral manner. The Pb—O and Pb—N bond
lengths are in the normal ranges. In addition, the hydrogen bonds
N3–H3A···O2W (d(N3–H3A···O2W) = 2.864(7) Å, .N3–
H3A···O2W = 172.0°) and N8–H8A···O5 (d(N8–H8A···O5) =
2.727(6) Å, .N8–H8A···O5 = 161.9°) stabilize the molecular
packing.

350 Z. Kristallogr. NCS 226 (2011) 350-352 / DOI 10.1524/ncrs.2011.0157

© by Oldenbourg Wissenschaftsverlag, München

Crystal: pale yellow block,
size 0.18 × 0.23 × 0.31 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 42.90 cm01

Diffractometer, scan mode: Bruker APEX CCD, */1
2"max: 50.12°
N(hkl)measured, N(hkl)unique: 20302, 7070
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 5631
N(param)refined: 591
Programs: SHELXS-97, SHELXL-97 [2]

Table 1. Data collection and handling.

H(1) 4g 0.5585 0.4277 00.0707 0.064
H(2) 4g 0.5313 0.5474 00.1636 0.065
H(3) 4g 0.6104 0.7074 00.1810 0.059
H(7) 4g 0.8533 0.4791 0.1312 0.070
H(8) 4g 0.9432 0.6289 0.1223 0.075
H(9) 4g 0.9218 0.7719 0.0391 0.065
H(15) 4g 0.9349 1.0367 00.1130 0.060
H(16) 4g 0.9781 1.2036 00.1681 0.071
H(18) 4g 0.7864 1.2147 00.2926 0.073
H(19) 4g 0.7421 1.0475 00.2388 0.067
H(20) 4g 0.5738 0.5349 0.0911 0.047
H(21) 4g 0.5485 0.6751 0.1671 0.051
H(22) 4g 0.6264 0.6889 0.2674 0.048
H(26) 4g 0.8244 0.1345 0.1479 0.054
H(27) 4g 0.9183 0.1391 0.2368 0.056
H(28) 4g 0.9172 0.2937 0.3148 0.053
H(34) 4g 0.7986 0.8243 0.4452 0.049

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: wangxiuyan2001@yahoo.com.cn)



Pb(C19H11N4F)2(C8H3NO6) · 1.5H2O 351

C(1) 4g 0.5917(3) 0.4903(6) 00.0777(3) 0.039(4) 0.062(4) 0.058(4) 00.018(3) 0.003(3) 0.004(3)
C(2) 4g 0.5744(4) 0.5628(6) 00.1337(3) 0.042(4) 0.067(4) 0.050(4) 00.010(3) 00.004(3) 0.011(3)
C(3) 4g 0.6214(4) 0.6568(6) 00.1442(3) 0.042(4) 0.058(4) 0.046(4) 00.001(3) 0.004(3) 0.002(3)
C(4) 4g 0.6865(3) 0.6761(5) 00.0990(3) 0.041(3) 0.046(3) 0.032(3) 00.006(3) 0.007(3) 00.003(3)
C(5) 4g 0.7013(3) 0.5956(5) 00.0433(3) 0.035(3) 0.038(3) 0.043(3) 00.007(3) 0.008(3) 00.003(3)
C(6) 4g 0.7703(3) 0.6080(5) 0.0036(3) 0.046(4) 0.043(3) 0.038(3) 00.011(3) 0.008(3) 00.006(3)
C(7) 4g 0.8448(4) 0.5351(7) 0.0965(3) 0.053(4) 0.078(5) 0.040(3) 00.025(4) 00.003(3) 0.012(3)
C(8) 4g 0.8995(4) 0.6263(7) 0.0919(3) 0.054(4) 0.086(5) 0.043(4) 00.033(4) 00.003(3) 0.003(4)
C(9) 4g 0.8870(4) 0.7097(6) 0.0425(3) 0.051(4) 0.067(4) 0.043(4) 00.028(3) 0.006(3) 00.002(3)
C(10) 4g 0.8218(4) 0.7023(5) 00.0033(3) 0.050(4) 0.047(3) 0.035(3) 00.016(3) 0.006(3) 00.004(3)
C(11) 4g 0.8047(3) 0.7840(6) 00.0592(3) 0.044(4) 0.045(3) 0.044(3) 00.011(3) 0.010(3) 00.005(3)
C(12) 4g 0.7405(3) 0.7698(5) 00.1041(3) 0.040(3) 0.038(3) 0.040(3) 00.002(3) 0.011(3) 00.005(3)
C(13) 4g 0.8082(4) 0.9230(5) 00.1317(3) 0.050(4) 0.038(3) 0.042(3) 00.009(3) 0.017(3) 00.003(3)
C(14) 4g 0.8323(4) 1.0285(5) 00.1691(3) 0.056(4) 0.040(3) 0.041(3) 0.000(3) 0.013(3) 00.003(3)
C(15) 4g 0.9045(4) 1.0730(6) 00.1486(3) 0.055(4) 0.050(3) 0.043(3) 00.014(3) 0.001(3) 0.005(3)
C(16) 4g 0.9306(4) 1.1716(6) 00.1816(3) 0.063(5) 0.057(4) 0.059(4) 00.013(4) 0.013(4) 0.010(3)
C(17) 4g 0.8856(5) 1.2199(6) 00.2337(3) 0.084(6) 0.050(4) 0.050(4) 0.000(4) 0.031(4) 0.009(3)
C(18) 4g 0.8156(5) 1.1783(6) 00.2564(3) 0.082(6) 0.056(4) 0.043(4) 0.008(4) 0.010(4) 0.009(3)
C(19) 4g 0.7893(4) 1.0796(6) 00.2238(3) 0.066(5) 0.052(4) 0.048(4) 00.005(3) 0.006(4) 00.005(3)
C(20) 4g 0.6052(3) 0.5379(5) 0.1313(3) 0.038(3) 0.046(3) 0.032(3) 00.011(3) 00.002(3) 0.002(3)
C(21) 4g 0.5899(3) 0.6233(6) 0.1767(3) 0.029(3) 0.048(3) 0.051(4) 0.002(3) 0.003(3) 0.003(3)
C(22) 4g 0.6361(3) 0.6319(5) 0.2362(3) 0.040(3) 0.039(3) 0.040(3) 0.003(3) 0.003(3) 0.002(3)
C(23) 4g 0.6983(3) 0.5521(5) 0.2487(2) 0.029(3) 0.035(3) 0.032(3) 00.002(2) 0.005(2) 0.000(2)
C(24) 4g 0.7083(3) 0.4626(5) 0.2004(2) 0.028(3) 0.033(3) 0.029(3) 00.006(2) 0.004(2) 0.001(2)
C(25) 4g 0.7686(3) 0.3732(5) 0.2126(2) 0.036(3) 0.033(3) 0.029(3) 00.003(2) 0.006(2) 0.003(2)
C(26) 4g 0.8244(4) 0.1985(5) 0.1782(3) 0.057(4) 0.039(3) 0.042(3) 0.004(3) 0.016(3) 00.013(3)
C(27) 4g 0.8809(4) 0.1991(5) 0.2320(3) 0.046(4) 0.044(3) 0.050(4) 0.010(3) 0.010(3) 00.006(3)
C(28) 4g 0.8802(3) 0.2907(5) 0.2780(3) 0.042(4) 0.047(3) 0.043(3) 0.007(3) 0.004(3) 00.004(3)
C(29) 4g 0.8226(3) 0.3800(5) 0.2689(2) 0.034(3) 0.035(3) 0.029(3) 0.001(2) 0.005(2) 00.003(2)
C(30) 4g 0.8146(3) 0.4770(5) 0.3149(2) 0.034(3) 0.041(3) 0.025(3) 0.005(3) 00.002(2) 0.001(2)
C(31) 4g 0.7538(3) 0.5549(5) 0.3060(2) 0.042(3) 0.033(3) 0.027(3) 0.001(2) 0.006(3) 0.000(2)
C(32) 4g 0.8304(3) 0.6027(5) 0.3957(2) 0.039(3) 0.033(3) 0.032(3) 0.004(3) 0.003(3) 00.001(2)
C(33) 4g 0.8646(3) 0.6715(5) 0.4544(2) 0.036(3) 0.044(3) 0.029(3) 0.003(3) 0.002(2) 00.002(2)
C(34) 4g 0.8403(3) 0.7885(5) 0.4706(3) 0.039(3) 0.047(3) 0.036(3) 0.008(3) 0.002(3) 0.000(3)
C(35) 4g 0.8774(4) 0.8521(6) 0.5239(3) 0.053(4) 0.047(3) 0.043(3) 00.003(3) 0.012(3) 00.013(3)
C(36) 4g 0.9380(4) 0.7972(6) 0.5613(3) 0.046(4) 0.071(4) 0.032(3) 00.010(3) 0.000(3) 00.020(3)
C(37) 4g 0.9644(4) 0.6829(6) 0.5465(3) 0.046(4) 0.080(5) 0.045(4) 0.021(4) 00.009(3) 00.015(3)
C(38) 4g 0.9276(4) 0.6199(6) 0.4926(3) 0.055(4) 0.060(4) 0.046(4) 0.023(3) 00.007(3) 00.013(3)
C(39) 4g 0.5503(3) 0.2096(5) 0.0605(3) 0.045(4) 0.047(3) 0.034(3) 00.015(3) 0.016(3) 00.009(3)
C(40) 4g 0.4785(3) 0.1368(5) 0.0471(2) 0.041(3) 0.033(3) 0.028(3) 00.008(2) 0.012(3) 00.001(2)
C(41) 4g 0.4668(3) 0.0317(5) 0.0844(2) 0.035(3) 0.043(3) 0.027(3) 0.001(3) 0.002(2) 0.000(2)
C(42) 4g 0.4018(3) 00.0368(5) 0.0722(2) 0.038(3) 0.032(3) 0.031(3) 00.006(2) 0.006(3) 0.003(2)
C(43) 4g 0.3468(3) 00.0009(5) 0.0206(2) 0.032(3) 0.036(3) 0.037(3) 00.008(2) 0.003(3) 00.003(2)
C(44) 4g 0.3593(3) 0.1003(5) 00.0163(3) 0.040(3) 0.035(3) 0.035(3) 00.005(3) 00.002(3) 00.002(2)
C(45) 4g 0.4235(3) 0.1709(5) 00.0044(3) 0.043(3) 0.038(3) 0.038(3) 00.001(3) 0.011(3) 0.003(3)
C(46) 4g 0.3901(3) 00.1533(5) 0.1113(3) 0.036(3) 0.043(3) 0.043(3) 00.004(3) 00.002(3) 0.002(3)
N(1) 4g 0.6525(3) 0.5052(4) 00.0339(2) 0.036(3) 0.047(3) 0.047(3) 00.011(2) 0.006(2) 00.002(2)
N(2) 4g 0.7818(3) 0.5249(5) 0.0539(2) 0.045(3) 0.057(3) 0.034(3) 00.018(3) 0.005(2) 0.000(2)
N(3) 4g 0.7435(3) 0.8596(4) 00.1504(2) 0.047(3) 0.040(3) 0.040(3) 00.004(2) 0.007(2) 0.002(2)
N(4) 4g 0.8468(3) 0.8810(4) 00.0767(2) 0.050(3) 0.040(2) 0.040(3) 00.016(2) 0.010(3) 00.002(2)
N(5) 4g 0.6623(2) 0.4600(4) 0.1420(2) 0.029(2) 0.036(2) 0.032(2) 00.004(2) 0.002(2) 00.001(2)
N(6) 4g 0.7708(3) 0.2818(4) 0.1671(2) 0.045(3) 0.036(2) 0.032(2) 00.005(2) 0.010(2) 00.005(2)
N(7) 4g 0.8634(3) 0.5067(4) 0.3713(2) 0.040(3) 0.041(3) 0.034(2) 0.008(2) 00.001(2) 00.005(2)
N(8) 4g 0.7639(2) 0.6336(4) 0.3586(2) 0.033(3) 0.031(2) 0.033(2) 0.006(2) 0.003(2) 00.004(2)
N(9) 4g 0.3005(3) 0.1321(5) 00.0719(3) 0.052(4) 0.058(3) 0.047(3) 00.008(3) 00.007(3) 0.012(3)
O(1) 4g 0.6020(2) 0.1700(4) 0.1023(2) 0.040(3) 0.063(3) 0.047(2) 00.018(2) 00.002(2) 0.008(2)
O(2) 4g 0.5552(2) 0.3066(3) 0.0270(2) 0.042(2) 0.045(2) 0.051(2) 00.015(2) 0.007(2) 0.004(2)
O(1W) 2f ½ 00.0202(6) ¼ 0.068(4) 0.060(4) 0.049(3) 0 0.002(3) 0

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

H(35) 4g 0.8616 0.9312 0.5344 0.057
H(37) 4g 1.0063 0.6483 0.5721 0.071
H(38) 4g 0.9451 0.5422 0.4816 0.067
H(41) 4g 0.5040 0.0075 0.1185 0.043

Table 2. Continued.

Atom Site x y z Uiso

H(43) 4g 0.3023 00.0450 0.0114 0.042
H(45) 4g 0.4297 0.2397 00.0303 0.047
H(3A) 4g 0.7107 0.8734 00.1846 0.051
H(8A) 4g 0.7341 0.6915 0.3666 0.039

Table 2. Continued.

Atom Site x y z Uiso
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Abstract

C22H56Co4N12O24, triclinic, P1 (no. 2), a = 7.988(2) Å,
b = 10.218(2) Å, c = 12.873(3) Å, 0 = 100.85(3)°,
/ = 92.14(3)°, . = 93.57(3)°, V = 1028.6 Å3, Z = 1,
Rgt(F) = 0.037, wRref(F

2) = 0.119, T = 293 K.

Source of material

A mixture of CoO · 6H2O (0.0582 g, 0.2 mmol), oxalic acid
(0.018 g, 0.2 mmol), ethylenediamine (0.013 ml, 0.2 mmol), and
water (0.6 ml) was sealed under vacuum in a Pyrex tube and
heated to 150 °C for 2 days under autogenous pressure, followed
by cooling to 30 °C with 10 °C/h. The solid products were reco-
vered by vacuum filtration and washed with water. Red polyhe-
dral crystals suitable for analysis with unidentified white powder
were obtained.

Experimental details

The hydrogen atoms of lattice water molecules were not located
(large thermal parameters of oxygen atoms). Also, all hydrogen
atoms on ethylenediamine cannot be found due to the disorder of
all nitrogen atoms.

Discussion

The crystal structure of the title compound comprises discrete
centrosymmetric dinuclear [Co2(C2O4)5]

6– anions, mononuclear
[Co(C2H8N2)3]

3+ cations, and water molecules. The anionic
dimer contains four terminal chelating and one bridging bis-
bidentate oxalate ligands. Each Co2 atom is coordinated in a
slightly distorted octahedral manner by six oxygen atoms of three
oxalate ligands in the range of 77.83(9)° - 114.98(10)° and
156.40(9)° - 170.74(9)°. The cobalt-to-bridging oxalate bond
lengths are slightly longer than those involving the terminal oxa-
late ligands. A similar trend can be observed in several other
[M2(C2O4)5]

n– anionic complexes (M = Fe, Cr, Ni, Zn; n = 4 or 6)
[1-7]. The BVS calculation for Co in [Co2(C2O4)5]

6– anions gives
a value of 2.02, indicating an oxidation state of +2 [8]. Co1 in
[Co(en)3]

3+ is coordinated to three ethylenediamine molecules in
a slightly distorted octahedral manner. Two nitrogen atoms in
each ethylenediamine molecule are disordered almost equally
over two positions, giving two possible conformations, gauche-
and and syn- conformation. The gauche-conformation is consi-
dered more likely since it minimizes nitrogen-nitrogen repulsions
and is usually observed for M(en)3 cations [9-12]. Therefore, two
sets of gauche-conformational [Co(en)3]

3+ cations are almost
equally distributed in the structure, i.e., one set of N1–C6–C7–
N4, N5–C8–C9–N8, N9–C10–C11–N12, and the other set of
N2–C6–C7–N3, N6–C8–C9–N7, N10–C10–C11–N11, with tor-
sional angles in the range of 56.51(3)° - 61.76(3)°. The other
possible arrangement is synperiplanar. However, the syn-confor-
mation of ethylenediamine in octahedral M(en)3 geometry is
energetically unfavorable and is not reported yet. The crystal
packing of the title complex is stabilized by hydrogen bonds be-
tween the [Co(C2H8N2)3]

3+ cations and [Co2(C2O4)5]
6– anions.

Besides, two inequivalent lattice water molecules are further hy-
drogen bonded among to the monomeric cations, dimeric anions,
or to each other in a complex arrangement.
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Crystal: red polyhedral, size 0.16 × 0.23 × 0.26 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 16.86 cm01

Diffractometer, scan mode: Regaku R-AXIS RAPID, 1
2"max: 54.96°
N(hkl)measured, N(hkl)unique: 10220, 4659
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 4070
N(param)refined: 340
Programs: SHELXS-97, SHELXL-97 [13],

DIAMOND [14]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: junghwan@konkuk.ac.kr)



354 [Co(C2H8N2)3]2[Co2(C2O4)5] · 4H2O

Co(1) 2i 0.07526(4) 0.27340(3) 0.25000(3) 0.0186(2) 0.0232(2) 0.0223(2) 0.0020(1) 0.0006(1) 0.0052(1)
Co(2) 2i 00.40012(5) 0.70669(4) 0.16424(3) 0.0313(2) 0.0232(2) 0.0213(2) 0.0060(2) 00.0025(2) 0.0012(1)
O(1) 2i 00.6136(3) 0.7944(2) 0.1282(2) 0.028(1) 0.026(1) 0.049(1) 00.0011(8) 00.0102(9) 0.0076(9)
O(2) 2i 00.3360(3) 0.6228(2) 0.0116(2) 0.039(1) 0.032(1) 0.027(1) 00.0077(9) 0.0064(9) 0.0019(8)
O(3) 2i 00.5692(3) 0.5295(2) 0.1280(2) 0.048(1) 0.029(1) 0.0215(9) 00.0023(9) 0.0097(9) 0.0030(8)
O(4) 2i 00.2985(3) 0.8965(2) 0.1490(2) 0.025(1) 0.035(1) 0.052(1) 0.0000(8) 00.001(1) 0.007(1)
O(5) 2i 00.4245(3) 0.7865(3) 0.3250(2) 0.057(2) 0.048(1) 0.025(1) 0.031(1) 00.003(1) 0.0004(9)
O(6) 2i 00.7081(3) 0.9945(2) 0.1360(2) 0.034(1) 0.035(1) 0.070(2) 0.012(1) 00.006(1) 0.005(1)
O(7) 2i 00.3846(3) 1.1015(3) 0.1618(3) 0.050(2) 0.027(1) 0.090(2) 00.009(1) 00.014(2) 0.008(1)
O(8) 2i 00.3044(5) 0.7885(3) 0.4829(2) 0.114(3) 0.077(2) 0.024(1) 0.054(2) 00.011(1) 00.008(1)
O(9) 2i 00.2392(3) 0.5958(2) 0.2383(2) 0.052(1) 0.038(1) 0.029(1) 0.024(1) 00.004(1) 00.0020(9)
O(10) 2i 00.1476(3) 0.5670(3) 0.3967(2) 0.056(2) 0.044(1) 0.039(1) 0.022(1) 00.008(1) 0.012(1)
OW(1) 2i 0.3275(6) 0.9464(5) 0.4064(4) 0.097(3) 0.096(3) 0.128(4) 0.043(3) 0.006(3) 00.020(3)
OW(2) 2i 00.8754(6) 0.7436(6) 0.2686(5) 0.078(3) 0.151(5) 0.196(6) 00.012(3) 0.034(3) 0.064(5)
N(11) 2i 0.542(8) 0.1450(5) 0.2200(5) 0.1030(3) 0.026(2) 0.029(2) 0.024(2) 0.005(2) 0.006(2) 0.005(2)
N(12) 2i 0.458 0.0237(7) 0.4115(5) 0.1639(4) 0.035(3) 0.028(3) 0.026(3) 0.008(2) 0.000(2) 0.006(2)
N(21) 2i 0.544(8) 0.2994(5) 0.2357(5) 0.3035(4) 0.023(2) 0.029(2) 0.034(2) 0.004(2) 00.004(2) 0.009(2)
N(22) 2i 0.456 0.1586(7) 0.4200(6) 0.3724(4) 0.031(3) 0.032(3) 0.028(3) 0.003(2) 00.001(2) 0.002(2)
N(31) 2i 0.545(8) 00.0114(6) 0.3067(5) 0.3916(3) 0.030(2) 0.033(3) 0.025(2) 0.003(2) 0.005(2) 0.005(2)
N(32) 2i 0.455 0.1079(7) 0.1371(6) 0.3323(5) 0.030(3) 0.036(3) 0.040(3) 0.002(2) 00.002(2) 0.019(2)
N(41) 2i 0.571(7) 00.1367(5) 0.3124(4) 0.1845(3) 0.023(2) 0.030(2) 0.033(2) 0.008(2) 00.001(2) 0.002(2)
N(42) 2i 0.429 00.0004(7) 0.1423(5) 0.1264(4) 0.025(3) 0.023(3) 0.028(3) 0.000(2) 00.007(2) 0.001(2)
N(51) 2i 0.565(8) 00.0061(5) 0.0819(4) 0.2463(4) 0.028(2) 0.025(2) 0.037(2) 00.001(2) 0.004(2) 0.010(2)
N(52) 2i 0.435 00.1527(7) 0.2824(6) 0.3058(5) 0.023(3) 0.032(3) 0.035(3) 0.006(2) 0.005(2) 0.009(2)
N(61) 2i 0.545(7) 0.1658(5) 0.4566(4) 0.2658(4) 0.027(2) 0.022(2) 0.031(2) 0.003(2) 00.003(2) 0.002(2)
N(62) 2i 0.455 0.3089(6) 0.2766(5) 0.2096(4) 0.022(3) 0.027(3) 0.031(3) 0.002(2) 00.001(2) 0.003(2)
C(1) 2i 00.4322(3) 0.5268(3) 00.0334(2) 0.032(1) 0.022(1) 0.020(1) 0.005(1) 0.003(1) 0.0065(9)
C(2) 2i 00.3263(4) 0.7438(3) 0.3876(2) 0.042(2) 0.033(2) 0.027(1) 0.013(1) 00.002(1) 0.003(1)
C(3) 2i 00.5942(4) 0.9187(3) 0.1366(2) 0.028(1) 0.026(1) 0.031(1) 0.004(1) 00.005(1) 0.003(1)
C(4) 2i 00.4088(4) 0.9794(3) 0.1499(2) 0.032(1) 0.026(1) 0.036(2) 00.002(1) 00.004(1) 0.005(1)
C(5) 2i 00.2270(4) 0.6264(3) 0.3374(2) 0.031(1) 0.027(1) 0.031(1) 0.004(1) 00.001(1) 0.005(1)
C(6) 2i 0.3204(4) 0.4732(3) 0.3496(3) 0.040(2) 0.038(2) 0.037(2) 00.013(1) 0.003(1) 00.004(1)
C(7) 2i 0.4168(4) 0.3542(4) 0.3098(3) 0.023(1) 0.044(2) 0.056(2) 00.004(1) 00.011(1) 0.015(2)
C(8) 2i 00.0587(5) 0.0761(4) 0.3594(3) 0.042(2) 0.052(2) 0.053(2) 00.002(2) 0.006(2) 0.031(2)
C(9) 2i 00.1444(5) 0.2010(4) 0.4003(3) 0.049(2) 0.058(2) 0.044(2) 00.006(2) 0.021(2) 0.014(2)
C(10) 2i 00.0978(5) 0.3296(4) 0.0695(3) 0.060(2) 0.058(2) 0.030(2) 0.027(2) 00.014(2) 0.004(2)
C(11) 2i 00.0079(4) 0.2066(3) 0.0300(2) 0.040(2) 0.039(2) 0.027(1) 0.003(1) 00.005(1) 00.001(1)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23
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Abstract

C21H28IrNO7, monoclinic, C1c1 (no. 9), a = 16.938(2) Å,
b = 8.0768(8) Å, c = 16.265(2) Å, / = 95.124(1)°,
V = 2216.3 Å3, Z = 4, Rgt(F) = 0.028, wRref(F

2) = 0.053,
T = 298 K.

Source of material

The titled complex was prepared by refluxing aquabis(acetyl-
acetonato-)2O,O')(diacetylmethanido-)C)iridium(III) and a
large excess of 3-pyridylmethanol, and then the insoluble
residual was filtered off. The filtrate was slowly cooled to room
temperature along with evaporation, a yellow crystalline product
precipitated. Single crystals were selected from the product for
the X-ray diffraction analysis.

Experimental details

All the hydrogen atoms were positioned geometrically with
d(C—H) = 0.93 - 0.98 Å, d(O—H) = 0.82 Å and refined as riding
with Uiso(H) = 1.2 or 1.5 Ueq(C) and Uiso(H) = 1.5 Ueq(O). The re-
fined Flack parameter of 0.004(9) implies that the absolute struc-
ture is correct.

Discussion

In the title crystal structure, the Ir atom is six-coordinated and
situated in a slightly distorted octahedral environment, formed by
four oxygen atoms of two acetylacetone ligands, one carbon atom

of one acetylacetone ligand and one N atom of 3-pyridyl-
methanol. The average O–Ir–O chelating angle is 95.135°. The
average Ir—O bond length of two acetylacetone ligands is
2.025(4) Å, Ir—C bond length is found to be 2.09(2) Å, which
agree with the literature data of Ir(C5H7O2)3, Ir(C5H7O2)3(H2O),
Ir(C5H7O2)3(C2H6SO) and Ir(C5H7O2)3(CH3CN) · 1.5H2O [1-5].
The Ir—N bond length is found to be 2.13(1) Å. Change in the co-
ordination mode of one acetylacetonate ligand of tris(acetyl-
acetonato-O,O)iridium(III) lead to the formation of the direct Ir-
C bond . In this complex, the average Ir—O, Ir—C and Ir—N
bond lengths are close to each other. The Ir—C bond length is
found to be between a Ir—C !-bond (2.00 - 2.02 Å) and a Ir—C
#-bond (2.27 - 2.31 Å) [3]. The crystal structure also reveals that
there are two different types of coordinated acac ligands: a con-
ventional bidentate (O-bonded acac ligand) and a .-C bonded
acac ligand in the title complex, as Periana proposed [3].
The crystal packing is stablilized by extensive hydrogen bonds
formed between 3-pyridinemethanol and carbonyl O atoms of the
acetylacetone ligand with d(O7–H7···O6) of 2.864(8) Å and
.O7–H7···O6 = 164.3°.
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Crystal: yellow block, size 0.12 × 0.14 × 0.26 mm
Wavelength: Mo K1 radiation (0.71073 Å)
%: 60.65 cm01

Diffractometer, scan mode: Bruker SMART CCD, */1
2"max: 56.4°
N(hkl)measured, N(hkl)unique: 7210, 3791
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3397
N(param)refined: 278
Programs: SHELXS-97, SHELXL-97 [6],

DIAMOND [7]

Table 1. Data collection and handling.

H(7) 4a 0.6107 0.4127 0.2983 0.104
H(2A) 4a 0.2386 0.7592 0.4057 0.079
H(2B) 4a 0.3151 0.8082 0.4617 0.079
H(2C) 4a 0.3138 0.6455 0.4090 0.079
H(3) 4a 0.3283 1.0699 0.3974 0.048
H(5A) 4a 0.4258 1.3422 0.3174 0.078
H(5B) 4a 0.3462 1.3382 0.3596 0.078
H(5C) 4a 0.3455 1.3818 0.2656 0.078
H(7A) 4a 0.4850 1.0374 00.0558 0.083
H(7B) 4a 0.5446 0.8904 00.0622 0.083
H(7C) 4a 0.5622 1.0281 0.0048 0.083
H(8) 4a 0.5140 0.6500 0.0001 0.054

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: liuweiping0917@126.com)



356 Ir(C5H7O2)3(C6H7NO)

Ir(1) 4a 0.38668(3) 0.86191(2) 0.17848(3) 0.0385(1) 0.0298(1) 0.0291(1) 00.0001(3) 0.00554(7) 0.0010(3)
N(1) 4a 0.4998(7) 0.859(1) 0.2476(6) 0.025(4) 0.038(5) 0.025(5) 0.004(3) 00.009(3) 00.004(3)
O(1) 4a 0.3397(3) 0.7651(5) 0.2778(3) 0.040(3) 0.036(3) 0.030(3) 0.002(2) 0.007(2) 0.004(2)
O(2) 4a 0.3767(3) 1.1003(5) 0.2149(3) 0.055(3) 0.025(2) 0.035(2) 0.001(2) 0.003(2) 00.003(2)
O(3) 4a 0.4391(3) 0.9613(5) 0.0830(3) 0.046(3) 0.038(3) 0.037(3) 00.004(2) 0.009(2) 0.006(2)
O(4) 4a 0.4061(3) 0.6230(5) 0.1473(3) 0.046(3) 0.033(3) 0.040(3) 0.001(2) 0.006(2) 0.001(2)
O(5) 4a 0.2791(3) 0.6804(7) 00.0046(3) 0.079(4) 0.080(4) 0.036(3) 00.002(3) 0.001(3) 00.008(3)
O(6) 4a 0.1755(3) 0.8587(6) 0.1999(3) 0.053(3) 0.066(4) 0.063(4) 00.002(3) 0.024(3) 0.000(3)
O(7) 4a 0.5934(3) 0.4161(7) 0.3437(4) 0.072(4) 0.043(3) 0.095(5) 0.003(3) 0.020(3) 0.017(3)
C(1) 4a 0.3258(5) 0.8551(9) 0.3383(5) 0.037(5) 0.042(4) 0.034(5) 00.003(4) 0.006(4) 0.002(4)
C(2) 4a 0.2955(5) 0.7579(9) 0.4105(5) 0.076(6) 0.045(5) 0.041(4) 0.003(4) 0.022(4) 0.003(4)
C(3) 4a 0.3374(4) 1.0254(8) 0.3463(4) 0.048(4) 0.045(4) 0.028(4) 00.002(3) 0.009(3) 00.009(3)
C(4) 4a 0.3606(4) 1.1377(8) 0.2884(4) 0.040(4) 0.041(4) 0.034(4) 00.002(3) 0.005(3) 00.011(3)
C(5) 4a 0.3704(5) 1.3157(8) 0.3096(5) 0.072(6) 0.023(4) 0.062(5) 0.002(3) 0.013(4) 00.008(3)
C(6) 4a 0.4772(5) 0.865(1) 0.0351(6) 0.035(5) 0.058(6) 0.037(5) 0.002(4) 0.008(4) 0.002(4)
C(7) 4a 0.5213(4) 0.964(1) 00.0250(5) 0.053(5) 0.066(5) 0.050(5) 00.007(4) 0.018(4) 0.001(4)
C(8) 4a 0.4828(4) 0.6970(9) 0.0382(4) 0.049(4) 0.050(5) 0.038(4) 0.003(3) 0.012(3) 00.012(3)
C(9) 4a 0.4490(4) 0.5855(9) 0.0893(4) 0.044(4) 0.042(4) 0.043(4) 0.004(3) 0.008(3) 00.012(3)
C(10) 4a 0.4625(6) 0.4031(9) 0.0805(6) 0.094(7) 0.038(5) 0.075(6) 0.006(4) 0.032(5) 00.008(4)
C(11) 4a 0.279(1) 0.870(1) 0.106(1) 0.048(8) 0.035(7) 0.058(8) 00.005(5) 0.025(6) 00.005(5)
C(12) 4a 0.2611(6) 0.702(2) 0.0664(7) 0.027(4) 0.043(6) 0.040(5) 0.000(4) 00.007(4) 0.000(4)
C(13) 4a 0.2276(5) 0.568(1) 0.1126(5) 0.073(6) 0.049(5) 0.068(6) 00.014(4) 0.005(4) 00.002(4)
C(14) 4a 0.2133(4) 0.941(1) 0.1526(5) 0.035(4) 0.054(5) 0.039(4) 0.004(3) 00.007(3) 0.000(4)
C(15) 4a 0.1977(5) 1.1204(9) 0.1432(6) 0.070(6) 0.050(5) 0.085(7) 0.022(4) 0.004(5) 0.005(5)
C(16) 4a 0.5474(4) 0.9875(9) 0.2456(5) 0.044(4) 0.030(4) 0.043(5) 0.000(3) 0.001(4) 0.007(3)
C(17) 4a 0.6197(4) 0.9893(9) 0.2893(4) 0.045(4) 0.044(4) 0.048(4) 00.009(3) 0.004(3) 00.007(3)
C(18) 4a 0.6439(4) 0.8528(9) 0.3361(4) 0.038(4) 0.058(5) 0.040(4) 0.000(4) 0.005(3) 00.011(4)
C(19) 4a 0.5946(4) 0.7174(8) 0.3363(4) 0.040(4) 0.041(4) 0.036(4) 0.006(3) 0.007(3) 0.004(3)
C(20) 4a 0.6186(5) 0.565(1) 0.3845(5) 0.055(5) 0.063(5) 0.064(6) 0.011(4) 0.006(4) 0.013(5)
C(21) 4a 0.5236(6) 0.731(2) 0.2916(7) 0.046(6) 0.032(5) 0.043(5) 00.008(5) 0.012(5) 00.004(4)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(10A) 4a 0.5095 0.3714 0.1142 0.101
H(10B) 4a 0.4689 0.3777 0.0238 0.101
H(10C) 4a 0.4178 0.3436 0.0978 0.101
H(11) 4a 0.2857 0.9477 0.0612 0.055
H(13A) 4a 0.1710 0.5800 0.1095 0.095
H(13B) 4a 0.2489 0.5732 0.1692 0.095
H(13C) 4a 0.2408 0.4637 0.0893 0.095
H(15A) 4a 0.1623 1.1393 0.0947 0.102

Table 2. Continued.

Atom Site x y z Uiso

H(15B) 4a 0.2467 1.1776 0.1381 0.102
H(15C) 4a 0.1740 1.1607 0.1908 0.102
H(16) 4a 0.5312 1.0789 0.2137 0.047
H(17) 4a 0.6525 1.0814 0.2877 0.055
H(18) 4a 0.6928 0.8524 0.3670 0.054
H(20A) 4a 0.6759 0.5627 0.3949 0.073
H(20B) 4a 0.5966 0.5692 0.4375 0.073
H(21) 4a 0.4891 0.6410 0.2923 0.048

Table 2. Continued.

Atom Site x y z Uiso



Crystal structure of bis(acetylacetonato-)2
O,O')-(diacetylmethanido-)C)-

(2-hydroxypyridine)iridium(III), Ir(C5H7O2)3(C5H5NO)
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Li-Qiao Chen and Wei-Ping Liu*
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Abstract

C20H26IrNO7, orthorhombic, Pbca (no. 61), a = 9.4798(8) Å,
b = 14.646(1) Å, c = 31.842(3) Å, V = 4421.0 Å3, Z = 8,
Rgt(F) = 0.036, wRref(F

2) = 0.074, T = 293 K.

Source of material

The title complex was prepared by mixing the aqueous solution of
aquabis(acetylacetonato-)2O,O')(diacetylmethanido-)C)-
iridium(III) and equimolar amount of 2-hydroxypyridine. After
one week, a yellow crystalline product precipitated. Single crys-
tals were selected from the product for the X-ray diffraction ana-
lysis.

Experimental details

All the hydrogen atoms were positioned geometrically with
d(C—H) = 0.93 - 0.98 Å, d(O—H) = 0.82 Å and refined as riding
with Uiso(H) = 1.2 or 1.5 Ueq(C) and Uiso(H) = 1.5 Ueq(O).

Discussion

In the title complex, the Ir atom is six-coordinated and situated in
a slightly distorted octahedral environment, formed by four oxy-
gen atoms of two acetylacetone ligands, one carbon atom of one
acetylacetone ligand and one N atom of 2-hydroxypyridine. The
average O–Ir–O chelating angle is 94.1(1)°. The average Ir—O

bond length of two acetylacetone ligands is 2.023(3) Å, Ir—C
bond length is found to be 2.162(5) Å, which agree with the litera-
ture data of Ir (C5 H 7 O 2 ) 3 , I r (C 5 H 7 O 2 ) 3 (H 2 O),
Ir(C5H7O2)3(C2H6SO) and Ir(C5H7O2)3(CH3CN) · 1.5H2O [1-5].
Ir—N bond length is found to be 2.140(4) Å. Changes in the coor-
dinat ion mode of one acetylacetonate l igand of
tris(acetyacetonato-O,O)iridium(III) lead to the formation of a
direct Ir—C bond. The average Ir—O, Ir—C and Ir—N bond
lengths are close to each other. Ir—C bond length is found to be
between Ir—C !-bond (2.00 - 2.02 Å) and Ir—C #-bond (2.27 -
2.31 Å). In the crystal structure of the title complex there are two
different types of coordinating acac ligands: a conventional
bidentate (O-bonded acac ligand) and a .-C bonded acac ligand,
as Periana proposed [3]. The crystal packing of the title complex
is stablilized by extensive hydrogen bonds formed between 2-
hydroxypyridine and carbonyl O atoms of the acetylacetone
ligand with d(O7–H7···O5) = 2.618(5) Å and .O7–H7···O5 =
165.9°.
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Crystal: yellow block, size 0.12 × 0.15 × 0.19 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 60.79 cm01

Diffractometer, scan mode: Bruker SMART CCD, */1
2"max: 56.74°
N(hkl)measured, N(hkl)unique: 28671, 5364
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3751
N(param)refined: 269
Programs: SHELXS-97, SHELXL-97 [6],

DIAMOND [7]

Table 1. Data collection and handling.

H(7) 8c 0.1448 0.4073 0.6475 0.072
H(2A) 8c 0.5749 0.5605 0.7659 0.093
H(2B) 8c 0.4403 0.4994 0.7710 0.093
H(2C) 8c 0.4429 0.5772 0.7373 0.093
H(3) 8c 0.6736 0.3963 0.7603 0.061
H(5A) 8c 0.8133 0.2073 0.7118 0.099
H(5B) 8c 0.7781 0.2484 0.7560 0.099
H(5C) 8c 0.9040 0.2878 0.7298 0.099
H(7A) 8c 0.6912 0.2567 0.5108 0.107
H(7B) 8c 0.5368 0.2539 0.4932 0.107
H(7C) 8c 0.5805 0.1894 0.5302 0.107
H(8) 8c 0.4030 0.3751 0.5125 0.057
H(10A) 8c 0.2026 0.5107 0.5569 0.081
H(10B) 8c 0.2862 0.5127 0.5144 0.081
H(10C) 8c 0.3214 0.5836 0.5498 0.081

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: liuweiping0917@126.com)
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Ir(1) 8c 0.57132(2) 0.39919(1) 0.633268(6) 0.0231(1) 0.0273(1) 0.0325(1) 0.00097(9) 00.00159(8) 0.00115(9)
N(1) 8c 0.4088(4) 0.3007(3) 0.6443(1) 0.029(2) 0.027(2) 0.037(2) 00.000(2) 00.004(2) 0.001(2)
O(1) 8c 0.5125(3) 0.4787(2) 0.6820(1) 0.029(2) 0.037(2) 0.036(2) 0.003(2) 00.001(2) 00.005(2)
O(2) 8c 0.6984(3) 0.3185(2) 0.6683(1) 0.029(2) 0.037(2) 0.043(2) 0.004(2) 00.006(2) 0.007(2)
O(3) 8c 0.6220(3) 0.3180(2) 0.5838(1) 0.033(2) 0.035(2) 0.038(2) 0.005(2) 00.000(2) 00.003(2)
O(4) 8c 0.4408(3) 0.4786(2) 0.5991(1) 0.028(2) 0.031(2) 0.038(2) 0.003(2) 00.003(2) 0.002(2)
O(5) 8c 0.9569(4) 0.4304(3) 0.6506(1) 0.032(2) 0.064(3) 0.066(3) 0.003(2) 00.002(2) 0.003(2)
O(6) 8c 0.7298(5) 0.5475(3) 0.5541(1) 0.076(3) 0.072(3) 0.049(2) 0.004(3) 0.003(2) 0.016(2)
O(7) 8c 0.2300(4) 0.4036(3) 0.6515(1) 0.030(2) 0.034(2) 0.079(3) 0.002(2) 0.005(2) 0.001(2)
C(1) 8c 0.5563(5) 0.4655(4) 0.7195(2) 0.040(3) 0.043(3) 0.036(3) 00.010(3) 0.006(3) 00.004(2)
C(2) 8c 0.4984(7) 0.5316(5) 0.7513(2) 0.081(5) 0.062(5) 0.044(3) 0.006(4) 0.007(3) 00.010(3)
C(3) 8c 0.6503(6) 0.3968(4) 0.7319(2) 0.057(4) 0.059(4) 0.036(3) 0.000(4) 00.005(3) 0.007(3)
C(4) 8c 0.7125(5) 0.3302(4) 0.7079(2) 0.032(3) 0.043(4) 0.045(3) 00.003(3) 00.005(2) 0.010(3)
C(5) 8c 0.8109(7) 0.2623(5) 0.7282(2) 0.066(4) 0.084(5) 0.050(4) 0.029(4) 00.006(3) 0.016(4)
C(6) 8c 0.5502(6) 0.3211(4) 0.5492(2) 0.050(4) 0.047(4) 0.033(3) 00.006(3) 00.002(3) 00.006(3)
C(7) 8c 0.5936(7) 0.2487(5) 0.5180(2) 0.096(6) 0.064(5) 0.055(4) 0.027(4) 00.011(4) 00.022(4)
C(8) 8c 0.4462(6) 0.3836(4) 0.5385(2) 0.049(3) 0.051(4) 0.042(3) 0.009(3) 00.012(3) 00.006(3)
C(9) 8c 0.3996(5) 0.4572(4) 0.5622(2) 0.027(3) 0.044(3) 0.040(3) 0.000(2) 00.002(2) 0.006(3)
C(10) 8c 0.2928(6) 0.5219(4) 0.5442(2) 0.050(4) 0.061(4) 0.052(3) 0.015(3) 00.008(3) 0.011(3)
C(11) 8c 0.7463(5) 0.4920(4) 0.6246(1) 0.026(3) 0.032(3) 0.041(3) 00.004(2) 00.001(2) 0.000(2)
C(12) 8c 0.8779(6) 0.4412(4) 0.6194(2) 0.033(3) 0.037(3) 0.048(3) 00.003(3) 0.003(3) 0.005(3)
C(13) 8c 0.9231(6) 0.4016(4) 0.5780(2) 0.041(3) 0.062(4) 0.075(4) 0.003(3) 0.015(3) 00.013(4)
C(14) 8c 0.7052(6) 0.5595(4) 0.5914(2) 0.038(3) 0.035(3) 0.060(4) 00.012(3) 00.001(3) 0.000(3)
C(15) 8c 0.6315(6) 0.6437(4) 0.6063(2) 0.048(4) 0.034(4) 0.095(5) 00.001(3) 0.001(4) 0.002(4)
C(16) 8c 0.4508(6) 0.2111(4) 0.6437(2) 0.034(3) 0.042(4) 0.056(4) 0.005(3) 00.004(2) 0.006(3)
C(17) 8c 0.3621(7) 0.1394(4) 0.6483(2) 0.054(4) 0.029(3) 0.068(4) 0.000(3) 00.004(3) 0.003(3)
C(18) 8c 0.2205(6) 0.1559(4) 0.6543(2) 0.051(4) 0.038(4) 0.070(4) 00.013(3) 00.004(3) 0.007(3)
C(19) 8c 0.1745(6) 0.2446(4) 0.6547(2) 0.034(3) 0.045(4) 0.060(4) 00.008(3) 00.001(3) 0.005(3)
C(20) 8c 0.2689(5) 0.3170(4) 0.6502(2) 0.031(3) 0.031(3) 0.034(3) 0.000(2) 00.002(2) 0.004(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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H(11) 8c 0.7555 0.5265 0.6508 0.039
H(13A) 8c 1.0150 0.3747 0.5808 0.089
H(13B) 8c 0.9263 0.4491 0.5572 0.089
H(13C) 8c 0.8568 0.3556 0.5694 0.089
H(15A) 8c 0.6990 0.6919 0.6098 0.089
H(15B) 8c 0.5860 0.6315 0.6326 0.089

Table 2. Continued.

Atom Site x y z Uiso

H(15C) 8c 0.5621 0.6617 0.5860 0.089
H(16) 8c 0.5462 0.1989 0.6398 0.053
H(17) 8c 0.3963 0.0799 0.6474 0.061
H(18) 8c 0.1575 0.1079 0.6580 0.064
H(19) 8c 0.0788 0.2567 0.6581 0.055

Table 2. Continued.
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Abstract

C20H30IrNO9, monoclinic, P21/n (no. 14), a = 10.574(1) Å,
b = 18.662(2) Å, c = 11.888(1) Å, / = 94.178(1)°,
V = 2339.7 Å3, Z = 4, Rgt(F) = 0.038, wRref(F

2) = 0.091,
T = 298 K.

Source of material

The title complex was prepared by mixing the aqueous solution of
aquabis(acetylacetonato-)2O,O')(diacetylmethanido-)C)-
iridium(III) and equimolar amount of 3-hydroxypyridine. After
two weeks, a yelleow crystalline product precipitated. Single
crystals were selected from the product for the X-ray diffraction
analysis.

Experimental details

The carbon-bound H atoms were positioned geometrically and
refined as riding with d(C—H) = 0.93 - 0.98 Å and Uiso(H) =
1.2 Ueq(C). The oxygen atoms of water are refined isotropically.

Discussion

The asymmetric unit of the title crystal structure consists of a
Ir(III) cation, three acetylacetonate anions, one 3-hydroypyridine
molecule and two lattice water molecules. The Ir(III) cation is
six-coordinated by four oxygen atoms of different acetyacetonate
anions, one carbon atom of acetylacetonate anion and one N atom
of 3-hydroxypyridine ligand in a slightly distorted octahedral en-
vironment. The average O–Ir–O chelating angle is 89.97°. The
average Ir—O bond length is 2.016(4) Å, Ir—C bond length is
2.166(6) Å, which agree with the literature data for Ir(C5H7O2)3,
Ir(C5H7O2)3(H2O) and Ir(C5H7O2)3(C2H6SO) [1-5]. Ir—N bond
length is found to be 2.088(5) Å.

In the crystal structure, there are intermolecular hydrogen bonds
with d(O5–H5···O1W) = 2.593(8) Å, .O5–H5···O1W = 138.1°;
d(O1W–H1W···O2W) = 3.101(9) Å, .O1W–H1W···O2W =
121.2°; d(O1W–H2W···O6) = 2.850(8) Å, .O1W–H2W···O6 =
130.5° and d (O1W–H2W·· ·O7) = 3.019(9) Å,
.O1W–H2W···O7 = 139.5°.
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Crystal: yellow prism, size 0.12 × 0.14 × 0.19 mm
Wavelength: Mo K0 radiation (0.71073 Å)
%: 57.55 cm01

Diffractometer, scan mode: Bruker SMART APEX II CCD, */1
2"max: 55°
N(hkl)measured, N(hkl)unique: 15209, 5290
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3644
N(param)refined: 277
Programs: SHELXS-97, SHELXL-97 [6],

DIAMOND [7]

Table 1. Data collection and handling.

H(5) 4e 00.4142 0.0122 0.2191 0.100
H(2A) 4e 00.3341 0.3666 0.0677 0.104
H(2B) 4e 00.3472 0.3659 0.1982 0.104
H(2C) 4e 00.3901 0.2992 0.1250 0.104
H(3) 4e 00.1534 0.3611 0.2915 0.061
H(5A) 4e 0.1569 0.3129 0.3911 0.103
H(5B) 4e 0.0290 0.3310 0.4437 0.103
H(5C) 4e 0.0908 0.3870 0.3661 0.103
H(7A) 4e 0.3735 0.0981 0.0584 0.090
H(7B) 4e 0.3182 0.0269 0.0047 0.090
H(7C) 4e 0.3071 0.0423 0.1333 0.090
H(8) 4e 0.1305 0.0396 00.1012 0.064
H(10A) 4e 00.0720 0.0947 00.2631 0.094
H(10B) 4e 00.1811 0.0725 00.1877 0.094
H(10C) 4e 00.0673 0.0202 00.2020 0.094
H(11) 4e 0.0493 0.1243 0.3053 0.064
H(12) 4e 00.0508 0.0488 0.4215 0.073
H(13) 4e 00.2578 0.0142 0.3739 0.074
H(15) 4e 00.2493 0.1289 0.0924 0.057
H(16) 4e 0.1121 0.2568 00.0862 0.047
H(18A) 4e 0.3793 0.3191 0.0606 0.099
H(18B) 4e 0.3282 0.2728 00.0429 0.099
H(18C) 4e 0.3168 0.2443 0.0801 0.099
H(20A) 4e 00.1517 0.3412 00.2111 0.129
H(20B) 4e 00.1417 0.2620 00.1674 0.129
H(20C) 4e 00.0344 0.2941 00.2366 0.129
O(1W) 4e 0.4827(6) 0.9880(4) 0.3404(5) 0.110(2)
H(1W) 4e 0.4110 0.9978 0.3069 0.131
H(2W) 4e 0.4822 0.9462 0.3691 0.131
O(2W) 4e 0.7816(6) 0.9716(4) 0.5816(6) 0.129(3)
H(3W) 4e 0.8185 0.9595 0.6446 0.155
H(4W) 4e 0.8147 1.0035 0.5421 0.155

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

_____________
* Correspondence author (e-mail: liuweiping0917@126.com)
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Ir(1) 4e 00.00518(2) 0.20807(1) 0.08562(2) 0.0360(1) 0.0362(2) 0.0368(2) 0.0049(1) 00.00208(9) 00.0027(1)
N(1) 4e 00.0905(5) 0.1343(3) 0.1883(4) 0.042(3) 0.042(3) 0.040(3) 0.005(2) 00.002(2) 00.002(2)
O(1) 4e 00.1715(4) 0.2609(2) 0.0774(3) 0.040(2) 0.037(3) 0.043(3) 0.003(2) 0.002(2) 0.000(2)
O(2) 4e 0.0667(4) 0.2588(3) 0.2257(3) 0.041(2) 0.053(3) 0.042(3) 0.002(2) 0.001(2) 00.010(2)
O(3) 4e 0.1570(4) 0.1507(2) 0.0995(3) 0.044(2) 0.049(3) 0.043(3) 0.011(2) 00.004(2) 00.003(2)
O(4) 4e 00.0778(4) 0.1538(2) 00.0510(3) 0.046(3) 0.046(3) 0.043(3) 0.002(2) 0.001(2) 00.005(2)
O(5) 4e 00.3924(5) 0.0484(3) 0.1864(5) 0.082(4) 0.080(5) 0.089(4) 00.030(3) 0.016(3) 0.014(3)
O(6) 4e 0.1788(5) 0.3773(3) 0.0878(4) 0.067(3) 0.059(4) 0.080(4) 00.017(3) 0.005(3) 00.023(3)
O(7) 4e 00.0555(5) 0.3870(3) 00.0329(4) 0.068(3) 0.056(4) 0.079(4) 0.015(3) 00.001(3) 0.009(3)
C(1) 4e 00.1975(6) 0.3060(3) 0.1526(6) 0.037(3) 0.036(4) 0.056(4) 0.001(3) 0.003(3) 0.001(3)
C(2) 4e 00.3293(6) 0.3373(4) 0.1342(7) 0.048(4) 0.079(6) 0.082(6) 0.026(4) 0.004(4) 00.008(5)
C(3) 4e 00.1193(6) 0.3273(4) 0.2447(6) 0.058(4) 0.044(4) 0.052(4) 0.008(3) 0.011(3) 00.011(3)
C(4) 4e 0.0039(6) 0.3051(3) 0.2769(5) 0.049(4) 0.042(4) 0.046(4) 0.000(3) 0.004(3) 0.001(3)
C(5) 4e 0.0768(7) 0.3369(5) 0.3787(6) 0.068(5) 0.081(6) 0.055(5) 0.003(4) 00.001(4) 00.029(4)
C(6) 4e 0.1811(6) 0.1001(4) 0.0323(6) 0.048(4) 0.045(4) 0.052(4) 0.004(3) 0.009(3) 0.001(3)
C(7) 4e 0.3063(6) 0.0636(4) 0.0596(6) 0.060(5) 0.052(5) 0.067(5) 0.029(4) 0.000(4) 0.001(4)
C(8) 4e 0.1001(6) 0.0771(4) 00.0591(6) 0.052(4) 0.053(5) 0.056(5) 0.004(3) 0.013(3) 00.016(3)
C(9) 4e 00.0207(6) 0.1027(4) 00.0958(5) 0.044(4) 0.038(4) 0.045(4) 00.004(3) 0.004(3) 00.002(3)
C(10) 4e 00.0916(7) 0.0696(4) 00.1962(6) 0.076(5) 0.062(5) 0.051(4) 00.008(4) 0.004(4) 00.021(4)
C(11) 4e 00.0335(6) 0.1101(4) 0.2849(6) 0.054(4) 0.050(5) 0.055(4) 0.013(3) 00.008(3) 0.010(3)
C(12) 4e 00.0931(7) 0.0650(4) 0.3550(6) 0.069(5) 0.060(5) 0.052(5) 0.023(4) 00.006(4) 0.013(4)
C(13) 4e 00.2154(8) 0.0439(4) 0.3263(6) 0.083(6) 0.048(5) 0.055(5) 0.009(4) 0.015(4) 0.012(4)
C(14) 4e 00.2742(7) 0.0673(4) 0.2263(6) 0.062(5) 0.041(4) 0.058(5) 00.008(3) 0.013(4) 00.004(3)
C(15) 4e 00.2091(6) 0.1126(4) 0.1599(5) 0.049(4) 0.046(4) 0.047(4) 0.004(3) 0.001(3) 0.004(3)
C(16) 4e 0.0789(6) 0.2842(3) 00.0244(5) 0.040(3) 0.041(4) 0.036(3) 0.002(3) 0.001(3) 00.001(3)
C(17) 4e 0.1881(6) 0.3214(4) 0.0358(6) 0.045(4) 0.043(4) 0.051(4) 00.007(3) 0.004(3) 0.003(3)
C(18) 4e 0.3143(6) 0.2863(4) 0.0332(7) 0.041(4) 0.060(5) 0.098(6) 00.003(4) 0.001(4) 00.005(4)
C(19) 4e 00.0256(7) 0.3301(4) 00.0746(6) 0.054(4) 0.047(5) 0.054(5) 00.005(4) 00.002(3) 0.013(4)
C(20) 4e 00.0945(9) 0.3046(5) 00.1821(7) 0.106(7) 0.079(7) 0.066(6) 00.016(5) 00.035(5) 0.019(5)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23
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Crystal structure of dipyrido[7,6-a:6',7'-c]-3-chloropyrido[2,3-b]-
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Pb(C17H8N4Cl)(C12H6O4)
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Abstract

C29H14ClN4O4Pb, triclinic, P1 (no. 2), a = 10.310(5) Å,
b = 10.521(5) Å, c = 12.168(5) Å, 0 = 80.808(5)°,
/ = 81.973(5)°, . = 79.638(5)°, V = 1273.3 Å3, Z = 2,
Rgt(F) = 0.051, wRref(F

2) = 0.138, T = 293 K.

Source of material

The pH value of a mixture of Pb(NO3)2 (0.5 mmol), naphthalene-
1,4-dicarboxylatic acid (1,4-H2ndc, 0.5 mmol) and dipyrido[7,6 -
a:6',7'-c]-3-chloropyrido[2,3-b]quinoxaline (L, 0.5 mmol) in
10 mL distilled water was adjusted to between 5 and 6 by addition
of triethylamine. The resultant solution was heated at 458 K in a
Teflon-lined stainless steel autoclave for seven days. The reac-
tion system was then slowly cooled to room temperature. Pale
yellow crystals of the title compound suitable for single crystal X-
ray diffraction analysis were collected from the final reaction sys-
tem by filtration, washed several times with distilled water and
dried in air at ambient temperature (yield 27 % based on Pb).

Experimental details

All H atoms were positioned geometrically d(C—H) = 0.93 Å and
refined as riding with Uiso(H) = 1.2 Ueq(C). The naphthalene-1,4-
dicarboxylate ligand is disordered over two positions in the

fused-ring portion. The hydrogen atoms attached to C29’ and
C19’ were not generated geometrically because of the disordered
fused-ring portion.

Discussion

The current interest in coordination polymer frameworks not
only stems from their potential applictions in microelectronics,
nonlinear optics, porous materials, and catalysis, but also from
their intriguing variety of topologies and entanglement motifs
[1]. Recently, 1,10-phenanthroline (phen) derivatives have re-
ceived intense interests in their coordination chemistry [2].
In the title complex, each Pb(II) atom is six-coordinated by two
nitrogen atoms from one L ligand, and four carboxylate oxygen
atoms from two different 1,4-ndc–2 ligands. The 1,4-ndc–2 ligands
bridge neighboring Pb(II) atoms to form one-dimensional chains.
The Pb···Pb distance bridged by 1,4-ndc–2 is about 11.72 Å. The L
ligands are located on both sides of the one-dimensional chains.
Further, the strong #-# interactions between the L ligands and the
1,4-ndc ligands of neighboring chains result in a 2D supramo-
lecular structure [2].
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Crystal: pale yellow block,
size 0.16 × 0.18 × 0.21 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 67.77 cm01

Diffractometer, scan mode: Bruker APEX CCD, */1
2"max: 50.16°
N(hkl)measured, N(hkl)unique: 6666, 4456
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 3850
N(param)refined: 385
Programs: SHELXS-97, SHELXL-97 [3]

Table 1. Data collection and handling.

H(1) 2i 0.4369 0.1788 0.0667 0.076
H(2) 2i 0.2571 0.2967 00.0148 0.084
H(3) 2i 0.2754 0.3507 00.2082 0.081
H(7) 2i 0.9847 0.0053 00.2029 0.148
H(8) 2i 1.0046 0.0208 00.3967 0.199
H(9) 2i 0.8537 0.1665 00.4937 0.141
H(15) 2i 0.6070 0.3570 00.7457 0.125
H(16) 2i 0.2259 0.5258 00.7085 0.156
H(24) 2i 0.50 1.1326 0.6950 00.2363 0.064
H(25) 2i 0.50 1.1339 0.5951 00.3994 0.105

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z Uiso

_____________
* Correspondence author (e-mail: wangjikujlnu@yahoo.com.cn)



362 Pb(C17H8N4Cl)(C12H6O4)

C(1) 2i 0.446(1) 0.201(1) 00.0108(9) 0.051(6) 0.070(7) 0.065(6) 00.007(5) 00.001(5) 00.005(5)
C(2) 2i 0.336(1) 0.272(1) 00.059(1) 0.044(6) 0.078(7) 0.087(8) 00.004(5) 00.004(5) 00.014(6)
C(3) 2i 0.347(1) 0.303(1) 00.1731(9) 0.060(6) 0.067(7) 0.076(7) 00.001(5) 00.020(5) 00.013(5)
C(4) 2i 0.467(1) 0.264(1) 00.2362(9) 0.082(7) 0.048(5) 0.068(6) 00.014(5) 00.025(5) 00.006(4)
C(5) 2i 0.5742(9) 0.1939(9) 00.1805(8) 0.051(5) 0.056(5) 0.058(5) 00.012(4) 00.006(4) 00.009(4)
C(6) 2i 0.697(1) 0.154(1) 00.2434(9) 0.063(7) 0.090(8) 0.061(6) 00.016(6) 00.015(5) 00.002(5)
C(7) 2i 0.913(2) 0.045(2) 00.241(1) 0.068(9) 0.19(2) 0.09(1) 0.01(1) 0.008(7) 00.01(1)
C(8) 2i 0.929(2) 0.063(3) 00.359(1) 0.10(1) 0.27(3) 0.08(1) 0.04(2) 0.017(9) 0.00(1)
C(9) 2i 0.836(2) 0.140(2) 00.417(1) 0.076(9) 0.18(2) 0.079(9) 0.01(1) 00.009(7) 0.01(1)
C(10) 2i 0.714(1) 0.180(1) 00.361(1) 0.082(8) 0.094(9) 0.067(7) 00.024(7) 0.005(6) 00.008(6)
C(11) 2i 0.603(1) 0.255(1) 00.4170(9) 0.11(1) 0.062(6) 0.056(6) 00.023(6) 00.028(6) 0.010(5)
C(12) 2i 0.482(1) 0.296(1) 00.3573(9) 0.076(7) 0.058(6) 0.068(6) 00.008(5) 00.021(6) 00.011(5)
C(13) 2i 0.393(2) 0.387(1) 00.517(1) 0.11(1) 0.075(8) 0.083(9) 00.012(8) 00.042(8) 00.009(6)
C(14) 2i 0.510(1) 0.353(1) 00.578(1) 0.098(9) 0.063(7) 0.070(7) 00.024(6) 00.042(7) 0.008(5)
C(15) 2i 0.527(2) 0.381(1) 00.702(1) 0.16(2) 0.063(8) 0.10(1) 00.042(9) 00.04(1) 00.004(7)
C(16) 2i 0.299(2) 0.480(2) 00.674(2) 0.16(2) 0.12(1) 0.11(1) 0.01(1) 00.07(1) 00.02(1)
C(17) 2i 0.6393(9) 0.027(1) 0.2729(8) 0.038(5) 0.061(6) 0.062(6) 00.013(4) 0.001(4) 0.003(4)
C(18) 2i 0.566(1) 0.012(1) 0.3909(8) 0.083(7) 0.055(6) 0.051(5) 00.022(5) 0.017(5) 00.006(4)
C(20) 2i 0.900(1) 0.2545(9) 0.022(1) 0.055(6) 0.043(5) 0.091(8) 00.011(5) 00.010(5) 0.000(5)
C(21) 2i 0.9527(9) 0.382(1) 0.008(1) 0.033(5) 0.049(5) 0.108(9) 00.008(4) 0.001(5) 00.002(5)
C(22) 2i 1.003(1) 0.439(1) 00.100(1) 0.036(5) 0.051(6) 0.13(1) 00.008(4) 00.005(6) 00.007(6)
C(23) 2i 1.052(1) 0.559(1) 00.106(1) 0.039(5) 0.047(6) 0.13(1) 0.002(4) 00.005(6) 0.000(6)
C(24) 2i 0.50 1.101(2) 0.616(2) 00.227(2) 0.039(9) 0.040(9) 0.07(1) 00.002(7) 0.000(8) 0.010(8)
C(25) 2i 0.50 1.101(2) 0.555(2) 00.330(2) 0.07(2) 0.06(1) 0.11(2) 0.01(1) 0.02(1) 0.02(1)
C(26) 2i 0.50 1.057(2) 0.447(3) 00.324(2) 0.05(1) 0.08(2) 0.11(2) 0.00(1) 00.02(1) 00.04(2)
C(27) 2i 0.417(2) 0.443(1) 00.744(1) 0.15(1) 0.073(8) 0.063(7) 00.014(9) 00.047(8) 00.008(6)
C(28) 2i 0.50 1.003(2) 0.382(2) 00.211(2) 0.04(1) 0.06(1) 0.10(2) 00.004(9) 00.02(1) 00.00(1)
C(19) 2i 0.4272(8) 0.0668(8) 0.4083(6) 0.073(7) 0.064(6) 0.062(6) 00.019(5) 0.005(5) 00.003(5)
C(29) 2i 0.3649(9) 0.0611(9) 0.5175(6) 0.076(7) 0.067(7) 0.057(6) 00.025(6) 0.019(5) 00.006(5)
C(30) 2i 0.50 0.2345(9) 0.122(1) 0.5384(8) 0.07(2) 0.12(2) 0.05(1) 00.03(1) 0.01(1) 00.00(1)
C(31) 2i 0.50 0.1664(9) 0.189(2) 0.450(1) 0.04(1) 0.13(2) 0.08(2) 00.02(1) 0.03(1) 0.01(1)
C(32) 2i 0.50 0.229(1) 0.195(2) 0.341(1) 0.11(2) 0.15(3) 0.06(2) 00.02(2) 0.00(2) 0.03(2)
C(33) 2i 0.50 0.359(1) 0.134(1) 0.3200(6) 0.08(2) 0.11(2) 0.05(1) 00.02(1) 0.01(1) 00.00(1)
N(1) 2i 0.5634(7) 0.1630(7) 00.0676(6) 0.051(4) 0.052(4) 0.057(5) 00.009(4) 00.008(3) 00.002(3)
N(2) 2i 0.798(1) 0.082(1) 00.1843(8) 0.062(6) 0.127(9) 0.064(6) 00.003(6) 00.003(5) 00.016(6)
N(3) 2i 0.620(1) 0.284(1) 00.5325(9) 0.120(9) 0.083(7) 0.077(7) 00.033(7) 00.005(6) 00.011(5)
N(4) 2i 0.380(1) 0.361(1) 00.4073(9) 0.124(9) 0.069(6) 0.091(7) 00.007(6) 00.060(7) 00.010(5)
N(6) 2i 0.284(2) 0.454(1) 00.566(1) 0.15(1) 0.14(1) 0.097(9) 0.03(1) 00.071(9) 00.021(8)
O(1) 2i 0.7784(7) 0.2542(7) 0.0471(7) 0.049(4) 0.058(4) 0.109(6) 00.018(3) 0.007(4) 00.005(4)
O(2) 2i 0.9787(8) 0.1549(7) 0.0017(9) 0.054(4) 0.052(4) 0.171(9) 00.008(4) 00.002(5) 00.015(5)
O(3) 2i 0.761(1) 0.020(1) 0.2604(9) 0.099(3) 0.101(3) 0.099(3) 00.016(1) 00.011(1) 00.014(1)
O(4) 2i 0.5772(7) 0.0533(8) 0.1913(6) 0.056(4) 0.096(6) 0.061(4) 00.004(4) 00.005(3) 0.006(4)
Cl(1) 2i 0.3995(7) 0.4896(4) 00.8800(4) 0.271(7) 0.107(3) 0.110(3) 00.055(4) 00.113(4) 0.017(2)
Pb(1) 2i 0.76337(3) 0.03798(3) 0.03963(3) 0.0457(2) 0.0493(2) 0.0546(2) 00.0115(2) 00.0002(2) 00.0011(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23

H(26) 2i 0.50 1.0581 0.4092 00.3882 0.095
H(28) 2i 0.50 0.9689 0.3052 00.2077 0.081
H(30) 2i 0.50 0.1927 0.1185 0.6115 0.096

Table 2. Continued.

Atom Site Occ. x y z Uiso

H(31) 2i 0.50 0.0792 0.2302 0.4642 0.106
H(32) 2i 0.50 0.1833 0.2397 0.2819 0.139
H(33) 2i 0.50 0.4009 0.1376 0.2470 0.099

Table 2. Continued.

Atom Site Occ. x y z Uiso
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Abstract

C38H32N8O6Zn2, monoclinic, P121/c1 (no. 14), a = 9.501(5) Å,
b = 18.589(5) Å, c = 10.296(5) Å, / = 96.572(5)°,
V = 1806.5 Å3, Z = 2, Rgt(F) = 0.047, wRref(F

2) = 0.128,
T = 293 K.

Source of material

The compound was prepared by a hydrothermal method. A mix-
ture of 2,2'-(1,2-ethanediyl)bis(1H-benzimidazole) (0.5 mmol),
2,3-dihydroxybutanedioic acid (0.5 mmol), Zn(CH3COO)2

(1 mmol) and water (10 ml) was stirred for 20 min and then trans-
ferred to a 23 ml Teflon-lined reactor. The reactor was kept at
433 K for 72 h under autogenous pressure. Single crystals were
obtained after cooling to room temperature.

Experimental details

H111 atom bound to N2 and H3B atom were found in difference
Fourier map and refined freely. The other H atoms were placed in
calculated positions and refined in a riding-model approximation
with d(C—H) = 0.95 - 0.99 Å, d(O—H) = 0.83 - 0.85 Å and
Uiso(H) = 1.2 Ueq(C) or Uiso(H) = 1.5 Ueq(O). The hydroxy group
of 2,3-dihydroxybutanedioate is disordered (O3A, O3B) with oc-
cupation of 0.482(7): 0.518(7).

Discussion

Bis-benzimidazoles are known to be strong chelating agents co-
ordinating through both nitrogen atoms of the C=N group [1]. The
benzimidazole ring system is interesting being present in clini-

cally approved anthelmintics, antiulcers, antivirals, and antihista-
mines [2].
The molecule of the title complex has a crystallographic center of
symmetry. The asymmetric unit contains one of the zinc complex
and the Zn(II) has a distorted tetrahedral coordination formed by
one O atoms from 2,3-dihydroxybutanedioate dianion and three
N atoms (N1, N3, N4) from two 2,2'-(1,2-ethanediyl)bis(1H-
benzimidazole) molecules. The bridging 2,3-dihydroxybutane-
dioate dianion and the intermolecular hydrogen bonds N–H···Oi

(symmetry code i: x–1,y,z) play very important role in the forma-
tion, stability and crystallization of the title complex, assembling
the molecules into a two-dimensional network.
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Crystal: colorless block, size 0.21 × 0.31 × 0.4 mm
Wavelength: Mo K0 radiation (0.71069 Å)
%: 13.87 cm01

Diffractometer, scan mode: Bruker APEX CCD, */1
2"max: 50.14°
N(hkl)measured, N(hkl)unique: 9016, 3192
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 2369
N(param)refined: 259
Programs: SHELXS-97, SHELXL-97 [3]

Table 1. Data collection and handling.

H(16) 4e 00.1380 00.1153 0.6260 0.062
H(10A) 4e 0.1499 0.1999 1.1571 0.047
H(10B) 4e 0.1500 0.1549 1.0286 0.047
H(15) 4e 00.2716 00.0302 0.7208 0.062
H(18) 4e 0.2018 0.0132 0.6583 0.054
H(12A) 4e 00.1606 0.2419 0.8552 0.048
H(12B) 4e 00.0042 0.2591 0.8312 0.048
H(8) 4e 0.4885 0.2884 0.7341 0.058
H(7) 4e 0.6476 0.3817 0.7813 0.073
H(11A) 4e 00.0813 0.1930 1.0607 0.060
H(11B) 4e 00.0332 0.2733 1.0534 0.060
H(6) 4e 0.6477 0.4476 0.9697 0.073
H(17) 4e 0.0941 00.0958 0.6006 0.062
H(5) 4e 0.4953 0.4206 1.1225 0.057
H(3A) 4e 0.482 0.5202 00.0748 0.8833 0.103
H(3B) 4e 0.518 0.690(1) 0.031(2) 1.09(1) 0.108
H(111) 4e 00.242(6) 0.116(3) 0.827(5) 0.08(2)

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z Uiso

_____________
* e-mail: fengguodong00805@163.com



364 Zn2(C17H15N4)2(C4H2O6)

Zn(1) 4e 0.26153(5) 0.16711(2) 0.77071(4) 0.0287(3) 0.0321(3) 0.0271(3) 00.0016(2) 0.0035(2) 0.0020(2)
N(1) 4e 0.2959(3) 0.2450(2) 0.9030(3) 0.035(2) 0.037(2) 0.024(2) 00.007(2) 0.006(2) 00.002(2)
C(3) 4e 0.3971(4) 0.2986(2) 0.9025(4) 0.032(2) 0.038(3) 0.029(2) 00.006(2) 0.002(2) 0.006(2)
N(2) 4e 00.1594(4) 0.1059(2) 0.7987(4) 0.027(2) 0.048(3) 0.048(2) 00.007(2) 0.008(2) 00.006(2)
C(16) 4e 00.0969(5) 00.0716(3) 0.6528(5) 0.051(3) 0.037(3) 0.063(3) 00.013(2) 00.006(3) 00.006(2)
O(2) 4e 0.5701(3) 0.1338(2) 0.8668(3) 0.034(2) 0.047(2) 0.073(3) 00.001(2) 0.009(2) 0.009(2)
C(20) 4e 0.4897(5) 0.0851(3) 0.8880(5) 0.036(3) 0.041(3) 0.049(3) 0.002(2) 0.002(2) 0.008(2)
N(3) 4e 0.0631(3) 0.1271(2) 0.7674(3) 0.028(2) 0.036(2) 0.034(2) 00.000(2) 0.002(2) 00.003(2)
C(10) 4e 0.1354(5) 0.2027(2) 1.0624(4) 0.046(3) 0.043(3) 0.028(2) 00.017(2) 0.006(2) 00.004(2)
C(13) 4e 00.0519(4) 0.1534(2) 0.8110(4) 0.027(2) 0.040(3) 0.033(2) 0.000(2) 00.000(2) 00.001(2)
O(1) 4e 0.3593(3) 0.0813(2) 0.8449(3) 0.033(2) 0.046(2) 0.070(2) 00.003(2) 00.010(2) 0.023(2)
C(15) 4e 00.1779(5) 00.0213(3) 0.7078(5) 0.040(3) 0.054(3) 0.060(3) 00.014(2) 0.006(2) 0.000(3)
C(18) 4e 0.1077(5) 0.0050(3) 0.6706(5) 0.031(2) 0.048(3) 0.055(3) 0.000(2) 0.004(2) 00.013(2)
C(12) 4e 00.0634(4) 0.2254(2) 0.8720(4) 0.029(2) 0.042(3) 0.048(3) 0.003(2) 0.005(2) 00.009(2)
C(4) 4e 0.4000(4) 0.3369(2) 1.0181(4) 0.035(2) 0.031(2) 0.034(2) 00.003(2) 0.007(2) 0.004(2)
C(19) 4e 0.0278(4) 0.0572(2) 0.7244(4) 0.029(2) 0.036(3) 0.032(2) 00.002(2) 00.002(2) 00.000(2)
C(8) 4e 0.4898(5) 0.3145(3) 0.8113(5) 0.050(3) 0.060(3) 0.036(3) 00.018(2) 0.013(2) 00.010(2)
C(7) 4e 0.5835(5) 0.3702(3) 0.8399(5) 0.056(3) 0.082(4) 0.049(3) 00.030(3) 0.024(3) 00.011(3)
C(14) 4e 00.1118(5) 0.0437(2) 0.7428(4) 0.038(2) 0.037(3) 0.039(3) 00.004(2) 0.003(2) 00.002(2)
C(11) 4e 00.0191(5) 0.2253(3) 1.0201(5) 0.045(3) 0.055(3) 0.054(3) 00.014(2) 0.023(2) 00.017(2)
C(6) 4e 0.5842(6) 0.4096(3) 0.9543(5) 0.066(4) 0.064(4) 0.054(3) 00.037(3) 0.015(3) 00.007(3)
C(9) 4e 0.2436(4) 0.2516(2) 1.0181(4) 0.029(2) 0.031(2) 0.027(2) 00.005(2) 0.003(2) 0.002(2)
C(17) 4e 0.0426(5) 00.0596(3) 0.6360(5) 0.050(3) 0.041(3) 0.063(3) 0.002(2) 00.003(3) 00.015(2)
C(5) 4e 0.4939(5) 0.3941(3) 1.0457(5) 0.057(3) 0.047(3) 0.040(3) 00.017(2) 0.008(2) 00.008(2)
C(21) 4e 0.5481(5) 0.0161(3) 0.9607(7) 0.042(3) 0.063(4) 0.096(5) 0.007(3) 00.014(3) 0.040(3)
O(3A) 4e 0.482(7) 0.5677(9) 00.0396(4) 0.8681(7) 0.105(7) 0.053(5) 0.053(5) 0.027(4) 0.036(4) 0.000(4)
O(3B) 4e 0.518 0.6841(6) 0.0383(4) 1.0213(8) 0.035(4) 0.083(6) 0.094(6) 00.006(4) 00.009(4) 0.051(5)
N(4) 4e 0.3008(3) 0.3066(2) 1.0913(3) 0.030(2) 0.030(2) 0.028(2) 00.005(2) 0.004(2) 0.001(2)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site Occ. x y z U11 U22 U33 U12 U13 U23
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Abstract

C25H21I6MnN13O2, triclinic, P1 (no. 2), a = 11.246(1) Å,
b = 14.016(1) Å, c = 14.042(1) Å, 0 = 60.163(2)°,
/ = 84.072(2)°, . = 85.667(2)°, V = 1908.9 Å3, Z = 2,
Rgt(F) = 0.067, wRref(F

2) = 0.168, T = 200 K.

Source of material

To a solution of MnI2 (0.3086 g, 1.000 mmol) in acetone (30 ml)
was added 2,2'-bipyrimidine (bpym; 0.1588 g, 1.004 mmol) and
stirred for 3 h at room temperature. After addition of pentane
(30 ml) to the reaction mixture, the formed precipitate was then
separated by filtration, washed with EtOH and ether and dried at
50 °C to give brown powder (0.3621 g). Crystals suitable for X-
ray diffraction analysis were obtained by slow evaporation from a
mixture of CH3NO2 and CH3CN.

Experimental details

Hydrogen atoms were positioned geometrically and allowed to
ride on their parent atoms with d(C—H) = 0.95 Å (CH) or 0.98 Å
(CH3) and Uiso(H) = 1.2 Ueq(C) or 1.5 Ueq(Cmethyl). The highest
peak (1.40 e Å–3) and the deepest hole (–1.14 e Å–3) in the diffe-
rence Fourier map are located 1.12 Å and 1.09 Å from the atoms
I1 and I5, respectively.

Discussion

The structure of the title compound consists of a mononuclear
cationic complex [Mn(bpym)3]

2+, two discrete I3
– anions and a

nitromethane solvent molecule. The structure is close to that of

the Mn(II) complex [Mn(phen)3](I3)2 (phen = 1,10-phenan-
throline), which crystallizes in the hexagonal space group R3 [1].
In the title complex, the Mn(II) ion is six-coordinated in a con-
siderably distorted octahedral manner by six N atoms of the three
bidentate 2,2'-bipyrimidine ligands. The complex approximates
C3 symmetry. The t ight N–Mn–N chelat ing angles
(.N1–Mn1–N4 = 72.9(3),, .N5–Mn1–N8 = 72.9(3)° and
.N9–Mn1–N12 = 73.4(4)°) contribute to the distortion of the
ocataheron. The apical angles .N1–Mn1–N8, .N4–Mn1–N9
and .N5–Mn1–N12 are 164.6(4)°, 167.4(4)° and 162.9(4)°, re-
spectively. The distances d(Mn—N) are roughly equal (2.23(1) -
2.28(1) Å). The dihedral angles between the least-squares planes
of the bpym ligands are 89.5(2)°, 87.0(3)° and 87.9(2),. There are
two types of triiodide anions, which differ in d(I—I) and their
structures. One of them, I1–I2–I3, is approximately linear with
d(I1—I2) = 2.941(1) Å, d(I2—I3) = 2.912(1) Å and .I1–I2–I3 =
178.04(5)°, whereas the other, I4–I5–I6, is slightly bent with
.I4–I5–I6 = 171.40(5), and reveals considerably different
d(I4—I5) = 3.174(1) Å and d(I5—I6) = 2.796(2) Å. Numerous
inter- and intramolecular #–# interactions between adjacent
pyrimidine rings are present. The shortest distance between Cg1
(the centroid of ring N1–C4) and Cg2i (ring N3–C6, symmetry
code i: 1–x,1–y,1–z) is 3.790(9) Å, and the dihedral angle
between the ring planes is 9.5(7),. Moreover, the constituent ions
and solvent molecules are linked by intermolecular C–H$$$N,
C–H$$$O and C–H$$$I hydrogen bonds with d(C$$$N) = 3.35(2) Å,
d(C$$$O) = 3.17(2) Å and 3.25(2) Å, and d(C$$$I) = 3.65(1) -
3.92(1) Å.
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Crystal: red-brown block,
size 0.11 ' 0.12 ' 0.22 mm

Wavelength: Mo K0 radiation (0.71073 Å)
%: 52.41 cm01

Diffractometer, scan mode: Bruker SMART 1000 CCD, */1
2"max: 52.02°
N(hkl)measured, N(hkl)unique: 11742, 7374
Criterion for Iobs, N(hkl)gt: Iobs > 2 !(Iobs), 4644
N(param)refined: 425
Programs: SHELXS-97, SHELXL-97 [2],

ORTEP-3 [3], PLATON [4]

Table 1. Data collection and handling.

_____________
* e-mail: hakwang@chonnam.ac.kr



Mn(1) 2i 0.5927(2) 0.1696(2) 0.6538(1) 0.037(1) 0.025(1) 0.0191(9) 00.0013(9) 00.0018(8) 00.0116(8)
N(1) 2i 0.5007(9) 0.2943(8) 0.5050(8) 0.036(6) 0.021(6) 0.026(5) 0.000(5) 00.003(5) 00.015(5)
N(2) 2i 0.502(1) 0.4806(9) 0.3589(8) 0.037(6) 0.039(7) 0.031(6) 0.002(5) 00.017(5) 00.013(5)
N(3) 2i 0.690(1) 0.5151(9) 0.4473(9) 0.051(7) 0.027(6) 0.035(6) 00.005(5) 00.006(5) 00.016(5)
N(4) 2i 0.6970(9) 0.3230(8) 0.5770(7) 0.032(6) 0.028(6) 0.018(5) 00.001(5) 00.004(4) 00.010(4)
N(5) 2i 0.4988(8) 0.1977(8) 0.7866(7) 0.026(5) 0.024(6) 0.018(5) 0.006(4) 00.003(4) 00.009(4)
N(6) 2i 0.504(1) 0.157(1) 0.9721(9) 0.049(7) 0.058(8) 0.028(6) 0.021(6) 00.007(5) 00.027(6)
N(7) 2i 0.706(1) 0.029(1) 0.9898(8) 0.054(8) 0.040(7) 0.025(6) 0.007(6) 0.005(5) 00.018(5)
N(8) 2i 0.7055(9) 0.0844(8) 0.8013(8) 0.036(6) 0.030(6) 0.021(5) 00.002(5) 0.000(4) 00.018(5)
N(9) 2i 0.4985(9) 0.0162(8) 0.6958(8) 0.040(6) 0.024(6) 0.020(5) 00.004(5) 00.001(5) 00.009(5)
N(10) 2i 0.496(1) 00.1259(9) 0.6501(9) 0.061(8) 0.031(7) 0.043(7) 00.003(6) 00.005(6) 00.023(6)
N(11) 2i 0.704(1) 00.051(1) 0.521(1) 0.051(8) 0.064(9) 0.051(8) 00.011(7) 0.009(6) 00.044(7)
N(12) 2i 0.6992(9) 0.0928(9) 0.5641(8) 0.032(6) 0.036(6) 0.025(5) 00.005(5) 0.005(5) 00.020(5)
C(1) 2i 0.410(1) 0.275(1) 0.460(1) 0.030(7) 0.050(9) 0.037(7) 00.004(6) 00.006(6) 00.033(7)
C(2) 2i 0.366(1) 0.355(1) 0.367(1) 0.044(9) 0.07(1) 0.052(9) 0.002(8) 00.016(7) 00.045(9)
C(3) 2i 0.411(1) 0.460(1) 0.319(1) 0.05(1) 0.06(1) 0.036(8) 0.012(8) 00.010(7) 00.026(8)
C(4) 2i 0.543(1) 0.397(1) 0.450(1) 0.036(7) 0.034(8) 0.022(6) 0.000(6) 00.002(5) 00.014(6)
C(5) 2i 0.649(1) 0.414(1) 0.4924(9) 0.040(7) 0.021(7) 0.018(6) 00.002(6) 0.000(5) 00.012(5)
C(6) 2i 0.788(1) 0.524(1) 0.487(1) 0.043(9) 0.034(8) 0.043(8) 00.027(7) 0.005(7) 00.015(7)
C(7) 2i 0.845(1) 0.441(1) 0.567(1) 0.049(9) 0.05(1) 0.034(8) 00.007(8) 00.015(7) 00.017(7)
C(8) 2i 0.800(1) 0.340(1) 0.611(1) 0.049(9) 0.028(8) 0.033(7) 0.001(7) 00.019(6) 00.012(6)
C(9) 2i 0.405(1) 0.262(1) 0.777(1) 0.049(9) 0.026(7) 0.036(7) 0.008(6) 00.010(6) 00.018(6)
C(10) 2i 0.352(1) 0.277(1) 0.863(1) 0.040(8) 0.044(9) 0.049(9) 0.007(7) 0.006(7) 00.025(8)
C(11) 2i 0.409(1) 0.220(1) 0.959(1) 0.07(1) 0.07(1) 0.040(9) 0.011(9) 00.003(8) 00.041(9)
C(12) 2i 0.545(1) 0.148(1) 0.886(1) 0.036(7) 0.039(8) 0.024(6) 0.002(6) 00.006(5) 00.018(6)
C(13) 2i 0.659(1) 0.083(1) 0.8938(9) 0.047(8) 0.021(7) 0.014(6) 0.010(6) 00.008(5) 00.004(5)
C(14) 2i 0.813(1) 00.022(1) 0.992(1) 0.052(9) 0.06(1) 0.021(7) 0.026(8) 00.019(6) 00.015(7)
C(15) 2i 0.868(1) 00.024(1) 0.901(1) 0.039(8) 0.046(9) 0.033(7) 0.021(7) 00.005(6) 00.017(7)
C(16) 2i 0.810(1) 0.033(1) 0.807(1) 0.036(8) 0.037(8) 0.028(7) 0.009(6) 00.002(6) 00.017(6)
C(17) 2i 0.404(1) 00.025(1) 0.765(1) 0.030(8) 0.07(1) 0.034(8) 0.000(7) 0.002(6) 00.034(8)
C(18) 2i 0.353(1) 00.120(1) 0.782(1) 0.05(1) 0.06(1) 0.05(1) 00.023(8) 0.008(8) 00.016(9)
C(19) 2i 0.396(1) 00.165(1) 0.722(1) 0.043(9) 0.041(9) 0.06(1) 00.019(7) 0.008(8) 00.025(8)
C(20) 2i 0.543(1) 00.038(1) 0.643(1) 0.036(7) 0.020(7) 0.033(7) 00.002(6) 00.010(6) 00.014(6)
C(21) 2i 0.655(1) 0.003(1) 0.5707(9) 0.033(7) 0.022(7) 0.016(6) 0.002(5) 0.001(5) 00.007(5)
C(22) 2i 0.810(1) 00.011(1) 0.462(1) 0.047(9) 0.07(1) 0.06(1) 00.008(8) 0.007(8) 00.048(9)
C(23) 2i 0.859(1) 0.077(1) 0.448(1) 0.06(1) 0.06(1) 0.05(1) 00.004(9) 0.018(8) 00.042(9)
C(24) 2i 0.801(1) 0.129(1) 0.503(1) 0.038(8) 0.037(8) 0.036(7) 00.013(7) 0.008(6) 00.016(7)
I(1) 2i 1.01902(9) 0.35789(9) 0.36388(8) 0.0476(6) 0.0513(6) 0.0432(5) 00.0125(5) 00.0058(4) 00.0234(5)
I(2) 2i 0.81764(8) 0.42196(8) 0.22398(7) 0.0445(5) 0.0397(5) 0.0355(5) 00.0027(4) 00.0002(4) 00.0207(4)
I(3) 2i 0.62031(9) 0.47897(9) 0.08435(8) 0.0526(6) 0.0588(7) 0.0472(6) 0.0062(5) 00.0124(5) 00.0288(5)
I(4) 2i 00.12063(9) 0.83083(8) 0.29656(7) 0.0621(6) 0.0373(5) 0.0278(5) 00.0002(5) 00.0020(4) 00.0164(4)
I(5) 2i 0.02308(9) 0.73040(8) 0.15853(7) 0.0617(7) 0.0368(5) 0.0334(5) 0.0038(5) 00.0175(4) 00.0135(4)
I(6) 2i 0.1786(1) 0.63867(9) 0.05504(8) 0.0739(8) 0.0504(7) 0.0401(6) 0.0018(6) 00.0034(5) 00.0208(5)
O(1) 2i 0.256(2) 0.189(1) 0.204(1) 0.11(1) 0.09(1) 0.071(9) 0.02(1) 00.024(9) 00.037(9)
O(2) 2i 0.074(1) 0.146(1) 0.254(1) 0.14(1) 0.07(1) 0.10(1) 00.039(9) 0.10(1) 00.053(9)
N(13) 2i 0.152(2) 0.209(1) 0.197(1) 0.09(1) 0.06(1) 0.035(8) 0.01(1) 0.028(8) 00.018(7)
C(25) 2i 0.119(2) 0.317(2) 0.110(1) 0.09(1) 0.08(1) 0.05(1) 0.01(1) 0.01(1) 00.04(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

366 [Mn(C8H6N4)3][I3]2 · CH3NO2

H(16) 2i 0.8470 0.0352 0.7412 0.041
H(17) 2i 0.3698 0.0106 0.8037 0.049
H(18) 2i 0.2890 00.1523 0.8366 0.067
H(19) 2i 0.3572 00.2257 0.7281 0.057
H(22) 2i 0.8510 00.0502 0.4288 0.060
H(23) 2i 0.9312 0.1043 0.4030 0.064
H(24) 2i 0.8342 0.1927 0.4961 0.045
H(25A) 2i 0.1369 0.3724 0.1299 0.109
H(25B) 2i 0.0335 0.3209 0.1007 0.109
H(25C) 2i 0.1651 0.3322 0.0412 0.109

Table 2. Continued.

Atom Site x y z Uiso

H(1) 2i 0.3768 0.2039 0.4949 0.039
H(2) 2i 0.3046 0.3406 0.3339 0.058
H(3) 2i 0.3765 0.5187 0.2569 0.057
H(6) 2i 0.8197 0.5952 0.4555 0.049
H(7) 2i 0.9152 0.4517 0.5927 0.053
H(8) 2i 0.8402 0.2784 0.6666 0.045
H(9) 2i 0.3704 0.2998 0.7083 0.043
H(10) 2i 0.2823 0.3216 0.8567 0.054
H(11) 2i 0.3776 0.2282 1.0199 0.063
H(14) 2i 0.8528 00.0559 1.0588 0.054
H(15) 2i 0.9413 00.0635 0.9031 0.050

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso
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