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Abstract

BiKP2Se, monoclinic, P1211 (No. 4), a = 6.6200(6) A,

b =17.4058(7) A, ¢ =9.9002(9) A, B = 92.108(1)°, V = 485.0 A3,
Z =2, Ru(F) = 0.027, wReer(F*) = 0.060, T = 293 K.

Source of material

All manipulations were carried out under Ar atmosphere. For the
synthesis of KBiP>S¢ stoichiometric amounts of the correspond-
ing high purity (99.99%) elements, supplied by Aldrich, were
mixed an sealed in quartz tubes after evacuation. The mixture was
them heated at 1123 K for two weeks. The reacted matter was
slowly cooled (0.4 K/min) to room temperature.

Table 2. Atomic coordinates and displacement parameters (in A%,

Experimental details

The absolute configuration was tested and the wR( F ) values for
the two possible orientations were 0.0586 and 0.1907. The first
one represents the absolute structure of the crystal studied. The
corresponding Flack parameter is 0.012(7).

Discussion

In the course of our work on chalcophosphate [1,2] we have
preparated the quaternary bismuth hexathiodiphosphate
KBiP,Se. The title compound has a complicated layered struc-
ture, which contains the ethane-like [P256]4_ ligand. KBiP2S¢ is
structurally related to Nao.16Bi1.28P2S6 [3] and KBiP2Seg [4]. The
structure is characterized by layers of condensed S¢ distorted
octahedra alternately centered by P2 pairs and Bi atoms. The stair-
case layers of [BiP2S¢] - groups in the a-b plane are held together
by a single layer of K* ions. The bond lengths in the hexathio-
diphosphate [P2$6]4_ are d(P—P)=2.219(3) A and d(P—S) in the
range from 1.962(3) A to 2.058(3) A. The ethane-like [P2S¢]*
ligand chelates to 4 Bi atoms, the bond lengths d(Bi—S) range
from 2.706(2) A to 3.143(2) A.

Table 1. Data collection and handling.

Crystal:
Wavelength:

red dark prism, size 0.075 x 0.075 x 0.2 mm
Mo K, radiation (0.71073 A)

: 201.48 cm™

Diffractometer, scan mode: Siemens SMART CCD, ¢p/w

260 max: 56°

N(hkl)measured, N(hkl)uniquei 3908, 2071

Criterion for lobs, N(hkl)gt: Tobs > 2 0(Iobs), 1901

N(param)efined: 91

Programs: SHELXL-97 [5], ATOMS [6]

Atom Site X y z Uni U U3z U U3 Uns

Bi 2a 0.79399(4)  0.77391(6)  0.98012(3)  0.0245(2) 0.0188(1) 0.0223(2)  -0.0012(2) 0.0009(1)  —-0.0048(2)
K 2a 0.7017(3) 0.0236(3) 0.5016(2) 0.032(1) 0.035(1) 0.026(1) -0.0025(9)  -0.001(1) 0.0003(9)
P(1) 2a 0.6876(3) 0.3148(2) 0.8258(2) 0.017(1) 0.014(1) 0.013(1) -0.0003(7)  -0.0014(8) 0.0005(7)
P(2) 2a 0.7956(3) 0.5409(3) 0.7003(2) 0.015(1) 0.0139(9) 0.014(1) -0.0008(8)  —0.0017(8) 0.0004(8)
S(1) 2a 0.6585(3) 0.4287(3) 0.0136(2) 0.026(1) 0.020(1) 0.013(1) —-0.0044(9) 0.0015(9)  -0.0015(8)
S(2) 2a 0.9127(3) 0.1262(3) 0.8259(2) 0.019(1) 0.0153(9) 0.020(1) 0.0016(8)  —0.0028(9)  —0.0003(9)
S(3) 2a 0.4251(3) 0.2268(2) 0.7458(2) 0.018(1) 0.020(1) 0.020(1) -0.0050(7)  —0.0033(8)  —0.0004(8)
S(4) 2a 0.0521(3) 0.6229(3) 0.8071(2) 0.015(1) 0.023(1) 0.019(1) -0.0013(8)  -0.0010(8)  —0.0024(9)
S(5) 2a 0.5845(3) 0.7341(2) 0.7305(2) 0.021(1) 0.019(1) 0.021(1) 0.0043(8)  —0.0048(8)  —0.0008(8)
S(6) 2a 0.8230(4) 0.4592(3) 0.5134(2) 0.029(1) 0.031(1) 0.013(1) —0.004(1) 0.0017(9)  -0.0020(9)
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Abstract

C12H36Li4N3gSi2, monoclinic, C12/c1 (No. 15), a = 19.468(4) A,
b=12.8703) A, ¢ =20.568(4) A, B = 117.88(3)°, V=45553 A%,
Z =8, Ru(F) = 0.052, wRrer(F*) = 0.148, T = 293 K.

Source of material

Si(NLiCH3)2(N(CH3)2)2 was obtained by reacting silicon tetra-
chloride first with lithiated dimethylamine and subsequently with
lithiated monomethylamine in hexane. Transparent colourless
crystals were grown from hexane solution at 238 K. All products
are sensitive to air and moisture, so that they are to be handled un-
der dry and oxygen free argon.

Experimental details
All non-hydrogen atoms were refined anisotropically, hydrogen
atoms were calculated isotropically with fixed positions.

Table 1. Data collection and handling.

Crystal:
Wavelength:

colorless irregular, size 0.2 x 0.5 x 1.0 mm
Mo K, radiation (0.71073 A)

: 1.66 cm™!

Diffractometer, scan mode: Stoe IPDS 11, w

26max: 45°

N(hkl)measured, N(hkl)unique: 11253,2991

Criterion for Iobs, N(hkl)g: Iobs > 2 0(Iobs), 2209

N(param)refined: 237

Programs: SHELXS-97 [3], SHELXL-97 [4],
DIAMOND [5]

* Correspondence author (e-mail: m.jansen @fkf.mpg.de)

Discussion

Si(NLiCH3)2(N(CH3)2)2 crystallizes monoclinic in the space
group C2/c and is, in contrast to dimeric Si(NLiR)2(N(CH3)2)2, R =
CMe3 [1], SiMes [2], tetrameric in the solid state. In each tetramer
eight lithium atoms cluster together to form the structure motive of
realgar, As4S4. d(Li—Li) = 239.3(8) pm (shortest), 280.7(8) pm
(longest). Together with half of the nitrogen atoms a topological
interesting LigNg-skeleton is built up: d(Li—N) = 201.5(6) pm
(shortest), 229.6(6) pm (longest).

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

Atom Site X y z Uiso

H(11A) 8f 0.3325 0.3281 0.1592 0.127
H(11B) §f 0.3975 0.2853 0.1417 0.127
H(11C) §f 0.4202 0.3389 0.2175 0.127
H(12A)  8§f 0.2921 0.2274 0.2337 0.116
H(12B) §8f 0.3739 0.2583 0.2974 0.116
H(12C) §f 0.3485 0.1414 0.2850 0.116
HQ21A) 8f 0.1800 0.1646 0.0112 0.117
H(21B) §f 0.2332 0.2353 0.0780 0.117
HQ21C) §f 0.1935 0.1367 0.0905 0.117
H(22A) 8f 0.2179 0.0532 -0.0282 0.154
H(22B) §8f 0.2560 -0.0371 0.0287 0.154
H(22C) §f 0.3064 0.0277 0.0021 0.154
H@31A) 8§f 0.4333 0.0804 0.0468 0.115
H@31B) §f 0.5119 0.1266 0.1071 0.115
H@31C) §f 0.4338 0.1865 0.0844 0.115
H41A) 8f 0.2916 -0.1140 0.2292 0.098
H41B) §8f 0.2491 -0.0671 0.1497 0.098
H41C) §f 0.2670 0.0033 0.2179 0.098
H(51A)  8f 0.3897 -0.0767 0.3651 0.098
H(51B)  §f 0.4572 -0.1229 0.4373 0.098
H(1C)  8§f 0.3883 -0.1942 0.3845 0.098
H(61A) 8f 0.6997 -0.2643 0.4142 0.131
H(61B) 8f 0.6795 -0.3110 0.3369 0.131
H(61C) §f 0.6569 -0.3716 0.3902 0.131
H(71A) 8f 0.3888 -0.4223 0.3614 0.125
H(71B) §f 0.3675 -0.4519 0.2802 0.125
H(71C) §f 0.3628 -0.3358 0.3008 0.125
H(72A)  8§f 0.5073 -0.5167 0.3923 0.119
H(72B) 8f 0.5687 -0.4712 0.3710 0.119
H(72C) §f 0.4948 -0.5281 0.3116 0.119
H(81A) 8f 0.6423 -0.2374 0.5684 0.147
H(81B) §f 0.5976 -0.1484 0.5124 0.147
H@BIC) §f 0.6654 -0.2074 0.5074 0.147
H(82A) §f 0.5745 -0.3531 0.5598 0.132
H(82B) 8f 0.5349 -0.4255 0.4907 0.132
H(82C) §f 0.4890 -0.3311 0.4995 0.132
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z U Ux» Uss U Uiz Uz
Si(1) 8f 0.36463(5)  0.08144(7)  0.15744(5)  0.0394(5) 0.0428(5) 0.0399(6) 0.0076(4) 0.0130(4) 0.0019(4)
Si(2) 8f 0.52367(5) -0.26924(7)  0.37585(5)  0.0432(6) 0.0449(6) 0.0419(6)  -0.0021(4) 0.0201(4) 0.0076(4)
N(1) 8f 0.3791(2) 0.1951(2) 0.2110(2) 0.056(2) 0.044(2) 0.054(2) 0.008(1) 0.020(2) -0.001(1)
N(4) 8f 0.3617(2)  —0.0248(2) 0.2050(2) 0.032(1) 0.051(2) 0.049(2) 0.004(1) 0.018(1) 0.004(1)
N(@3) 8f 0.4469(2) 0.0635(2) 0.1491(1) 0.044(2) 0.048(2) 0.040(2) 0.005(1) 0.020(1) 0.006(1)
N(2) 8f 0.2835(2) 0.1034(2) 0.0742(2) 0.050(2) 0.059(2) 0.049(2) 0.017(1) 0.006(2) -0.002(2)
N(5) 8f 0.4644(2) -0.1642(2) 0.3461(2) 0.049(2) 0.046(2) 0.042(2) 0.003(1) 0.026(1) 0.005(1)
N(6) 8f 0.5865(2) —0.2501(2) 0.3412(2) 0.035(2) 0.048(2) 0.049(2) 0.003(1) 0.018(1) 0.010(1)
N(7) 8f 0.4721(2)  -0.3844(2) 0.3343(2) 0.052(2) 0.045(2) 0.065(2) -0.008(1) 0.032(2) 0.001(1)
N(8) 8f 0.5680(2)  —0.2897(3) 0.4693(2) 0.061(2) 0.069(2) 0.045(2) -0.009(2) 0.018(2) 0.016(2)
C(11) 8f 0.3826(3) 0.2954(3) 0.1797(3) 0.103(4) 0.048(2) 0.089(3) 0.001(2) 0.033(3) 0.001(2)
C(12) 8f 0.3455(3) 0.2065(4) 0.2611(3) 0.085(3) 0.077(3) 0.078(3) 0.017(2) 0.045(3) -0.013(2)
C(21) 8f 0.2170(2) 0.1651(4) 0.0625(3) 0.052(2) 0.095(3) 0.073(3) 0.023(2) 0.017(2) 0.010(2)
C(22) 8f 0.2643(3) 0.0306(4) 0.0141(3) 0.099(4) 0.097(4) 0.059(3) 0.035(3) -0.009(3) -0.018(3)
C(31) 8f 0.4574(3) 0.1191(4) 0.0919(3) 0.081(3) 0.089(3) 0.068(3) 0.020(2) 0.041(2) 0.029(2)
C(41) 8f 0.2857(2)  -0.0531(3) 0.2000(2) 0.044(2) 0.071(3) 0.079(3) 0.003(2) 0.027(2) 0.009(2)
C(51) 8f 0.4211(2) -0.1371(3) 0.3868(2) 0.074(3) 0.075(3) 0.063(3) 0.008(2) 0.045(2) 0.003(2)
C(61) 8f 0.6623(2)  -0.3039(4) 0.3734(3) 0.050(2) 0.111(4) 0.105(4) 0.026(2) 0.040(3) 0.053(3)
C(71) 8f 0.3908(33)  —0.3999(4) 0.3177(3) 0.070(3) 0.083(3) 0.106(4) -0.025(2) 0.050(3) -0.007(3)
C(72) 8f 0.5144(3) —0.4838(3) 0.3540(3) 0.100(4) 0.051(2) 0.096(4) 0.004(2) 0.053(3) 0.006(2)
C(81) 8f 0.6229(3) -0.2144(4) 0.5185(3) 0.098(3) 0.110(3) 0.080(2) -0.020(2) 0.036(2) 0.012(2)
C(82) 8f 0.5392(3) -0.3553(4) 0.5081(3) 0.121(4) 0.087(3) 0.069(3) -0.009(3) 0.055(3) 0.019(3)
Li(1) 8f 0.3987(3) -0.1729(4) 0.2367(3) 0.042(3) 0.048(3) 0.045(3) 0.002(2) 0.019(3) -0.002(2)
Li(2) de 12 0.1487(6) 1/4 0.045(4) 0.054(5) 0.046(5) 0 0.016(4) 0
Li(3) de 12 -0.3343(6) 1/4 0.051(5) 0.048(4) 0.054(5) 0 0.024(4) 0
Li(4) 8f 0.4228(3)  -0.0935(4) 0.1441(3) 0.052(3) 0.045(3) 0.052(3) 0.004(3) 0.023(3) -0.003(3)
Li(5) 8f 0.4514(3) -0.0151(4) 0.3089(3) 0.043(3) 0.052(3) 0.048(3) -0.002(2) 0.018(3) 0.000(3)
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Abstract

B2Hg30g, trigonal, R3¢ (No. 167), a = 8.8936(9) A,
c=13.052(3) A, V=894.1 A%, Z= 6, Ru(F) = 0.021,
WRret(F2) = 0.053, T =293 K.

Source of material

Stoichiometric amounts of B2O3 (Merck, p. A.) and HgO (Merck,
p. A.) were heated in a sealed and evacuated silica tube at 723 K
for two days which yielded a light-orange polycrystalline prod-
uct. Application of a temperature gradient 773 K = 723 K for two
days led to the formation of colourless single crystals with mostly
pinacoidal habit and a length of up to 2 mm at the colder zone of
the tube.

Discussion

pounds normally show a unique crystal chemistry with a
pronounced linear coordination [5,6] of the metal atom in com-
parison with e.g. the given Eu and Ca compounds . Since the pre-
vious model determined by the Rietveld refinement reveals an
eight-fold coordinate Hg atom with more or less similar Hg—O
distances, it seemed reasonable to refine the structure with higher
accuracy on the basis of single crystal data.

Hg3(BO3)2 is composed of columns of mercury atoms extended
parallel to [001] and which are almost coincident with the 31 axis.
The nearly planar borate anions are situated on trigonal prismatic
holes around the threefold axes and are linked with the metal at-
oms via short Hg—O distances, as emphasized by the bold sticks
in the figure. In contrast to the previous model, Hg shows the ex-
pected linear coordination with two very short Hg—O distances
0f2.033(4) A and an £O-Hg—O angle of 176.6(2)°. The two next
nearest O atoms show significantly longer distances of
2.675(4) A; the coordination around the Hg atom is augmented by
four O atoms with long distances of 3.027(4) A and3.044 A. The
geometry of the BOs>~ group deviates only slightly from that of
an equilateral triangle and lies with a B—O distance of
1.375(4) A and an £0-B—O angle of 119.98(2)° within the scope
of the expected values [7].

Table 1. Data collection and handling.

Crystal: colourless pinacoid,

size 0.22 x 0.33 x 0.38 mm
Wavelength: Mo K radiation (0.71073 A)
u 770.51 cm™*
Diffractometer, scan mode: Siemens SMART CCD, w
20 max: 60.92°
N(hkl)measured, N(hkl)unique3 3135, 309

Criterion for ops, N(hkl)gt Tobs > 2 U(lobs): 307

Hg3(BO3), has been structurally determined in a previous work — Mparam)refinea: 19

by Rietveld refinement of X-ray powder data [1], using the struc- [ T08rams: iPT[}CE)]i/)I(SLE 1931[8]’ HABITUS [9],

ture of the isotypic Eu3(BO3)2 [2] as a starting model. Caz(BO3)2

is another member of this structural family [3,4]. Hg(II) com-

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

Atom Site X y z U1 Un Uss Un Ui U

Hg 18e 0.35247(5) 0O 1/4 0.0117(2) 0.0101(2) 0.0184(2) Un/2 0.00037(4)  2Ui3

B 12¢ 0 0 0.3873(6)  0.009(2) Un 0.012(3) Un/2 0 0

0 36f 0.1776(5)  0.0738(5)  0.1111(3)  0.010(2) 0.010(2) 0.027(2) 0.005(2)  —-0.003(1) 0.002(1)

* e-mail: mweil @mail.zserv.tuwien.ac.at
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Abstract

C14H2sMnNg04S,, triclinic, PT (No. 2),a=17.27(2) A,
b=9.552) A, c=9.682) A, a = 82.12(3)°, B =68.90(3)°,
y =67.61(2)°, V=580.0 A z=1, Ry(F) = 0.069,
WRref(F?) = 0.190, T =298 K.

Source of material

0.4534 g NasMn(NCS)6(H20)9 (0.690 mmol) was dissolved in
10 ml dimethylformamide and the transparent colorless single
crystal was obtained after the solution was allowed to stand at
room temperature for a week.

Experimental details
The relative large standard deviations of the lattice parameters
might be due to the low quality of the crystal.

Discussion

The structure of the title complex consists of divalent manganese
cation coordinated by two thiocyanate anions and four neutral
dimethylformamide molecules. The divalent manganese cation is
coordinated by two N atoms from the two thiocyanate anions and
four O atoms from four dimethylformamide molecules. The bond
distance of Mn—N is 2.227(5) A and the Mn—O bond distances

* Correspondence author (e-mail: shijingmin @beelink.com)

are 2.225(5) A and 2.182(4) A. The Mn—N bond distance is close
to the Mn—N bond distances of other complexes dealing with di-
valent manganese cation and thiocyanate ligand [1-4]. The angle
of N-Mn-N is 180.0(2)° and the angles dealing with N-Mn-O
range from 89.4(2)° to 90.6(2)°, while the angles of O—-Mn-O are
in the range of 89.2(2)° to 180.0°. The bond distances and the an-
gles indicate that the divalent manganese cation is located at the
inversion center in a little distorted octahedral environment. The
neutral complexes are connected to each other through inter-
molecular forces to form a one-dimensional chain along ¢ axis
and then the one-dimensional chains pile up in parallel way to
form the three-dimensional crystal structure.

Table 1. Data collection and handling.

Crystal: colorless prism, size 0.15 x 0.23 x 0.32 mm
Wavelength: Mo K, radiation (0.71073 A)
: 7.78 cm™!
Diffractometer, scan mode: Bruker SMART CCD, ¢/w
260 max: 52.72°
N(hkl)measured, N(hkl)unique: 3093, 2210

Criterion for Iobs, N(hkl)g: Lobs > 2 0(lobs), 1527
N(param)refined: 124
Programs: SHELXS-97 [5], SHELXL-97 [6]

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

Atom Site X y z Uiso

H(Q2) 2i 0.6266 0.3115 0.2198 0.060
HQBA) 2i 0.4832 0.2579 -0.0662 0.093
H@3B) 2i 0.6056 0.1508 0.0349 0.093
H@BO) 2i 0.6801 0.2803 -0.0552 0.093
H(4A) 2i 0.1892 0.4156 0.0389 0.090
H4B) 2i 0.1815 0.5477 0.1234 0.090
H4O) 2i 0.1098 0.4166 0.2124 0.090
H(5) 2i 0.0488 0.6935 0.4777 0.057
H(6A) 2i -0.3999 1.0071 0.6191 0.106
H(6B) 2i -0.3523 0.8409 0.5772 0.106
H(6C) 2i -0.2517 0.9450 0.4599 0.106
H(7A) 2i -0.2489 1.0315 0.7603 0.095
H(7B) 2i -0.0030 0.9855 0.6927 0.095
H(7C) 2i -0.1017 0.8817 0.8115 0.095
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Mn(NCS)2[OCHN(CH3)2]4

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

Atom Site X y b4 Un U Us3 Uiz U3 U3
Mn(1) 1h 172 12 12 0.0411(5) 0.0414(5) 0.0424(5) -0.0055(3) -0.0122(4)  —-0.0099(3)
N(1) 2i 0.3564(6) 0.3512(5) 0.6646(5) 0.065(2) 0.064(3) 0.061(2) -0.026(2) -0.014(2) 0.000(2)
NQ) 2i 0.4228(5) 0.3555(4) 0.1221(4) 0.047(2) 0.050(2) 0.046(2) -0.012(2) -0.017(2) —-0.006(2)
NQ@3) 2i -0.1131(5) 0.8655(4) 0.6126(4) 0.041(2) 0.045(2) 0.050(2) -0.004(1) -0.010(1) -0.014(2)
Oo(l) 2i 0.3790(5) 0.4549(4) 0.3363(3) 0.058(2) 0.068(2) 0.053(2) -0.012(2) -0.023(1) -0.020(2)
0Q) 2i 0.2124(4) 0.6965(3) 0.5844(4) 0.046(2) 0.053(2) 0.064(2) 0.000(1) -0.018(1) -0.019(2)
S(1) 2i 0.1779(2) 0.1533(2) 0.8574(2) 0.0656(8) 0.0657(8) 0.0629(7)  -0.0291(6)  -0.0131(6)  —0.0006(6)
C(1) 2i 0.2827(6) 0.2706(5) 0.7433(5) 0.045(2) 0.046(2) 0.051(2) -0.007(2) -0.015(2) -0.013(2)
C(2) 2i 0.4878(7) 0.3698(5) 0.2272(5) 0.049(2) 0.048(2) 0.053(2) -0.012(2) -0.021(2) -0.005(2)
C(@3) 2i 0.5596(8) 0.2524(6)  -0.0016(6) 0.063(3) 0.062(3) 0.059(3) -0.014(2) -0.020(2) -0.017(2)
C4) 2i 0.2074(7) 0.4412(6) 0.1244(6) 0.050(2) 0.060(3) 0.071(3) -0.012(2) -0.028(2) -0.009(2)
C(5) 2i 0.0538(6) 0.7444(5) 0.5508(5) 0.051(2) 0.044(2) 0.047(2) -0.013(2) -0.015(2) -0.014(2)
C(6) 2i —0.2946(8) 0.9192(6) 0.5630(6) 0.058(3) 0.070(3) 0.075(3) —0.004(2) -0.027(2) -0.015(3)
C(7) 2i -0.1170(8) 0.9480(6) 0.7291(5) 0.068(3) 0.056(3) 0.055(3) -0.008(2) -0.018(2) -0.018(2)
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Abstract

BeErTap 23V 177, orthorhombic, Pbam (No. 55), a = 11.280(2) A,
b=18.94012) A, c=3.390(1) A, V=3419 A% Z=4,

Ruo(F) =0.034, wRobs(F) =0.034, T=293 K.

Source of material

The title compound was obtained as by-product during syste-
matic investigation in ternary Er—V-B system. A pellet pressed
from erbium filings (99.9 %), vanadium powder (99.5 %), and
crystalline boron (99.99 %) in ratio of 2:1:6 was wrapped in tanta-
lum foil, sealed in quartz ampoule and sintered at 1270 K. Needle-
shaped crystal were formed on contact surfaces of the pellet and
tantalum foil. The presence of tantalum in the crystal was sus-
pected during the structure refinement and was confirmed by
EDAX. A detected atomic ratio between vanadium and sum of er-
bium with tantalum of 1.27(2) : 1 agrees with values of 1.44(1): 1
obtained from crystal structure refinement.

Experimental details

The lattice parameters of Er(Vo.77Tao23)VBg were determined
from least-square procedure of 1978 reflections measured during
the data collection.

* Correspondence author (e-mail: ukuzma@franko.lviv.ua)

Discussion

The crystal structure of Er(Vo.77Ta0.23) VB¢ adopts Y2ReBg type
[1]. The boron atoms form two-dimensional planar nets of con-
densed five-, six-, and seven-membered rings. All prismatically
coordinated centers between two slabs are filled by metals, ac-
cording to the atomic radii, the largest Er and the smallest V at-
oms occupy the centers of heptagonal and pentagonal prisms,
respectively. The hexagonal prisms contain statistically distrib-
uted Ta (intermediate size) and V atoms. Coordination polyhedra
around Er, (Ta,V), and V atoms have 23, 20, and 17 vertices, respec-
tively. Each boron atom is trigonal prismatically coordinated by
metal atoms. The environment is completed by three additional boron
neighbors, which are situated in the same plane as the central atom.
The B—B bond lengths vary between 1.74(2) A and 1.85(2) A and
agree very well with average distance of 1.776 A in
a-rhombohedral boron [2]. The shortest contacts between an-
other pairs of atoms are d(Er—Ta,V) = 3.391(2) A, d(Er—V) =
3.046(3) A, d(Er—B) = 2.631(1) A, d(Ta,V—V) = 2.764(3) A,
d(Ta,V—B) = 2.426(1) A, and d(V—B) = 2.254(9) A. Ternary
compounds with Y,ReBg structure type are observed in numer-
ous rare-earth transition metal boron systems: RE;MBg (RE=Y,
Gd-Tm; M = Ru, Re, Os), RE2MBg (RE = Yb, Lu; M = Ru, Os),
LuzFeBg, Yb2AlBg, U2MBg (M = Mo, W, Re, Os) [3]; ScoReBg
[4]; REaMoBg (RE = Er, Tm, Yb, Lu) [4,5]; Lu134V1.66B6 [6];
LusWBg [7]. Nevertheless, a formation of isotypic phases was not
detected during systematic investigation of ternary Er-V-B [8]
and Ta—V-B [9] systems. Er(Vo.77Tap.23)VBg is the first
quasi-ternary representative of Y2ReBg type and the third example
of described structure, where transition metal atoms have hexa-
gonal-prismatic environment. Recently reported borides Zr>CrBe
and ZrCr;Bg¢ contain in the centers of hexagonal prisms Cr and
statistically distributed Cr and Zr atoms, respectively [10].

Table 1. Data collection and handling.

Crystal: metallic needle, size 0.02 x 0.03 x 0.08 mm
Wavelength: Mo K, radiation (0.7107 A)

u: 377.5cm™

Diffractometer, scan mode: Rigaku Mercury CCD, ¢p/w

20max: 64.06°

N(hkl)measureds N(hkl)uniquc: 2542, 565

Criterion for Fobs, N(hkl)s: ~ Fobs > 4 0(Fobs), 545
N(param)refined: 38
Programs: WinCSD [11], ATOMS [12]
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160 Er(Vo.77Ta0.23)VBe
Table 2. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Uiso

B(1) 4g 0.237(1) 0.202(1) 0 0.005(2)

B(2) 4g 0.213(1) 0.518(2) 0 0.004(2)

B(3) 4g 0.081(1) 0.241(2) 0 0.005(2)

B4) 4g 0.067(1) 0.447(2) 0 0.005(2)

B(5) 4g 0.320(1) 0.371(2) 0 0.006(2)

B(6) 4g 0.024(1) 0.907(2) 0 0.007(2)

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

Atom Site X y z Ui U Uss Uiz Uiz Uas
Er 4h 0.91475(5)  0.32152(6) 12 0.0040(3) 0.0021(2) 0.0037(3)  —0.0005(2) 0 0
V/Ta(l) ¢ 4h 0.37194(1)  0.55391(1) 12 0.0050(5) 0.0041(5) 0.0047(5)  -0.0012(4) 0 0
V(2) 4h 0.1840(2) 0.3555(2) 172 0.0052(8) 0.0030(8) 0.0044(8) 0.0022(7) 0 0

a: V/Ta(1) = 0.768(3)V + 0.232Ta

Acknowledgment. The authors are thanking Ms. K. Schulze for EDAX analysis.
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Abstract

CeNijoP4, orthorhombic, Pnma (No. 62), a = 9.263(1) A,
b=3.6654(5) A, c =22.092(3) A, V=750.1 A3, Z=4,
Ra(F) = 0.030, wReet( F2) = 0.068, T = 293 K.

Source of material

The title compound was prepared from cerium filings (99.99 %),
nickel powder (99.99 %), and red phosphorus (99.99 %). A mix-
ture of starting components with nominal composition of
CegNig7P25 was pressed into a small pellet (~ 1 g) and sealed
inside a carbon-glass crucible in evacuated silica tube. A sintering
was carried out by heating up to 1273 K within 24 h, treatment at
this temperature for the next 20 h and slow cooling to the room tem-
perature (1 K/min). Needle-like single crystals with metallic lustre
were formed on the surface of the pellet. The crystals showed ten-

* Correspondence author (e-mail: ukuzma@franko.lviv.ua)

dency to form twinned agglomerates along needle direction
(equivalent to the crystallographic [010] direction). The crystals
are stable on the air and against diluted hydrochloric acid.

Experimental details

Lattice constants were refined from 1478 reflections (in the se-
lected 26 interval of 25° — 45°) obtained during the data collec-
tion. The intensities of the reflections were corrected for
absorption by using multi-scan routine.

Discussion

The crystal structure of CeNijgP4 adopts the LaNijoP4 type
(Pearson symbol oP60) [1]. The reported composition corres-
ponds to the formely detected ternary phase ~ CeNij1Ps observed
during systematic investigation of the ternary Ce—Ni—P system at
870 K [2].

All atoms in the structure of CeNijgP4 are situated on mirror
planes, which are extended perpendicular [010] (figure, top).
Phosphorus atoms are trigonal prismatically surrounded by metal
species. Such trigonal prisms are partially condensed to
three-membered “propellers” [3]. Neighbouring building blocks
are displaced with respect to each one by half of translation period
along [010]. A detailed discussion of LaNioP4 structure type and
its relationship to another two-layered compounds with
metal-nonmetal ratio close to 2 : 1 can be found elsewhere [1,3].
Alternatively the structure of CeNijoP4 can be described as
three-dimensional network built up from Ni and P atoms with in-
finite channels along [010] direction filled by rare-earth atoms
(figure, bottom). The interatomic distances within this network
cover the intervals of 2.214(2) A — 2.451(2) A for d(Ni—P) and
2.421(2) A = 2.790(2) A for d(Ni—Ni). The shortest Ce—P,
Ce—Ni, and Ce—Ce contacts are of 3.014(2) A, 3.222(1) A, and
3.665(1) A, respectively. No interaction between phosphorus at-
oms was found in the structure of CeNijoP4.

Table 1. Data collection and handling.

Crystal: metallic needle,
size 0.012 x 0.012 x 0.125 mm
Wavelength: Mo Ky, radiation (0.71073 A)

: 311.65 cm™

Diffractometer, scan mode: Rigaku Mercury CCD, w/¢
20max: 57.4°

N(hkl)measured, N(hkl)unique: 5631, 1104

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 980
N(param)refined: 91

Programs: SHELXL-97 [4], ATOMS [5]
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Table 2. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui U Us3 U2 Uiz U
Ce 4c 0.19962(5) 1/4 0.89228(2)  0.0100(2) 0.0084(2) 0.0060(2) 0 —-0.0001(2) 0
Ni(1) 4c 0.0165(1) 1/4 0.69305(5)  0.0129(5) 0.0086(5) 0.0057(5) 0 —-0.0004(4) 0
Ni(2) 4c 0.0351(1) 1/4 0.03817(5)  0.0095(5) 0.0105(5) 0.0078(6) 0 —-0.0008(4) 0
Ni(3) 4c 0.0493(1) 1/4 0.58265(5)  0.0132(5) 0.0084(5) 0.0078(6) 0 0.0033(4) 0
Ni(4) 4c 0.0822(1) 1/4 0.46992(5)  0.0084(4) 0.0108(5) 0.0066(5) 0 —-0.0010(4) 0
Ni(5) 4c 0.1602(1) 1/4 0.28380(5)  0.0085(4) 0.0096(5) 0.0067(5) 0 0.0009(4) 0
Ni(6) 4c 0.2963(1) 1/4 0.17115(5)  0.0085(5) 0.0133(5) 0.0130(6) 0 —-0.0022(4) 0
Ni(7) 4c 0.3083(1) 1/4 0.03457(5)  0.0093(4) 0.0076(5) 0.0123(6) 0 —-0.0003(4) 0
Ni(8) 4c 0.3261(1) 1/4 0.59813(5)  0.0133(5) 0.0093(5) 0.0064(5) 0 —-0.0020(4) 0
Ni(9) 4c 0.4030(1) 1/4 0.70287(5)  0.0116(4) 0.0084(5) 0.0058(5) 0 0.0002(4) 0
Ni(10)  4c 0.4236(1) 1/4 0.27850(5)  0.0075(4) 0.0102(5) 0.0073(5) 0 —-0.0007(4) 0
P(1) 4c 0.0274(2) 1/4 0.3693(1) 0.0094(8) 0.0078(9) 0.007(1) 0 0.0004(7) 0
P(2) 4c 0.0635(2) 1/4 0.1396(1) 0.0090(8) 0.0086(9) 0.005(1) 0 0.0009(7) 0
P@3) 4c 0.2038(2) 1/4 0.7553(1) 0.0093(8) 0.0071(9) 0.009(1) 0 0.0007(7) 0
P4) 4c 0.3141(2) 1/4 0.5004(1) 0.0081(8) 0.0079(9) 0.007(1) 0 —-0.0015(7) 0
References

1. Babizhetskyy, V. S.; Kuz’ma, Yu. B.; Chykhrij, S. I.; Oryshchyn, S. V.:
New phosphide LaNijoP4 and its crystal structure. Dopov. An. Ukr. RSR
N. 5(1992) 113-115.

2. Babizhetskyy, V. S.; Kuz’'ma, Yu. B.: Systems La—Ni—P and Ce-Ni-P.
Zh. Neorg. Khim. 39 (1994) 322-327.

3. Kuz’ma, Yu. B.; Chykhrij, S. I.: Phosphides, in: Handbook on the Physics
and Chemistry of Rare Earths, Vol. 23, Chapter 156, p. 285-434, Elsevier,
Amsterdam (1996).

4. Sheldrick, G. M.: SHELXL-97. Program for the Refinement of Crystal
Structure. University of Gottingen, Germany 1997.
5. Dowty, E.: ATOMS 5.1, A complete program for displaying atomic struc-
tures. By Shape Software, 521 Hidden Valley Road, Kingsport, TN,
37663, USA 2000.

Brought to you by | Universidad de Chile

Authenticated

Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003)

163

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of tristrontium tetranitridochromate(VI), Sr3;[CrNy]

R. Niewa*, D. A. Zherebtsov and P. Hohn

Max-Planck-Institut fiir Chemische Physik fester Stoffe, Nothnitzer Str. 40, D-01187 Dresden, Germany

Received February 26, 2003, accepted and available on-line May 3, 2003; CSD-No. 409695

O[CrN Ala

Srz*

L NIBE

Abstract

CrNySr3, orthorhombic, Pbca (No. 61), a = 10.199(1) A,
b=9.566(1) A, c=11.169(2) A, V=1089.6 A*, =38,
R(P) =0.082, R(I) = 0.053, T=293 K.

Source of material

Sr3[CrN4] was obtained as a brown powder from reaction of SroN
and CrN in the molar ratio 3 : 2 in nitrogen atmosphere at 1170 K for
20 h. Chemical analyses confirm the composition: 72.3(14) wt% Sr,
13.9(4) wt% Cr, 15.5(1) wt% N = Sr3.09(6)Cr1.003)N4.11(3)-

Experimental details

The unit cell parameters were determined from the least-squares
refinement of the 26 values of 57 reflections in the range 7° <26 <
79° (X-ray powder data, LaBg standard, a =4.15695(6) A). N atoms
were refined with common Usso.

Discussion

Sr3[CrNy] is isotypic to Baz[CrN4] [1], the low temperature modifi-
cation of Baz[MN4] (M = Mo, W) [2] as well to the related ordered
(CazSr[WN4] [3]) and the substitutionally disordered
((Ba,Sr)3[MN4] [4]) phases. Interestingly, Sr3[MoN4] was reported
to crystallize in a monoclinic distortion variant of the Baz[CrNy]
structure [5]. No indication for such a distortion could be extracted
from the X-ray powder diffraction data in the present study.

The crystal structure of Sr3[CrN4] comprises isolated [CrN4]6’
tetrahedra with distances d(Cr—N) in the range of 1.700(7) A-
1.789(7) A comparable to those of 1.725 A — 1.784 A in
Baz[CrNy4] [1]. As in the mentioned Mo and W containing phases
these tetrahedra are arranged in the motif of a hexagonal close
packing. In Sr3[CrNg4] the Sr* ions are five- and six-fold coordi-

* Correspondence author (e-mail: niewa@cpfs.mpg.de)

nated by N with d(St—N) = 2.453 A (Sr3[MoNy]: d(Sr—N) =
2.43 A [5]). Magnetic susceptibility measurements revealed dia-
magnetism which is consistent with cr'

Table 1. Data collection and handling.

Powder: brown
Wavelength: Cu Ky, radiation (1.54059 A)
: 65.6 cm™!
Diffractometer, scan mode: Huber image plate Guinier, w/0
26 max, stepwidth: 100°, 0.005°
N(points )measured: 17600
N(hkl)measured: 556
N(param)efined: 35
Programs: CSD [6], DIAMOND [7]

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

Atom Site X y b4 Uiso

Sr(1) 8c 0.02778(9) 0.12894(1) 0.14518(8) 0.0056(7)
Sr(2) 8c 0.12810(8) 0.47161(1) 0.10452(8) 0.0030(7)
Sr(3) 8c 0.21984(1) 0.30365(1) 0.38670(1) 0.0061(7)
Cr 8c 0.40045(1) 0.3054(2) 0.11224(2) 0.0049(5)
N(1) 8c 0.9946(6) 0.3795(8) 0.2694(6)  0.0050(7)
NQ2) 8c 0.3506(7) 0.4306(8) 0.0102(6) 0.0050
N@3) 8c 0.0048(7) 0.1857(7) 0.4657(6) 0.0050
N4) 8c 0.2684(7)  0.2225(7) 0.1721(6)  0.0050
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O--Fe--O 88.6: 91.4Q2)° (B
Fe--O--C 129.5(5)°

Abstract B
CeHo4Fel,0g, trigonal, P3 (No. 147), a = 82947(8) A, ¢ = 7.0884(6) A,
V=4224A% Z=1, Ru(F) = 0.023, wReet( F?) = 0.065, T= 193 K.

Source of material
Iron diiodide (0.31 g), prepared from iron and iodine [1], was dis-
solved in 2.0 mL of anhydrous methanol. After addition of 10 mL
of anhydrous diethylether the title compound crystallized in the
course of two hours. After decantation the crystals were dried in a
stream of dry argon.

Experimental details

Fe(HOCH3)¢l> is isotypic to Ca(HOCH3)eBr2 [2]. As noted for
the latter, merohedral twinning occurs. However, contrary to [2],
we do not find (001) as a twinning plane, but twins of twins with
the twinning planes (110) and (120). The domains of the
(120)-twinning are very small, as evidenced by the refinement re-
sults: assuming macroscopic twinning along (120) (superposition
of F? values) resulted in Rgi(F) = 0.035; superposition of F values
yielded Ry (F)=0.023. However, for another crystal the F° 2 super-
position was slightly better. The four components of the reported
crystal had volume fractions of 0.61(1), 0.13 (110)-twin, 0.22
(120) and 0.04 (210). If all four components had the same volume
fractions, their superposition would feign the space group
P6/mmm, which is a supergroup of P3.

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

Discussion

The methyl groups and iodide ions are arranged like in a hexago-
nal closest-packing. One eighth of the octahedral voids are occu-
pied by Fe“" ions together with the O atoms linking them to the
methyl groups. Another description relates the structure to the
CdI> type, in which Fe(OCH3)s>" ions take the positions of the

cadmium ions.

Table 1. Data collection and handling.

Crystal: colourless hexagonal prism,

size 0.13 x 0.24 x 0.34 mm
Wavelength: Mo Ky, radiation (0.71073 A)
u: 45.61 cm™

Stoe IPDS 2; Ap = 1°,w =0° - 180° at p =
30° w =0°-98°at ¢ = 120°

Diffractometer, scan mode:

260 max: 57.26°
N(hkl)measureds N(hkl)uuique3 5978, 730
Criterion for Iobs, N(hkl)gt: Lobs > 2 0(Iobs), 726
N(param)refined: 37

Program: SHELX-97 [3]

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

Atom Site X y z Uiso
H(l) 6g 0.19(1) 0.28(1) 0.20(1) 0.04(2)
H(2) 6g 0.4335 0.3229 0.3337 0.16
HQ3) 6g 0.4297 0.1717 0.1905 0.16
H(4) 6g 0.2967 0.1055 0.3717 0.16
References

1. Brauer, G.: Handbuch der préiparativen anorganischen Chemie, 3. Aufl., p.
1644. F. Enke, Stuttgart 1981.

2. Halut-Desportes, S.; Philoche-Levisaller, M.: Structures comparés des
solvates de formule MBr, - 6CH30H. Acta Crystallogr. B34 (1978)
432-435.

3. Sheldrick, G. M.: SHELX-97. A program package for crystal structure so-
lution and refinement, University of Gottingen, Germany 1997.

Atom Site X y z Ui Un Uss Uz Ui U3

Fe la 0 0 0 0.0196(3) U 0.0294(6) U112 0 0

I 2d 1/3 2/3 0.23363(7) 0.0259(2) U 0.0450(2) Upn1/2 0 0

(0] 6g 0.2127(5) 0.2083(5) 0.1675(6) 0.033(2) 0.024(2) 0.050(2) 0.016(1) -0.017(2) -0.010(2)
C 6g 0.3541(8) 0.202(1) 0.2741(8) 0.043(4) 0.045(3) 0.056(4) 0.022(3) -0.029(3) -0.009(3)
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Abstract

BCdHgNaO1¢.8P>, hexagonal, P6122 (No. 178), a =9.713(1) A,
c=16.136(3) A, V=1318.4 A*, Z=6, Ry(F) = 0.047,
WRwei(F?) = 0.105, T=273 K.

Source of material

NaCd(H20)>[BP20g] - 0.8H2O was prepared under mild hydro-
thermal conditions. A mixture of 0.459 g CdCl; - 2.5H>0, 1.900 g
NaxB407 - 10H20, 6.436 g NaBO; - 4H>0, and 5 ml (85%) H3PO4
was heated at 363 K in deionized water (10 ml) under stirring until
the components were completely dissolved. The clear solution
(pH = 2.0) was transferred to a teflon autoclave (internal volume
27 ml) with filling degree 70% and heated at 443 K for four days.
All the starting materials were of analytical grade without further
purification. The chemical composition of the title compound
was confirmed by ICP-AES analysis.

Discussion

A considerable number of borophosphates has been characterized
in the past few years; however no cadmium based compounds have
been reported so far. Here we report the first Cd-based
borophosphate, NaCd(H20)2[BP20Og] - 0.8H>O. Its crystal struc-

* Correspondence author (e-mail: jtzhao@mail.sic.ac.cn)

ture belongs to the family of borophosphate-hydrates with the
general formula M, M,"(H>0)2[BP,0s] - zH,O (M' = Li, Na, K,
Rb, Cs; M"'=Mg, Mn, Fe, Co, Ni, Zn, Cu; x=0.35-1,y=1-1.3,
z=02-1)[L2].

The crystal structure of the title compound contains infinite
one-dimensional anionic tetrahedral ribbons o,1{[BP205;]3_},
which form helical arrangements around the 61 screw axis. The
spiral ribbons are built up from four-membered rings in which
BO4 and POy groups alternate. Each BO4 belongs to two adjacent
four-membered rings of tetrahedra along the ribbon in such a way
that all vertices of the BO4 tetrahedra participate in bridging func-
tions with POy tetrahedra. The free loops of the borophosphate
helices are occupied by Na* cations, which are surrounded by six
oxygen atoms from adjacent phosphate groups (O2) and water
molecules (O4n,0, O6H,0) in an irregular environment. The dou-
ble helix . {Na[BP2Og]*"} is completed by forming a central
channel running along the 61 screw axis. The channel is filled
with disordered water molecules (O6H,0), resulting in the formula
{Na[BP,0g]*" - 0.8H,0}. The Cd** ions are coordinated to four
oxygen atoms of PO4 groups (02, O5) and two water molecules
(O41,0), resulting in an octahedral coordination Cd(Op)4(On,0)2
connecting neighboring ribbons. Bond lengths and angles within
the anionic partial structure are consistent with related
borophosphates [3-6].

Table 1. Data collection and handling.

Crystal: colorless hexagonal bipyramid,
size 0.08 x 0.08 x 0.09 mm

Wavelength: Mo K, radiation (0.71073 A)
—1

u: 29.48 cm

Diffractometer, scan mode: Brucker SMART CCD, w/gp

260 max: 56.46°

N(hkl)measured, N(hkl)unique: 8039, 1072

Criterion for lobs, N(hkl)g: Tobs > 2 0(lobs), 1072
N(param)refined: 77
Programs: SHELXL-97 [7], DIAMOND [8]

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

Atom Site Occ. X y z Uiso
0(6) 6a 0.80 0.889(6) 0 0 0.23(3)
B 6b 0.1525(7) 2x 1/4 0.015(2)
H(1) 12¢ 0.94(2) -0.15(1) 0.231(9) 0.05
HQ2) 12¢ 0.61(2) 0.17(1) 0.048(8) 0.05
H(®3) 12¢ 0.8094 0.2446 0.0332 0.05
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NaCd(H20)2[BP20g] - 0.8H2O

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

Atom Site x y b4 Un U Us3 Uiz Uiz 5]

Cd 6b 0.45073(4) 2x 1/4 0.0140(3) 0.0116(4) 0.0136(3) U2o/2 —0.0039(2) 0

P 12¢ 0.8376(2) 0.2224(2) 0.2509(1) 0.0109(8) 0.0108(8) 0.0080(8) 0.0035(6) 0.0021(7) 0.0032(8)
Na 6b 0.8116(6) 2x 1/4 0.078(4) 0.111(7) 0.027(3) U2/2 -0.003(3) 0

Oo(l) 12¢ 0.8151(6) 0.2284(6) 0.3462(3) 0.012(2) 0.016(3) 0.008(2) 0.008(2) 0.001(2) 0.002(2)
0(2) 12¢ 0.8691(7) 0.3791(6) 0.2171(3) 0.017(3) 0.014(2) 0.018(2) 0.010(2) -0.003(2) 0.002(2)
0@3) 12¢ 0.9821(6) 0.1968(6) 0.2368(3) 0.014(2) 0.016(3) 0.011(2) 0.007(2) -0.001(2) -0.005(2)
04) 12¢ 0.6978(7) 0.1854(8) 0.0546(4) 0.014(3) 0.026(3) 0.033(3) 0.005(3) -0.003(2) 0.010(3)
O5) 12¢ 0.6981(7) 0.0793(7) 0.2116(3) 0.010(3) 0.023(3) 0.020(3) 0.005(2) -0.003(2) 0.000(2)
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Abstract

CsGaHOoP3, monoclinic, C121 (No. 5), a = 9.061(1) A,
b=8.7105(9) A, ¢ = 6.2195(8) A, B = 111.993(6)°, V=4552 A3,
Z =2, Ry(F) = 0.018, wRees(F*) = 0.046, T = 295 K.

* Correspondence author (e-mail: jtzhao@mail.sic.ac.cn)

Source of material

The title compound was synthesized in aqueous solution by two
steps. In the first step, the reaction was carried out with the mixture
of GaCl3(1.046 metal gallium dissolved in 5 ml 37% HCI), CsCl
(2.525 g) and an excess of HCI (molar ratio Ga : Cs =1 : 1). The
mixture was heated to the boiling point. While it was cooled down
and evaporated in air for several days, transparent colorless crys-
tals were obtained. After filtering from liquid, they were identi-
fied to be CsGaCly [1], and it was confirmed by X-ray powder
diffraction. On the second step, the reaction was made with the
mixture of CsGaCly (3.44 g), Cs(OH) - H20O (1.679 g) and 5 ml
85% H3PO4 (molarratio 1:1:7). The starting materials were all of
analytical grade. The mixture was heated (open system) to the
boiling point on stove and kept heating for three days to evaporate
the solvent. Three modifications of crystals of CsGaHP301o were
obtained in the reaction product. The a-modification showed in
block shape; 3M-modification in thick plate and 1M-modi-
fication in thin plate. All of them were colorless and transparent.
The 20-modification reported by Anisimova (1995) as III-
CsGaHP301¢ was not found in these products indicating that it
should have different synthetic conditions or a different stability
temperature range.

Experimental details
The position of the H atom was determined from a difference
Fourier map.

Discussion

In 1987, Chudinova et al. reported [2] a series of caesium gallium
phosphate compounds, namely Cs,GaH3(P207)2, Gs3GazP12036
and CsGaHP3019, and claimed that the formulae CsGaHP3O1g
contains four modifications from powder diffraction data. By
comparing the powder diffraction patterns of different phases, the
authors assumed that phase I and III should have some common
structural characteristics. Later in 1995, Anisimova et al. synthe-
sized the modification III, reported its crystal structure and
claimed that III-CsGaHP3019 was the most stable one among the
four modifications [3]. Although several kinds of caesium gal-
lium phosphate structures are available [4-7], the structures of the
other three modifications of CsGaHP301¢ have not been reported
until now. Here we report one of them. According to our system-
atic structural researches, modifications of CsGaHP301¢ should
belong to different polymorphs and polytypes. We name them as
a-, 1IM-, 20-, 3M-modifications, respectively. The a-modifica-
tion and 1M-modification belong to monoclinic system with
space groups of C2 and P2/n respectively [8]. The
20-modification belongs to orthorhombic system with Pca21 [2].
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a-CsGaHP3019

The crystal structures of the four CsGaHP301¢ modifications have a
common building unit, i.e. a triphosphate [HPO3-O-PO>—O-HPO3]
group. In each unit, each POy tetrahedron shares two further
O-corners with two GaOg octahedra. Thus, three-membered
phosphate tetrahedra groups linked with GaOg octahedra lead to a
three-dimensional framework structure in the -modification and
a two-dimensional layer structure in the 1M-, 20-, 3M-modi-
fications.

In the title structure, [HPO3-O—PO>—O-HPO3] groups stretch in a
chiral chain mode along c axis and link with GaOg octahedra via
O-corners to modification a three dimensional framework struc-
ture. It is isotypic to CsMnHP301 [9]. Caesium cations are dis-
tributed within the channels of eight-membered ring as
cross-section which formed by alternating GaOg octahedra (4x)
and phosphate tetrahedra (4x), running along the c axis. Caesium
has coordination number of 10 with the distances from 3.033 A to
3.667 A. The Ga—O bond distances within the coordination
octahedra range from 1.931 A to 1.979 A. The P—O bond dis-

Table 1. Data collection and handling.

Crystal: transparent colorless block,
size 0.12 x 0.12 x 0.15 mm
Wavelength: Mo K, radiation (0.71069 A)

75.29 cm™!

Rigaku AFC7-CCD, 500 images, Ap = 0.6°,
60- scan, Aw = 0.6°, y = 90°

64.5°

Diffractometer, scan mode:

20max:
N(hkl)measured, N(hkl )unique: 3897, 1363

Criterion for Zobs, N(hkl)gi: Iobs > 2 0(Iobs), 1362
N(param)refined: 71

Programs: SHELXL-97 [10], DIAMOND [11]

Table 2. Atomic coordinates and displacement parameters (in 1&2).

tances (ranging from 1.578 A to 1.632 A) for bridging P-O—P ox- Atom  Site x y z Uiso
ygen are apparently larger than the P—O bond distances in the

structure (ranging from 1.491 A to 1.510 A in POy tetrahedra). H(D) 2a 172 0.6831 0 0.05
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui Uxn Us3 Uiz Uiz U3
Cs(1) 2b 0 0.94671(2) 12 0.0540(2) 0.0154(2) 0.0208(2) 0 -0.0032(1) 0

Ga(l) 2a 0 0.61078(4) 0 0.0076(1) 0.0065(2) 0.0066(2) 0 0.0026(1) 0

P(1) 2b 0 0.5143(1) 172 0.0107(3) 0.0088(4) 0.0058(4) 0 0.0038(3) 0

P(2) 4c 0.81768(7)  0.32891(7)  0.1061(1) 0.0081(2) 0.0081(3) 0.0087(3)  —0.0015(2) 0.0034(2) 0.0005(2)
Oo(1) 4c 0.8349(2) 0.4551(2) 0.9508(3) 0.0118(7) 0.0091(8) 0.0102(8)  —0.0039(7) 0.0031(6) 0.0007(7)
02) 4c 0.6489(2) 0.2762(2) 0.0339(4) 0.0106(7) 0.011409) 0.0193(9)  —0.0061(7) 0.0052(6)  —0.0006(7)
0Q3) 4c 0.8574(2) 0.4045(2) 0.3617(4) 0.0179(8) 0.019(1) 0.0088(9)  —0.0078(7) 0.0062(7)  —0.0018(7)
04) 4c 0.9480(2) 0.6062(3) 0.6613(3) 0.0162(7) 0.0138(9) 0.0064(7) 0.0041(7) 0.0059(6) 0.0005(7)
O(5) 4c 0.4376(2) 0.7013(3) 0.1440(4) 0.0178(8) 0.015(1) 0.024(1) 0.0055(7) 0.0121(8) 0.0072(7)
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Abstract

CsGaHOoP3, monoclinic, P121/n1 (No. 13), a = 8.843(1) A,
b=4.9523(5)A, c=11.084(1) A, B = 108.793(6)°, V =459.5 A3,
Z =2, Ry(F) = 0.042, wRef(F>) = 0.123, T =295 K.

Source of material

The title compound was synthesized in aqueous solution by two
steps. In the first step, the reaction was carried out with a mixture
of GaCl3 (1.046 metal gallium dissolved in 5 ml 37% HCl), CsCl

* Correspondence author (e-mail: jtzhao@mail.sic.ac.cn)

(2.525 g) and an excess of 37% HCI (molar ratio Ga: Cs=1:1).
The mixture was heated to the boiling point. The resulting reac-
tion product (CsGaCly [1]) was used as reactant for the next step,
which was made with a mixture of CsGaCl4 (3.444 g), Cs(OH) -
H>0 (1.679 g) and 5 ml 85% H3PO4 (molar ratio 1:1:7). The start-
ing materials were all of analytical grade. The mixture was heated
(open system) to the boiling point and kept heating for three days
to evaporate the solvent. Three modifications of CsGaHP3019
crystals were obtained in the reaction product. The one with a
shape of thin plate corresponds to the title compound and was
used for the structure determination.

Experimental details
The positions of the H atom was determined from a difference
Fourier map.

Discussion

In 1987, Chudinova et al. synthesized a series of caesium gallium
phosphates with the common chemical formula CsGaHP301¢ and
identified four modifications from their powder patterns [2]. Later
in 1995, Anisimovaetal. [3] reported the crystal structure of the so
called modification III. According to our recent systematic struc-
tural investigations, the four modifications of CsGaHP30¢ be-
long to the polymorphs series a [4], 1M, 20 and 3M. Here we
report on the crystal structure of the 1M-modification.
IM-CsGaHP301 is isotypic to (NH4)AIHP3O1¢ [5]: three-mem-
bered [HPO3-O-PO>—0O-HPO3] groups stretch in a chain mode
along the ¢ axis and link with GaOg octahedra via O-corners to
form a two-dimensional layer structure parallel (101). The layers
are connected by hydrogen bonds. Caesium occupies positions
between the layers and is ten-fold coordinated by oxygen. The
Cs—O distances range from 3.098 A to 3.490 A. The Ga—O
bond distances within the coordination octahedra range from
1.920 A to 1.949 A. The P—O bond distances (ranging from
1.571 A to 1.606 A) for P-O-P bridging oxygen are apparently
larger than the (terminal) P—O distances (ranging from 1.489 A
to 1.520 A). The crystal structures of the four CsGaHP301¢ poly-
morphs have a common building unit, i.e. the triphosphate group
[HPO3-O-PO>—O-HPO3]. Within this group the central PO4
shares two further O-corners with two GaOg octahedra. This lead
to an overall three-dimensional framework structure in the
a-modification and a two-dimensional layer structure in the IM-,
20-, 3M-modifications. The thickness of one layer is about d(101)
=7.902 A. While in the 20-modification, the structure consists of
two layers normal to the ¢ axis, leading to a ¢ axis of 15.722(1) A,
which is about 2 times larger compared with that of the 1M-modi-
fication. Line-up directions of the three-membered phosphate
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groups in the neighbouring successive layers are paralleled to
each other in the IM-modification and normal to each other in the
20-modification, respectively. The cell parameters of the
3M-modification were indexed asa=11.741(3) A b= 4.952(1),¢c
=23.705(3), # = 90.03(1)° and this ¢ axis is about 3 times larger
compared with that of the 1M-modification. It is assumed that its
structure within one unit cell should consist of a sequence of three
layers normal to the ¢ axis.

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

Atom Site X y z Uiso

H(1) 2d 12 0 0 0.05

Table 1. Data collection and handling.

Crystal: transparent colorless thin plate,
size 0.05 x 0.15 x 0.20 mm
Wavelength: Mo K, radiation (0.71073 A)

74.58 cm™

Rigaku AFC7-CCD, 400 images, Ap = 0.6°,
60-w scan, Aw = 0.6°, y = 90°

64.48°

N(hkl)measured, N(hkl)uniquel 7193 s 1456

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 1204

N(param)refined: 72

Programs: SHELXL-97 [6], DIAMOND [7]

Diffractometer, scan mode:

20max:

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

Atom Site X y z Ul U U3z U U3 Uz
Cs(1) 2f 3/4 0.5095(1) 1/4 0.1553(8) 0.0293(3) 0.0462(3) 0 0.0667(4) 0

Ga(l) 2¢ 0 12 0 0.0146(3) 0.0116(3) 0.0108(3)  -0.0010(2) 0.0008(2)  —0.0005(2)
P(1) 4g 0.7723(1) 0.0010(2) 0.99350(8)  0.0115(4) 0.0126(4) 0.0144(4) 0.0005(3) 0.0027(3) 0.0006(3)
P(2) 2e 1/4 0.7411(3) 1/4 0.0174(5) 0.0118(5) 0.0108(4) 0 -0.0021(4) 0

o(1) 4g 0.9102(3) 0.1877(5) 0.0539(2) 0.016(1) 0.012(1) 0.015(1) —-0.0018(8) 0.0013(8) 0.0014(8)
0Q2) 4g 0.8142(3) 0.7074(5) 0.0039(2) 0.018(1) 0.013(1) 0.023(1) -0.0002(9) 0.0057(9) 0.0021(9)
0Q@3) 4g 0.1043(3) 0.5861(6) 0.1787(2) 0.025(1) 0.021(1) 0.012(1) —-0.008(1) 0.0001(9)  —-0.0029(9)
04) 4g 0.2013(4) 0.9341(7) 0.3438(3) 0.031(2) 0.029(2) 0.019(1) 0.016(1) -0.007(1) -0.008(1)
O(5) 4g 0.6386(4) 0.0550(8) 0.0487(4) 0.020(1) 0.040(2) 0.045(2) -0.002(1) 0.017(1) -0.011(2)
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Abstract

BCsGaHOoP,, monoclinic, P121/c1 (No. 14), a = 9.259(1) A,
b=18.6462(9) A, c =9.615(1) A, B = 103.059(6)°, V = 749.8 A3,
Z =4, Ry(F) = 0.050, wRret(F?) = 0.104, T = 295 K.

* Correspondence author (e-mail: jtzhao@mail.sic.ac.cn)

Source of material

CsGa[BP,0g(OH)] was synthesized under mild hydrothermal
conditions. The reactions were carried out with mixtures of
Cs(OH) - H>0 (1.679 g), GaCl3 (0.35 g metal gallium dissolved in
2 ml 37% HCI), H3BO3 (0.618 g), LiH2PO4 (3.118 g) and 2 ml
85% H3PO4 with molarratioof Cs: Ga:B:Li:P=2:1:2:6:12.
The mixture was filled in a teflon autoclave with about 20 ml in
volume. The degree of filling was about 50%. The autoclave was
placed in an oven with subsequent heating at 443 K for 7 days. All
starting materials were of analytical grade purity. The composi-
tion was confirmed by chemical analysis ICP) withCs: Ga: B : P
=0.9(1):1.02(1):0.91(2):2.00(3). The Li content was below the
detective limit of the analytical method.

Experimental details

The position of the H atom was determined from a difference
Fourier map.

Discussion

In our recent investigations on Ga-containing borophosphates,
mild hydrothermal conditions have been proved to be efficient in
preparing new compounds with different structures, such as
NaGa[BP>0O7(OH)3], KGa[BP>0O7(OH)3], (NH4)Ga[BP2Og(OH)]
and RbGa[BP,Og(OH)] [1-4]. The title compound was also syn-
thesized under mild hydrothermal conditions.

The crystal structure of the title compound is isotypic to
CsFe[BP2,0Og(OH)] [5] and contains isolated GaOs(OH)
octahedra sharing common O-corners with five phosphate tetra-
hedra and a common (OH)-corner with a hydrogenborate group
to form a three dimensional framework structure. The anionic
partial structure consists of open-branched vierer-single chains
[BP20s(OH)]*", which are formed by alternating hydrogenborate
and phosphate tetrahedra sharing common O-corners. The
[BP20g(OH)]n chains run along the b axis and are connected via
GaOs5(OH) octahedra sharing common corners. The caesium cat-
ions are distributed in a zigzag arrangement within the open chan-
nels with an elliptical cross-section and running along the a axis.
Caesium has ten oxygen neighbours with distances ranging from
3.070 A to0 3.308 A. The Ga—O and Ga—OH bond distances in
the Ga-coordinaton-octahedron range from 1.909 Ato2.117A.
The P—O bond distances range from 1.512 A t0 1.572 A, and
those of B—O from 1.458 A to 1.490 A. Bond lengths and angles
of hydrogenborate and phosphate tetrahedra within the anionic
chains are in the same ranges as observed in other borophosphates
[1-4].
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Table 1. Data collection and handling.

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

Crystal: colorless transparente prism, Atom Site * Y N Uiso

size 0.04 x 0.05 x 0.08 mm
Wavelength: Mo Ky radiation (0.71073 A) H(1) de 0.1234 0.9385 0.5114 0.05
u: 89.09 cm™!
Diffractometer, scan mode: Rigaku AFC7-CCD, 400 images, Ap = 0.6°,

60-w scan, Aw = 0.6°, y = 90°
20max: 64.92°
N(hkl)measured> N(hkl )unique: 6603, 2402
Criterion for Iobs, N(hkl)gt: Lobs > 2 0(Iobs), 2060
N(param)refined: 127
Programs: SHELXL-97 [6], DIAMOND [7]
Table 3. Atomic coordinates and displacement parameters (in Az).
Atom Site by y z Uil Ux Uss U Uiz Uas
Cs(1) 4e 0.30327(6)  0.61291(6)  0.44906(5)  0.0251(2) 0.0197(2) 0.0195(2)  —0.0004(2) 0.0024(2) 0.0035(2)
Ga(l) 4e 0.29621(7)  0.15438(8)  0.57305(7)  0.0075(3) 0.0078(3) 0.0052(3) 0.0004(2) 0.0007(2) 0.0000(2)
P(1) 4e 0.4294(2) 0.0738(2) 0.3005(2) 0.0062(6) 0.0067(6) 0.0056(6) 0.0009(5) 0.0013(5) 0.0005(5)
P(2) 4e 0.0829(2) 0.2689(2) 0.2869(2) 0.0072(7) 0.0075(6) 0.0081(7) 0.0009(5) 0.0011(5) 0.0009(5)
B(1) 4e 0.8407(7) 0.4589(7) 0.1955(7) 0.008(3) 0.003(3) 0.008(3) 0.000(2) 0.002(2) 0.002(2)
o(1) 4e 0.0792(5) 0.0987(5) 0.2361(5) 0.014(2) 0.007(2) 0.015(2) -0.001(2) 0.001(2) -0.002(2)
0Q2) 4e 0.4187(5) 0.1657(5) 0.4325(5) 0.013(2) 0.015(2) 0.006(2) -0.005(2) 0.007(2) -0.005(2)
03) 4e 0.3077(5) 0.9436(5) 0.2769(5) 0.007(2) 0.014(2) 0.015(2) -0.002(2) 0.002(2) -0.003(2)
04) 4e 0.9171(5) 0.3189(5) 0.2568(5) 0.006(2) 0.011(2) 0.015(2) 0.002(2) 0.002(2) 0.001(2)
0O(5) 4e 0.1465(5) 0.2822(6) 0.4459(5) 0.016(2) 0.012(2) 0.009(2) 0.006(2) -0.001(2) -0.001(2)
0(6) 4e 0.4021(5) 0.1709(5) 0.1660(5) 0.015(2) 0.009(2) 0.007(2) 0.004(2) 0.001(2) 0.002(2)
o(7) 4e 0.5785(5) 0.9973(5) 0.3123(5) 0.008(2) 0.014(2) 0.010(2) 0.005(2) 0.003(2) 0.006(2)
O(8) 4e 0.1622(5) 0.3713(5) 0.1997(5) 0.014(2) 0.012(2) 0.012(2) -0.003(2) 0.007(2) -0.001(2)
0(9) 4e 0.1767(6) 0.9670(5) 0.4604(5) 0.019(2) 0.012(2) 0.004(2) -0.004(2) 0.001(2) 0.001(2)

Acknowledgments. This project was supported by the Fund for Distinguished
Young Scholars from the NNSF of China, and Fund of the 863 project from
the DOST of China. Thanks also go to Ms. U. Schmidt for chemical analyses.
JXM and JTZ are indebted to the financial support from the
Max-Planck-Gesellschaft.

References

1.

Huang, Y.-X.; Mao, S.-Y.; Mi, J.-X.; Wei, Z.-B.; Zhao, J.-T.; Kniep, R.:
Crystal structure of sodium gallium (monohydrogenmonophosphate-
dihydrogenmonoborate-monophosphate), NaGa[BP>,0O7(OH)3]. Z.
Kristallogr. NCS 216 (2001) 15-16.

Li, M.-R.; Mao, S.-Y.; Huang, Y.-X.; Mi, J.-X.; Wei, Z.-B.; Zhao, J.-T ;
Kniep, R.: Crystal structure of ammonium gallium (monophosphate-
hydrogenmonoborate-monophosphate), (NH4)Ga[BP2Og(OH)]. Z.
Kristallogr. NCS 217 (2002), 165-166.

Mi, J.-X.; Huang, Y.-X.; Mao, S.-Y.; Borrmann, H.; Zhao, J.-T.; Kniep,
R.: Crystal structure of potassium gallium (monophosphate-hydrogen-
monoborate-monophosphate), KGa[BP2O7(OH)3]. Z. Kristallogr. NCS
217 (2002) 167-168.

. Mi, J.-X.; Borrmann, H.; Mao, S.-Y.; Huang, Y.-X.; Zhang H.; Zhao,

J.-T.; Kniep, R.: Structure of rubidium gallium catena-[monohydrogen-
monoborate-bis(monophosphate)], RbGa[BP>Og(OH)], from a twined
crystal. Z. Kristallogr. NCS 218 (2003) 17-18.

. Engelhardt, H.; Kniep, R.: Crystal structure of caesium iron(Ill) catena-

[monohydrogenborate-bis(monophosphate)], CsFe[BP2Og(OH)]. Z.
Kristallogr. NCS 214 (1999) 443-444.

. Sheldrick, G. M.: SHELXL-97. Program for refining crystal structures.

University of Gotttingen, Germany 1997.

. Brandenburg, K.: DIAMOND Version 2.1a. Crystal Impact GbR, Bonn,

Germany 1996-2001.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 173-174

173

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of yttrium borosilicide, YsSi,..Bs (x = 0.13)

J. Roger, R. Jardin, V. Babizhetskyy, S. Députier, J. Bauer and R. Guérin*

UMR CNRS-Université No 6511, Campus de Beaulieu, Laboratoire de Chimie du Solide et Inorganique Moléculaire, Avenue du Général Leclerc, F-35042

Rennes Cedex, France

Received June 2, 2003, accepted and available on-line June 11, 2003; CSD-No. 409707

ThB,
slab

U,Si,
slab

ThB,
slab

Abstract

BsSi1s7Ys, tetragonal, P4/mbm (No. 127), a = 7.2234(2) A,
c=8.0961(3) A, V=422.4 A%, Z =2, Ry(F) = 0.040,
WRei(F2) = 0.095, T =293 K.

* Correspondence author (e-mail: roland.guerin @univ-rennes].1r)

Source of material

Suitable amounts of powder and freshly filed chips of the constit-
uents in the nominal atomic percentage Y:Si:B=5:2:8 were mixed
together and pressed into pellets. Samples melting was performed
in an arc furnace using a non-consumable thoriated tungsten elec-
trode under Ti/Zr-gettered argon atmosphere. To ensure homogene-
ity, the samples were turned over and re-melted several times. Shiny
black platelet-like single crystals could be extracted from molten
samples after crushing and used for structure determination.

Discussion

The ternary compound YsSiz (Bg belongs to the family of rare
earth borosilicides R5Si2Bg (R = Sm, Gd, Tb, Dy), which we have
recently discovered [1, 2]. This family of compounds crystallizes
in the new structure type GdsSi2Bsg. The structure determination
concludes to the occurrence of two yttrium (Y1, Y2) and three bo-
ron (B1, B2, B3) independent positions. On the other hand, there
is only one silicon position, which has been found slightly defi-
cient (r = 0.935(9)). The structure Y5Si2Bg can be easily de-
scribed as an intergrowth structure of ThB4 [3] and Us3Si; [4]
related slabs of composition YB4 and Y3Siy, following each other
along the [001] direction (top figure). For example, the structure
composition is confirmed by the resulting equation: 2YBy4 +
Y3Si2 = Y5Si2Bs. The salient characteristic of the structure results
from the occurrence of two ordered independent boron and sili-
con sublattices. The silicon atoms within the U3Si> related slab
form Si—Si pairs with a Si—Si distance of 2.358(4) A (middle
figure). The boron atoms within the ThBj4 related slab form dis-
torted Bg octahedra, which are built from four B2 (square basis)
and two B3 atoms. These octahedra, which are inserted in yttrium
cubes, are close to ideal local O; symmetry, as shown by the
inter-octahedral B2—B3 and B2—B2 distances which are quite
similar (1.81(1) A and 1.84(1) A, respectively; ave. 1.83(1) A). The
last boron atoms, namely the B1 atoms, lie in the same z=1/2 as the
B2 squares to which they are connected. Each B1 atom is con-
nected to another B1 atom and to two B2 atoms which belong to
two different octahedra, i.e. each B1 atom is three-coordinated (sp2
hybridisation). The B1—B2 and B1—B]1 distances of 1.76(1) A
and 1.82(2) A, respectively, are slightly shorter than the
intra-octahedron ones. As a result, the boron sublattice can be de-
scribed as made of Bg octahedra which are linked together in the
(a, b) plane through boron atoms which form B—B pairs (bottom
figure). It is worth noting that the B—B pairs (z = 1/2) are situated
almost straight up the Si—Si ones (z = 0). Finally, the B1 and B2
atoms generate a two-dimensional planar (2-D) network which can be
described as made of fused squares and heptagons (bottom figure).
The Y1 atoms are octahedrally surrounded by two boron and four
silicon atoms, while the Y2 ones are twelve-coordinated by nine
boron and three silicon atoms, but in a more complex arrange-
ment.
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Table 1. Data collection and handling.

Crystal: shiny black platelet,

size 0.036 x 0.052 x 0.052 mm
Wavelength: Mo K, radiation (0.71073 A)
u: 341.70 cm™
Diffractometer, scan mode: Kappa CCD-Nonius, 6/26
20max: 69.76°

N(hkl)measured, N(hkl)uniquel 1730, 534

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 436

N(param)refined: 28

Programs: SIR97 [5], SHELXL-97 [6],
DIAMOND [7]

Table 2. Atomic coordinates and displacement parameters (in A2)4

Atom Site Occ. X y z Ui U Uss Uiz Uiz Uas
Y(1) 2a 0 0 0 0.0136(3) Un 0.0057(4) 0 0 0
Y(2) 8k 0.81897(4) —x+1/2 0.72410(6)  0.0077(2) Un 0.0069(3)  —0.0004(2) 0.0002(1)  -Ui3
Si 4g 0.935(09) 0.3846(2) —x+1/2 0 0.0112(8) Un 0.009(1) 0.0001(8) 0 0
B(1) 4h 0.9109(8) x+1/2 172 0.012(2) Un 0.010(4) 0.005(3) 0 0
B(2) 8j 0.6724(7) 0.4597(8) 172 0.009(2) 0.010(2) 0.004(2) -0.002(2) 0 0
B(3) 4e 0 0 0.337(1) 0.009(2) Un 0.010(3) 0 0 0

Acknowledgment. V. Babizhetskyy on leave from Ivan Franko National Uni-
versity of L’viv (Ukraine) thanks the Centre National de la Recherche
Scientifique (France) for a research fellowship.
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Abstract

C11H11NO3S, triclinic, P1(No. 2), a =7.240(1) A, b=7.495(2) A,
c=10427(1) A, a = 83.89(1)°, f = 85.74(1)°, y = 71.16(1)°,
V=5320A% Z=2, Ru(F) = 0.035, wRiet(F*) = 0.096, T=293 K.

Source of material

For the synthesis, 10.0 mmol ethyl 4-(2-oxobenzothiazolin-3-yI)-
butanoate in concentrated hydrochloric acid (50 ml) was stirred at
room temperature for 2 hours, then refluxed for 4 hours. The reac-
tion mixture was cooled, poured into 100 g ice-water, and stirred
for 1 hour. The precipitate was collected by filtration, washed
with water, dried and crystallised from water.

Discussion

The benzene ring defined by C1-C2—-C3-C4-C5-C6 atoms is
planar. Torsion angles of C1-C2-C3-C4, C6—C5-C4-C3 and
C1-C6-C5-C4 are 0.4(3)°,0.1(3)°and 0.3(3)°, respectively. The
thiazolon ring defined by C1-C6—-N-C7-S atoms is planar. Tor-
sion angles of C7-S—C1-C6 and C6-N-C7-S are 0.6(1)° and
1.2(2)°, respectively. The dihedral angle between these two
planes is 0.99(8)° implying that they are co-planar. The torsion
angles of C7-N-C6-C5, N-C6-C1-C2, C7-S-C1-C2 and
S2-C1-C2-C3 are 178.8(2)°, 179.2(2)°, —178.6(2)° and
179.1(2)°, respectively. O1 and C8 atoms are also at this plane.
Torsion angles of C6-N-C7-01, C1-S-C7-01, C8-N-C6—Cl1
and C8-N-C7-0O1 are —179.0(2)°, 179.2(2)°, —179.0(2)° and
—0.7(3)°, respectively. C9 atom lies below 1.351(3) A from
thiazolon plane. Torsion angles of C7-N-C8-C9, C6-N-C8-C9
and N-C8-C9-C10 are 103.8(2)°, —78.0(2)° and —68.5(2)°, re-

* Correspondence author (e-mail: fatmac @ gazi.edu.tr)

spectively. The bond lengths and angles in the 4-(2-oxobenzothi-
azolin-3-yl)butanoic acid are all in accord with similar structures
in the literature [1-3]. The bond lengths of C—C are between
1.378(3) A — 1.522(3) A. The bond lengths of C7=01, C11—02
and C11=03 are 1.214(2) A, 1.262(2) A and 1.263(2) A, respec-
tively. The bond lengths of C7—S and C1—S are 1.782(2) A and
1.743(2) A, respectively. The bond lengths of C6—N, C7—N
and C8—N are 1.395(2) A, 1.368(2) A and 1.464(2) A, respec-
tively.

Table 1. Data collection and handling.

Crystal: white needle, size 0.06 x 0.27 x 0.48 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 2.94 cm™

Diffractometer, scan mode: Enraf-Nonius CAD-4, w/260

260 max: 52.58°

N(hkl)measured, N(hkl)uniquel 2300, 2130

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 1786

N(param)cefined: 147

Programs: SHELXS-97 [4] SHELXL-97 [5],
ORTEP-III [6]

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

Atom Site X y z Uiso

H(?2) 2i -0.4244 -0.0414 0.5929 0.070
H(8A) 2i -0.1139 0.5419 0.6207 0.041
H(8B) 2i -0.2521 0.5945 0.7436 0.041
H(5) 2i -0.3345 0.4424 0.9429 0.046
H4) 2i -0.3352 0.3370 1.1597 0.053
HOA) 2i -0.4118 0.4711 0.6134 0.042
H(9B) 2i -0.3442 0.3186 0.7301 0.042
H(10A) 2i -0.1531 0.2997 0.4823 0.048
H(10B) 2i -0.0717 0.1516 0.5994 0.048
HQA)  2i 0.2404 0.0690 1.1354 0.048
H(®3) 2i -0.0519 0.1549 1.2552 0.054
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site x y z Un U Us3 Uiz U3 U3

S 2i 0.32516(6)  0.16590(7)  0.85628(5)  0.0272(2) 0.0507(3) 0.0421(3)  -0.0099(2)  -0.0009(2)  -0.0008(2)
0(2) 2i -0.3456(2) 0.0043(2) 0.6171(1) 0.0589(9) 0.0509(9) 0.0424(8)  -0.0339(7)  —0.0150(6) 0.0080(6)
0@3) 2i -0.3910(2) 0.1564(2) 0.4210(1) 0.0590(9) 0.0510(8) 0.0337(7)  -0.0311(7)  —0.0082(6) 0.0022(6)
O(1) 2i 0.2322(2) 0.3345(2) 0.6211(1) 0.0448(8) 0.069(1) 0.0399(8)  —0.0219(7) 0.0058(6) 0.0044(7)
N 2i -0.0148(2) 0.3698(2) 0.7785(1) 0.0288(7) 0.0354(8) 0.0317(8)  —0.0138(6)  —0.0040(6)  —0.0008(6)
C(6) 2i —0.0443(2) 0.3184(2) 0.9091(2) 0.0309(8) 0.0297(8) 0.0310(8)  —-0.0143(7)  -0.0032(7)  -0.0042(7)
C(1) 2i 0.1269(2) 0.2062(2) 0.9673(2) 0.0297(8) 0.0310(9) 0.0354(9) -0.0108(7)  -0.0014(7)  -0.0053(7)
C(11) 2i -0.3165(3) 0.1242(3) 0.5303(2) 0.0350(9) 0.0347(9) 0.0354(9)  —0.0138(7) 0.0006(7)  -0.0047(7)
C(8) 2i -0.1711(3) 0.4898(2) 0.6966(2) 0.0362(9) 0.0313(9) 0.0382(9) -0.0133(7)  -0.0091(7) 0.0015(7)
C(5) 2i -0.2193(3) 0.3681(3) 0.9809(2) 0.0314(9) 0.043(1) 0.039(1) —0.0094(8) 0.0010(7)  -0.0052(8)
C4) 2i -0.2187(3) 0.3048(3) 1.1104(2) 0.043(1) 0.049(1) 0.042(1) -0.0148(9) 0.0107(8)  —0.0088(9)
C©) 2i -0.2984(2) 0.3820(3) 0.6545(2) 0.0300(9) 0.036(1) 0.041(1) -0.0119(7)  -0.0069(7)  —0.0038(8)
C(10) 2i -0.1901(3) 0.2362(3) 0.5611(2) 0.039(1) 0.048(1) 0.042(1) —0.0243(9) 0.0025(8)  —0.0088(9)
C(7) 2i 0.1740(3) 0.3046(3) 0.7310(2) 0.0339(9) 0.040(1) 0.0361(9) -0.0184(8)  -0.0007(7)  -0.0032(7)
C(2) 2i 0.1258(3) 0.1438(3) 1.0969(2) 0.042(1) 0.040(1) 0.037(1) -0.0109(8)  —0.0083(8) 0.0006(8)
C(3) 2i -0.0487(3) 0.1949(3) 1.1678(2) 0.058(1) 0.047(1) 0.0299(9)  -0.018(1) 0.0018(8)  —0.0003(8)

Acknowledgment. The authors acknowledge the purchase of the CAD4
diffractometer under Grant DPT/TBAGT] of the Scientific and Technical Re-
search Council of Turkey.

References

1. Van der Poorten, K.; Ucar, H.; Andrei, G.; Snoeck, R.; Balzarini, J.; De 4. Sheldrick, G. M.: SHELXS-97. Program for the Solution of Crystal Struc-

Clercq, E.; Pourpaert, J. H.: Synthesis and Antiviral Activity of tures. University of Gottingen, Germany 1997.
6-Benzoyl-Benzoxazolin-2-One and 6-Benzoyl-Benzothiazolin-2-One 5. Sheldrick, G. M.: SHELXL-97. Program for the Refinement of Crystal
Derivatives. Antiviral Chem. Chemother. 10 (1999) 87-97. Structures. University of Gottingen, Germany 1997.

2. Gokce, M.; Cakir, B.; Erol, K.; Sahin, M. F.: Synthesis and Antinoci- 6. Farrugia, L. J.: ORTEP-III for Windows. Glasgow University, Depart-
ceptive Activity of [(2-Oxobenzothiazolin-3-yl)methyl]-4-Alkyl/Aryl- ment of Chemistry, Glasgow G12 8QQ, Scotland, UK 1998.

1,2,4-Triazoline-5-Thiones. Arch. Pharm. 334 (2001) 279-283.

3. Carato, P.; Yous, S.; Depreux, P.: Synthesis of 6-Chloromethyl
Benzothiazolin-2-One and of 6-Chloromethyl Benzoxazolin-2-One. Org.
Prep. Proced. Int. 32 (2000) 69-74.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 177-178

177

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of 2,3,8,9,10,11-hexahydro-7H-dibenzo[de i ]quinolin-

7-0ne, C16H15NO

E. Sobarzo-Sdnchez*!, B. K. Cassels!, L. Castedo, L. Valencia-Matarranz and P. Pérez-Lourido™

' Universidad de Chile, Facultad de Ciencias, Departamento de Quimica, Casilla 653 Santiago, Chile
" Universidad de Santiago de Compostela, Facultad de Quimica, Departamento de Quimica Organica y Unidad Asociada al C.S.I.C., ES-15706 Santiago de

Compostela, Spain

M Universidad de Santiago de Compostela, Facultad de Quimica, Departamento de Quimica Inorgédnica, ES-15782 Santiago de Compostela, Spain
YV Universidad de Vigo, Campus de As Lagoas-Marcosende, Departamento de Quimica Inorgdnica, Vigo, ES-36200 Pontevedra, Spain

Received December 3, 2002, accepted in final form and available on-line April 6, 2003; CCDC-No. 1267/983

Abstract

C16H15NO, monoclinic, P121/al (No. 14), a =7.085(1) A,
b=18.587(3) A, ¢ =9.080(2) A, B =9530(2)°, V=1190.5 A®,
Z =4, Ry(F)=0.068, wRef(F?) = 0.239, T=293 K.

Source of material

A solution of [de,h]quinolin-7-one (500 mg, 2.14 mmol) in acetic
acid (150 ml) was catalytically hydrogenated over platinum oxide
(300 mg) at 65 psi and room temperature. After 2 days, the mixture
was filtered through Celite and concentrated to give a brown residue.
After work up and purification by Si-gel flash cromatography (4:1
hexane-ethyl acetate, v/v), 2,3,8,9,10,11-hexahydro-7H-dibenzo[de,h]-
quinolin-7-one was obtained (270 mg, yield 53%), which crystal-
lized from MeOH as yellow needles.

Discussion

The structure of the molecule is largely planar including aromatic
ring C4-C5-C7-C13-C12-C11 with imine and carbonyl bond
lengths of d(N1—C6) = 1.297(4) A and d(C8—O08) = 1.235(3) A,
respectively. However, the partial reduction of the second aromatic
ring is reflected in the dihedral angle £C14-C16-C17-C15 of

* Correspondence author (e-mail: esobarzo@usc.es)

—66(1)°. The structure shows a disorder on two carbon positions
(namely split positions C16/C18 and C17/C19) of the 7a,11a-
cyclohexene ring. Only C16 and C17 atoms with corresponding
attached H atoms are shown in the figure. This disorder is not
observed for the methylenes on C2 and C3 atoms. On the other
hand, the distance d(C9—C10) = 1.353(4) A is similar to
the carbon-carbon distances observed in the aromatic ring
C4-C5-C7-C13-C12-C11.

Table 1. Data collection and handling.

Crystal: yellow prism, size 0.16 x 0.24 x 1.2 mm
Wavelength: Cu K, radiation (1.54184 A)

u: 6.47 cm™

Diffractometer, scan mode: Enraf Nonius CAD4, w/26

26max: 145.82°

N(hkl)measured, N(hkl)unique: 2566, 2369

Criterion for Iobs, N(hkl)gt: Lobs > 2 0(Iobs), 1547

N(param)refined: 182

Programs: SHELXS-97 [1], SHELXL-97 [2],
ORTEP-3 [3], WinGX [4]

Table 2. Atomic coordinates and displacement parameters (in A%,

Atom Site Occ. X y z Uiso

HQRA) 4e 0.9021 -0.1638 0.2423 0.111
H(2B) 4e 0.7185 -0.1822 0.1404 0.111
HBA) 4e 0.7115 -0.2129 0.3915 0.105
H(3B) 4e 0.5348 -0.1699 0.3220 0.105
H(11) de 0.6692 -0.1691 0.6518 0.089
H(12) 4e 0.7138 -0.0771 0.8208 0.088
H(13) 4e 0.7605 0.0381 0.7419 0.078
H(14A) 4e 0.9022 0.2023 0.3396 0.092
H(14B) 4e 0.6871 0.2048 0.2808 0.092
H(15A) 4e 0.6620 0.0333 0.0015 0.086
H(15B) 4e 0.8808 0.0479 0.0187 0.086
H(16A) 4e 0.65 0.8519 0.2381 0.0820 0.100
H(16B) 4e 0.65 0.9904 0.1720 0.1063 0.100
H(17A) 4e 0.65 0.7451 0.1501 -0.0911 0.104
H(17B) 4e 0.65 0.5943 0.1548 0.0254 0.104
H(18A) 4e 0.35 0.5919 0.1847 0.0981 0.112
H(18B) 4e 0.35 0.7558 0.2402 0.0785 0.112
H(19A) 4e 0.35 0.9595 0.1422 0.0438 0.111
H(19B) 4e 0.35 0.7943 0.1488 -0.0831 0.111
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site  Occ. x y z Uy U Us3 Uia U3 U
N(I) 4e 0.7611(4)  -0.0764(1) 0.1654(3) 0.098(2) 0.055(2) 0.071(2) 0.004(1) 0.007(2) —-0.013(1)
C(2) 4e 0.7698(7)  —0.1510(2) 0.2200(5) 0.127(4) 0.051(2) 0.097(3) 0.002(2) 0.004(3) —-0.020(2)
C@3) 4e 0.6697(6)  -0.1666(2) 0.3514(5) 0.106(3) 0.047(2) 0.111(3) -0.006(2) 0.013(2) -0.005(2)
C4) 4e 0.7022(4)  -0.1113(2) 0.4682(4) 0.061(2) 0.049(2) 0.086(2) 0.001(1) 0.009(2) 0.009(2)
C(5) 4e 0.7390(4)  —0.0408(1) 0.4210(3) 0.048(1) 0.046(1) 0.065(2) 0.001(1) 0.007(1) 0.002(1)
C(6) 4e 0.7532(4)  —0.0268(2) 0.2651(3) 0.054(2) 0.046(2) 0.062(2) 0.003(1) 0.007(1) —0.006(1)
C(7) 4e 0.7579(4) 0.0149(2) 0.5249(3) 0.049(1) 0.055(2) 0.058(2) 0.003(1) 0.008(1) —0.002(1)
C(8) 4e 0.7842(4) 0.0889(2) 0.4742(3) 0.053(2) 0.048(2) 0.068(2) 0.003(1) 0.007(1) —0.009(1)
0O(8) 4e 0.8007(4) 0.1394(1) 0.5629(3) 0.098(2) 0.060(1) 0.073(2) -0.001(1) 0.007(1) -0.017(1)
C(9) 4e 0.7844(4) 0.1023(2) 0.3156(3) 0.054(2) 0.043(1) 0.066(2) 0.005(1) 0.010(1) 0.002(1)
C(10) 4e 0.7655(4) 0.0486(2) 0.2145(3) 0.052(1) 0.051(2) 0.059(2) 0.004(1) 0.010(1) 0.002(1)
C(11) 4e 0.6928(5)  —0.1229(2) 0.6187(4) 0.068(2) 0.064(2) 0.092(3) 0.005(2) 0.015(2) 0.028(2)
C(12) 4e 0.7175(5)  —0.0676(2) 0.7205(4) 0.070(2) 0.082(2) 0.070(2) 0.010(2) 0.015(2) 0.020(2)
C(13) 4e 0.7473(4) 0.0008(2) 0.6736(4) 0.062(2) 0.072(2) 0.061(2) 0.005(1) 0.009(1) -0.001(2)
C(14) 4e 0.8057(6) 0.1798(2) 0.2720(4) 0.091(2) 0.047(2) 0.091(3) -0.000(2) 0.007(2) 0.006(2)
C(15) 4e 0.7608(6) 0.0626(2) 0.0527(4) 0.086(2) 0.072(2) 0.059(2) 0.004(2) 0.014(2) 0.003(2)
C(16) 4e  0.65 0.861(1) 0.1880(4) 0.1123(8) 0.091(4) 0.065(4) 0.097(5) -0.004(4) 0.015(4) 0.029(3)
C(17) 4e  0.65 0.724(1) 0.1421(7) 0.012(1) 0.101(6) 0.083(5) 0.074(5) 0.014(6) 0.001(6) 0.024(4)
C(18) 4e 035 0.728(3) 0.1917(7) 0.110(2) 0.13(1) 0.062(7) 0.092(9) 0.009(8) 0.027(9) 0.022(6)
C(19) 4e 035 0.823(3) 0.138(1) 0.021(2) 0.13(2) 0.08(1) 0.061(8) -0.00(1) 0.02(1) 0.025(7)
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Abstract

C»7H43N307, orthorhombic, P212:2 (No. 18), a = 12.202(1) A,
b=27.790(1) A, c=9.128(1) A, V=3095.2 A3, Z=4,

Ru(F) = 0.054, wRrer(F*) = 0.180, T =293 K.

Source of material

The title peptide N-butyloxycarbonyl-isoleucyl-dehydro-
phenylalanine-isoleucine has been synthesised using the mixed
anhydride coupling and the azalactone method according to [1]
and [2], respectively. The peptide was crystallised from its solu-
tion in acetone-water mixture (4:1) by slow evaporation.

Experimental details
The two H atoms attached to O5 could not be located.

Discussion

The peptide Boc-L-ILe-APhe-L-Ile-OCH3 was synthesised as
part of the program on peptide design with «,3-dehydro-residues
[3].

The structure contains a peptide and a hydrogen bonded water
molecule. It adopts a poorly folded conformation with ¢, torsion
angles: o1 = —124.9(3)°, ¥1 = 162.4(2)°, ¢2 = 51.0(3)°, Y2 =
36.8(3)°, 3 =—117.9(3)°, 1/13T =167.3(2)°. The structure of the
peptide does not form an intramolecular hydrogen bond. How-
ever, two intra residue hydrogen bonds are present that determine
the conformation of (i+3) substituted Ile in the structure. The wa-
ter molecule is also involved in an intermolecular hydrogen bond
with carbonyl oxygen atom of APhe. There are two more
intermolecular hydrogen bonds involving NH groups of first two
amino acids and carbonyl oxygen atoms of symmetry related last
two amino acids in the structure.

* Correspondence author (e-mail: tps @aiims.aiims.ac.in)

Table 1. Data collection and handling.

Crystal:

Wavelength:

u:

Diffractometer, scan mode:

zemax:

N(hkl)measureds N(hkl)uniqu53
Criterion for Iobs, N(hkl)gt:
N(param)refined:

Programs:

colourless prism, size 0.3 x 0.4 x 0.6 mm

Cu Ky radiation (1.54180 A)

6.59 cm™!

Enraf Nonius CAD4, w/20
150.64°
3311, 3306
Iobs > 2 0(Iobs), 3181
335

SHELXS-97 [4], SHELXL-97 [5]

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

Atom Site X y b4 Uiso
H(01A) 4c 1.1675 0.9932 1.5315 0.08
H(O01B) 4c 1.2735 1.0021 1.6245 0.08
HOIC) 4c 1.1965 0.9586 1.6616 0.08
H(02A) 4c 1.4492 0.9301 1.4723 0.08
H(02B) 4c 1.3862 0.9013 1.5937 0.08
H(02C) 4c 1.4168 0.9555 1.6195 0.08
H(03A) 4c 1.2464 0.9776 1.2904 0.08
H(03B) 4c 1.3670 0.9581 1.2902 0.08
H(03C) 4c 1.3389 1.0061 1.3721 0.08
H(1) 4c 1.1336 0.8340 1.4521 0.08
H(1A) 4c 1.2488 0.7936 1.2258 0.08
H(1B) 4c 1.2404 0.7172 1.3302 0.08
H(1GA) 4c 1.1431 0.7574 1.5820 0.08
H(1GB) 4c 1.0794 0.7263 1.4671 0.08
H(1DA) 4c 1.1220 0.6800 1.6699 0.08
H(1DB) 4c 1.2471 0.6903 1.6469 0.08
H(1IDC) 4c 1.1827 0.6592 1.5324 0.08
H(1GC) 4c 1.3957 0.7637 1.3777 0.08
H(1GD) 4c 1.3751 0.7274 1.5064 0.08
H(1GE) 4c 1.3434 0.7818 1.5246 0.08
HQ) 4c 1.1543 0.7335 1.0920 0.08
H(2B) 4c 0.9142 0.6826 0.9356 0.08
HQ2DA) 4c 1.0925 0.6611 1.2376 0.08
H(2DB) 4c 0.9913 0.6071 0.8536 0.08
HQREA) 4c 1.1733 0.5882 1.2934 0.08
HQEB) 4c 1.0678 0.5335 0.9123 0.08
H(Q2N) 4c 1.1693 0.5262 1.1270 0.08
H(®3) 4c 1.0498 0.8111 0.9367 0.08
H@B3A) 4c 0.8458 0.8447 0.8644 0.08
H(3B) 4c 0.9098 0.9248 0.9044 0.08
HQBGA) 4c 1.0705 0.8942 1.0841 0.08
H(BGB) 4c 1.0962 0.8878 0.9197 0.08
HQBGC) 4c 0.8708 0.9215 1.1523 0.08
H(BGD) 4c 0.9042 0.8671 1.1596 0.08
HQBGE) 4c 0.7986 0.8826 1.0739 0.08
HBDA) 4c 1.0648 0.9738 0.9929 0.08
H@BDB) 4c 1.1578 0.9482 0.9036 0.08
HBDC) 4c 1.1594 0.9469 1.0753 0.08
H@A4TA) 4c 0.9645 0.9287 0.4808 0.08
H@4TB) 4c 0.8592 0.9007 0.4313 0.08
HA4TC) 4c 0.9702 0.8732 0.4517 0.08
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180 C27H41N30¢ - H2O

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

Atom Site X y z Ul U U3z U U3 Uaz
C(01) 4c 1.226(1) 0.9779(2) 1.584(1) 0.22(1) 0.087(3) 0.144(6) -0.030(5) 0.008(7) -0.058(4)
C(02) 4c 1.3946(8) 0.9322(3) 1.548(2) 0.179(9) 0.132(6) 0.25(1) -0.058(6) -0.10(1) -0.022(8)
C(03) 4c 1.313(1) 0.9746(3) 1.347(1) 0.186(8) 0.099(4) 0.149(7) -0.038(5) -0.005(7) 0.010(4)
C(0) 4c 1.2895(6) 0.9470(2) 1.4827(7) 0.132(5) 0.071(2) 0.108(4) -0.048(3) -0.002(4) -0.023(3)
0(0) 4c 1.2214(3) 0.9057(1) 1.4571(4) 0.090(2) 0.064(1) 0.081(2) -0.025(1) 0.018(2) -0.027(1)
C(0P) 4c 1.2518(3) 0.8694(1) 1.3690(4) 0.052(2) 0.061(2) 0.061(2) -0.016(1) 0.011(1) -0.015(1)
O(0P) 4c 1.3277(3) 0.8704(1) 1.2845(5) 0.094(2) 0.093(2) 0.118(3) -0.044(2) 0.057(2) -0.031(2)
N(1) 4c 1.1846(2) 0.83195(8) 1.3874(3) 0.038(1) 0.050(1) 0.046(1) -0.0058(8) 0.0072(9)  -0.0105(9)
C(1A)  4c 1.1942(2) 0.78808(8) 1.3028(2) 0.029(1) 0.049(1) 0.035(1) -0.0021(8) 0.0024(8)  —0.0055(9)
C(1B) 4c 1.2333(2) 0.7448(1) 1.3965(3) 0.033(1) 0.059(1) 0.046(1) 0.009(1) -0.007(1) —0.004(1)
C(1G2) 4c 1.1501(3) 0.7309(1) 1.5136(4) 0.061(2) 0.071(2) 0.051(1) 0.016(1) 0.003(1) 0.014(1)
C(ID)  4c 1.1780(6) 0.6860(2) 1.5984(6) 0.113(4) 0.095(3) 0.087(3) 0.025(3) 0.006(3) 0.037(3)
C(1G1) 4c 1.3475(3) 0.7554(2) 1.4569(5) 0.050(2) 0.098(3) 0.081(2) 0.012(2) -0.027(2) -0.013(2)
C(1P) 4c 1.0851(2) 0.77740(8) 1.2286(2) 0.029(1) 0.0419(9) 0.0321(9) 0.0002(8)  —0.0004(8) 0.0038(8)
O(1P) 4c 0.9988(2) 0.79462(7) 1.2674(2) 0.0326(9) 0.064(1) 0.0415(8) 0.0090(7) 0.0023(7)  -0.0010(7)
N(2) 4c 1.0916(2) 0.74551(7) 1.1150(2) 0.027(1) 0.0415(8) 0.0397(9)  -0.0003(7)  -0.0046(7)  -0.0018(7)
CR2A)  4c 0.9978(2) 0.73181(8) 1.0344(3) 0.029(1) 0.043(1) 0.040(1) 0.0002(8)  —0.0070(9) 0.0019(9)
C(2B) 4c 0.9746(2) 0.6865(1) 0.9966(3) 0.043(1) 0.045(1) 0.057(1) —0.004(1) -0.017(1) -0.001(1)
C(2G) 4c 1.0318(3) 0.64182(9) 1.0382(4) 0.050(2) 0.044(1) 0.065(2) -0.005(1) -0.016(1) 0.003(1)
C(2D1) 4c 1.0882(3) 0.6357(1) 1.1715(4) 0.069(2) 0.048(1) 0.074(2) -0.007(1) -0.027(2) 0.011(1)
C(2D2) 4c 1.0272(5) 0.6034(1) 0.9428(6) 0.105(3) 0.052(2) 0.095(3) 0.009(2) -0.043(3) -0.009(2)
C(2El) 4c 1.1373(4) 0.5921(1) 1.2044(6) 0.075(2) 0.064(2) 0.104(3) -0.004(2) -0.031(2) 0.031(2)
C(2E2) 4c 1.0748(6) 0.5594(2) 0.9760(8) 0.135(4) 0.052(2) 0.123(4) 0.016(2) -0.031(4) -0.009(2)
C(2N)  4c 1.1330(5) 0.5548(2) 1.1062(8) 0.103(3) 0.056(2) 0.131(4) 0.018(2) -0.030(3) 0.017(2)
C(2P) 4c 0.9259(2) 0.77173(8)  0.9753(3) 0.032(1) 0.041(1) 0.039(1) 0.0019(8)  -0.0069(9)  -0.0011(8)
0O(2P) 4c 0.8263(2) 0.76643(7)  0.9689(3) 0.030(1) 0.056(1) 0.069(1) -0.0006(7)  -0.0122(9) 0.0051(9)
N(@3) 4c 0.9795(2) 0.81051(8)  0.9291(2) 0.033(1) 0.0444(9) 0.0406(9) 0.0047(8)  —0.0003(8) 0.0066(8)
C(3A) 4c 0.9244(2) 0.85187(9)  0.8665(3) 0.047(1) 0.048(1) 0.036(1) 0.014(1) 0.003(1) 0.0039(9)
C(3B) 4c 0.9403(5) 0.8977(1) 0.9595(4) 0.160(5) 0.051(2) 0.048(2) 0.039(2) -0.020(2) -0.007(1)
C(3Gl) 4c 1.0574(9) 0.9082(2) 0.988(1) 0.222(9) 0.073(3) 0.168(7) -0.018(4) -0.116(7) -0.010(4)
C(3G2) 4c 0.8721(8) 0.8917(2) 1.0994(5) 0.243(9) 0.121(4) 0.048(2) 0.107(6) 0.017(3) 0.002(2)
C(3D) 4c 1.113(1) 0.9466(6) 0.990(3) 0.17(1) 0.34(2) 0.74(7) -0.00(2) 0.01(2) 0.35(4)
C(3P) 4c 0.9617(2) 0.85891(9)  0.7093(3) 0.042(1) 0.046(1) 0.036(1) 0.0049(9) 0.0030(9) 0.0018(9)
O(3P) 4c 1.0387(2) 0.83898(9)  0.6540(2) 0.062(1) 0.076(1) 0.048(1) 0.022(1) 0.013(1) 0.0067(9)
04) 4c 0.8979(2) 0.88975(9)  0.6396(2) 0.067(1) 0.080(1) 0.0421(9) 0.028(1) 0.005(1) 0.0194(9)
C(4) 4c 0.9252(4) 0.8989(2) 0.4881(3) 0.084(3) 0.086(2) 0.041(1) 0.023(2) 0.006(2) 0.021(1)
0O(5) 4c 1.2153(3) 0.8068(2) 0.8712(5) 0.055(2) 0.143(3) 0.112(3) 0.006(2) -0.003(2) 0.051(3)

Acknowledgment. The authors thank Council of Scientific and Industrial Re-
search, New Delhi for financial support.

References

1. Bodanszky, M.: Activation and Coupling, In: Principles of Peptide Syn- 4. Shelrick, G. M.: SHELXS-97. Program for Crystal Structure Solution,
thesis, p. 9-58. Springer-Verlag, Heidelberg 1984. University of Gottingen, Germany 1997.

2. Gross, E.; Johannes, M.: a,8-Dehydroamino Acids and Peptides, In: The 5. Shelrick, G. M.: SHELXL-97. Program for Crystal Structure Refinement,
Peptides, Vol. 5, p. 286-341. Academic Press, INC., New York 1983. University of Gottingen, Germany 1997.

3. Singh, T. P.; Kaur, P.:Conformation and design of peptides with a5 -
dehydro amino acid residues. Prog. Biophy. Mol. Biol. 66 (1996) 141-165.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 181-183 181

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of 145-hydroxy-3,4-dimethoxy-53,17-dimethyl-
morphinan-6-one, CH;7;NO4

J. Schiitz!, H. Schmidhammer' and K. Wurst*I

! University of Innsbruck, Department of Pharmaceutical Chemistry, Institute of Pharmacy, Innrain 52a, A-6020 Innsbruck, Austria
University of Innsbruck, Institute of General Inorganic and Theoretical Chemistry, Innrain 52a, A-6020 Innsbruck, Austria

Received January 12, 2003, accepted and available on-line April 15, 2003; CCDC-No. 1267/1010

Table 1. Data collection and handling.

Crystal: colorless prism, size 0.55 x 0.6 x 0.7 mm
Wavelength: Mo K, radiation (0.71073 A)
: 0.88 cm™
Diffractometer, scan mode: Bruker P4, w
20max: 49°

N(hkl)meusured, N(hkl)uniqu53 4263, 3714

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 3482

N(param)cefined: 468

Programs: SHELXS-97 [4], SHELXL-97 [5],
SHELXTL [6]

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

Atom Site X y z Uiso
H(40) 2a 0.029(3) 0.729(6)  —0.004(2) 0.07(1)
Ab H(1) 2a 0.4943 1.0080 0.0119 0.047
stract o ; H2)  2a 0.6411 08734 00932  0.045
C20H27NOg, I}lOHOCth, P121°1 (No. 4),a=12.689(6) A, ) H(5) 2a 0.2813 0.6669 0.1893 0.043
b=17.5392) A, ¢ =19.490(3) A, B = 105.87(3)°, V=1793.4 A, H(7A) 2a 0.1811 1.0115 0.2030 0.064
Z =4, Ry(F) = 0.032, wRref(F2) = 0.081, T=218 K. H(7B) 2a 0.0589 1.0087 0.1541 0.064
H(8A) 2a 0.1329 1.1041 0.0710 0.050
. H(SB) 2a 0.2505 1.0293 0.1111 0.050
Source of material HO)  2a 0.1165 09899  -0.0475  0.047
The title compound was prepared from 5-methyloxycodone [1] H(10A) 2a 0.3011 0.9527 -0.0653 0.050
by 4-5-ring opening with activated zinc and ammonium chloride H(0B) 2a 0.2851 1.0889  -0.0074 0.050
in refluxing ethanol [2], followed by O-methylation with H(I5A)  2a 0.2536 0.4310 0.0414 0.043
dimethyl sulfate under phase transfer conditions (40% H(15B) = 2a 0.1282 0.4839 0.0240 0.043
y : p! ) \ H(16A) 2a 0.2777 0.6075  -0.0508 0.051
tetrabutylammonium hydroxide, dichloromethane) [3]. Suitable H(16B) 2a 0.1760 0.4818 _0.0828 0.051
crystals were grown by slow evaporation of a solution in a mix- H(7A) 2a 0.1959 0.8050  -0.1557 0.089
ture of CHoClo/MeOH. H(I17B) 2a 0.0754 08767  -0.1657 0.089
H(17C) 2a 0.0949 0.6738 -0.1793 0.089
. . H(18A) 2a 0.7666 0.6863 0.1552 0.076
Discussion ) ) ) H(18B) 2a 0.7889 0.6240 0.2355 0.076
The title complex crystallizes with two molecules in the asym- H(18C) 2a 0.7356 0.8120 0.2119 0.076
metric unit of a chiral space group. Only one of these nearly con- H(19A)  2a 0.4404 0.3106 0.1054 0.082
gruent molecules is shown in the figure. The hydrogen atoms of H(9B)  2a 0.4411 0.2480 0.1831 0.082
the hydroxyl groups at O4 and O8 were refined isotropically, and H(9C) ~ 2a 0.5459 0.3409 0.1700 0.082
ydroxyl groups at s a ¢ preally, H(20A) 2a 0.1787 0.4330 0.2135 0.074
they are orientated in direction to the nitrogen atom of each mole- H(Q20B) 2a 0.2443 0.3727 0.1590 0.074
cule (dashed line). The N---H distances are 2.158 A for N1---H40 H(0C) 2a 0.1173 0.4137 0.1313 0.074
and 2.168 A for N2---H8O0, and the angles ZC9-N1---H40 and HEBO)  2a 0.043(2) ~ 0.88L(5)  0.519(2)  0.054(9)
£ C09-N2---H(80) are around 76°. The molecules are HOL) — 2a 0.4832 0.5898 0.4778 0.043
. o H(02) 2a 0.5456 0.7164 0.3878 0.047
intermolecular connected by weak hydrogen bonds above 2.5 A H(05) 2 0.1167 0.9492 03216 0.040
for O---H distances. H(07A) 2a -0.0089 0.6165 0.3091 0.050
H(07B) 2a -0.0763 0.6241 0.3665 0.050
H(08A) 2a 0.0774 0.5115 0.4370 0.045
H(08B) 2a 0.1516 0.5944 0.3915 0.045
H(09) 2a 0.1701 0.6139 0.5560 0.042
H(01A) 2a 0.3691 0.6477 0.5654 0.044
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Table 2. Continued. Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(OIB) 2a 0.2980 0.5147 0.5086 0.044 H(OIK) 2a 0.5572 0.9769 0.2440 0.079
HOIC) 2a 0.2306 1.1791 0.4709 0.038 HOIL) 2a 0.5312 0.7897 0.2725 0.079
H(OID) 2a 0.1231 1.1279 0.4930 0.038 H(OIM) 2a 0.3749 1.2784 0.4057 0.069
H(OIE) 2a 0.3369 0.9912 0.5575 0.043 H(OIN) 2a 0.2932 1.3743 0.3400 0.069
H(OIF) 2a 0.2696 1.1163 0.5956 0.043 H(10) 2a 0.3979 1.2750 0.3299 0.069
HOI1G) 2a 0.3508 0.7911 0.6618 0.079 H(02A) 2a 0.0092 1.1966 0.3010 0.063
H(OIH) 2a 0.2415 0.7126 0.6739 0.079 H(02B) 2a 0.1183 1.2472 0.3598 0.063
HOI) 2a 0.2717 0.9148 0.6909 0.079 H(02C) 2a 0.0093 1.2099 0.3821 0.063
HO1)) 2a 0.6137 0.9210 0.3240 0.079

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

Atom Site X y b4 Uil Un Uss Uz Ui U

o(1) 2a 0.6320(1) 0.6113(3) 0.18073(8)  0.0249(7) 0.050(1) 0.0398(8)  -0.0023(8)  —0.0022(6) 0.0038(8)
0Q2) 2a 0.4247(1) 0.5088(2) 0.16915(8)  0.0345(8) 0.0356(9) 0.0428(8) 0.0004(7) 0.0080(6) 0.0109(8)
0(3) 2a 0.0593(2) 0.7009(4) 0.2016(1) 0.077(1) 0.082(2) 0.080(1) —0.004(1) 0.056(1) —-0.007(1)
0o4) 2a 0.0417(1) 0.7879(3) 0.0352(1) 0.0266(7) 0.058(1) 0.0466(9) 0.0045(8) 0.0064(7)  -0.010(1)
N(1) 2a 0.1331(2) 0.7374(3)  -0.07530(9)  0.0348(9) 0.058(2) 0.0308(9) 0.001(1) 0.0024(7)  —-0.006(1)
C(1) 2a 0.4809(2) 0.9178(4) 0.0417(1) 0.040(1) 0.040(2) 0.038(1) —-0.009(1) 0.0119(9) 0.004(1)
C(3) 2a 0.5500(2) 0.7000(3) 0.1317(1) 0.029(1) 0.034(1) 0.029(1) -0.001(1) 0.0033(8)  —0.004(1)
C(2) 2a 0.5691(2) 0.8361(4) 0.0896(1) 0.027(1) 0.046(2) 0.039(1) —-0.008(1) 0.0072(9)  -0.001(1)
C4) 2a 0.4422(2) 0.6464(3) 0.1268(1) 0.032(1) 0.028(1) 0.027(1) -0.001(1) 0.0070(8)  —-0.002(1)
C(5) 2a 0.2111(2) 0.6410(4) 0.1535(1) 0.031(1) 0.042(2) 0.035(1) —-0.005(1) 0.0089(9)  -0.001(1)
C(6) 2a 0.1260(2) 0.7604(4) 0.1728(1) 0.046(1) 0.057(2) 0.043(1) —0.004(1) 0.020(1) -0.010(1)
C(7) 2a 0.1318(2) 0.9570(4) 0.1606(2) 0.059(2) 0.050(2) 0.054(2) 0.007(2) 0.020(1) -0.017(2)
C(8) 2a 0.1723(2) 1.0004(4) 0.0957(1) 0.042(1) 0.034(1) 0.045(1) 0.008(1) 0.006(1) —-0.006(1)
C(9) 2a 0.1681(2) 0.8920(4)  -0.0283(1) 0.032(1) 0.044(2) 0.038(1) 0.006(1) 0.0026(9) 0.002(1)
C(10) 2a 0.2840(2) 0.9626(4)  —0.0194(1) 0.041(1) 0.042(2) 0.036(1) -0.001(1) 0.0031(9) 0.009(1)
C(11) 2a 0.3734(2) 0.8698(3) 0.0369(1) 0.034(1) 0.031(1) 0.030(1) —-0.000(1) 0.0065(8)  —0.000(1)
C(12) 2a 0.3515(2) 0.7364(3) 0.0820(1) 0.028(1) 0.028(1) 0.0263(9)  -0.003(1) 0.0049(8)  —0.0051(9)
C(13) 2a 0.2313(2) 0.6854(3) 0.0779(1) 0.027(1) 0.029(1) 0.031(1) -0.002(1) 0.0074(8)  —0.004(1)
C(14) 2a 0.1539(2) 0.8429(4) 0.0448(1) 0.027(1) 0.037(1) 0.036(1) 0.003(1) 0.0041(8)  —-0.003(1)
C(15) 2a 0.2012(2) 0.5277(3) 0.0249(1) 0.029(1) 0.035(1) 0.041(1) -0.004(1) 0.0048(9)  —0.009(1)
C(16) 2a 0.2023(2) 0.5812(4)  -0.0502(1) 0.036(1) 0.049(2) 0.040(1) -0.003(1) 0.007(1) -0.018(1)
C(17) 2a 0.1241(2) 0.7765(6)  —0.1503(1) 0.051(1) 0.090(3) 0.034(1) -0.006(2) 0.006(1) -0.003(2)
C(18) 2a 0.7396(2) 0.6898(5) 0.1972(1) 0.029(1) 0.065(2) 0.049(1) —-0.009(1) —-0.004(1) -0.002(2)
C(19) 2a 0.4664(2) 0.3381(4) 0.1558(2) 0.049(2) 0.034(2) 0.076(2) 0.005(1) 0.010(1) 0.012(2)
C(20) 2a 0.1855(2) 0.4475(4) 0.1654(1) 0.048(1) 0.049(2) 0.054(1) —-0.005(1) 0.018(1) 0.009(1)
0(5) 2a 0.4583(1) 0.9895(3) 0.30655(9)  0.0497(9) 0.046(1) 0.0542(9) 0.0100(9) 0.0334(8) 0.0109(9)
0(6) 2a 0.2787(1) 1.1118(2) 0.33750(8)  0.0352(8) 0.0285(9) 0.0372(8) 0.0030(7) 0.0065(6) 0.0032(7)
O(7) 2a -0.1132(1) 0.9369(3) 0.3213(1) 0.0289(8) 0.070(2) 0.088(1) 0.005(1) -0.0073(8)  —0.031(1)
0O(8) 2a 0.0243(1) 0.8267(3) 0.48182(9)  0.0289(7) 0.051(1) 0.04449)  —0.0094(8) 0.0166(7)  —0.0181(9)
N(2) 2a 0.2157(1) 0.8639(3) 0.58583(9)  0.0355(9) 0.043(1) 0.0306(9)  -0.004(1) 0.0100(7)  —0.0055(9)
C(01) 2a 0.4425(2) 0.6813(3) 0.4500(1) 0.034(1) 0.029(1) 0.044(1) 0.008(1) 0.0094(9) 0.004(1)
C(02) 2a 0.4816(2) 0.7594(4) 0.3975(1) 0.032(1) 0.039(1) 0.053(1) 0.009(1) 0.021(1) 0.003(1)
C(03) 2a 0.4256(2) 0.9014(3) 0.3593(1) 0.033(1) 0.034(1) 0.037(1) -0.001(1) 0.0147(9)  -0.001(1)
C(04) 2a 0.3294(2) 0.9623(3) 0.3732(1) 0.028(1) 0.027(1) 0.028(1) 0.002(1) 0.0040(8)  —0.0030(9)
C(05) 2a 0.0824(2) 0.9793(3) 0.3600(1) 0.027(1) 0.036(1) 0.035(1) 0.002(1) 0.0047(8)  —0.009(1)
C(06) 2a —-0.0230(2) 0.8697(4) 0.3447(1) 0.029(1) 0.052(2) 0.043(1) -0.002(1) 0.003(1) -0.022(1)
C(07) 2a -0.0117(2) 0.6708(4) 0.3542(1) 0.035(1) 0.048(2) 0.045(1) -0.014(1) 0.013(1) -0.019(1)
C(08) 2a 0.0915(2) 0.6191(4) 0.4128(1) 0.039(1) 0.033(1) 0.045(1) -0.011(1) 0.018(1) -0.013(1)
C(09) 2a 0.2043(2) 0.7125(3) 0.5363(1) 0.037(1) 0.033(1) 0.038(1) -0.007(1) 0.0163(9)  -0.002(1)
C(010) 2a 0.3092(2) 0.6404(3) 0.5213(1) 0.040(1) 0.031(1) 0.041(1) 0.001(1) 0.013(1) 0.004(1)
C(11) 2a 0.3446(2) 0.7348(3) 0.4626(1) 0.029(1) 0.026(1) 0.032(1) 0.000(1) 0.0068(8)  —0.003(1)
C(012) 2a 0.2830(2) 0.8736(3) 0.4216(1) 0.0240(9) 0.025(1) 0.0295(9)  -0.0034(9) 0.0066(8)  —0.0075(9)
C(013) 2a 0.1708(2) 0.9288(3) 0.4329(1) 0.0242(9) 0.026(1) 0.032(1) 0.0002(9) 0.0079(8)  —0.008(1)
C(014) 2a 0.1238(2) 0.7706(3) 0.4664(1) 0.0256(9) 0.034(1) 0.035(1) —-0.006(1) 0.0125(8)  —0.009(1)
C(015) 2a 0.1930(2) 1.0822(3) 0.4881(1) 0.026(1) 0.030(1) 0.038(1) -0.002(1) 0.0084(8)  —-0.010(1)
C(016) 2a 0.2632(2) 1.0200(4) 0.5609(1) 0.028(1) 0.040(1) 0.038(1) —-0.005(1) 0.0085(9)  -0.017(1)
C(017) 2a 0.2750(2) 0.8166(5) 0.6593(1) 0.058(2) 0.063(2) 0.035(1) 0.000(2) 0.010(1) —-0.006(1)
C(018) 2a 0.5472(2) 0.9132(4) 0.2850(1) 0.061(2) 0.052(2) 0.059(2) 0.005(2) 0.042(1) 0.001(2)
C(019) 2a 0.3413(2) 1.2731(4) 0.3547(2) 0.051(1) 0.028(1) 0.059(2) —-0.001(1) 0.013(1) 0.004(1)
C(020) 2a 0.0520(2) 1.1764(4) 0.3498(1) 0.037(1) 0.042(2) 0.042(1) 0.008(1) 0.002(1) —0.005(1)
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Table 1. Data collection and handling.

Crystal: brown prism, size 0.06 x 0.08 x 0.2 mm

Wavelength: Mo K, radiation (0.71073 A)

u: 17.65 cm™

Diffractometer, scan mode: Kappa CCD, ¢p/w

20max: 48°

N(hkl)measured, N(hkl)unique: 14358, 7737

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 5431

N(param)cefined: 649

Programs: SHELXS-97 [4], SHELXL-97 [5],
SHELXTL [6]

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

Atom Site X y z Uiso
H(11) 4e 0.2462 0.3171 0.7665 0.037
H(12) 4e 0.2020 0.4228 0.7028 0.040
H(13) 4e 0.1375 0.5083 0.7842 0.040
H(14) de 0.1348 0.4545 0.8986 0.035
H(15) 4e -0.0500 0.2887 0.8549 0.048
H(16) de -0.0063 0.2652 0.7343 0.044

Abstract

.. _ ° H(17) 4e -0.0452 0.3709 0.6676 0.046
CeeHsaFes, moonocllmc, P121/clo (No. 14),a = 102.4201(4) A,° X H(IS)  4e -0.1094 04578 0.7464 0.049
b=20.0247(6) A, ¢ = 19-8328(32) A, f=93.0542)°, V=49256 A",  H(19) 4e -0.1167 0.4065 0.8616 0.049
Z=4,Ra(F)=0.039, wReet(F°) = 0.074, T =223 K. HQ2L) e 0.3130 0.3624 1.0612 0.034
H(22) 4e 0.2795 0.3896 1.1822 0.042
S £ terial H(23) de 0.1765 0.2950 1.2300 0.040
ource ol materia L . H(24)  4e 0.1427 0.2089 11387  0.033
The title compound was obtained in low yield by attempted syn- H(25)  4e 0.0098 0.3477 0.9831 0.053
thesis of tetraferrocenylallene [1] from triferrocenylallenylium HQ26)  4e 0.0911 0.4532 1.0321 0.062
tetrafluoroborate [2] with lithioferrocene. HQ27)  4e 0.0521 0.4582 1.1547 0.061
H(28) de -0.0573 0.3579 1.1812 0.060
. . H(29) de -0.0838 0.2881 1.0760 0.061
Discussion o ) HGD)  4e 0.0110 0.2282 0.9705 0.034
The title compound crystallizes in a centrosymmetric space group H(32) de ~0.0929 0.1230 0.9928 0.041
with one molecule in the asymmetric unit. The hexadienyne chain H33)  4e 0.0390 0.0382 1.0420 0.040
lies nearly in a plane with a small deviation, shown by the low tor- ~ HG4)  de 0.2230 0.0903 1.0505 0.031
sion angle C2-C3-C4-C5 of 4.5(5)°. The bond distances of the ggg i s SO Y SO
alkyne with 1182(4) A (Cl—CZ) and the allene with 1.3 12(4) A H(37) de —0:0466 0:0584 0:8449 0:047
and 1.317(4) A (C4—CS5 and C5—C6) are in a normal range [3]. H38)  4e 0.1067 -0.0151 0.8885 0.045
The geometric features of the allene group deviate only marginally HB9)  4e 0.2775 0.0523 0.8885 0.037
from the idealized state. The bond angle C4-C5-C6 is slightly H@AL) — de 0.4290 0.0696 0.9912 0.042
bended with an angle of 175.1(3)°. The angles with the ferrocenyl H42) — de 04667 0.0026 Lo971 0.049
end ang : : g Yy H(@43)  4e 0.4422 0.0775 1.1960 0.047
subsituents are in the range of 120° (120.0(3)° for £C3-C4-C40 H44)  de 0.3863 0.1915 1.1530 0.038
and 123.2(3)° for £C50-C6—C60) and the dihedral angle between H(45)  4e 0.6367 0.2503 1.0807 0.059
the planes C3—C4—-C40 and C50-C6-C60 is 88.0(3)°. H(46)  4e 0.6579 0.1694 0.9857 0.064
H(47) de 0.7061 0.0567 1.0360 0.055
H(48) 4e 0.7121 0.0694 1.1628 0.049
H(49) 4e 0.6727 0.1890 1.1898 0.056
H(51) 4e 0.5468 0.2890 0.7841 0.044
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Table 2. Continued. Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(52) de 0.5066 0.2035 0.6925 0.053 H(62) 4e 0.7909 0.3838 0.9619 0.042
H(53) 4e 0.4442 0.0975 0.7470 0.053 H(63) 4e 0.6583 0.4144 1.0475 0.045
H(54) 4e 0.4442 0.1179 0.8720 0.040 H(64) 4e 0.4887 0.3490 1.0235 0.037
H(55) 4e 0.7812 0.1870 0.8943 0.054 H(65) 4e 0.4307 0.3923 0.8158 0.054
H(56) de 0.7983 0.2231 0.7746 0.061 H(66) 4e 0.6217 0.4171 0.7851 0.057
H(57) 4e 0.7275 0.1299 0.6987 0.076 H(67) 4e 0.6974 0.5028 0.8666 0.060
H(58) de 0.6716 0.0365 0.7737 0.079 H(68) 4e 0.5544 0.5325 0.9463 0.056
H(59) 4e 0.7050 0.0715 0.8942 0.066 H(69) 4e 0.3898 0.4639 0.9146 0.053
H(61) de 0.7058 0.2957 0.8851 0.037

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

Atom Site X y z U U Us3 Uiz Uiz U3

Fe(1) 4e 0.05966(4)  0.38198(2)  0.79082(2)  0.0238(3) 0.0279(3) 0.0253(3)  -0.0007(2) 0.0016(2) 0.0069(2)
Fe(2) 4e 0.11467(4)  0.33952(3)  1.10572(2)  0.0298(3) 0.0286(3) 0.0287(3) 0.0061(3) 0.0051(2)  -0.0036(2)
Fe(3) 4e 0.09940(4)  0.11137(2)  0.93545(2)  0.0259(3) 0.0258(3) 0.0232(2)  -0.0041(2) 0.0022(2)  —0.0021(2)
Fe(4) 4e 0.54742(4)  0.12747(3)  1.09146(2)  0.0239(3) 0.0362(4) 0.0331(3) 0.0061(3) 0.0018(2) 0.0080(2)
Fe(5) 4e 0.61396(4)  0.16099(3)  0.80569(2)  0.0256(3) 0.0304(3) 0.0414(3)  -0.0010(3) 0.0116(2)  -0.0062(2)
Fe(6) 4e 0.58401(4)  0.40185(3)  0.91691(2)  0.0287(3) 0.0254(3) 0.0361(3)  -0.0025(3) 0.0045(2) 0.0016(2)
C(1) 4e 0.2065(3) 0.3187(2) 0.9072(2) 0.020(2) 0.029(2) 0.028(2) 0.004(2) -0.000(2) 0.000(2)
C(2) 4e 0.2181(3) 0.2799(2) 0.9519(2) 0.016(2) 0.025(2) 0.028(2) -0.000(2) -0.000(2) -0.005(2)
C(3) 4e 0.2368(3) 0.2327(2) 1.0092(1) 0.019(2) 0.021(2) 0.021(2) 0.002(2) 0.002(1) 0.001(1)
C4) 4e 0.3551(2) 0.2051(2) 1.0063(1) 0.018(2) 0.015(2) 0.024(2) -0.002(2) -0.001(2) -0.003(1)
C(5) 4e 0.4202(3) 0.2277(2) 0.9616(2) 0.025(2) 0.014(2) 0.032(2) 0.005(2) -0.003(2) 0.001(2)
C(6) 4e 0.4926(3) 0.2486(2) 0.9203(2) 0.020(2) 0.017(2) 0.036(2) 0.002(2) 0.009(2) 0.002(2)
C(10) 4e 0.1939(3) 0.3668(2) 0.8537(2) 0.022(2) 0.024(2) 0.026(2) —-0.005(2) —-0.000(2) 0.003(2)
C(11) 4e 0.2187(3) 0.3565(2) 0.7848(2) 0.026(2) 0.032(2) 0.034(2) 0.003(2) 0.005(2) 0.000(2)
C(12) 4e 0.1946(3) 0.4161(2) 0.7492(2) 0.032(2) 0.040(3) 0.029(2) —-0.008(2) 0.004(2) 0.010(2)
C(13) 4e 0.1577(3) 0.4641(2) 0.7948(2) 0.034(3) 0.023(2) 0.042(2) -0.006(2) 0.002(2) 0.011(2)
C(14) 4e 0.1566(3) 0.4339(2) 0.8590(2) 0.033(2) 0.023(2) 0.030(2) -0.004(2) -0.001(2) 0.000(2)
C(15) 4e -0.0570(3) 0.3190(2) 0.8188(2) 0.034(3) 0.049(3) 0.038(2) -0.015(2) 0.003(2) 0.016(2)
C(16) 4e -0.0322(3) 0.3057(2) 0.7512(2) 0.024(2) 0.038(3) 0.048(2) -0.007(2) -0.002(2) -0.005(2)
C(17) 4e -0.0539(3) 0.3651(2) 0.7141(2) 0.031(2) 0.055(3) 0.027(2) -0.005(2) -0.007(2) 0.008(2)
C(18) 4e —0.0904(3) 0.4136(2) 0.7581(2) 0.026(2) 0.043(3) 0.050(2) 0.009(2) -0.000(2) 0.012(2)
C(19) 4e —0.0938(3) 0.3851(2) 0.8227(2) 0.029(2) 0.052(3) 0.041(2) -0.002(2) 0.009(2) 0.001(2)
C(20) 4e 0.2282(2) 0.2724(2) 1.0757(1) 0.014(2) 0.023(2) 0.027(2) 0.005(2) —-0.001(1) -0.001(2)
C(221) 4e 0.2757(3) 0.3355(2) 1.0910(2) 0.022(2) 0.028(2) 0.036(2) -0.002(2) 0.004(2) -0.007(2)
C(22) 4e 0.2570(3) 0.3508(2) 1.1590(2) 0.037(3) 0.032(2) 0.035(2) 0.001(2) -0.007(2) -0.013(2)
C(23) 4e 0.1991(3) 0.2979(2) 1.1856(2) 0.046(3) 0.033(2) 0.022(2) 0.013(2) 0.004(2) -0.001(2)
C(24) 4e 0.1803(3) 0.2493(2) 1.1344(2) 0.028(2) 0.029(2) 0.027(2) 0.002(2) 0.004(2) 0.004(2)
C(25) 4e 0.0063(3) 0.3622(2) 1.0280(2) 0.038(3) 0.053(3) 0.043(2) 0.025(2) -0.004(2) -0.003(2)
C(26) 4e 0.0522(3) 0.4213(2) 1.0556(2) 0.060(3) 0.038(3) 0.057(3) 0.028(2) 0.004(2) 0.007(2)
C(27) 4e 0.0300(3) 0.4244(2) 1.1242(2) 0.054(3) 0.043(3) 0.055(3) 0.019(3) 0.004(2) -0.016(2)
C(28) 4e -0.0307(3) 0.3681(2) 1.1388(2) 0.033(3) 0.071(3) 0.043(3) 0.027(3) 0.019(2) 0.001(2)
C(29) 4e -0.0461(3) 0.3287(2) 1.0799(2) 0.024(3) 0.058(3) 0.070(3) 0.014(2) -0.003(2) -0.007(2)
C(30) 4e 0.1506(3) 0.1776(2) 1.0080(1) 0.022(2) 0.029(2) 0.018(2) -0.003(2) 0.007(1) -0.003(2)
C@31) 4e 0.0403(3) 0.1884(2) 0.9887(2) 0.026(2) 0.030(2) 0.029(2) 0.002(2) 0.000(2) -0.008(2)
C(32) 4e -0.0185(3) 0.1294(2) 1.0013(2) 0.021(2) 0.043(3) 0.033(2) -0.014(2) 0.006(2) -0.009(2)
C(33) 4e 0.0558(3) 0.0819(2) 1.0289(2) 0.040(3) 0.036(2) 0.025(2) -0.020(2) 0.007(2) 0.002(2)
C(34) 4e 0.1593(3) 0.1111(2) 1.0336(1) 0.027(2) 0.027(2) 0.024(2) —-0.005(2) -0.002(2) 0.002(2)
C(35) 4e 0.1819(3) 0.1318(2) 0.8518(2) 0.045(3) 0.042(3) 0.022(2) -0.008(2) 0.008(2) -0.000(2)
C(36) 4e 0.0698(3) 0.1332(2) 0.8363(2) 0.050(3) 0.054(3) 0.020(2) 0.015(2) 0.000(2) 0.003(2)
C(37) 4e 0.0263(3) 0.0708(2) 0.8505(2) 0.028(2) 0.060(3) 0.030(2) —-0.006(2) 0.001(2) -0.018(2)
C(38) 4e 0.1123(3) 0.0297(2) 0.8749(2) 0.039(3) 0.035(2) 0.037(2) -0.007(2) 0.010(2) -0.013(2)
C(39) 4e 0.2080(3) 0.0676(2) 0.8751(2) 0.027(2) 0.033(2) 0.034(2) -0.003(2) 0.006(2) -0.006(2)
C(40) 4e 0.3937(3) 0.1515(2) 1.0539(1) 0.016(2) 0.027(2) 0.028(2) 0.005(2) 0.001(1) 0.007(2)
C(41) 4e 0.4243(3) 0.0855(2) 1.0355(2) 0.034(2) 0.033(2) 0.036(2) 0.003(2) 0.001(2) -0.002(2)
C(42) 4e 0.4462(3) 0.0478(2) 1.0950(2) 0.036(3) 0.030(2) 0.058(2) 0.005(2) 0.002(2) 0.013(2)
C(43) 4e 0.4322(3) 0.0898(2) 1.1503(2) 0.029(2) 0.053(3) 0.037(2) 0.007(2) 0.004(2) 0.021(2)
C(44) 4e 0.4004(3) 0.1540(2) 1.1263(2) 0.027(2) 0.036(2) 0.032(2) 0.004(2) 0.002(2) 0.004(2)
C(45) 4e 0.6546(3) 0.2048(2) 1.0852(2) 0.022(3) 0.042(3) 0.085(3) -0.002(2) 0.003(2) 0.018(2)
C(46) 4e 0.6664(3) 0.1594(2) 1.0320(2) 0.025(3) 0.080(4) 0.057(3) 0.004(2) 0.013(2) 0.031(3)
C47) 4e 0.6932(3) 0.0961(2) 1.0601(2) 0.030(3) 0.057(3) 0.051(2) 0.017(2) 0.012(2) 0.009(2)
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Table 3. Continued.

Atom Site X y z Ui Uxn Us3 Uiz Uiz U3
C(48) 4e 0.6970(3) 0.1035(2) 1.1311(2) 0.030(3) 0.046(3) 0.045(2) 0.012(2) -0.003(2) 0.009(2)
C(49) 4e 0.6743(3) 0.1705(2) 1.1463(2) 0.034(3) 0.053(3) 0.053(3) -0.001(2) -0.006(2) -0.001(2)
C(50) 4e 0.4970(3) 0.2159(2) 0.8533(2) 0.019(2) 0.027(2) 0.034(2) 0.000(2) 0.006(2) 0.000(2)
C(51) 4e 0.5210(3) 0.2454(2) 0.7904(2) 0.045(3) 0.036(2) 0.031(2) 0.006(2) 0.010(2) 0.004(2)
C(52) 4e 0.4990(3) 0.1970(2) 0.7389(2) 0.049(3) 0.051(3) 0.033(2) 0.009(2) 0.004(2) -0.003(2)
C(53) 4e 0.4638(3) 0.1374(2) 0.7693(2) 0.029(3) 0.051(3) 0.053(3) -0.001(2) -0.002(2) -0.022(2)
C(54) 4e 0.4635(3) 0.1493(2) 0.8395(2) 0.019(2) 0.037(3) 0.044(2) -0.001(2) 0.005(2) -0.001(2)
C(55) 4e 0.7617(3) 0.1615(2) 0.8558(2) 0.027(3) 0.043(3) 0.064(3) 0.006(2) 0.003(2) -0.012(2)
C(56) 4e 0.7709(3) 0.1820(2) 0.7888(2) 0.029(3) 0.050(3) 0.076(3) -0.008(2) 0.022(2) -0.005(2)
C(57) 4e 0.7317(3) 0.1298(3) 0.7462(2) 0.040(3) 0.087(4) 0.064(3) 0.001(3) 0.029(2) —-0.030(3)
C(58) 4e 0.7004(3) 0.0777(2) 0.7884(3) 0.041(3) 0.038(3) 0.120(4) 0.007(2) 0.020(3) -0.030(3)
C(59) 4e 0.7189(3) 0.0971(2) 0.8559(2) 0.033(3) 0.040(3) 0.093(3) 0.015(2) 0.013(2) 0.002(3)
C(60) 4e 0.5667(3) 0.3023(2) 0.9433(2) 0.024(2) 0.024(2) 0.033(2) 0.004(2) 0.007(2) 0.007(2)
C(61) 4e 0.6734(3) 0.3161(2) 0.9216(2) 0.027(2) 0.025(2) 0.040(2) 0.003(2) 0.007(2) 0.001(2)
C(62) 4e 0.7214(3) 0.3658(2) 0.9648(2) 0.025(2) 0.033(2) 0.048(2) -0.007(2) -0.001(2) 0.001(2)
C(63) 4e 0.6468(3) 0.3831(2) 1.0126(2) 0.043(3) 0.034(2) 0.036(2) -0.003(2) 0.001(2) -0.003(2)
C(64) 4e 0.5517(3) 0.3458(2) 0.9994(2) 0.026(2) 0.033(2) 0.034(2) 0.007(2) 0.006(2) —-0.000(2)
C(65) 4e 0.4781(3) 0.4229(2) 0.8377(2) 0.050(3) 0.040(3) 0.044(2) -0.005(2) -0.012(2) 0.011(2)
C(66) 4e 0.5854(4) 0.4367(2) 0.8205(2) 0.060(3) 0.043(3) 0.038(2) 0.001(2) 0.006(2) 0.008(2)
C(67) 4e 0.6275(3) 0.4847(2) 0.8661(2) 0.050(3) 0.037(3) 0.062(3) -0.015(2) 0.005(2) 0.017(2)
C(68) 4e 0.5476(3) 0.5014(2) 0.9109(2) 0.054(3) 0.026(2) 0.060(3) 0.003(2) -0.001(2) -0.002(2)
C(69) 4e 0.4554(3) 0.4629(2) 0.8930(2) 0.036(3) 0.040(3) 0.057(3) 0.012(2) 0.000(2) 0.006(2)
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Crystal structure of [1R,7,7-trimethylbicyclo[2.2.1]heptan-2,3-bis(2,6-
diisopropylphen-1-yl)imine]nickeldibromide]—toluene (1:1),

C34H43BI‘2N2Ni ° C7Hg
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Abstract

C41Hs6BraNoNi, orthorhombic, P212121 (No. 19), a = 10.121(2) A,
b=17.1152) A, c =22.835(2) A, V=3955.5 A%, 7z =4,

Rgi(F) = 0.037, wRre(F*) = 0.086, T =218 K.

Source of material

The Ni-complex was obtained from 1R-camphorchinon-N,N'-
bis(2,6-diisopropylphenyl)diimine [1] and (dimethoxyethane)-
nickeldibromide.

Experimental details

The chiral compound crystallizes in the chiral space group
P2,212; and the absolute structure was determined by the method
of Flack (Flack parameter x = 0.025(15)).

Discussion

In the asymmetric unit is one molecule of the complex and one
molecule of the solvent toluene. The Ni(II) cation has a distorted tet-
rahedral coordination with bond distances of 2.027(5) A and
2.033(5) A for Ni—N bonds and 2.294(2) A and 2.328(2) A for

* Correspondence author (e-mail: klaus.wurst@uibk.ac.at)

Ni—Br bonds. The smallest and greatest bond angle is ZN1-Ni2-N2
with 82.8(2)° and £Br1-Nil-Br2 with 123.5(1)°. The double bonds
of the imino groups are located between N1-C1 and N2-C2 with
bond distances of 1.272(8) Aand 1.274(8) A. The solvent toluene is
slightly disordered and was refined without hydrogen atoms.

Table 1. Data collection and handling.

Crystal: brown prism, size 0.35 x 0.5 x 0.65 mm
Wavelength: Mo K, radiation (0.71073 A)

uw 25.40 cm™!

Diffractometer, scan mode: Bruker P4, w

20max: 40.98°

N(hkl)measured, N(hkl)uniquel 3773 N 3310

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 2759

N(param)efined: 416

Programs: SHELXS-97 [2], SHELXL-97 [3],
SHELXTL [4]

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

Atom Site X y z Uiso

H4A)  4a 1.0399 1.1343 0.4150 0.066

H@4B)  4a 0.9804 1.0564 0.3872 0.066
H(5A)  4a 0.9144 1.1256 0.3073 0.075
H(5B)  4a 0.9770 1.2031 0.3345 0.075
H(6) 4a 1.1167 1.1793 0.2503 0.054
H(A) 4a 1.2658 1.0950 0.4457 0.078
H(B) 4a 1.3495 1.0358 0.4073 0.078
H@C)  4a 1.2191 1.0071 0.4391 0.078
HOA) 4a 1.3571 1.0762 0.2739 0.095
HOB) 4a 1.4323 1.1181 0.3260 0.095
HOC) 4a 1.3884 1.1667 0.2703 0.095
H(10A) 4a 1.1622 1.2301 0.3798 0.113
H(10B) 4a 1.2687 1.2605 0.3344 0.113
H(10C) 4a 1.3140 1.2121 0.3900 0.113
H(13) 4a 1.1670 1.0934 0.0357 0.063
H(14) 4a 0.9492 1.1216 0.0159 0.072
H(15) 4a 0.7940 1.1110 0.0884 0.065
H(17) 4a 1.2993 1.0234 0.1690 0.051
H(I18A) 4a 1.4493 0.9949 0.0943 0.101
H(18B) 4a 1.3483 1.0263 0.0468 0.101
H(18C) 4a 1.3148 0.9500 0.0832 0.101
H(19A) 4a 1.4512 1.1231 0.1435 0.093
H(19B) 4a 1.3192 1.1590 0.1693 0.093
H(19C) 4a 1.3449 1.1600 0.1008 0.093
H(20) 4a 0.8431 1.0432 0.2341 0.060
HQ21A) 4a 0.6232 1.0123 0.2061 0.124
HQ21B) 4a 0.7248 0.9616 0.1695 0.124
HQ21C) 4a 0.6560 1.0351 0.1404 0.124
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Table 2. Continued. Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(22A) 4a 0.6847 1.1443 0.2409 0.132 H@B31A) 4a 1.6210 0.9596 0.3127 0.107
H(22B) 4a 0.7223 1.1725 0.1770 0.132 H@3IB) 4a 1.6033 0.9131 0.3722 0.107
H(22C) 4a 0.8269 1.1791 0.2283 0.132 H@3I1C) 4a 1.5181 0.9891 0.3601 0.107
H(25) 4a 1.4818 0.8011 0.4021 0.064 H(32) 4a 0.9609 09111 0.3667 0.060
H(26) 4da 1.3378 0.7510 0.4718 0.072 H@33A) 4a 0.8048 0.8116 0.3910 0.103
H(27) 4a 1.1195 0.7880 0.4713 0.066 H@33B) 4a 0.9180 0.7628 0.4220 0.103
H(29) 4da 1.4047 0.9253 0.2842 0.056 H@33C) 4a 0.9217 0.7761 0.3534 0.103
H@30A) 4a 1.5787 0.8423 0.2541 0.102 H(34A) 4a 0.8376 0.9255 0.4532 0.109
H@30B) 4a 1.4465 0.7937 0.2617 0.102 H(34B) 4a 0.9786 0.9641 0.4616 0.109
H@30C) 4a 1.5576 0.7898 0.3104 0.102 H@34C) 4a 0.9482 0.8811 0.4893 0.109

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

Atom Site X y z Ui Uxn Uss Un2 Uiz U3
Ni(1) 4a 1.1039(1) 0.90339(5)  0.23252(4)  0.0516(7) 0.0275(5) 0.0320(6)  -0.0003(5)  —0.0042(6)  —0.0009(4)
Br(1) 4a 0.88604(9)  0.86370(5)  0.24611(4)  0.0547(5) 0.0564(5) 0.0632(6)  -0.0149(5)  -0.0114(5)  -0.0011(4)
Br(2) 4a 1.2530(1) 0.83631(5)  0.17600(4)  0.0916(8) 0.0668(6) 0.0641(6) 0.0160(7) 0.0231(6)  —0.0113(5)
N(1) 4a 1.0867(5) 1.0199(3) 0.2187(3) 0.024(4) 0.033(4) 0.028(4) -0.001(3) -0.001(3) 0.012(3)
N(2) 4a 1.1686(5) 0.9388(4) 0.3125(2) 0.039(4) 0.030(4) 0.023(4) 0.004(3) -0.005(3) 0.006(3)
C(1) 4a 1.1133(8) 1.0580(4) 0.2650(3) 0.040(5) 0.031(5) 0.025(5) 0.000(4) -0.006(4) -0.002(4)
C2) 4a 1.1583(7) 1.0126(4) 0.3182(3) 0.029(5) 0.028(5) 0.033(5) 0.002(4) 0.002(4) 0.003(4)
C@3) 4a 1.1799(8) 1.0729(4) 0.3652(3) 0.060(6) 0.026(5) 0.025(5) 0.006(4) -0.012(4) -0.007(4)
C4) 4a 1.0393(9) 1.1009(5) 0.3802(4) 0.082(8) 0.043(6) 0.041(5) 0.019(5) 0.003(5) -0.007(5)
C(5) 4a 0.9942(9) 1.1483(5) 0.3246(4) 0.089(8) 0.036(6) 0.061(6) 0.023(5) -0.029(6) -0.012(5)
C(6) 4a 1.1132(9) 1.1409(4) 0.2827(3) 0.065(6) 0.034(5) 0.036(5) 0.006(5) -0.011(5) 0.001(4)
C(7) 4a 1.2314(9) 1.1423(4) 0.3258(3) 0.083(7) 0.028(5) 0.039(5) -0.001(5) -0.029(6) 0.000(5)
C(8) 4a 1.261(1) 1.0506(4) 0.4193(3) 0.076(6) 0.046(5) 0.035(5) 0.001(6) -0.012(5) -0.012(4)
C9) 4a 1.365(1) 1.1242(5) 0.2963(4) 0.080(8) 0.050(6) 0.059(6) -0.025(6) -0.015(6) 0.012(5)
C(10)  4a 1.245(1) 1.2182(4) 0.3607(4) 0.121(9) 0.037(5) 0.069(7) -0.009(6) -0.043(7) -0.006(5)
C1l)  4a 1.0473(8) 1.0551(4) 0.1636(3) 0.045(6) 0.022(4) 0.025(5) -0.001(4) -0.007(5) 0.001(4)
C(12)  4a 1.1433(8) 1.0629(4) 0.1203(3) 0.058(7) 0.035(5) 0.021(5) -0.005(4) -0.012(5) -0.001(4)
C(13)  4a 1.104(1) 1.0880(5) 0.0655(3) 0.063(7) 0.052(6) 0.042(6) -0.016(5) 0.002(6) 0.005(5)
C(14)  4a 0.974(1) 1.1052(5) 0.0535(4) 0.093(9) 0.055(6) 0.032(6) -0.010(6) -0.029(6) 0.009(5)
C(15)  4a 0.8823(9) 1.0982(5) 0.0968(4) 0.046(6) 0.060(6) 0.057(6) 0.005(5) -0.014(6) 0.017(5)
C(6)  4a 0.9146(9) 1.0726(4) 0.1534(3) 0.049(7) 0.036(5) 0.028(5) 0.004(4) -0.005(5) 0.004(4)
C(17)  4a 1.2896(8) 1.0507(5) 0.1310(3) 0.051(7) 0.043(5) 0.032(5) -0.004(5) -0.003(4) 0.002(4)
C(18)  4a 1.3566(9) 1.0010(5) 0.0846(4) 0.060(7) 0.087(7) 0.054(6) 0.000(6) 0.011(5) 0.007(5)
C(19)  4a 1.3575(8) 1.1306(5) 0.1367(4) 0.049(6) 0.066(6) 0.072(6) -0.006(6) —0.008(5) 0.011(5)
C0)  4a 0.8060(8) 1.0664(5) 0.1979(3) 0.048(6) 0.053(6) 0.050(6) 0.010(5) -0.012(5) 0.003(4)
C2l)  4a 0.6919(9) 1.0140(6) 0.1765(5) 0.044(6) 0.116(9) 0.089(8) -0.005(6) -0.015(6) 0.040(7)
C(22)  4a 0.755(1) 1.1480(6) 0.2123(4) 0.101(8) 0.097(8) 0.065(7) 0.053(8) -0.002(6) 0.008(6)
C23)  4a 1.2143(8) 0.8873(4) 0.3587(3) 0.039(6) 0.032(5) 0.026(5) 0.001(4) -0.005(4) 0.003(4)
C24) 4a 1.3467(8) 0.8659(4) 0.3583(3) 0.059(7) 0.020(4) 0.036(5) -0.001(5) -0.018(5) 0.004(4)
C25)  4a 1.3921(9) 0.8154(5) 0.4014(4) 0.055(6) 0.044(6) 0.061(6) -0.005(5) -0.020(6) 0.002(5)
C26)  4a 1.307(1) 0.7858(5) 0.4431(4) 0.087(9) 0.035(5) 0.057(7) 0.005(6) -0.040(7) 0.018(5)
C27)  4a 1.177(1) 0.8075(5) 0.4422(3) 0.089(8) 0.048(6) 0.029(5) -0.010(6) -0.010(5) 0.008(5)
C28)  4a 1.1254(9) 0.8577(4) 0.3997(3) 0.062(7) 0.031(5) 0.029(5) -0.014(5) -0.014(5) 0.002(4)
C29)  4a 1.4502(8) 0.8929(4) 0.3139(4) 0.052(6) 0.040(5) 0.049(5) 0.011(5) -0.002(5) 0.002(5)
C(30)  4a 1.5142(9) 0.8232(5) 0.2821(4) 0.078(7) 0.055(6) 0.071(6) 0.007(5) 0.006(5) -0.009(6)
C3l)  4a 1.5581(9) 0.9433(5) 0.3423(4) 0.065(7) 0.058(6) 0.091(7) -0.004(5) -0.017(6) -0.011(6)
C32) 4a 0.9796(9) 0.8756(5) 0.3999(3) 0.059(7) 0.062(7) 0.031(5) -0.010(5) 0.005(5) 0.009(5)
C@33) 4a 0.898(1) 0.7993(5) 0.3907(4) 0.068(7) 0.063(6) 0.075(6) -0.023(6) -0.012(6) 0.024(5)
C(34)  4a 0.932(1) 0.9152(5) 0.4561(4) 0.068(8) 0.089(7) 0.061(6) -0.014(6) 0.014(5) 0.012(6)
C(35)  4a 1.479(2) 1.304(1) 0.4652(8) 0.31(3) 0.21(2) 0.15(2) -0.12(2) -0.08(2) -0.02(2)
C(36)  4a 1.523(3) 1.234(1) 0.471(1) 0.35(4) 0.05(1) 0.24(3) -0.13(2) -0.22(3) 0.08(2)
C(37)  4a 1.451(2) 1.205(1) 0.5297(9) 0.18(2) 0.11(1) 0.15(2) —0.04(1) -0.06(1) -0.03(1)
C(38)  4a 1.513(2) 1.131(2) 0.5396(8) 0.14(2) 0.21(2) 0.10(1) -0.08(2) 0.01(1) -0.04(2)
C(39)  4a 1.611(3) 1.090(2) 0.503(1) 0.27(3) 0.27(3) 0.13(2) -0.15(3) -0.08(2) 0.10(2)
C(40)  4a 1.661(3) 1.116(2) 0.447(2) 0.24(4) 0.16(2) 0.60(7) -0.03(2) -0.27(4) -0.01(4)
C@él)  4a 1.609(2) 1.183(2) 0.443(1) 0.11(2) 0.22(3) 0.20(2) -0.07(2) -0.00(2) -0.06(2)
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Crystal structure of nitrato-0,0’'-bis(1,10-phenanthroline)nitritolead(II),

Pb(phen)>(NO3)1.5(NO2)oss
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Abstract _

Ca4H16NgO5.50Pb, triclinic, P1 (No. 2), a = 7.805(2) A,
b=11.332(2) A, ¢ = 13.184(3) A, o = 94.934(3)°,

B =99.471(3)°,y = 101.504(3)°, V=1118.6 A®, Z=2,
Ru(F) = 0.028, wReet(F*) = 0.066, T = 110 K.

Source of material

The [Pb(phen)2(NO3)1.5(NO2)o.5] complex was prepared by the
branch tube method: 1,10-phenanthroline (0.4 g, 2 mmol) was
placed in one arm of the branched tube and a mixture of lead (II)
acetate (0.36 g, 1 mmol), sodium nitrate (0.085 g, 1 mmol) and so-
dium nitrite (0.069 g, 1 mmol) in the other one. Methanol was
carefully added to fill both arms, then the tube was sealed and the
ligand-containing arm immersed in a bath at 333 K while the other
was at ambient temperature. After 5 days, yellow crystals (mp
550 K) were deposited in the cooler arm. They were filtered off,
washed with acetone and ether and air dried (0.499 g; yield 70%).
Analysis (except for Pb): found — C 41.92%, H 2.23%, N 12.88%;
calculated for C24H16NgO5.5Pb — C42.10%, H 2.34%,N 12.28 %.

Discussion

The interaction of divalent lead with biological materials has been
studied extensively. Recent structural studies of lead(Il) com-
pounds [1] in particular have provided a basis for the evidence for
coordination sphere distortions, which may be a consequence of

* Correspondence author (e-mail: mahjouba@netlcs.modares.sc.ir)

the presence of stereoactive electron pairs. In relation to earlier
work on mixed-anions complexes [2,3], it becomes as little sur-
prise to find further examples of such complexes. We have partic-
ularly interested in the structural properties of the mixed-anions
Pb(II) complexes.

The title compound showed the complex in the solid state to be a
monomeric species. The Pb-atom is unsymmetrically six-coor-
dinated by four nitrogen atoms of two 1,10-phenanthroline lig-
ands and two oxygen atoms of NO3~ anions. There are two
crystallographically independent nitrate anions in the structure,
one of them coordinates the lead atom and the other shares one
crystallographic position with the nitrite anion. Final refinement
showed that 50% of these positions in the crystal are occupied by
nitrate and 50% of positions contain nitrite anions. The arrange-
ment of two 1 ,10-phenanthroline ligands and NO3™ anion suggest
a gap in coordination geometry around the metal ion, occupied
possibly by a stereoactive lone pair of electrons on lead(II). The ob-
served shortening of the Pb—N bond on the side of Pb(II) ion oppo-
site to the position of the putative lone pair (2.475 Aand 2572 A
compared with 2.612 A and 2.623 A, adjacent to the lone pair)
supports the presence of this feature. The coordination around the
lead atom is hemidirected (i.e. the bonds to ligand atoms are dis-
tributed through only part of an encompassing globe) with a sig-
nificant gap trans to the cleating 1,10-phenanthroline ligands.
Hence, the geometry of the nearest coordination environment of
lead atom is likely caused by the geometrical constraints of coor-
dinated 1,10-phenantroline and nitrate anion and by the influence
of a stereochemically active lone pair of electrons.

There are two lead(II) compounds related to the title compound,
namely Pb(phen)2(NO3)2] [4] and [Pb(phen)2(ClO4)2] [4]. The
striking similarity among them is that the lone pair in the three
compounds is active and also that they are monomeric species.

Table 1. Data collection and handling.

Crystal: yellow prism, size 0.2 x 0.3 x 0.5 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 75.96 cm’!

Diffractometer, scan mode: Bruker SMART 1000 CCD, ¢/w
20max: 52.04°

N(hkl)measured, N(hkl)unique: 8791, 4275

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 4060

N(param)refined: 334

Programs: SHELXTL-plus [4], SHELXTL-97 [5],
SADABS [6]
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Pb(phen)2(NO3)1.5(NO2)o.5

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

Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(1A)  2i -0.0173 0.6633 0.0823 0.048 H(13A) 2i 0.3616 0.6619 0.0036 0.049
HQRA) 2i -0.3162 0.5694 0.0534 0.051 H(14A) 2i 0.3364 0.7315 -0.1575 0.051
HQ3A) 2i -0.4495 0.5173 0.1926 0.052 H(15A) 2i 0.2714 0.9215 -0.1742 0.048
H(5A)  2i -0.4261 0.5245 0.3861 0.053 H(17A) 2i 0.2042 1.1126 -0.0895 0.046
H(6A) 2i -0.2556 0.5763 0.5492 0.055 H(18A) 2i 0.1691 1.2210 0.0556 0.046
H(A)  2i 0.0421 0.6656 0.6648 0.055 H(Q20A) 2i 0.1696 1.2407 0.2484 0.057
HOA) 2i 0.3341 0.7648 0.6785 0.061 H(21A) 2i 0.2097 1.1599 0.4020 0.067
H(10A) 2i 0.4513 0.8042 0.5299 0.056 H(22A) 2i 0.2868 0.9711 0.4053 0.066
Table 3. Atomic coordinates and displacement parameters (in 10\2)‘

Atom Site Occ. X y z Ur1 U Us3 Uiz Uis Uns
Pb(1) 2i 0.37628(2)  0.74140(1)  0.26474(1)  0.0541(1) 0.0321(1) 0.02503(9)  0.01598(7)  0.01369(7)  0.00772(6)
C(1) 2i -0.0714(7) 0.6453(4) 0.1403(3) 0.054(3) 0.042(2) 0.031(2) 0.021(2) 0.014(2) 0.007(2)
C(2) 2i —-0.2498(7) 0.5880(4) 0.1221(4) 0.053(3) 0.044(2) 0.036(2) 0.022(2) 0.010(2) 0.003(2)
C(3) 2i -0.3283(7) 0.5588(4) 0.2036(4) 0.047(3) 0.043(2) 0.050(3) 0.025(2) 0.015(2) 0.005(2)
C4) 2i -0.2278(7) 0.5910(4) 0.3055(4) 0.050(3) 0.040(2) 0.039(2) 0.024(2) 0.015(2) 0.008(2)
C(5) 2i —-0.3043(7) 0.5639(5) 0.3944(4) 0.052(3) 0.046(3) 0.045(3) 0.024(2) 0.022(2) 0.011(2)
C(6) 2i -0.2034(7) 0.5946(4) 0.4907(4) 0.060(3) 0.047(3) 0.046(3) 0.028(2) 0.028(2) 0.018(2)
C(7) 2i -0.0227(7) 0.6530(4) 0.5054(3) 0.065(3) 0.035(2) 0.031(2) 0.024(2) 0.021(2) 0.010(2)
C(8) 2i 0.0882(8) 0.6844(4) 0.6043(4) 0.074(4) 0.043(3) 0.034(2) 0.025(2) 0.026(2) 0.012(2)
C(9) 2i 0.2599(9) 0.7414(5) 0.6122(4) 0.084(4) 0.050(3) 0.023(2) 0.020(3) 0.016(2) 0.006(2)
C(10) 2i 0.3293(8) 0.7661(5) 0.5230(3) 0.068(3) 0.045(3) 0.027(2) 0.011(2) 0.011(2) 0.006(2)
C(11) 2i 0.0574(7) 0.6816(4) 0.4188(3) 0.056(3) 0.034(2) 0.031(2) 0.021(2) 0.018(2) 0.009(2)
C(12) 2i -0.0513(6) 0.6502(4) 0.3166(3) 0.052(3) 0.033(2) 0.030(2) 0.022(2) 0.015(2) 0.005(2)
C(13) 2i 0.3367(7) 0.7400(4)  -0.0024(3) 0.066(3) 0.035(2) 0.027(2) 0.015(2) 0.014(2) 0.005(2)
C(14) 2i 0.3211(7) 0.7805(4)  -0.0989(3) 0.064(3) 0.040(2) 0.026(2) 0.010(2) 0.015(2) 0.002(2)
C(15) 2i 0.2832(7) 0.8922(4)  -0.1085(3) 0.054(3) 0.044(2) 0.026(2) 0.012(2) 0.012(2) 0.012(2)
C(16) 2i 0.2621(6) 0.9631(4)  -0.0210(3) 0.038(2) 0.036(2) 0.028(2) 0.005(2) 0.011(2) 0.007(2)
C(17) 2i 0.2186(6) 1.0803(4)  —0.0253(4) 0.047(3) 0.040(2) 0.035(2) 0.014(2) 0.013(2) 0.017(2)
C(18) 2i 0.1984(7) 1.1439(4) 0.0602(3) 0.051(3) 0.034(2) 0.036(2) 0.014(2) 0.013(2) 0.013(2)
C(19) 2i 0.2197(6) 1.0993(4) 0.1584(3) 0.045(3) 0.033(2) 0.033(2) 0.013(2) 0.009(2) 0.008(2)
C(20) 2i 0.1998(8) 1.1637(4) 0.2501(4) 0.074(4) 0.036(2) 0.036(2) 0.026(2) 0.010(2) 0.004(2)
C(21) 2i 0.2234(9) 1.1167(5) 0.3398(4) 0.102(5) 0.045(3) 0.030(2) 0.037(3) 0.016(3) 0.004(2)
C(22) 2i 0.2686(9) 1.0031(5) 0.3410(4) 0.106(5) 0.042(3) 0.026(2) 0.036(3) 0.013(3) 0.006(2)
C(23) 2i 0.2620(6) 0.9847(4) 0.1653(3) 0.041(2) 0.030(2) 0.027(2) 0.008(2) 0.007(2) 0.009(2)
C(24) 2i 0.2815(6) 0.9157(4) 0.0737(3) 0.039(2) 0.031(2) 0.026(2) 0.008(2) 0.009(2) 0.008(2)
O(1) 2i 0.2482(5) 0.4737(3) 0.2723(2) 0.063(2) 0.042(2) 0.030(2) 0.011(2) 0.011(2) 0.009(1)
0(2) 2i 0.2467(5) 0.5126(3) 0.1155(2) 0.058(2) 0.048(2) 0.031(2) 0.011(2) 0.013(2) 0.012(1)
0(3) 2i 0.0344(6) 0.3824(4) 0.1519(4) 0.069(3) 0.053(2) 0.075(3) 0.013(2) 0.008(2) 0.011(2)
0O4) 2i 0.6139(5) 0.8841(3) 0.4095(3) 0.068(2) 0.053(2) 0.030(2) 0.009(2) 0.013(2) 0.008(2)
O(5) 2i  0.50 0.882(2) 0.972(1) 0.397(1) 0.083(8) 0.14(1) 0.12(1) -0.020(8) 0.039(8) —-0.008(9)
0(6) 2i 0.6838(6) 0.8910(3) 0.2597(3) 0.088(3) 0.052(2) 0.036(2) 0.008(2) 0.028(2) 0.013(2)
N(1) 2i 0.2285(6) 0.7376(3) 0.4288(3) 0.057(2) 0.039(2) 0.027(2) 0.016(2) 0.015(2) 0.007(2)
N(2) 2i 0.0281(5) 0.6764(3) 0.2343(3) 0.046(2) 0.039(2) 0.028(2) 0.020(2) 0.010(2) 0.008(1)
N(3) 2i 0.3185(6) 0.8051(3) 0.0817(3) 0.058(2) 0.031(2) 0.029(2) 0.013(2) 0.013(2) 0.008(1)
N(4) 2i 0.2869(6) 0.9386(3) 0.2569(3) 0.064(3) 0.035(2) 0.026(2) 0.018(2) 0.010(2) 0.007(1)
N(5) 2i 0.7285(8) 0.9180(5) 0.3560(4) 0.082(4) 0.058(3) 0.044(3) 0.009(3) 0.020(3) 0.013(2)
N(6) 2i 0.1796(5) 0.4521(3) 0.1787(3) 0.039(2) 0.035(2) 0.040(2) 0.009(2) 0.010(2) 0.005(2)
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Abstract

C2H32CI2N4 Oy, triclinic, P1 (No. 2),a=17.081(1) 10\,
b=13.247(3) A, c=13.923(3) A, a =102.90(3)°,  =96.90(3)°,
y=98.36(3)°, V=1243.7 A%, Z=2, Ru(F) = 0.066,

WRei(F?) = 0.241, T =293 K.

Source of material

The synthesis of the title compound has been described previ-
ously [1] as a part of our research program focused on serotonine
5HTa receptor ligands. The crystals for X-ray studies were ob-
tained from 1-propanole : acetone (2 : 1) mixture by slow evapo-
ration. As for all arylpiperazines of our interest, most of the
obtained samples have been classified as plates of amorphous
glass. Due to this kind of crystals, a very high quality measure-
ments on a single-crystal diffractometer could not be performed.

Discussion

As a subsequent part of our research on long chain arylpipe-
razines as serotonin SHT A and 5HT A receptor ligands, we now
investigate the crystal structure of the title compound, which
showed a distinct anxiolytic-like activity [1]. In functional in vivo
studies it revealed an antagonistic activity at postsynaptic SHTa
receptors and behaved as agonist at presynaptic ones. This dual
SHTa/5HT24 receptor ligand contains a flexible four methylene

* Correspondence author (e-mail: jkarolak @p.lodz.pl)

groups spacer, linking arylpiperazine and lactame moieties, and is
structurally related to buspirone — approved anxiolytic drug [1].
The independent unit of the crystal is composed of the protonated
main molecule, Cl™ ion, and three water moieties. As in previously
studied structures of potential SHT 1A and SHT24 receptor ligands
[2-6], the main molecule incorporates two border cyclic moieties
— arylpiperazine and quinazolinone — linked via butyric
four-carbons aliphatic spacer. Both border rings — phenyl from
arylpiperazine and quinazolinone — are planar within experimental
error but definitely not coplanar. They are slightly inclined to each
other at4.1(2)°. The border cyclic moieties are almost perpendicu-
lar with dihedral angle of 79.3(2)°. The extended spacer adopts
trans-trans-trans-trans-trans conformation. Ion CI2” interacts
with nitrogen from chair-conformed piperazine via H-bond as fol-
lows: N4—H4---C12 = 3.049(5) °A. In most of the studied deriva-
tives (mainly arylopiperazines) with prospective activities to
S5HTia and 5HT»a receptors [2-5], one or two water molecules
were usually localised. In the present structure, three water mole-
cules were identified filling the space between long and flexible
molecules in triclinic unit. However, respective hydrogen atoms
found from Ap map, were unquestionably located at just one oxy-
gen atom, namely O1w. Remaining two atoms (O2w and O3w) are
strongly disordered, being refined with isotropic temperature fac-
tors. Moreover, H atoms given in the figure (and in the Table 2)
are only in roughly estimated positions. Merely, one water mole-
cule with Olw atom is attached to the main molecule
d(O1lw-H1lw1--021") = 2.804(7) A i= (=1+x, y, 2), via hydrogen
bond. The hydrochlorides of the title compound are combined into
infinite chain by the system of the following H-bonds net, involving
CI2 ion and all water oxygens: d(Olw-HIw2--CI2) = 3.215 A,
d(02w(H)--Cl1) = 3.259 A, d(O3w(H)--Olw) = 2.789 A,
d(02w(H)--03w") = 3.022 A, ii = (~1-x, -y, —1-2).

Table 1. Data collection and handling.

Crystal: colorless prism, size 0.2 x 0.25 x 0.3 mm
Wavelength: Mo K, radiation (0.71073 A)

: 2.95cm™!
Diffractometer, scan mode: KM-4 CCD, w

20max: 50°

N(hkl)measureds N(hkl)uniquei 8762, 4381

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 1684

N(param)refined: 280

Programs: SHELXS-97 [7], SHELXL-97[8],
SHELXTL-PC [9]
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Table 2. Atomic coordinates and displacement parameters (in Az). Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(2B) 2i 0.0813 0.3420 -0.2352 0.067 H(12) 2i 0.2412 0.3713 —0.0463 0.059
HQ2A)  2i 0.2799 0.3300 —0.1819 0.067 H(14) 2i 0.2721 0.6029 0.1991 0.063
H(3B) 2i 0.4206 0.3605 —0.3148 0.071 H(15) 2i 0.2790 0.7259 0.1022 0.067
HG3A)  2i 0.2503 0.2663 —0.3548 0.071 H(16) 2i 0.2640 0.6744 —0.0696 0.083
H4) 2i 0.0644 0.3817 —0.4008 0.080 H(23) 2i 0.5259 0.1078 -1.0010 0.096
H(2D)  2i 0.2564 0.6133 —0.2086 0.086 H(24) 2i 0.4729 0.0954 -1.1765 0.091
HQ2C) 26 0.0694 0.5304 —0.2535 0.086 H(25) 2i 0.1695 0.1033 —1.2554 0.101
HG3D) 2i 0.2239 0.5540 —0.3878 0.099 H(26) 2i -0.0940 0.1235 -1.1631 0.084
HG3C)  2i 0.4092 0.5277 —-0.3336 0.099 H(29) 2i —-0.1575 0.1419 —0.8430 0.075
H(5B)  2i 0.4018 0.3994 —0.4867 0.073 H(IWI) 2i -0.2831 0.2346 —0.6567 0.150
H(5A)  2i 0.2059 0.4234 -0.5315 0.073 H(IW2) 2i —-0.4335 0.1399 —0.6948 0.150
H(6B) 20 0.0751 0.2375 —0.5360 0.074 oR2w) 2 -0.287(1) 0.1507(6) -0.3479(6)  0.156(3)
H(6A)  2i 0.2903 0.2226 -0.5263 0.074 HQ2WI) 2i -0.1421 0.1605 —0.3571 0.233
H(7B)  2i 0.3187 0.2861 —0.6716 0.101 H(2W2) 2i -0.4185 0.1213 —0.3873 0.233
H(7A)  2i 0.1000 0.2929 —0.6828 0.101 oBw) 2i -0.316(2) -0.0168(8) —0.5833(8) 0.203(4)
H@B)  2i 0.2452 0.1032 —0.7036 0.085 HG3WI) 2i —-0.4286 —-0.0022 —0.6255 0.304
H@BA)  2i 0.0255 0.1067 —0.7052 0.085 HG3W2) 2i -0.4051 —-0.0520 —0.5449 0.304

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

Atom Site x y z Ui U Us3 Uia U3 U
CI(1) 2i 0.2564(3) 0.3913(1) 0.1585(1) 0.084(1) 0.055(1) 0.0338(9) 0.0120(9) 0.0156(8) 0.0179(7)
Cl(2) 2i -0.2375(2) 0.3531(2)  —0.4402(1) 0.038(1) 0.103(2) 0.082(1) 0.019(1) 0.0148(9) 0.021(1)
N(1) 2i 0.2647(7) 0.4758(4)  -0.1797(3) 0.061(3) 0.037(3) 0.029(3) 0.005(2) 0.007(2) 0.030(2)
C(2) 2i 0.2183(9) 0.3660(4)  —0.2260(4) 0.056(4) 0.037(4) 0.030(3) -0.013(3) 0.007(3) 0.001(3)
C(3) 2i 0.283(1) 0.3406(4)  -0.3252(4) 0.092(5) 0.028(3) 0.036(3) 0.044(3) 0.028(3) 0.004(3)
N4) 2i 0.2028(7) 0.3975(4)  -0.3936(4) 0.039(3) 0.055(4) 0.062(4) 0.007(3) 0.018(3) 0.000(3)
CRA)  2i 0.208(1) 0.5408(5)  —0.2417(5) 0.082(5) 0.027(3) 0.062(4) -0.001(3) 0.041(4) 0.000(3)
C(3A)  2i 0.270(1) 0.5127(6)  —0.3447(5) 0.047(4) 0.099(6) 0.057(4) 0.006(4) 0.025(3) 0.026(4)
C(5) 2i 0.2639(8) 0.3802(5)  —0.4939(4) 0.025(3) 0.041(4) 0.060(4) -0.014(3) 0.016(3) -0.019(3)
C(6) 2i 0.2009(9) 0.2636(5)  —0.5488(4) 0.045(4) 0.086(5) 0.027(3) 0.022(4) 0.008(3) 0.028(3)
C(7) 2i 0.195(1) 0.2550(5)  —0.6600(5) 0.113(6) 0.037(4) 0.064(5) 0.019(4) 0.026(4) 0.027(3)
C(8) 2i 0.144(1) 0.1402(5)  -0.7204(5) 0.061(4) 0.056(4) 0.060(4) 0.001(3) 0.022(3) 0.025(3)
C(11) 2i 0.2558(7) 0.5152(4)  -0.0789(4) 0.031(3) 0.042(3) 0.033(3) 0.009(3) 0.006(2) 0.034(3)
C(12) 2i 0.2522(7) 0.4454(5)  -0.0182(4) 0.034(3) 0.042(4) 0.038(3) 0.015(3) 0.006(3) -0.003(3)
C(13) 2i 0.2624(8) 0.4808(5) 0.0849(5) 0.031(3) 0.059(4) 0.049(4) 0.008(3) 0.005(3) 0.028(3)
C(14) 2i 0.2666(7) 0.5818(5) 0.1281(4) 0.028(3) 0.073(5) 0.034(3) 0.014(3) 0.017(3) 0.023(3)
C(15) 2i 0.2736(8) 0.6529(5) 0.0713(4) 0.054(4) 0.041(4) 0.032(3) 0.010(3) 0.013(3) —-0.009(3)
C(16) 2i 0.2650(9) 0.6234(5)  -0.0304(5) 0.057(4) 0.030(4) 0.051(4) -0.022(3) -0.021(3) -0.011(3)
N(20) 2i 0.1237(7) 0.1379(4)  -0.8310(3) 0.050(3) 0.035(3) 0.043(3) 0.005(2) 0.004(3) -0.006(2)
0oQ21) 2i 0.4484(7) 0.1374(4)  -0.8275(3) 0.057(3) 0.102(4) 0.042(3) 0.026(3) 0.005(2) 0.014(3)
C(21) 2i 0.2879(9) 0.1335(5)  -0.8749(5) 0.031(4) 0.063(5) 0.066(5) 0.020(3) -0.001(4) -0.021(4)
C(22) 2i 0.252(1) 0.1254(5)  -0.9801(5) 0.064(5) 0.037(4) 0.056(4) -0.009(3) 0.044(4) -0.018(3)
C(23) 2i 0.401(1) 0.1117(5)  —-1.0340(5) 0.090(6) 0.047(4) 0.045(4) 0.004(4) 0.004(4) -0.001(3)
C(24) 2i 0.370(1) 0.1041(5)  -1.1379(6) 0.063(5) 0.038(4) 0.096(6) 0.025(4) 0.043(4) 0.020(4)
C(25) 2i 0.192(1) 0.1088(5)  —1.1849(5) 0.128(7) 0.066(5) 0.028(3) 0.041(5) 0.032(4) 0.029(3)
C(26) 2i 0.033(1) 0.1204(5)  -1.1316(5) 0.076(5) 0.035(4) 0.043(4) 0.006(3) -0.017(4) 0.000(3)
C(27) 2i 0.0686(8) 0.1285(4)  —1.0280(5) 0.025(3) 0.023(3) 0.083(5) 0.000(2) -0.005(3) -0.011(3)
N(28) 2i —0.0884(7) 0.1333(4)  -0.9749(5) 0.040(3) 0.067(4) 0.078(4) 0.018(3) -0.003(3) 0.028(3)
C(29) 2i -0.0521(9) 0.1376(4)  —0.8802(5) 0.040(4) 0.029(3) 0.075(5) -0.011(3) -0.003(4) 0.018(3)
o(1wW) 2i —-0.3038(8) 0.1691(5)  —-0.6464(4) 0.095(4) 0.102(5) 0.094(4) 0.017(4) 0.005(3) 0.014(4)
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Abstract

C24H28F3N306, monoclinic, P121/c1 (No. 14), a = 9.677(4) A,
b=11.005(5) A, c = 24.858(7) A, f =92.12°, V = 2645.5 A3,
Z =4, Ry(F) = 0.064, wRre(F*) = 0.199, T=293 K.

Source of material

The titled compound was obtained by coupling N’'-(trifluoro-
acetyl)-phenylalanyl-dehydrophenylalanine with aminoacetal-
dehyde dimethylacetal in the usual conditions of peptide
synthesis [1]. Chromatographic purification on silica gel (elution
with CH>Cly/ EtOAc 75/25; yield 59%) furnished pure com-
pound as a white solid. Analysis: calc. for C24H26F3N305 — C,
58.41%; H, 5.31%; N, 8.25 %; found — C, 57.99%; H, 5.29%; N,
8.40%. Recrystallization from CHCl3 by slow evaporation, gave
the sample presently analyzed by X-ray diffraction (white crystal;
mp 334.5K-3355K).

Experimental details

The H atoms of the CH», CH3 and aromatic groups were calcu-
lated. Those of the CH, NH and water molecule were located from
difference Fourier maps. The H atoms were refined with a com-
mon isotropic temperature factor (Uiso = 0.127(2) Az). The CF3
and one of the methoxy (C16-017) groups are disordered. Two
positions of these groups were localized and refined. At the end of

* Correspondence author (e-mail: tinant@chim.ucl.ac.be)

the refinement, their site occupation factors converge to 0.66 for
position A of the trifluoromethyl group and to 0.78 for the major
position of the C16—0O17 methoxy. Constraints were applied to
the bond lengths for these two disordered groups.

Discussion

Recently, we demonstrated that imidazolopyrazinone deriva-
tives, structurally related to coelenterazine (luciferin) [2], are en-
dowed with excellent antioxidative properties, and protect cells
[3] and animals [4] against damages induced by reactive oxygen
species (ROS). For a potential development as drugs, we
searched for different synthetic routes towards such molecules.
One convergent approach was based on a biomimetic route [5] in-
volving a pseudo-dehydrotripeptide as precursor [1] and its
cyclization via a double intramolecular dehydration. The titled
compound is a fully protected precursor of cyclization (masked
aldehyde and amine functions).

The crystal structure showed the Z configuration of the C=C dou-
ble bond, the torsion angle ZN18-C2-C3-C4 being 4°. On the
other hand, the view of the molecule showed the parallel orienta-
tion of the two chains geminally fixed on this double bond, thus fa-
vouring intramolecular interaction. Two intramolecular H-bonds
involving N11, N18 and O24 help for this conformation. The
intramolecular interaction is indeed favoured as after treatment
of the titled compound with trimethylsilyliodide (deprotection of
acetal), and then with KoCOs in aqueous acetonitrile (depro-
tection of trifluoroacetamide), the corresponding imidazolo-
pyrazinone was smoothly formed [1]. There are a total of six
hydrogen bonds, the first two being intramolecular, the last three
involving the co-crystallized water molecule.

Table 1. Data collection and handling.

Crystal: white parallelepiped,
size 0.3 x 0.3 x 0.4 mm
Wavelength: Mo K, radiation (0.71069 A)
: 1.06 cm™!
Diffractometer, scan mode: MAR345, 100 images, A¢ = 3°
260 max: 52.74°
N(hkl)measured, N(hkl)unique: 30813, 5285

Criterion for Iobs, N(hkl)g: Tobs > 2 0(lobs), 4174

N(param)refined: 407

Programs: SHELXS-97 [6], SHELXL-97 [7],
PLATON [8]
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Table 2. Atomic coordinates and displacement parameters (in Az). Table 2. Continued.

Atom Site Occ. X y z Uiso Atom Site Occ. X y z Uiso
H(5) 4e 0.3519 0.1832 0.1769 0.127(2) H@31) 4e 0.1293 -0.3686 0.3231 0.127
H(6) 4e 0.5500 0.074 0.1600 0.127 H(32) 4e 0.1169 -0.5745 0.3327 0.127
H(7) 4e 0.6386 -0.0592 0.2233 0.127 H(33) 4e 0.1529 -0.6611 0.4147 0.127
H(8) 4e 0.5335 -0.0817 0.3038 0.127 H(34) 4e 0.2253 -0.5413 0.4851 0.127
H(9) 4e 0.3326 0.0227 0.3207 0.127 H(35) 4e 0.2447 -0.3331 0.4754 0.127
H(13) 4e -0.3313 0.1457 0.3786 0.127 H@3) 4e 0.181(3) 0.258(3) 0.241(1) 0.127
H(15A) 4e —-0.1614 0.4509 0.4239 0.127 H(11) 4e —0.156(3) 0.091(3) 0.315(1) 0.127
H(15B) 4e -0.3151 0.4561 0.4018 0.127 H(I12A) 4e -0.279(3) 0.314(4) 0.297(1) 0.127
H(15C) 4e —-0.1951 0.4356 0.3621 0.127 H(12B) 4e —-0.368(3) 0.195(3) 0.288(2) 0.127
H(17A) 4e 0.785(5)-0.6241 0.2714 0.4162 0.127 H(18) 4e 0.060(3)  -0.044(3) 0.283(1) 0.127
H(17B) 4e 0.785 -0.4822 0.2733 0.4487 0.127 H21) 4e 0.017(3) -0.181(3) 0.339(1) 0.127
H(17C) 4e 0.785 -0.5353 0.1526 0.4216 0.127 H(22) 4e -0.0093) -0.159(3) 0.451(2) 0.127
H(17D) 4e 0215 -0.4768 0.0927 0.4510 0.127 H(29A) 4e 0.258(3) -0.170(3) 0.361(2) 0.127
H(17E) 4e 0.215 -0.5398 0.2130 0.4268 0.127 H(29B) 4e 0.221(3) -0.147(3) 0.423(1) 0.127
H(17F) 4e 0215 -0.4037 0.2174 0.4629 0.127 H(101) 4e 0.131(3) 0.694(3) 0.042(1) 0.127

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

Atom Site Occ. X y z Ui U Uss Uiz Uiz Uas

C(1) 4e -0.0501(2) 0.2186(1) 0.28409(6)  0.081(1) 0.0460(8) 0.0419(7) 0.0027(7) 0.0021(7) 0.0038(6)
C(2) 4e 0.0754(2) 0.1390(1) 0.28228(6)  0.076(1) 0.0416(7) 0.0402(7)  -0.0021(6) 0.0012(7) 0.0011(5)
C(3) 4e 0.1866(2) 0.1766(2) 0.25664(7)  0.075(1) 0.0512(9) 0.0548(9)  -0.0047(7)  -0.0003(8) 0.0045(7)
C4) 4e 0.3167(2) 0.1113(2) 0.24911(8)  0.068(1) 0.058(1) 0.074(1) -0.0087(8)  —0.0046(8) 0.0004(8)
C(5) 4e 0.3860(2) 0.1278(2) 0.2024(1) 0.079(1) 0.095(2) 0.075(1) -0.001(1) 0.005(1) —-0.006(1)
C(6) 4e 0.5061(3) 0.0634(3) 0.1923(1) 0.077(1) 0.140(3) 0.107(2) 0.007(2) 0.009(1) -0.032(2)
C(7) de 0.5591(3)  -0.0152(3) 0.2301(2) 0.075(2) 0.102(2) 0.177(3) 0.007(1) -0.012(2) -0.026(2)
C(8) 4e 0.4954(3)  -0.0295(3) 0.2778(2) 0.076(2) 0.091(2) 0.181(3) -0.002(1) -0.032(2) 0.030(2)
C©) 4e 0.3748(2) 0.0329(2) 0.2880(1) 0.072(1) 0.085(2) 0.112(2) -0.010(1) -0.017(1) 0.028(1)
0(10) 4e —0.0468(2) 0.3236(1) 0.26655(6)  0.103(1) 0.0524(7) 0.0788(9) 0.0119(6) 0.0203(7) 0.0217(6)
N(11) 4e -0.1630(2) 0.1702(2) 0.30425(6)  0.0720(9) 0.0581(8) 0.0639(9) 0.0027(7) 0.0040(7) 0.0117(7)
C(12) 4e -0.2911(2) 0.2372(2) 0.31083(9)  0.073(1) 0.085(1) 0.068(1) 0.011(1) 0.0001(9) 0.012(1)
C(13) 4e —0.3309(3) 0.2318(3) 0.3686(1) 0.089(2) 0.142(3) 0.086(2) 0.026(2) 0.015(1) 0.022(2)
0O(14) 4e -0.2384(2) 0.2896(3) 0.40471(7)  0.133(2) 0.164(2) 0.066(1) 0.062(2) —0.005(1) 0.003(1)
C(15) 4e -0.2265(5) 0.4188(4) 0.3976(2) 0.156(3) 0.162(4) 0.121(3) 0.033(3) -0.022(2) 0.001(3)

O(16A) 4e 0.785(5)-0.4630(3)  0.2704(3)  0.3703(1)  0.091(2) 0.157(3) 0.120(2) 0.048(2) 0.036(1) 0.032(2)
C(I7A) 4e 0785 -0.5317(6)  0.2394(7)  0.41813)  0.134(4) 0.246(8) 0.171(5) 0.062(5) 0.084(4) 0.060(5)

O(16B) 4e 0215 —0.379(1) 0.157(1) 0.3915(5)  0.18(1) 0.118(8) 0.120(8) 0.029(7) 0.073(8) 0.046(6)
C(17B) 4de 0215 —0.456(2) 0.171(2) 0.4364(7)  0.10(1) 0.16(2) 0.12(1) 0.02(1) 0.026(9) 0.02(1)

N(18)  de 0.0655(2)  0.0200(1)  0.30475(5)  0.0776(09)  0.0397(6)  0.0422(6)  -0.0002(6)  0.0037(6)  —0.0001(5)
C(19)  de 0.0690(2) -0.0011(1)  0.35796(6)  0.073(1) 0.0469(8)  0.0436(7)  0.0041(7)  0.0018(7)  0.0009(6)
020)  de 0.0844(2)  0.0797(1)  0.39137(5)  0.124(1) 0.0547(7)  0.0457(6)  -0.0023(7)  0.0005(6)  —0.0059(5)
C2l)  de 0.0540(2)  -0.1347(1)  0.37356(6)  0.070(1) 0.0471(8)  0.0472(8)  0.0055(7)  0.0045(7)  0.0057(6)
N(22)  de ~0.0455(2)  -0.1473(1)  0.41589(6)  0.0728(9)  0.0577(8)  0.0479(7)  0.0075(6)  0.0049(6)  0.0113(6)
C23)  de ~0.1770(2)  -0.1262(2)  0.40340(8)  0.073(1) 0.069(1) 0.061(1) 0.0067(8)  0.0035(8)  0.0133(8)
024)  de ~0.2223(2)  -0.0924(2)  0.35928(6)  0.0782(9)  0.118(1) 0.0723(9)  0.01148) —0.0055(7)  0.0248(8)

CQ25)  de ~0.2786(3)  -0.1493(3)  0.4481(1)  0.081(2) 0.104(2) 0.090(2) 0.006(1) 0.019(1) 0.023(2)
F(26A) 4e 0.66(2) -0.350(1)  —0.2460(9)  0.4378(3)  0.152(6) 0.185(8) 0.151(4)  ~0.088(6) 0.053(4)  -0.015(4)
FQTA) 4de 066  -02227(5) —0.164209)  0.4960(2)  0.113(2) 0.193(7) 0.069(2)  -0.012(3) 0.022(2) 0.037(3)
F(8A) 4de 0.66  -0365(1)  —0.0564(8)  0.45254)  0.156(6) 0.180(6) 0.164(6) 0.082(5) 0.089(5) 0.059(5)

FQ26B) 4e 034  -02672)  -0.261(1) 0.465(1) 0.18(1) 0.16(1) 0.27(2) 0.04(1) 0.12(1) 0.13(2)
FQ7B) 4e 034 -02582)  —0.083(2) 0.4874(7)  0.202) 0.23(2) 0.111(9)  —0.04(1) 0.08(1) ~0.06(1)
F(28B) 4de 034  -0.4030(7) —0.144(2) 0.4295(5)  0.072(3) 0.22(2) 0.158(7) 0.001(5) 0.025(3) 0.028(9)
C(29)  de 0.1930(2)  -0.19002)  0.39135(9)  0.075(1) 0.061(1) 0.070(1) 0.01048)  0.000009)  0.0063(8)
C30)  de 0.1846(2)  -0.3265(2)  0.39854(8)  0.082(1) 0.063(1) 0.064(1) 0.0225(9)  0.012009)  0.0112(8)
C31)  de 0.1487(3)  -0.4024(2)  0.3569(1)  0.105(2) 0.066(1) 0.100(2) 0.006(1)  ~0.019(1) 0.003(1)
C(32)  de 0.1398(3)  -0.5265(3)  0.3625(2)  0.120(2) 0.070(2) 0.171(3) 0.006(1)  -0.0112)  -0.015(2)
C(33)  de 0.1638(6)  -0.57793)  0.4101(2)  0.274(6) 0.069(2) 0.171(4) 0.047(3) 0.079(4) 0.036(2)
C34)  de 0.2043(9)  -0.5061(4)  0.4517(2)  0.55(1) 0.104(3) 0.101(2) 0.130(5) 0.056(4) 0.048(2)
C(35)  de 0.2155(6) -0.3802(3)  0.4461(1)  0.383(7) 0.094(2) 0.068(2) 0.105(3)  ~0.009(3) 0.005(1)
0(100) e 0.0712(2)  0.6492(2)  0.02191(6)  0.139(2) 0.144(2) 0.0515(8) —0.055(1)  —0.0036(9)  -0.0017(9)
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Abstract

C1oH10C1CuNy, monoclinic, P121/nl (No. 14), a =3.7911(2) A,
b=85205(3)A, ¢ =16.9910(7) A, B =91.973(3)°, V= 548.5 A°,
Z =2, Ry(F) = 0.033, wRres(F*) = 0.086, T= 100 K.

Source of material

Crystals of the dichloro-bis(pyridine-N)-copper(Il) complex
were unexpectly formed during an experiment to synthesize
lanthanide-containing copper-metallacrowns [1]. Lysine
hydroxamic acid hydrochloride, L-LysHa - HCI (2 mmol) was
dissolved in 50 mL of water in presence of 2 mmol of Cu(OAc); -
H>0. The deep green solution turned blue after adding 0.4 mmol of
La(NO3)3 - 6H20. The solvent was partially removed under reduced
pressure and pyridine was added as a base. The solution was left to
evaporate at room temperature. X-ray diffraction indicated that no
crystals of a metallacrown were formed, but that the blue needle-like
crystals are of dichloro-bis(pyridine-N)-copper(Il).

Discussion

The crystal structure of this compound at room temperature was
described first by Kabalkina [2] and later by Morosin [3]. The unit
cell parameters at 100 K were refined on 3492 reflections and in-
dicate a decrease of the cell volume by 1.8% as compared to room
temperature [3]. The low temperature refinement resulted in a
more accurate determination of the crystallographic parameters
as illustrated for example by the lower Rg(F) value (0.033 com-
pared to 0.052 in [3]) and the lower e.s.d. values.

* Correspondence author
(e-mail: Luc.VanMeervelt@chem.kuleuven.ac.be)

The average e.s.d. on C—C and C-N bond lengths is 0.0035 A
and 0.0030 A, respectively (compared to 0.010 A and 0.008 A in
[3]), the e.s.d. on the Cu—Cl bond length is reduced from 0.002 A
in [3] to 0.0005 A in this refinement.

The point group of the complex is Cap, with a square planar coor-
dination geometry for Cu and the pyridine rings in trans position.
These ring makes an angle of 57.45(8)° with the Cu7—CI8 bond.
The packing is dominated by aromatic ring stacking interactions
(distance between stacking pyridine rings is 5.903 A).

Table 1. Data collection and handling.

Crystal: blue needles, size 0.10 x 0.10 x 0.30 mm
Wavelength: Cu Ky, radiation (1.54178 A)
: 70.01 cm™
Diffractometer, scan mode: Bruker SMART 6000 CCD, w/p
260max: 141.62°
N(hkl)measured, N(hkl)unique: 4612, 1042

Criterion for lobs, N(hkl)gt: Iobs > 2 0(Iobs), 1010

N(param)refined: 70

Programs: SHELXS-97 [4], SHELXL-97 [5],
PLATON [6]

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

Atom Site X y z Uiso

H(Q2) 4e 0.3644 0.0405 0.1689 0.013

H@3) 4e 0.3926 0.2302 0.2654 0.015
H4) 4e 0.5781 0.4830 0.2336 0.015
H(5) 4e 0.7179 0.5378 0.1039 0.016
H(6) 4e 0.6691 0.3418 0.0109 0.013
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui U Usj Upn Uiz U

N(1) de 0.5163(5) 0.1721(2) 0.0809(1) 0.014(1) 0.0042(9) 0.0083(9) 0.0010(7)  -0.0020(8) 0.0008(7)
C(2) de 0.4350(6) 0.1415(3) 0.1559(1) 0.014(1) 0.007(1) 0.010(1) -0.0009(8)  —0.0016(9) 0.0000(8)
C(3) de 0.4526(7) 0.2546(3) 0.2142(1) 0.015(1) 0.013(1) 0.009(1) 0.0001(9) 0.0012(9)  —0.0030(9)
C4) de 0.5614(7) 0.4053(3) 0.1952(2) 0.014(1) 0.010(1) 0.013(1) 0.0016(9) -0.0015(9)  —0.0065(9)
C(5) de 0.6446(7) 0.4379(3) 0.1181(2) 0.016(1) 0.004(1) 0.019(1) -0.0004(9)  -0.0003(9) -0.0012(9)
C(6) de 0.6166(6) 0.3192(3) 0.0627(1) 0.015(1) 0.006(1) 0.012(1) 0.0004(9) 0.0001(9) 0.0024(9)
Cu(7) 2b 172 0 0 0.0166(3) 0.0022(3) 0.0061(3) 0.0020(2)  -0.0032(2)  -0.0020(2)
CI(8) de 0.1081(1) 0.14445(6) -0.07764(3)  0.0147(3) 0.0040(3) 0.0086(3) 0.0004(2)  -0.0023(2) 0.0005(2)
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Abstract

Ca5HsoNsTa, monoclinic, P121/c1 (No. 14), a = 15.3542(9) A,
b=9.9150(6) A, c = 18.141(1) A, f = 108.109(1)°, V =2624.9 A>,
Z =4, R(F) = 0.053, wRees(F*) = 0.142, T = 100 K.

Source of material

Pentakispiperidyltantal(V) was obtained by reacting tantal
pentachloride with lithiated piperidine in hexane [1]. Transparent
red crystals were grown from hexane solution at 278 K. The com-
pound is sensitive to air and moisture, so that it is to be handled
under dry and oxygen-free argon.

Experimental details
All non-hydrogen atoms were refined anisotropically, hydrogen
atoms were calculated isotropically with fixed positions.

Discussion

The coordination sphere of tantalum in Ta(NCsHjo)s is square
pyramidal as it has been observed in Ta[N(CH3)2]s [2] and
Nb(NCsHjo)s [3,4], the shortest distances are d(Ta—N1) =
197.5(4) pm, d(Ta—N2-5) in the range from 202.3(5) pm to
203.8(5) pm. The piperidine rings are in the common armchair
conformation. Because of nitrogen-tantalum backbond interac-
tions the nitrogen seeks for a trigonal planar coordination. Bond
lengths are in good agreement with literature values [2,4].

* Correspondence author (e-mail: m.jansen @fkf.mpg.de)

Table 1. Data collection and handling.

Crystal:

Wavelength:

Diffractometer, scan mode:

260 max:

N(hkl)measureds N(hkl)unique:
Criterion for lobs, N(hkl)g:

N(param)refined:

Programs:

red transparent block,
size 0.1 x 0.2 x 0.4 mm
Mo K, radiation (0.71073 A)
42.08 cm™!
Smart APEX (Bruker AXS), o
70.42°
40945, 11119
Lobs > 2 0(lobs), 9332

SHELXS-97 [5], SHELXL-97 [6],
DIAMOND [7]

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

Atom Site X y b4 Uiso

H(11A) 4e 0.8262 0.7485 -0.1002 0.156
H(11B) 4e 0.7620 0.6803 -0.0579 0.156
H(12A) 4e 0.9120 0.6363 0.0529 0.110
H(12B) 4e 0.8940 0.5392 -0.0198 0.110
H(13A) 4e 0.9609 0.7298 -0.0772 0.156
H(13B) 4e 1.0335 0.6428 -0.0130 0.156
H(14A) de 1.0487 0.8556 0.0469 0.201
H(14B) 4e 0.9804 0.7805 0.0825 0.201
H(15A) 4e 0.9152 1.0048 0.0192 0.078
H(15B) 4e 0.9063 0.9357 -0.0616 0.078
HQ21A) 4e 0.6873 1.2249 0.0589 0.113
HQ21B) 4e 0.6108 1.2444 -0.0208 0.113
H(22A) 4e 0.7045 1.4346 0.0023 0.127
H(22B) 4e 0.7923 1.3452 0.0151 0.127
H(23A) 4e 0.7561 1.4328 -0.1064 0.129
H(23B) 4e 0.6542 1.3836 -0.1262 0.129
H(24A) 4e 0.7302 1.2318 -0.1829 0.075
H(24B) 4e 0.8081 1.2111 -0.1036 0.075
H(25A) 4e 0.6233 1.1298 -0.1327 0.097
H(25B) 4e 0.7048 1.0298 -0.1243 0.097
HGB1A) 4e 0.5346 1.0244 -0.0748 0.033
H@B31B) 4e 0.4779 0.8979 -0.0651 0.033
H(32A) 4e 0.4362 0.9532 -0.1970 0.034
H@32B) 4e 0.5388 0.9461 -0.1957 0.034
H(33A) 4e 0.4704 0.7465 —0.2488 0.068
H@B33B) 4e 0.4319 0.7230 -0.1790 0.068
H(34A) 4e 0.6199 0.7160 -0.1680 0.106
H@34B) 4e 0.5621 0.5897 -0.1594 0.106
H(35A) 4e 0.5437 0.6838 -0.0447 0.096
H@35B) 4e 0.6481 0.6627 -0.0349 0.096
H(41A) 4e 0.5690 0.7792 0.0732 0.078
H(41B) 4e 0.6125 0.7909 0.1635 0.078
H(42A) 4e 0.5560 0.5713 0.1364 0.096
H(42B) 4e 0.6086 0.5513 0.0757 0.096
H(43A) 4e 0.6911 0.5658 0.2383 0.142
H(43B) 4e 0.6905 0.4382 0.1868 0.142
H(44A) 4e 0.7854 0.5414 0.1292 0.144
H(44B) 4e 0.8311 0.5508 0.2194 0.144
H(45A) 4e 0.7828 0.7747 0.2191 0.164
H(45B) 4e 0.8402 0.7609 0.1615 0.164
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Table 2. Continued. Table 2. Continued.

Atom Site X y z Usso Atom Site X y z Uiso
H(51A)  4e 0.7398 0.9827 0.2066 0.072 H(53B) 4e 0.9232 1.2223 0.2714 0.204
H(51B)  4e 0.7594 1.1374 0.2045 0.072 H(54A) 4e 0.9805 1.0194 0.1838 0.298
H(52A) 4e 0.8560 1.0468 0.3190 0.074 H(54B) 4e 1.0045 1.1733 0.1818 0.298
H(52B) 4e 0.8940 0.9410 0.2723 0.074 H(55A) 4de 0.8425 1.2231 0.1294 0.236
H(53A) 4e 0.9996 1.1145 0.3086 0.204 H(55B) 4e 0.833 1.1310 0.0725 0.236
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z U U Us3 U Uis Uas
Ta(l) 4e 0.72872(1)  0.92399(2)  0.032239(9) 0.01708(8)  0.01652(8)  0.01783(8)  0.00133(5)  0.00358(5) -0.00361(5)
N(1) 4e 0.8256(3) 0.8438(5)  -0.0041(3) 0.029(2) 0.042(3) 0.029(2) 0.013(2) 0.009(2) —-0.006(2)
N(2) 4e 0.7016(3) 1.1046(4)  -0.0235(3) 0.020(2) 0.014(2) 0.056(3) —-0.000(1) -0.006(2) -0.001(2)
N(3) 4e 0.6105(3) 0.8576(4)  —0.0462(2) 0.037(2) 0.014(2) 0.021(2) —0.004(1) -0.009(2) 0.002(1)
N(4) 4e 0.7059(4) 0.7873(5) 0.1074(3) 0.052(3) 0.028(2) 0.025(2) -0.018(2) -0.016(2) 0.011(2)
N(5) 4e 0.7998(5) 1.0320(7) 0.1275(3) 0.090(5) 0.065(4) 0.025(2) -0.056(4) 0.028(3) -0.023(2)
C(11) 4e 0.8201(6) 0.726(1) —-0.0500(8) 0.044(5) 0.15(1) 0.20(2) -0.030(6) 0.042(7) —0.14(1)
C(12) 4e 0.9026(7) 0.6322(9)  —0.0025(8) 0.117(9) 0.038(4) 0.16(1) 0.033(5) 0.106(9) 0.029(6)
C(13) 4e 0.9791(8) 0.699(1) -0.024(1) 0.107(9) 0.058(6) 0.29(2) 0.041(6) 0.15(1) 0.034(9)
C(14) 4e 0.9888(7) 0.814(2) 0.0349(7) 0.051(6) 0.38(3) 0.061(6) 0.10(1) 0.008(5) 0.00(1)
C(15) 4e 0.9083(7) 0.9196(9)  —0.0083(7) 0.059(5) 0.053(5) 0.082(7) 0.003(4) 0.021(5) 0.005(4)
C(21) 4e 0.6760(7) 1.2305(6) 0.0034(9) 0.070(5) 0.014(2) 0.24(2) -0.003(3) 0.105(8) —-0.007(5)
C(22) 4e 0.7278(8) 1.3528(7)  -0.014(1) 0.115(8) 0.015(3) 0.25(2) -0.017(4) 0.14(1) -0.021(5)
C(23) 4e 0.7172(5) 1.3615(7)  -0.098(1) 0.032(3) 0.026(3) 0.26(2) 0.004(3) 0.042(6) 0.051(6)
C(24) 4e 0.7431(6) 1.2280(7)  -0.1271(5) 0.066(5) 0.035(3) 0.054(4) -0.024(3) -0.029(4) 0.022(3)
C(25) 4e 0.6878(7) 1.1148(8)  -0.1060(5) 0.090(6) 0.043(4) 0.056(4) -0.043(4) -0.053(4) 0.034(3)
C@31) 4e 0.5258(3) 0.9287(5)  —0.0857(3) 0.021(2) 0.035(2) 0.022(2) -0.007(2) -0.001(2) 0.002(2)
C(32) 4e 0.4941(4) 0.9074(5)  -0.1740(3) 0.028(2) 0.027(2) 0.021(2) -0.005(2) -0.004(2) 0.002(2)
C(33) de 0.4830(6) 0.7592(7)  -0.1934(4) 0.075(5) 0.030(3) 0.036(3) -0.008(3) -0.027(3) -0.004(2)
C(34) 4e 0.5701(8) 0.6859(8)  —0.1498(5) 0.113(8) 0.032(3) 0.065(5) 0.025(4) -0.051(5) -0.029(3)
C(35) 4e 0.5938(8) 0.7135(6)  —0.0627(5) 0.116(7) 0.015(2) 0.053(4) -0.009(3) —0.054(5) 0.004(2)
C41) 4e 0.6188(8) 0.7480(7) 0.1173(5) 0.127(8) 0.031(3) 0.068(5) -0.025(4) 0.075(6) -0.012(3)
C(42) 4e 0.6119(9) 0.5931(8) 0.1248(8) 0.126(9) 0.035(4) 0.121(9) -0.028(5) 0.099(9) -0.012(4)
C(43) 4e 0.693(1) 0.5360(9) 0.1880(6) 0.28(2) 0.032(4) 0.043(4) -0.023(7) 0.055(8) 0.011(3)
C(44) de 0.780(1) 0.5814(8) 0.1763(7) 0.16(1) 0.036(4) 0.084(7) -0.041(5) —0.083(8) 0.036(4)
C(45) 4e 0.783(1) 0.7349(9) 0.1704(7) 0.18(1) 0.039(4) 0.092(7) —-0.044(6) —0.108(8) 0.037(5)
C(51) 4e 0.78438(8) 1.0485(7) 0.2023(4) 0.129(8) 0.029(3) 0.028(3) 0.012(4) 0.033(4) -0.004(2)
C(52) 4e 0.8708(7) 1.0322(9) 0.2713(4) 0.109(7) 0.057(4) 0.026(3) -0.029(5) 0.030(4) -0.016(3)
C(53) 4e 0.943(1) 1.131(2) 0.2669(5) 0.26(2) 0.20(2) 0.023(3) -0.20(2) 0.009(7) -0.015(6)
C(54) 4e 0.959(1) 1.110(3) 0.1876(5) 0.22(2) 0.48(4) 0.024(4) -0.30(2) 0.009(7) -0.015(9)
C(55) de 0.866(1) 1.134(2) 0.1230(5) 0.26(2) 0.28(2) 0.022(3) -0.25(2) 0.011(7) —-0.005(7)
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Abstract

C12H32N4Si, monoclinic, C121 (No. 5), a = 19.041(4) A,
b=5211(1) A, c=9.187(2) A, B = 111.60(2)°, V = 847.6 A>,
Z=2, Ry(F) = 0.051, wReef( F*) = 0.061, T = 293 K.

Source of material

The silazane Si(NHC3H7)s was received as the major product
from the reaction of SiCls with HoNC3H7 in hexane, analogue to
the synthesis of tetrakis(methylamino)silane [1]. Transparent
colourless crystals were obtained by crystallization from
diethylether at 243 K. The compound was handled under dry and
oxygen free argon as it is sensitive to air and moisture.

Experimental details

All non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were found also from difference Fourier map, and refined
isotropically. The absolute configuration in respect to the polarity
of the space group was proven by changing the sign of the ikl in-
dices. The wR( F’ ) values for the possible orientations were
0.0607 and 0.0612 respectively. The first one represents the abso-
lute structure of the crystal studied. The corresponding Flack pa-
rameter is 0.1(2).

* Correspondence author (e-mail: m.jansen @fkf.mpg.de)

Discussion

The central silicon atom in Si(NHC3H7)4 resides on a twofold
crystallographic axis and is coordinated in a distorted tetrahedral
way by four nitrogen atoms. The nitrogen coordination sphere is
trigonal planar because of nitrogen-silicon backbond interac-
tions, d(Si—N2) = 170.3(2) pm.

Table 1. Data collection and handling.

Crystal: colourless plate, size 0.03 x 0.4 x 0.5 mm
Wavelength: Mo Ky, radiation (0.71073 A)
: 1.29 cm™
Diffractometer, scan mode: Stoe Stadi4 CCD, w
260 max: 52.12°
N(hkl)measured, N(hkl)uniquei 7154, 1676

Criterion for Iobs, N(hkl)g: Iobs > 2 0(Iobs), 1175

N(param)refined: 142

Programs: SHELXS-97 [2], SHELXL-97 [3],
DIAMOND [4]

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

Atom Site X y z Uiso
H(1) 4e —-0.025(1) 0.844(5) 0.613(3) 0.023(7)
H(2) 4e 0.071(1) 0.145(4) 0.602(2) 0.011(6)
H®3) 4e 0.076(1) 0.500(5) 0.826(2) 0.028(6)
H4) 4e -0.138(1) 0.465(5) 0.543(2) 0.037(7)
H(5A)  4de —-0.190(2) 0.906(6) 0.442(4) 0.06(1)
H(5B)  de -0.219(2) 0.844(6) 0.582(3) 0.09(1)
H(5C)  4e —-0.145(2) 1.026(8) 0.625(4) 0.11(2)
H(6A)  4de 0.123(2)  -0.041(7) 0.858(4) 0.10(1)
H(6B)  4e 0.1312)  0.155(6)  1.028(4)  0.12(2)
H(6C)  4e 0.050(2) 0.093(6) 0.908(3) 0.07(1)
H(7A)  4de 0.187(2)  0.551(9)  0.746(5)  0.13(2)
H(7B)  4e 0.210(2) 0.454(7) 0.936(4) 0.12(1)
H(7C)  4e 0.203(2) 0.262(8) 0.786(4) 0.10(1)
H(8A) 4e -0.066(2) 0.744(7) 0.842(4) 0.10(1)
H(8B) 4e -0.138(2) 0.512(7) 0.793(4) 0.09(1)
H(C)  4e -0.058(3) 0.43(1) 0.808(5) 0.15(2)
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Un U Us3 Uiz Uiz 5]
Si(1) 2b 0 0.4970(2) 172 0.0322(7) 0.0344(8) 0.0344(7) 0 0.0112(6) 0

N(1) 4e -0.0502(1) 0.7053(4) 0.5683(3) 0.037(2) 0.033(2) 0.055(2) -0.003(1) 0.026(1) -0.007(1)
N(2) 4e 0.0551(1) 0.2895(4) 0.6382(3) 0.043(2) 0.032(2) 0.034(2) 0.006(1) 0.008(1) -0.001(1)
C(3) 4e 0.1009(2) 0.3476(5) 0.8010(4) 0.053(2) 0.033(2) 0.043(2) 0.005(2) 0.012(2) -0.003(2)
C4) 4e -0.1164(2) 0.6448(5) 0.6058(4) 0.047(2) 0.035(2) 0.062(3) -0.004(2) 0.026(2) -0.001(2)
C(5) 4e -0.1722(2) 0.8637(8) 0.5573(7) 0.054(3) 0.061(3) 0.120(5) 0.018(2) 0.047(3) 0.015(3)
C(6) 4e 0.1001(3) 0.1231(7) 0.9053(5) 0.101(4) 0.063(3) 0.044(3) 0.002(2) 0.021(3) 0.009(2)
C(7) 4e 0.1813(2) 0.418(1) 0.8226(6) 0.053(3) 0.101(4) 0.072(4) -0.015(2) 0.000(2) 0.000(3)
C(8) 4e —0.0957(3) 0.581(1) 0.7773(6) 0.091(4) 0.106(5) 0.084(4) 0.005(3) 0.056(3) 0.022(3)
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Abstract

C33H240, monoclinic, P121/n1 (No. 14), a = 10.737(2) A,
b =16.963(3) A c= 15.246(3) A, B =109.30(3)°,
V=2620.8 AS, Z =4, Ry(F)=0.088, WRref(Fz) =0.252,
T=293 K.

Source of material
Crystallization of 2,2°-bis(9-hydroxy-9-fluorenyl)biphenyl
(BHFB) from solution in acetone at 330 K yielded together with
single crystals of interest a relatively small amount of crystals of
the title compound.

Experimental details

The single crystal chosen for data collection was the largest
among other several crystals of the title compound, but its quality
was poor. This explains the low quality of the experimental data
(low ratio N(hkl)ops/N(param)yefinea = 4) and the relatively high
R-values.

Discussion

In the parent compound 2,2'-bis(9-hydroxy-9-fluorenyl)bi-
phenyl, the two hydroxyls are involved in intramolecular
H-bonding that facilitated etherification reaction between these

* Correspondence author
(e-mail: Edwin.Weber @chemie.tu-freiberg.de)

groups with closing of the seven membered ring. The fluorenyl
fragments of the title compound are planar while the central
heterocycle is in boat conformation.

Table 1. Data collection and handling.

Crystal: colourless prism,
size 0.05 x 0.20 x 0.20 mm
Wavelength: Cu K, radiation (1.54178 A)
: 5.70 cm™!
Diffractometer, scan mode: Enraf-Nonius CAD-4, w/260
260 max: 129.92°
N(hkl)measureds N(hkl)uniquei 4683, 4441

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 1399
N(param)refined: 352
Programs: SHELXS-97 [1], SHELXL-97 [2]

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

Atom Site X y 4 Uiso
H(15A) 4e -0.1718 0.5898 0.5352 0.08
H(18A) 4e -0.2269 0.6327 0.2234 0.08
H(24A) 4e 0.1971 0.8433 0.3453 0.08
H(12A) 4e 0.0810 0.5710 0.6196 0.08
H(21A) 4e -0.2411 0.7633 0.2156 0.08
H(37A) 4e 0.1976 0.8804 0.5329 0.08
H(28A) 4e 0.0756 0.5817 0.3551 0.08
HBA) 4e -0.1021 0.8543 0.4102 0.08
H(16A) 4e -0.3144 0.5100 0.4212 0.08
H(17A) 4e -0.3341 0.5262 0.2663 0.08
H(29A) 4e 0.2143 0.4847 0.3273 0.08
H(35A) 4e 0.5910 0.8865 0.6019 0.08
H(22A) 4e -0.1615 0.8624 0.1446 0.08
HOA) 4e —0.0495 0.7549 0.8037 0.08
H(4A)  4e -0.1812 0.9704 0.4548 0.08
H(11A) 4e 0.0991 0.5400 0.7741 0.08
H(23A) 4e 0.0601 0.9048 0.2099 0.08
HGA)  4e -0.1621 0.9920 0.6084 0.08
H(36A) 4e 0.4002 0.9432 0.6042 0.08
H(30A) 4e 0.4379 0.5035 0.3766 0.08
H(6A)  4e -0.1109 0.8857 0.7129 0.08
H(34A) 4e 0.5942 0.7546 0.5461 0.08
H(10A) 4e 0.0444 0.6339 0.8682 0.08
H@B1A) 4e 0.5470 0.6173 0.4403 0.05
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Uil U U3z U U3 U3
o(1) 4e 0.1094(4) 0.7067(3) 0.5207(3) 0.038(3) 0.074(4) 0.034(3) 0.009(3) 0.010(2) 0.011(3)
C(2) 4e -0.0697(6) 0.7969(4) 0.5339(5) 0.032(4) 0.040(5) 0.043(4) 0.005(4) 0.005(4) -0.007(4)
C(20) 4e -0.0691(7) 0.7401(4) 0.3199(5) 0.054(5) 0.047(5) 0.034(4) 0.006(4) 0.012(4) 0.001(4)
C(27) 4e 0.2246(7) 0.6586(4) 0.4212(4) 0.049(5) 0.032(4) 0.036(4) 0.018(4) 0.014(4) 0.011(3)
C(13) 4e —-0.0025(6) 0.6795(4) 0.6211(4) 0.030(4) 0.061(5) 0.033(4) -0.003(4) 0.010(3) 0.000(4)
C(38) 4e 0.2765(7) 0.7824(4) 0.4947(5) 0.050(5) 0.041(5) 0.046(5) 0.001(4) 0.017(4) -0.004(4)
C(14) 4e -0.1169(6) 0.6616(4) 0.4472(4) 0.034(4) 0.047(5) 0.032(4) 0.006(4) 0.006(3) -0.005(4)
C(25) 4e 0.0602(7) 0.7676(4) 0.3616(5) 0.050(5) 0.036(5) 0.041(4) -0.003(4) 0.011(4) 0.001(4)
C(15) 4e —0.1856(7) 0.6007(4) 0.4709(5) 0.047(5) 0.055(5) 0.064(6) -0.003(4) 0.021(5) 0.003(5)
C(19) 4e -0.1312(7) 0.6757(4) 0.3540(5) 0.046(5) 0.045(5) 0.046(5) 0.006(4) 0.012(4) -0.007(4)
C(1) 4e -0.0229(7) 0.7117(4) 0.5241(5) 0.044(4) 0.039(4) 0.037(4) -0.001(4) 0.017(3) -0.009(4)
C(18) 4e -0.2147(7) 0.6236(5) 0.2878(5) 0.053(5) 0.062(6) 0.048(5) 0.002(5) 0.005(4) -0.009(4)
C(24) 4e 0.1067(8) 0.8272(4) 0.3190(5) 0.065(6) 0.057(6) 0.053(5) -0.005(5) 0.002(4) 0.012(4)
C(12) 4e 0.0498(7) 0.6068(5) 0.6564(5) 0.069(6) 0.061(6) 0.044(5) 0.012(5) 0.021(4) 0.003(4)
C(21) 4e —0.1499(8) 0.7786(5) 0.2388(5) 0.061(5) 0.063(6) 0.046(5) 0.001(5) 0.000(4) 0.005(4)
C(26) 4e 0.1582(7) 0.7301(4) 0.4472(5) 0.049(5) 0.052(5) 0.032(4) 0.005(4) 0.017(4) 0.002(4)
C(8) 4e —-0.0332(7) 0.7357(5) 0.6766(5) 0.051(5) 0.073(6) 0.036(4) -0.003(5) 0.015(4) -0.013(4)
C(@(37) 4e 0.2780(8) 0.8550(5) 0.5341(5) 0.065(6) 0.059(6) 0.059(5) -0.001(5) 0.016(5) -0.014(5)
C(33) 4e 0.3922(7) 0.7467(5) 0.4965(5) 0.039(5) 0.066(6) 0.044(5) 0.001(5) 0.011(4) 0.002(4)
C(7) 4e -0.0756(7) 0.8084(5) 0.6234(5) 0.057(5) 0.062(6) 0.044(5) 0.005(5) 0.009(4) -0.011(4)
C(28) 4e 0.1691(8) 0.5905(4) 0.3740(5) 0.073(6) 0.049(5) 0.046(5) 0.000(5) 0.021(5) -0.001(4)
C(3) 4e —0.1085(8) 0.8587(5) 0.4713(5) 0.069(6) 0.053(6) 0.055(5) 0.011(5) 0.008(5) —0.004(5)
C@31) 4e 0.4429(8) 0.6119(6) 0.4378(6) 0.051(6) 0.081(7) 0.075(6) 0.024(5) 0.029(5) 0.002(5)
C(32) 4e 0.3605(7) 0.6692(5) 0.4508(5) 0.046(5) 0.058(5) 0.047(5) 0.012(5) 0.026(4) 0.010(4)
C(16) 4e —0.2648(7) 0.5509(5) 0.4043(6) 0.046(5) 0.058(6) 0.072(6) -0.004(4) 0.016(5) -0.011(5)
C(17) 4e -0.2812(7) 0.5626(5) 0.3117(6) 0.052(6) 0.067(6) 0.063(6) -0.014(5) —-0.004(5) -0.025(5)
C(29) 4e 0.250(1) 0.5325(5) 0.3594(5) 0.087(7) 0.048(6) 0.066(6) 0.001(5) 0.033(5) —0.009(5)
C(35) 4e 0.511(1) 0.8564(6) 0.5774(6) 0.051(7) 0.113(9) 0.101(8) -0.033(7) 0.021(6) -0.031(7)
C(22) 4e —0.104(1) 0.8381(5) 0.2001(6) 0.109(9) 0.061(6) 0.050(5) —-0.004(6) 0.001(6) 0.007(5)
C(9) 4e -0.0158(9) 0.7178(6) 0.7695(6) 0.104(8) 0.095(8) 0.053(6) 0.021(7) 0.043(6) —-0.003(5)
C(4) 4e -0.1411(8) 0.9304(5) 0.4999(6) 0.088(7) 0.047(6) 0.069(6) 0.023(5) 0.001(5) -0.011(5)
C(11) 4e 0.0671(9) 0.5909(5) 0.7492(6) 0.105(8) 0.077(7) 0.053(6) 0.001(6) 0.028(6) 0.012(5)
C(23) 4e 0.024(1) 0.8636(5) 0.2374(6) 0.118(9) 0.053(6) 0.061(6) -0.007(6) 0.019(6) 0.021(5)
C(5) 4e -0.1451(9) 0.9407(5) 0.5883(7) 0.101(8) 0.052(6) 0.092(8) 0.013(6) 0.015(7) —-0.029(6)
C(36) 4e 0.397(1) 0.8919(6) 0.5769(6) 0.080(8) 0.097(8) 0.089(8) -0.037(7) 0.023(6) -0.032(6)
C(30) 4e 0.385(1) 0.5439(5) 0.3906(6) 0.097(8) 0.056(6) 0.086(7) 0.021(6) 0.049(6) -0.010(5)
C(6) 4e -0.1121(9) 0.8793(5) 0.6500(6) 0.106(8) 0.068(6) 0.060(6) 0.009(6) 0.020(6) —-0.028(5)
C(34) 4e 0.5143(8) 0.7833(6) 0.5387(6) 0.041(5) 0.098(8) 0.067(6) -0.001(6) 0.003(5) —0.004(6)
C(10) 4e 0.034(1) 0.6456(6) 0.8045(6) 0.125(9) 0.105(9) 0.045(6) 0.005(7) 0.037(6) 0.012(6)
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Ni(C11H2:NS»)»
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Abstract

C22H44NoNiS4, monoclinic, P121/n1 (No. 14), a = 10.402(2) A,
b=13261(3)A, c=10.701(2) A, B = 114.79(3)°, V = 1340.1 A>,
Z =2, Ry(F) = 0.049, wRret(F*) = 0.118, T = 120 K.

Source of material
The title compound, a known species [1], was isolated as a green
blocks by the slow evaporation of an n-hexane solution.

Discussion

From the figure, it is apparent that the central atom is four-
coordinated. The NiS4 chromophore is essentially planar and de-
viation of carbon atom from dithiocarbamate group plane is about
0.07 A [2]. The Ni—S distances are 2.190(1) A and 2.179(1) A;
the bond lengths of S1—C1 and S2—C1 are 1.700(4) A and
1.705(4) A, respectively. The N1—C1 distance is very short
(1.315 A) which is well known for the dithiocarbamate com-
plexes [3]. The best convergence was reached for two positions
for C11 to C14 atoms with occupating factors 0.5.

* Correspondence author (e-mail: kamen@risc.upol.cz)

Palacky University, Department of Inorganic and Physical Chemistry, Kiizkovského 10, 771 47 Olomouc, Czech Republic
I Masaryk University, Department of Inorganic Chemistry, Kotlafskd 10, 611 37 Brno, Czech Republic

Table 1. Data collection and handling.

Crystal:

Wavelength:

u:

Diffractometer, scan mode:

260 max:

N(hkl)measured, N(hkl)uniqu63
Criterion for Iobs, N(hkl)g::
N(param)refined:

Programs:

dark green prism, size 0.35 x 0.35 x 0.25 mm

Mo K, radiation (0.71073 A)
10.47 cm™

KUMA KM-4, w

57.02°

10565, 3120

Iobs > 2 0(Iobs), 2199

169

PARST 95 [2], SHELXS-97 [4],
SHELXL-97 [5]

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

Atom Site Occ.  x v Z Uiso

H(10B) 4e 0.6094 0.1738 0.4050 0.050
H(10A) 4e 0.7829 0.2365 0.4811 0.050
H(11C) 4e 0.50 0.6703 0.3770 0.3287 0.050
H(11B) 4e 0.50 0.7167 0.3650 0.3861 0.050
H(11A) 4e 0.50 0.5175 0.3065 0.2384 0.050
H(11D) 4e 0.50 0.6242 0.3668 0.2799 0.050
H(12D) 4e 0.50 0.6478 0.3632 0.5155 0.050
H(12A) 4e 0.50 0.5665 0.3223 0.4991 0.050
H(12C) 4e 0.50 0.5141 0.4403 0.2858 0.050
H(12B) 4e 0.50 0.4719 0.2861 0.3113 0.050
H(13D) 4e 0.50 0.2979 0.3851 0.3261 0.050
H(13C) 4e 0.50 0.3741 0.2443 0.3331 0.050
H(13A) 4e 0.50 0.4960 0.4937 0.3491 0.050
H(13B) 4e 0.50 0.4422 0.3343 0.4513 0.050
H(14A) 4e 0.50 0.4170 0.4094 0.3281 0.050
H(14B) 4e 0.50 0.2623 0.4124 0.1988 0.050
H(14E) 4e 0.50 0.1987 0.3593 0.1328 0.050
H(14C) 4e 0.50 0.2559 0.4710 0.2732 0.050
H(14D) 4e 0.50 0.3393 0.3666 0.2359 0.050
H(14F) 4e 0.50 0.1449 0.3475 0.2825 0.050
H(I5B) 4e 0.9060 0.2762 0.3570 0.046
H(15A) 4e 0.8764 0.2098 0.2257 0.044
H(16B) 4e 0.9874 0.1374 0.5052 0.040
H(16A) 4e 0.9492 0.0684 0.3614 0.049
H(17B) 4e 1.1616 0.2272 0.4583 0.047
H(17A) 4e 1.1241 0.1512 0.3230 0.060
H(I8B) 4e 1.2428 0.0926 0.6104 0.046
H(18A) 4e 1.1964 0.0032 0.4640 0.090
H(19C) 4e 1.4249 0.1640 0.5707 0.080
H(19B) 4e 1.3832 0.0966 0.4182 0.090
H(19A) 4e 1.4595 0.0454 0.5808 0.130
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site Occ. x y z Ui U Usj U2 Uiz U

Ni(1) 2b 172 0 0 0.0531(4) 0.0207(3) 0.0302(3) -0.0019(2) -0.0101(2)  -0.0002(2)
S(1) de 0.48692(9)  0.09220(6)  0.16405(9)  0.0483(5) 0.0439(5) 0.0435(5) 0.0003(4) -0.0115(4) -0.0137(4)
S(2) de 0.7045(1) 0.07592(6)  0.07825(8)  0.0608(5) 0.0303(4) 0.0334(4)  -0.0071(3)  -0.0032(4) -0.0021(3)
N(1) de 0.7343(3) 0.1876(2) 0.2979(3) 0.048(2) 0.024(1) 0.039(1) 0.006(1) —-0.009(1) —-0.006(1)
C(1) de 0.6544(3) 0.1286(2) 0.1962(3) 0.051(2) 0.021(1) 0.038(2) 0.003(1) -0.009(1) 0.002(1)
C(10) de 0.6883(3) 0.2242(3) 0.4006(4) 0.034(2) 0.048(2) 0.064(2) 0.010(2) -0.013(2) -0.028(2)

C(11) 4e 050 0.6396(8) 0.3263(5) 0.4172(9) 0.045(4) 0.044(4) 0.045(4) -0.004(3) 0.010(4) -0.001(4)
C(11A) 4e 0.50 0.6066(6) 0.3240(4) 0.3317(7) 0.028(3) 0.028(3) 0.026(3) 0.008(2) 0.017(3) 0.008(2)
C(12) 4e 050 0.5597(7) 0.3669(5) 0.4406(6) 0.055(4) 0.045(3) 0.039(3) 0.027(3) 0.035(3) 0.010(3)
C(12A) 4e 0.50 0.5016(7) 0.3562(6) 0.3078(7) 0.047(4) 0.049(4) 0.062(5) 0.001(3) 0.025(4) 0.005(3)
C(13) 4e 050 0.3772(8) 0.3265(6) 0.3434(7) 0.054(4) 0.053(4) 0.049(4) 0.007(3) 0.016(3) 0.007(3)
C(13A) 4e 0.50 0.4517(9) 0.4486(6) 0.3915(9) 0.069(5) 0.047(4) 0.103(7) 0.028(4) 0.062(5) 0.030(4)
C(14) 4e 050 0.245(1) 0.3735(7) 0.248(1) 0.064(6) 0.061(6) 0.049(5) 0.013(4) 0.005(4) -0.006(4)

C(14A) 4e 0.50 0.310(1) 0.4165(8) 0.289(1) 0.11(1) 0.053(6) 0.095(9) 0.027(6) 0.061(8) 0.022(6)
C(15) 4e 0.8785(3) 0.2106(2) 0.3182(3) 0.054(2) 0.022(1) 0.039(2) —0.005(1) —0.003(1) -0.003(1)
C(16) 4e 0.9830(3) 0.1346(2) 0.4104(3) 0.041(2) 0.027(1) 0.030(1) 0.000(1) 0.009(1) -0.001(1)
C(17) 4e 1.1298(3) 0.1534(2) 0.4214(3) 0.053(2) 0.030(2) 0.042(2) —-0.010(1) 0.024(2) -0.006(1)
C(18) 4e 1.2381(3) 0.0829(2) 0.5199(4) 0.041(2) 0.042(2) 0.071(2) —0.001(1) 0.031(2) -0.001(2)
C(19) 4e 1.3848(4) 0.1014(3) 0.5291(5) 0.056(2) 0.062(2) 0.127(4) -0.010(2) 0.060(3) -0.020(3)
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Abstract

C10H11ClIsN2Re, monoclinic, P12/m1 (No. 11), a =7.193(1) A
b=6.991(1) A, ¢ =15.142(3) A, f = 103.14(3)°, V = 741.5 A®,
Z =2, Ry(F) = 0.041, wRre(F*) = 0.092, T= 100 K.

Source of material

The title compound has been obtained by heating (pyH)ReClg
with water free pyridine in the glass tubes. The (pyH)2ReClg was
obtained in a reaction of (NH)2ReClg [1] with pyridine hydro-
chloride in HCI solution. The mixture was sealed in 15 cm® glass
tubes. The filling of the solution was about 30% of the glass tubes.
The glass tubes were subsequently heated at 453 K for 14 hours.
After the completion of the reaction the container was left over-
night for slow crystallization. The crystals were washed with
methanol and ethyl ether and dried at the temperature 373 K. All
starting materials were used without further purification. The
crystals were plate-shaped and yellow in color.

* e-mail: andrzej@wchuwr.chem.uni.wroc.pl

Discussion

Transition metal complexes with aromatic amines ligands have
been discussed in recent reviews [2-4]. Rhenium(IV) complexes
with aromatic amine in the coordination sphere indicate antiferro-
magentic interactions [5].

The title compound has slightly distorted octahedral environment
around the Re atom. The bonds lengths are d(Re—N)=2.17(1) A,
d(Re—Cl1) = 2.352(3) A, d(Re—Cl2) = 2.355(3) A and
d(Re—CI13)=2.357(4) A. The plane of pyridine ring intersects the
plane formed by the Re and four chlorine atoms. In the 010 direc-
tion the orientation of the molecules shows a pseudo layered
structure. The ReCls'~ moieties alternate with pyridine situated in
the layers.

Table 1. Data collection and handling.

Crystal:
Wavelength:

yellow plate, size 0.05 x 0.1 x 0.1 mm
Mo K, radiation (0.71073 A)

: 9.077 cm™

Diffractometer, scan mode: Kuma KM4CCD, w

260max: 52°

N(hkl)measured, N(hkl)uniquc: 7706, 1586

Criterion for lobs, N(hkl)g: Iobs > 2 0(Iobs), 1564

N(param)refined: 104

Program: SHELX-97 [6]

Table 2. Atomic coordinates and displacement parameters (in A%,

Atom Site X y z Uiso

H(1) 2e 0.1473 1/4 0.4861 0.029
HQ2) 2e 0.3748 1/4 0.6187 0.024
H®3) 2e 0.7021 1/4 0.6165 0.023
H4) 2e 0.7791 1/4 0.4740 0.028
H(5) 2e 0.5433 1/4 0.3432 0.026
HQRA) 2e 0.0811 1/4 0.7944 0.050
H(13) 2e 0.4718 1/4 1.0685 0.083
H(11) 2e -0.0447 1/4 09115 0.041
H(12) 2e 0.1489 1/4 1.0542 0.033
H(14) 2e 0.6067 1/4 0.9421 0.103
H(15) 2e 0.3957 1/4 0.7998 0.051
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site x y z Ui U Usj Upn Uiz U

Re 2e 0.1038(1) 1/4 0.27954(4)  0.0188(3) 0.0235(2) 0.0115(2) 0 —-0.0001(2) 0

CI(1) 4f —0.0564(4) 0.0116(4) 0.3430(2) 0.018(1) 0.026(1) 0.017(1) —0.0048(9) 0.0034(9)  -0.0002(9)
Cl(2) 4f 0.2773(4) 0.0127(4) 0.2225(2) 0.023(1) 0.026(1) 0.016(1) 0.003(1) 0.001909)  -0.0021(9)
CI(3) 2e -0.1387(5) 1/4 0.1455(2) 0.017(2) 0.034(2) 0.019(2) 0 —0.004(1) 0

N(1) 2e 0.323(2) 1/4 0.4047(8) 0.006(5) 0.020(6) 0.017(5) 0 —-0.002(5) 0

C(1) 2e 0.276(3) 1/4 0.4842(9) 0.036(8) 0.023(6) 0.018(6) 0 0.016(7) 0

C(2) 2e 0.412(2) 1/4 0.564(1) 0.022(9) 0.027(7) 0.017(6) 0 0.015(6) 0

C@3) 2e 0.608(3) 1/4 0.563(1) 0.020(7) 0.025(7) 0.011(6) 0 0.000(6) 0

C4) 2e 0.652(2) 1/4 0.4777(9) 0.024(8) 0.034(8) 0.014(6) 0 0.010(6) 0

C(5) 2e 0.511(2) 1/4 0.399(1) 0.022(8) 0.018(7) 0.031(8) 0 0.019(7) 0

N(2) 2e 0.158(3) 1/4 0.847(1) 0.06(1) 0.045(9) 0.015(6) 0 —-0.001(7) 0

C(13) 2e 0.392(3) 1/4 1.011(1) 0.04(1) 0.13(2) 0.02(1) 0 —-0.015(9) 0

C(11) 2e 0.087(3) 1/4 0.919(1) 0.04(1) 0.035(9) 0.021(8) 0 0.001(8) 0

C(12) 2e 0.200(3) 1/4 1.003(1) 0.04(1) 0.039(09) 0.007(6) 0 0.005(7) 0

C(14) 2e 0.475(4) 1/4 0.936(1) 0.05(2) 0.19(3) 0.030(9) 0 0.02(1) 0

C(15) 2e 0.350(2) 1/4 0.852(1) 0.02(1) 0.09(1) 0.031(9) 0 0.018(7) 0
References

1.

2.

Watt, G. W.; Thompson, R. J.: Potassium Hexachlororhenate(IV) and Po-
tassium Hexabromorhenate(IV). Inorg. Syn. 7 (1963) 190-191.
Engelbrecht, H. P.; Otto, S.; Roodt, A.: trans-Bis(N,N-ethylethylene-
diamine-N,N'-dioxorhenium(V) chloride trihydrate. Acta Crystallogr.
C55(1999) 1648-1650.

Pearson, C.; Beauchamp, A. L.: Binding of Amino-Dialkylated Adenines
to Rhenium(III) and Rhenium(IV) centers. Inorg. Chem. 37 (1998)
1242-1246.

4. Jordan, G. T., Murillo, C. A.; Peturkhina, M. A.: Ligand Exchange or Re-

duction at Multiply Bonded Dimetal Units of Molybdenium and Rhenium
by 2,2-Bis(diphenylophosphino)pyridine. Inorg. Chem. 37 (1998)
4611-4615.

. Mrozinski, J.; Kochel, A.; Lis. T.: Synthesis, structure and magnetic prop-

erties of trans-tetrachloro-bis-(pyridine)-rhenium(IV). J. Mol. Struc. 610
(2002) 53-58.

. Sheldrick, G.M.: SHELX-97: Programs for the Solution and Refinement

of Crystal Structures. University of Gottingen, Germany 1997.

Brought to you by | Universidad de Chile

Authenticated

Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 209-210

209

© by Oldenbourg Wissenschaftsverlag, Miinchen
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K. Peters*!, E.-M. Peters!, A. Wuzik!, R.-M. Pfeifer! and G. Bringmann"!

I

Max-Planck-Institut fiir Festkorperforschung, Heisenbergstra3e 1, D-70506 Stuttgart, Germany

T Institut fiir Organische Chemie der Universitidt, Am Hubland, D-97074 Wiirzburg, Germany

Received February 6, 2003, accepted and available on-line April 22, 2003; CCDC-No. 1267/1021

Br

o)

OCH,Ph

Abstract

CasH19BrOs3, monoclinic, P12i/c1 (No. 14), a = 13.769(1) A,
b=19.0582) A, c =8.716(1) A, B = 107.964(6)°, V=2175.7A°,
Z =4, Ry(F) = 0.059, wRre(F*) = 0.164, T =293 K.

Source of material

The title compound was prepared according to [1] by
esterification of the commercially available o-1-bromonaphthoic
acid [2] with the likewise known [3] 3-benzyloxy-2-naphthol. It
is a useful intermediate in the synthesis of a twofold lactone
bridged terayl [1].

Discussion

Although the title compound is a useful synthetic precursor for
the intramolecular biaryl coupling to link the bromine-bearing
C-atom (C11) with C13 to give a six-membered lactone ring [ 1], it
adopts a quite different conformation in the crystal, with C13 far
away from the bromine (6.26 A). The bromine is, in turn, quite
close to the aromatic ring of the benzyl group, with ca. 4.50 A dis-
tance as an average. Likewise remarkable is the non-coplanar array
of the carboxyl unit (O1-C1-012) with the naphthalene nucleus,
with a significant dihedral angle between these two planes (58.1°),
apparently due to the bulky bromine substituent at C11.

* Correspondence author (e-mail: karlpet@gmx.de)

Table 1. Data collection and handling.

Crystal: pale yellow plate, size 0.1 x 0.95 x 1.05 mm

Wavelength:

Diffractometer, scan mode:
260 max:

Mo Ky, radiation (0.71073 A)

19.18 cm™!

Bruker AXS P4, w

55°

N(hkl)measured, N(hkl)uniquei 4866, 4593
Tobs > 2 U(l(ybs): 3037

Criterion for obs, N(hkl)g::
N(param)refined:
Program:

289
SHELXTL [4]

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

Atom Site X y z Uiso
H@3) de 0.4967 1.0220 0.3019 0.08
H(4) 4e 0.4214 1.0839 0.4565 0.08
H(6) 4e 0.2694 1.1172 0.5317 0.08
H(7) de 0.1008 1.1034 0.5058 0.08
H(8) de 0.0009 1.0273 0.3124 0.08
H(9) 4e 0.0718 0.9618 0.1547 0.08
H(13) 4e 0.6814 0.9326 0.1624 0.08
H(15) 4e 0.8556 0.9187 0.1273 0.08
H(16) de 0.9619 0.8617 0.0120 0.08
H(17) 4e 0.8995 0.7697 -0.1664 0.08
H(18) de 0.7372 0.7307 -0.2145 0.08
H(20) de 0.5691 0.7373 -0.1633 0.08
H(22A) 4e 0.4562 0.6817 -0.0682 0.08
H(22B) 4e 0.3905 0.7234 -0.2208 0.08
H(24) 4e 0.2105 0.7534 -0.2425 0.08
H(25) de 0.0637 0.7160 -0.1860 0.08
H(26) de 0.0779 0.6322 0.0130 0.08
H(27) 4e 0.2329 0.5887 0.1558 0.08
H(28) de 0.3764 0.6279 0.1057 0.08
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui Uxn Uss Uiz Uiz U3

Br de 0.18957(3)  0.89885(3) -0.00974(5)  0.0636(3) 0.0927(4) 0.0755(3)  -0.0263(2) 0.0248(2)  -0.0305(2)
o(l) 4e 0.4020(2) 0.9405(1)  -0.0791(3) 0.059(2) 0.065(2) 0.049(1) 0.014(1) 0.019(1) 0.004(1)
() e 0.4228(3)  0.9347(2)  0.0636(4)  0.045(2) 0.044(2) 0.048(2) 0.000(1) 0.015(1) 0.001(1)
CcQ) e 0.3684(3)  0.9702(2)  0.16734)  0.045(2) 0.045(2) 0.045(2) 0.005(1) 0.015(1) 0.001(1)
Cc3) e 0.4272(3)  1.0167(2)  0.2868(4)  0.041(2) 0.068(2) 0.059(2) 0.001(2) 0.0142)  -0.014(2)
C4) de 0.3820(3) 1.0534(2) 0.3787(4) 0.057(2) 0.072(2) 0.060(2) -0.003(2) 0.013(2) -0.019(2)
C(5) e 02778(3)  1.04712)  0.3610(4)  0.055(2) 0.062(2) 0.054(2) 0.010(2) 0.018(2)  -0.001(2)
C(6) 4e 0.2306(4) 1.0856(2) 0.4560(5) 0.071(3) 0.080(3) 0.069(2) 0.013(2) 0.029(2) -0.013(2)
C(7) de 0.1299(4) 1.0780(3) 0.4401(6) 0.084(4) 0.101(3) 0.082(3) 0.023(3) 0.044(3) -0.009(3)
C(8) e 0.0701(4)  1.0317(3)  0.3246(6)  0.058(3) 0.109(4) 0.092(3) 0.019(3) 0.041(2) 0.011(3)
C(9) e 0.1124(3)  0.9929(2)  0.2296(5)  0.053(2) 0.077(3) 0.073(2) 0.002(2) 0.026(2) 0.001(2)
C(10)  4e 021703)  0.9994(2)  0.2438(4)  0.046(2) 0.054(2) 0.049(2) 0.006(2) 0.016(2) 0.008(1)
C(1l)  4e 0.2667(3)  0.9622(2)  0.1478(4)  0.047(2) 0.047(2) 0.047(2)  —-0.003(2) 0.015(1)  -0.000(1)
0(12)  4e 0.5033(2)  0.8974(1)  0.1560(3)  0.050(1) 0.047(1) 0.047(1) 0.008(1) 0.016(1)  —0.0009(9)
C(12)  4e 0.5666(3)  0.8661(2)  0.0759(4)  0.048(2) 0.043(2) 0.044(2) 0.008(1) 0.015(1) 0.003(1)
C(13)  4e 0.6611(3)  0.8925(2)  0.1000(4)  0.050(2) 0.043(2) 0.049(2) 0.000(2) 0.012(1) 0.001(1)
C(14)  4e 0.7296(3)  0.8591(2)  0.0303(4)  0.041(2) 0.046(2) 0.053(2) 0.001(2) 0.011(1) 0.010(1)
C(15)  4e 0.8311(3)  0.8808(2)  0.0593(5)  0.051(2) 0.058(2) 0.069(2)  —0.004(2) 0.014(2) 0.005(2)
C(16)  4e 0.8944(3)  0.8473(2) -0.0105(6)  0.046(2) 0.071(3) 0.093(3)  —0.002(2) 0.023(2) 0.007(2)
C(17)  4e 0.8572(3)  0.7914(2)  —-0.1158(5)  0.054(2) 0.074(3) 0.092(3) 0.011(2) 0.036(2) 0.008(2)
C(18)  4e 0.7602(3)  0.7684(2)  -0.1450(5)  0.061(2) 0.060(2) 0.069(2) 0.001(2) 0.032(2)  -0.004(2)
C(19)  4e 0.6939(3)  0.8005(2) -0.0722(4)  0.046(2) 0.046(2) 0.054(2) 0.002(2) 0.018(1) 0.004(1)
C0)  4e 0.5931(3)  0.7752(2)  -0.0950(4)  0.047(2) 0.049(2) 0.059(2)  —0.002(2) 0.0192)  -0.008(1)
CQl)  de 0.5316(3)  0.8055(2) —-0.0187(4)  0.041(2) 0.048(2) 0.051(2)  —0.004(1) 0.015(1)  -0.002(1)
0Q21l)  4e 0.4366(2)  0.7825(1)  -0.0224(3)  0.045(1) 0.052(1) 0.070(1)  —-0.007(1) 0.024(1)  -0.010(1)
CQ2)  de 0.4036(3)  0.71712)  -0.1058(5)  0.060(2) 0.055(2) 0.078(2)  —0.009(2) 0.0302)  -0.016(2)
C23)  4e 0.3081(3)  0.6944(2) -0.0723(4)  0.048(2) 0.050(2) 0.057(2)  —0.006(2) 0.016(2)  -0.007(2)
CQ4)  de 02150(3)  0.7207(2) -0.1613(5)  0.053(2) 0.081(3) 0.078(3) 0.004(2) 0.007(2)  -0.001(2)
C25)  4e 0.1273(4)  0.6980(4) -0.1286(8)  0.043(3) 0.138(5) 0.130(5)  —0.002(3) 0.007(3)  -0.050(4)
C26) e 0.1363(5)  0.6480(4) —-0.0087(9)  0.093(5) 0.141(6) 0.141(6)  —0.066(4) 0.076(4)  -0.062(5)
CQ27) e 0.2280(5)  0.6223(3)  0.0763(8)  0.125(6) 0.096(4) 0.105(4)  —0.043(4) 0.068(4)  —-0.014(3)
C28)  de 03131(3)  0.6455(2)  0.0456(5)  0.071(3) 0.073(3) 0.064(2)  —0.004(2) 0.021(2) 0.000(2)
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Crystal structure of di(2,2'-bipyridine)di[u-(2-furancarboxylato-0,0")-
u-(2-furancarboxylato-0,0':0")]di(nitrato)disamarium(III),

Sm>(NO3)2(CsH303)4(CioHsN2)2
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Abstract _

CooH14N300Sm, triclinic, P1 (No. 2), a = 9.981(4) A,
b=10.266(5)A, c = 11.082(5) A, a = 85.556(8)°, = 75.913(8)°,
y =70.087(7)°, V= 1035.5 A%, Z =2, Ry(F) = 0.029,
WRret(F2) = 0.070, T = 293 K.

Source of material

1.5 mmol 2-Furancarboxylic acid and 0.5 mmol 2,2'-bipyridine
were dissolved in 25 ml 95% C;HsOH. The pH of the solution
was adjusted to range 6 — 7 with 2M NaOH solution. The
0.5 mmol Sm(NO3)3 - 6H20 dissolved in 5 ml H2O was added to
the solution. The mixture was heated under reflux with stirring for
4 h. A precipitate was formed. Single crystal were obtained from
the mother liquor after one week at room temperature.

Discussion

Crystal structure and luminescence of ternary lanthanide com-
plex with organic acids and 2,2'-bipyridine or 1,10-phenan-
throline have been extensively studied. But only few quaternary
mixed anion complexes of lanthanide have been reported. We ob-
tained a new quaternary samarium complex with 2-furancarboxylic
acid and 2,2'-bipyridine, whose structure is reported here.

In the title compound, the two Sm>* ions are coordinated by four
carboxylate groups of furancarboxylic acid through their car-
boxyl oxygen atoms, forming a dimeric unit. The carboxylate
groups are coordinated to Sm*>" ion in bridging and bridg-
ing-chelating modes. Carboxylate group O4—-C16-05 coordi-
nates to two different Sm®* ions; O1-C11-02 groups are in a
chelating-bridging coordination mode in which two O atoms che-

* Correspondence author (e-mail: zouyq@263.net)

late one Sm>* ion, with O2 also linked to another Sm>* ion. The
Sm—Sm distance is 4.00(2) A. Sm—Ocarboxyl distances range
from 2.370(3) A t0 2.689(3) A, with a mean value of 2.453(3) A.
In comparison to an average La—Ocarboxy1 distance of 2.573(4) A
in the complex La(CsH303)3 - 2H20 [1], the average Sm—O dis-
tance for the title complex is shorter. This may be attributed to the
larger radius of the La** ion and close packing for the mixed lig-
ands in the title complex. The Sm1—O2 distance of 2.689(3) A
and the Sm1—O1 distance of 2.441(3) A are larger. This may be
attributed O2—C11-01 group is in a chelating mode in which two
O atoms linked to the same Sm>* ion, forming an unstable
four-membered ring. The O—Sm—O angles vary from 72.8(1)° to
148.4(1)°. The O-Sm-O-C four-member ring, with the angle
O-Sm-O much smaller than 90°, is distorted seriously. The
2,2'-bipyring ligand chelates to the Sm** ion. The average bond
length of Sm—N is 2.601(3) A. Two oxygen atoms from the ni-
trate coordinate to the Sm>" ion in bidentate chelating model.
E.g., in Nd2(NO3)2(C9H9O4)4(C12HgN2)2 [2], the NO3™ anion is
coordinated to the metal. In the title complex, the average dis-
tance between Sm and O from the nitrates is 2.522(8) A.

Table 1. Data collection and handling.

Crystal: white square prism,

size 0.16 x 0.20 x 0.24 mm
Wavelength: Mo K, radiation (0.71073 A)

-1

u: 28.95 cm
Diffractometer, scan mode: Bruker SMART CCD, ¢/w
260 max: 53.16°
N(hkl)measured, N(hkl)uniquel 6133, 4207

Criterion for lobs, N(hkl)g:: Iobs > 2 0(Iobs), 3645
N(param)refined: 328
Programs: SHELXS-97 [3], SHELXL-97 [4]

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

Atom Site Occ. X y z Uiso

H(1A)  2i 0.4941 -0.1244 0.8828 0.054
HQA)  2i 0.7251 -0.1094 0.8291 0.063
HGBA) 20 0.7815 0.0321 0.6651 0.060
H4A) 2 0.6015 0.1552 0.5623 0.050
H(7A)  2i 0.4341 0.2640 0.4725 0.053
H®BA) 2 0.2437 0.3727 0.3762 0.063
HOA) 2i 0.0245 0.3292 0.4440 0.057
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Sm2(NO3)2(CsH303)4(C10HsN2)2

Table 2. Continued.

Table 2. Continued.

Atom Site Occ. X y z Uiso Atom Site Occ. X y z Usso
H(10A) 2 0.0018 0.1794 0.6057 0.044 H(19A) 2i 0.69 -0.6252 0.5320 0.8455 0.125
H(13A)  2i 0.2201 0.4129 1.0388 0.063 H(20A) 2i 0.69 -0.4387 0.4927 0.6450 0.087
H(14A) 2 0.0736 0.5925 1.2109 0.074 H(18B) 2i 031 -0.5167 0.2515 0.9653 0.040
H(15A)  2i —0.1459 0.5443 1.3019 0.072 H(I9B) 2i 031 -0.6666 0.4148 0.8433 0.094
H(18A) 2i 0.69(2) -0.5180 0.3654 0.9996 0.086 H(Q0B) 2i 031 -0.5077 0.4962 0.6787 0.091
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site  Occ. X y z U U Us3 U2 Uiz U3
Sm(l)  2i 0.14520(2) -0.00615(2)  0.83853(2)  0.0203(1)  0.0290(1)  0.0211(1) -0.00807(7) —-0.00251(7)  0.00342(7)
N(1) 2i 041153)  0.00014)  0.75723)  0.023(2) 0.038(2) 0.030(2)  -0.007(1)  —0.004(1) 0.001(2)
N@) 2i 0.1962(3)  0.1357(4)  0.6393(3)  0.025(2) 0.040(2) 0.023(2)  -0.011(2)  —-0.003(1) 0.002(1)
o(1) 2i 0.1785(3)  0.19143)  0.92133)  0.036(2) 0.040(2) 0.044(2)  -0.018(1) 0.008(1)  —-0.005(1)
0(2) 2i 0.0054(3)  0.13343)  1.0537(3)  0.039(2) 0.033(2) 0.036(2)  -0.020(1)  —0.005(1) 0.003(1)
0@3) 2i —0.0746(4)  0.3785(3)  1.1849(3)  0.054(2) 0.047(2) 0.045(2)  -0.015(2) 0.003(2)  —-0.0092)
o) 2i —0.0951(3)  0.1461(3)  0.8315(3)  0.022(1) 0.045(2) 0.029(2)  -0.007(1)  —0.004(1) 0.007(1)
0o(5) 2i —026093)  0.13793)  1.0073(3)  0.026(1) 0.047(2) 0.030(2)  -0.007(1)  —-0.004(1) 0.012(1)
c() 2i 0.5162(5) -0.0679(5)  0.8166(5)  0.033(2) 0.051(3) 0.047(3)  -0.0102)  -0.013(2) 0.012(2)
Q) 2i 0.6553(5) -0.0594(6)  0.7855(5)  0.033(2) 0.066(3) 0.064(3)  -0.017(2)  —-0.025(2) 0.010(3)
Cc3) 2i 0.6885(5)  0.0244(6)  0.6888(5)  0.027(2) 0.069(3) 0.064(3)  -0.0252)  -0.0122) 0.001(3)
C@) 2i 0.5815(5)  0.0970(5)  0.6277(4)  0.034(2) 0.051(3) 0.044(3)  -0.024(2)  -0.005(2) 0.005(2)
e 2i 0.4438(4)  0.0835(4)  0.6633(4)  0.028(2) 0.032(2) 0.026(2)  -0.013(2)  -0.0002)  -0.003(2)
C(6) 2i 0.3249(4)  0.1595(4)  0.5990(4)  0.029(2) 0.031(2) 0.027(2)  -0.012(2)  -0.0022)  -0.001(2)
) 2i 0.3452(5)  0.2483(5)  0.4996(4)  0.042(3) 0.055(3) 0.043(3)  -0.0302)  -0.007(2) 0.014(2)
C(8) 2i 0.2320(6)  0.3124(6)  0.4419(5)  0.064(3) 0.058(3) 0.040(3)  -0.0303)  -0.014(2) 0.025(2)
C(9) 2i 0.1020(5)  0.2871(5)  0.4819(4)  0.048(3) 0.052(3) 0.040(3)  -0.013(2)  -0.018(2) 0.015(2)
C(10) 2 0.0894(5)  0.1978(5)  0.57954)  0.031(2) 0.051(3) 0.029(2)  -0.016(2)  -0.007(2) 0.007(2)
o1y 2 0.0798(4)  0.21354)  1.0194(4)  0.027(2) 0.026(2) 0.033(2)  -0.0102)  -0.012(2) 0.003(2)
c(12) 2 0.0520(4)  0.3345(4)  1.0951(4)  0.033(2) 0.032(2) 0.028(2)  -0.011(2)  —-0.008(2) 0.006(2)
c(13) 2 0.1304(6)  0.4191(5)  1.0922(5)  0.053(3) 0.049(3) 0.068(4)  -0.0303)  -0.018(3) 0.005(3)
c(14) 2 0.0473(7)  0.5208(5)  1.1885(5)  0.097(5) 0.032(3) 0.067(4)  -0.0233)  -0.0333)  —0.006(2)
c(15) 2 —0.0717(7)  0.4928(5)  1.2380(5)  0.087(4) 0.038(3) 0.050(3)  -0.014(3)  -0.0143)  —0.008(2)
Cc(16) 2 —02221(4)  0.1849(4)  0.9019(4)  0.022(2) 0.033(2) 0.033(2)  -0.008(2)  —-0.008(2) 0.006(2)
0(6) 2i 0.69(2) -0.3027(8)  0.338(1) 0.7353(7)  0.043(4) 0.050(4) 0.042(3)  -0.0093)  -0.015(3) 0.009(3)
C(17)  2i  0.69 -03301(8)  0.2934@8)  0.8581(8)  0.027(4) 0.048(5) 0.036(5)  -0.011(4) 0.001(4) 0.014(4)
C(18)  2i 069 -04717(8)  0.373(1) 0.9171(9)  0.032(4) 0.084(8) 0.061(5) 0.011(5) 0.004(4) 0.030(6)
C(19)  2i 069 -0.5317(9)  0.466(1) 0.8307(8)  0.053(6) 0.09(1) 0.120(8) 0.021(6)  —0.011(6) 0.049(8)
C0) 2i 069 -0.427(1) 0.44449)  0.7184(8)  0.064(7) 0.068(6) 0.085(6)  -0.020(5)  —-0.037(5) 0.057(5)
o) 2 031 -0.343(2) 0.371(3) 0.751(2) 0.057(9) 0.07(1) 0.07(1) -0.020(9) 0.006(8) 0.024(9)
C(17)  2i 031 -0.346(2) 0.288(2) 0.847(2) 0.024(6) 0.05(1) 0.04(1) 0.002(8)  —0.021(7) 0.015(8)
C(18") 2i 031 -0.483(2) 0.299(2) 0.896(1) 0.019(5) 0.05(1) 0.018(6) 0.000(6)  —0.003(4) 0.004(6)
C(19)  2i 031 -0.565(2) 0.388(3) 0.829(2) 0.033(7) 0.10(2) 0.07(1) 0.013(9)  -0.017(7) 0.02(1)
C(0) 2i 031 -0478(3) 0.432(2) 0.739(2) 0.07(1) 0.08(1) 0.07(1) -0.01(1) -0.041(9) 0.051(9)
N@3) 2i 0.1999(5) -0.2051(4)  0.6396(4)  0.052(3) 0.056(3) 0.034(2)  -0.034(2) 0.004(2)  -0.0042)
o(7) 2i 0.0792(4)  -0.1066(4)  0.6661(3)  0.050(2) 0.056(2) 0.044(2)  -0.0192)  -0.016(2) 0.001(2)
0(8) 2i 0.2934(3) -0.2108(3)  0.7013(3)  0.036(2) 0.051(2) 0.056(2)  -0.011(2)  -0.0022)  -0.017(2)
0(9) 2i 0.2269(5) -0.2907(5)  0.5580(3)  0.092(3) 0.090(3) 0.045(2)  -0.052(3) 0.0152)  -0.033(2)
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Abstract

C37H35NaNdO1», triclinic, PT (No. 2), @ = 10.9793(5) A,
b=12.0965(5) A, c=15.3714(9) A, a = 67.072(1)°, B =83.799(2)°,
y=72.887(2)°, V=1796.9 A*, Z =2, Ry(F) = 0.037,
WRrei(F2) = 0.058, T =293 K.

Source of material

1.5 mmol of 2,3-dimethoxybenzoic acid and I mmol of 2,2"-bipy-
ridine were dissolved in 25 m1 95% ethanol. The pH of the mixed
solution was controlled to be in a range of 6 — 7 with 1 mol dm™
NaOH solution. Finally, the Nd(NO3)3 solution obtained by
0.5 mmol Nd(NO3)3 - 6H20 dissolved in 6 ml HoO was dropped
into the mixed solution. The mixture was heated under reflux with
stirring for 3 h. A pricipitate was formed. Single crystals were ob-
tained from the mother liquor after 1 week at room temperature.

Discussion

The title complex Nd2(CoHoO4)6(C10HgN2)2 (I) is a dimeric mole-
cule. The two Nd** ions are held together by four carboxylate
groups of 2,3-dimethoxybenzoic acid. Each neodymium ion is
coordinated to seven O atoms from 2,3-dimethoxybenzoato
groups and to two N atoms from 2,2'-bipyridine molecule. The
coordination number of the central ion is nine. There are three co-
ordinated modes for carboxylate groups, chelating, bidentate
bridging and bridging-chelating. The title complex I is unlike the
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complexes [Nd2(CoH9O4)4(NO3)2(C12HgN2)2] (II) [1] and
Nda(m-CH3CeH4COO)3 (III) [2] in coordinated modes for
carboxylate groups. In the complex II, the carboxylate groups of
2,3-dimethoxybenzoic acid coordinates to N d** ions in two coor-
dination modes, bidentate bridging and bridging-chelating. In the
complex III, the coordinated modes for carboxylate groups of
m-methylbenzoic acid are bridging-chelating, only one style.
These facts indicate that there are many different coordination
modes of carboxylate groups and many different types of crystal
structure of lanthanide complexes with organic acid. The Nd—O
distances in the title complex range from 2.404(2) Ato 2.712(2) A.
The largest bond distance is d(Nd1—QO9). The O9 atom is linked to
two different neodymium ions to form an oxygen bridge.
09-Nd1-O10-C25 is an unstable four-membered ring. This also indi-
cate that the bond between Nd1 and O9 is a weaker one. Average bond
length of Nd—O in the title complex is 2.494(2) A, which is larger than
average Nd—O distance of 2.489(2) A in the complex IL This is be-
cause the volume of NOj3™ is smaller than 2,3-dimethoxybenzoato. It
also leads to the distance d(Nd—Nd) of 4.034(4) AinL which is larger
than d(Nd—Nd) of 3.961(7) A in complex II. The 2,2'-bipyridine
ligand with two N atoms chelates to the Nd** ion in the title complex,
and the Nd—N distances are d(Nd—N1) = 2.601(2) A and
d(Nd—N2) = 2.647(2) A, respectively. Free bipyridine is in the
trans-form while bipyridine coordinated with lanthanide elements is
in the cis-form, and the average bond length of Nd—N is 2.624(2) A.
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Nd2(C9H9O4)6(C10HgN2)2

Table 1. Data collection and handling.

Table 2. Continued.

Crystal: white, square prism, Atom Site * Y < Uiso
size 0.10 x 0.18 x 0.68 mm
Wavelength: Mo K, radiation (0.71073 A) H(13A)  2i 0.3144 0.9792 1.0086 0.072
u: 15.11 cm™ H(14A)  2i 0.2903 1.1589 0.8752 0.074
Diffractometer, scan mode: ~ Rigaku R-AXIS RAPID, o H(5A) 2 0.3167 1.1500 0.7281 0.058
20max: 54.92° H(7A) 2i 0.5048 0.5782 0.8672 0.090
N(hkl)measured, N(hkl)unique: 13145, 8117 H(17B) 2i 0.5176 0.6390 0.9379 0.090
Criterion for Zobs, N(hkl)gi: Tobs > 2 0(Iops), 5631 H(17C)  2i 0.5641 0.6912 0.8335 0.090
N(param)refined: 470 H(18A) 2i 0.3955 0.6627 1.1516 0.122
Programs: SHELXS-97 [3], SHELXL-97 [4] H(18B) 2i 0.3250 0.8052 1.1227 0.122
H(18C) 2i 0.4703 0.7628 1.1007 0.122
H(22A) 2i 1.0564 1.0900 0.6888 0.060
H(23A) 2i 1.0334 1.1056 0.5371 0.059
H(24A) 2i 0.8460 1.1030 0.4872 0.052
Table 2. Atomic coordinates and displacement parameters (in A%, Egggi ;i ggggg 82?8(7) 82222 8}8(0)
] H(26C) 2i 0.6597 0.9035 0.7800 0.100
Atom  Site x y z Uiso HQ7A) 2i 0.9812 1.0685 0.9198 0.175
HQ27B) 2i 1.0094 1.1539 0.8174 0.175
H(4A) 20 —0.1924 1.4087 0.0964 0.097 HQ27C) 2i 1.0617 1.0084 0.8507 0.175
H(5A) 20 -0.1231 1.2091 0.2002 0.102 H(28A) 2i 0.1538 1.2792 0.5805 0.053
H(6A)  2i 0.0329 1.1562 0.3071 0.073 H(29A)  2i 0.0419 1.4341 0.6335 0.062
H®BA) 2i 0.1762 1.6459 0.1587 0.186 H@B0A) 2i 0.0832 1.6271 0.5665 0.073
H@®B)  2i 0.1091 1.6220 0.0853 0.186 H@G1A)  2i 0.2473 1.6523 0.4612 0.063
H®BC) 2i 0.2242 1.5176 0.1459 0.186 H(34A) 2i 0.4149 1.6594 0.3835 0.060
HOYA) 2i -0.2281 1.7345 -0.0186 0.252 H@35A)  2i 0.5974 1.6598 0.2951 0.070
HOB) 2i -0.2845 1.6224 0.0403 0.252 H(36A) 2i 0.6985 1.4887 0.2562 0.067
HOC)  2i -0.1721 1.6056 -0.0297 0.252 H@37A)  2i 0.6140 1.3224 0.3077 0.060
Table 3. Atomic coordinates and displacement parameters (in Az).
Atom Site x y z Ui U Usj Upn Uiz U3
Nd(1) 2i 0.39398(2)  1.17961(2)  0.45067(1)  0.0329(1) 0.02016(9)  0.0311(1)  —0.00334(7) -0.00093(8) -0.01320(8)
O(1) 2i 0.2763(2) 1.3042(2) 0.2992(2) 0.034(2) 0.074(2) 0.041(2) -0.017(1) -0.004(1) -0.003(1)
0(2) 2i 0.1620(2) 1.2203(2) 0.4181(2) 0.037(2) 0.049(1) 0.033(1) -0.015(1) -0.002(1) -0.006(1)
0(3) 2i 0.0651(3) 1.5365(2) 0.2165(2) 0.079(2) 0.043(2) 0.071(2) -0.013(2) 0.014(2) -0.012(2)
04) 2i -0.1181(4) 1.6069(3) 0.0883(2) 0.118(3) 0.098(3) 0.069(2) 0.032(2) -0.026(2) -0.001(2)
O(5) 2i 0.4452(2) 0.8675(2) 0.6606(2) 0.052(2) 0.023(1) 0.038(1) -0.001(1) 0.014(1) -0.012(1)
0(6) 2i 0.3255(2) 1.0650(2) 0.6055(2) 0.051(2) 0.027(1) 0.032(1) -0.001(1) 0.001(1) -0.009(1)
o(7) 2i 0.3765(2) 0.7404(2) 0.8458(2) 0.050(2) 0.034(1) 0.037(1) -0.013(1) -0.004(1) -0.010(1)
0O(8) 2i 0.3584(3) 0.7502(2) 1.0161(2) 0.095(2) 0.070(2) 0.031(2) -0.024(2) 0.002(2) -0.018(2)
0(9) 2i 0.6063(2) 1.0185(2) 0.5504(2) 0.045(2) 0.035(1) 0.057(2) -0.013(1) -0.000(1) -0.028(1)
0O(10) 2i 0.5357(3) 1.2010(2) 0.5581(2) 0.075(2) 0.035(1) 0.114(3) 0.016(1) -0.056(2) -0.044(2)
O(11) 2i 0.6596(2) 1.0736(2) 0.7597(2) 0.039(2) 0.057(2) 0.045(2) -0.014(1) 0.006(1) -0.020(1)
0(12) 2i 0.8787(3) 1.0710(3) 0.8218(2) 0.047(2) 0.124(2) 0.058(2) -0.021(2) -0.014(2) -0.050(2)
C(1) 2i 0.0636(3) 1.3247(3) 0.2663(2) 0.030(2) 0.042(2) 0.042(2) -0.005(2) 0.001(2) -0.017(2)
C(2) 2i 0.0199(4) 1.4484(3) 0.2061(3) 0.043(3) 0.050(2) 0.044(2) -0.003(2) 0.004(2) -0.019(2)
C@3) 2i —-0.0802(4) 1.4814(4) 0.1405(3) 0.055(3) 0.069(3) 0.044(3) 0.021(3) -0.004(2) -0.007(3)
C4) 2i —0.1292(5) 1.3885(6) 0.1400(4) 0.053(3) 0.120(4) 0.083(4) -0.011(3) -0.019(3) -0.057(4)
C(5) 2i -0.0876(5) 1.2696(5) 0.2011(4) 0.060(4) 0.090(4) 0.119(5) -0.011(3) -0.032(4) -0.051(4)
C(6) 2i 0.0064(4) 1.2382(4) 0.2642(3) 0.041(3) 0.055(2) 0.085(3) -0.006(2) -0.018(3) -0.026(3)
C(7) 2i 0.1724(4) 1.2829(3) 0.3317(3) 0.027(2) 0.030(2) 0.042(2) -0.003(2) -0.004(2) -0.014(2)
C(8) 2i 0.1505(5) 1.5844(4) 0.1459(4) 0.143(6) 0.083(4) 0.132(5) -0.056(4) 0.059(5) -0.022(4)
(&) 2i -0.2081(7) 1.6455(5) 0.0139(4) 0.180(8) 0.156(6) 0.074(4) 0.069(5) -0.059(5) -0.014(4)
C(10) 2i 0.3502(3) 0.9613(3) 0.7711(2) 0.035(2) 0.034(2) 0.035(2) -0.008(2) 0.001(2) -0.019(2)
C(11) 2i 0.3602(3) 0.8545(3) 0.8514(2) 0.030(2) 0.039(2) 0.035(2) -0.012(2) 0.003(2) -0.020(2)
C(12) 2i 0.3476(4) 0.8610(3) 0.9411(3) 0.049(3) 0.058(2) 0.034(2) -0.017(2) 0.002(2) -0.021(2)
C(13) 2i 0.3226(4) 0.9746(4) 0.9492(3) 0.072(3) 0.079(3) 0.046(3) -0.021(3) 0.008(2) -0.043(3)
C(14) 2i 0.3094(4) 1.0821(4) 0.8692(3) 0.080(4) 0.056(2) 0.065(3) -0.014(2) 0.004(3) -0.044(3)
C(15) 2i 0.3240(4) 1.0770(3) 0.7814(3) 0.063(3) 0.041(2) 0.049(2) -0.016(2) 0.006(2) -0.026(2)
C(16) 2i 0.3740(3) 0.9633(3) 0.6718(2) 0.037(2) 0.037(2) 0.031(2) -0.017(2) 0.007(2) -0.014(2)
C(17) 2i 0.5011(4) 0.6551(3) 0.8734(3) 0.067(3) 0.046(2) 0.055(3) -0.001(2) -0.005(2) -0.015(2)
C(18) 2i 0.3898(5) 0.7448(4) 1.1049(3) 0.089(4) 0.107(4) 0.037(3) -0.021(3) -0.015(3) -0.017(3)
C(19) 2i 0.7485(3) 1.0908(3) 0.6080(2) 0.040(2) 0.019(2) 0.042(2) -0.005(2) -0.003(2) -0.015(2)
C(20) 2i 0.7630(4) 1.0806(3) 0.6997(3) 0.035(2) 0.031(2) 0.038(2) -0.006(2) 0.004(2) -0.012(2)
C(21) 2i 0.8769(4) 1.0817(3) 0.7298(3) 0.032(2) 0.055(2) 0.048(3) -0.011(2) -0.004(2) -0.024(2)
C(22) 2i 0.9793(4) 1.0902(3) 0.6689(3) 0.040(3) 0.043(2) 0.074(3) -0.015(2) -0.001(2) -0.027(2)
C(23) 2i 0.9652(4) 1.0990(3) 0.5785(3) 0.042(3) 0.034(2) 0.071(3) -0.015(2) 0.020(2) -0.021(2)

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Nd2(C9HgO4)6(C10HgN2)2 215

Table 3. Continued.

Atom Site x y z Uiy U Usj Uin U3 U

C(24) 2i 0.8527(4) 1.0984(3) 0.5483(3) 0.061(3) 0.028(2) 0.040(2) -0.012(2) 0.009(2) -0.015(2)
C(25) 2i 0.6220(4) 1.1037(3) 0.5725(2) 0.050(3) 0.026(2) 0.030(2) -0.011(2) —-0.003(2) -0.011(2)
C(26) 2i 0.6613(4) 0.9495(4) 0.8184(3) 0.056(3) 0.082(3) 0.057(3) -0.032(2) 0.007(2) -0.013(3)
C(227) 2i 0.9919(5) 1.0759(5) 0.8551(4) 0.074(4) 0.194(6) 0.107(5) -0.029(4) -0.031(4) -0.080(5)
C(28) 2i 0.1746(4) 1.3547(3) 0.5576(3) 0.045(3) 0.036(2) 0.049(2) -0.004(2) 0.003(2) -0.018(2)
C(29) 2i 0.1049(4) 1.4478(3) 0.5881(3) 0.046(3) 0.051(2) 0.054(3) 0.001(2) 0.007(2) -0.027(2)
C(30) 2i 0.1311(4) 1.5610(3) 0.5498(3) 0.068(3) 0.041(2) 0.074(3) 0.004(2) 0.006(3) -0.038(2)
C@31) 2i 0.2281(4) 1.5760(3) 0.4869(3) 0.066(3) 0.031(2) 0.064(3) -0.006(2) 0.005(2) -0.027(2)
C(32) 2i 0.2980(3) 1.4783(3) 0.4611(2) 0.043(2) 0.025(2) 0.039(2) -0.006(2) -0.004(2) -0.014(2)
C(33) 2i 0.4094(3) 1.4873(3) 0.3987(2) 0.046(2) 0.029(2) 0.036(2) -0.012(2) -0.003(2) -0.015(2)
C(34) 2i 0.4568(4) 1.5907(3) 0.3681(3) 0.075(3) 0.033(2) 0.053(3) -0.023(2) -0.003(2) -0.020(2)
C(35) 2i 0.5648(4) 1.5912(4) 0.3153(3) 0.082(4) 0.054(2) 0.054(3) -0.046(2) 0.006(3) -0.018(2)
C(36) 2i 0.6248(4) 1.4902(4) 0.2922(3) 0.059(3) 0.069(3) 0.056(3) -0.038(2) 0.015(2) -0.029(2)
C37) 2i 0.5732(4) 1.3910(3) 0.3237(3) 0.059(3) 0.049(2) 0.055(3) -0.024(2) 0.014(2) -0.031(2)
N(1) 2i 0.2707(3) 1.3681(2) 0.4967(2) 0.036(2) 0.029(1) 0.039(2) -0.003(1) 0.003(2) -0.017(1)
N(2) 2i 0.4679(3) 1.3867(2) 0.3760(2) 0.045(2) 0.034(2) 0.045(2) -0.015(1) 0.009(2) -0.023(2)
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Andrea Noll and Ulrich Miiller*

Universitidt Marburg, Fachbereich Chemie, D-35032 Marburg, Germany
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Table 1. Data collection and handling.

Crystal: colourless plate,

size 0.008 x 0.025 x 0.030 mm
Wavelength: Mo K, radiation (0.71070 A)
u: 7.69 cm™!
Diffractometer, scan mode: Enraf-Nonius CAD4, o
20 max: 45.96°

N(hkl)measured, N(hkl)unique3 941, 889
Criterion for Iobs, N(hkl)gi: Iobs > 2 0(Iobs), 699

Cl1(2) N(param)refined: 81
- Program: SHELX-97 [2]
@y 2.1
Abstract X o Table 2. Atomic coordinates and displacement parameters (in Az).
C4HgCl2Ny, orthorhombic, P212121 (No. 19), a = 4.828(2) A,
o A 3

b=10497(3) A, c = 142.830(4) A, V=T751.6 A", Z=4, Atom  Site x y Z Uso
Rot(F) =0.052, wReef(F) = 0.132, T= 193 K.

HQA) 4a 0.6570 0.5478 0.2681 0.06
Source of material H(2B) 4a 0.3700 0.5937 0.3057 0.06
The title compound was obtained inadvertedly in a reaction of HQC)  4a 0.6030 0.6933 0.2844 0.06
P(CcH<)«Cl and Na-Su i itrile in th £ TaS H(1A)  4a 0.17(2) 0.769(8) 0.203(6) 0.06(3)

(CeHs)4Cl an a 4 in gcetomtrl e 11? the presence of TaS3 H(IB) 4a 0.17(2) 0.715(6) 0.100(5) 0.01(2)

(36 h reflux). After filtration and cooling red (P(C¢Hs)4)2S7 H4A)  4a 0.5010 0.3911 ~0.0745 0.07
crystallized. From the filtrate of this, a small amount of the title H(@4B)  4a 0.5140 0.3313 0.0222 0.07
compound crystallized in the presence of TaCls. HMAC)  4a 0.7620 0.4128  -0.0138 0.07
Discussion
The compgund is known to‘ form frpm a(:.etonltrllf% and HCI [1]. References
Probably it was formed this way in a side reaction, the other
above-mentioned components being of no importance. In the title L. Hmkelf’ ];1 ]j Trehafl f}e’ (; Ju StUdliS fn hyd?ggen Cyaﬁllde’ XV. The 20'
molecule, the atoms C1 and C3 are coplanar with the atoms gggé)m ydrogen chloride on methyl cyanide. J. Chem. Soc. (1945)
bonded to them, but the two planes are mutually tilted by 11°. 2. Sheldrick, G. M.: SHELX-97. A program package for crystal structure so-

lution and refinement, University of Gottingen, Germany 1997.

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

Atom Site X y b4 Un Un Uss Uz Ui U3
()  4a 02166(5)  0.6079(2)  —0.0339(1)  0.055(2) 0.052(1) 0.0332(9)  -0.002(1)  -0.008(1) 0.004(1)
Cl2)  4a ~0.0066(5)  0.37152)  0.1857(1)  0.029(1) 0.0304(8)  0.0421(9)  -0.004(1) 0.002(1) 0.0096(8)
cl)  4a 0.415(1) 0.6268(6)  0.1730(4)  0.025(4) 0.022(3) 0.028(4)  —-0.011(4) 0.008(3) 0.000(3)
C2)  4a 0.521(2) 0.6143(7)  0.2659(4)  0.039(5) 0.037(4) 0.035(4)  -0.002(7) 0.002(4)  -0.007(4)
N(1)  4a 0.231(2) 0.7122(6)  0.1539(5)  0.041(5) 0.030(4) 0.025(4) 0.000(4) 0.002(4) 0.003(3)
NQ2)  4a 0.522(2) 0.6431(4)  0.1118(4)  0.029(4) 0.025(3) 0.026(3)  ~0.004(3) 0.007(4)  -0.005(2)
C3)  4a 0.435(2) 0.5210(6)  0.0244(5)  0.023(5) 0.028(3) 0.0294)  —0.004(3) 0.007(4)  -0.004(3)
C4)  4a 0.564(2) 0.4035(7)  —-0.0138(5)  0.048(6) 0.050(4) 0.041(5) 0.0004)  —-0.0034)  —-0.015(4)
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Crystal structure of trans,cis-(*)-3'-(4-fluorophenyl)-2-phenylspiro[2H-
1-benzothiopyran-3(4H),2’'-oxiran]-4-one 1-oxide, C,;H;sFO3S
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! Budapest University of Technology and Economics, Institute for General and Analytical Chemistry, Technical Analytical Research Group of the
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Table 1. Data collection and handling.

Crystal: white plate, size 0.10 x 0.20 x 0.30 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 2.09 cm™!

Diffractometer, scan mode: Stoe IPDS 2, 140 frames, Aw = 1°
20max: 49.28°

N(hkl)measured, N(hkl)unique: 8369, 3018

Criterion for lobs, N(hkl)gt: Iobs > 2 0(Iops), 1823
N(param)refined: 305

Programs: SHELXS-97 [3], SHELXL-97 [4]

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

Abstract i At Sit U
C22HisFOsS, monoclinic, P121/c1 (No. 14), a =8.739(1) A, om  >te * Y ‘
b=159483) A, c=12.993(1) A, B =94.99(1)°, V=1804.0 A°, - " B A L1410 0.067(8
Z=4, Ry(F) = 0.045, wReer(F*) = 0.119, T = 298 K. HES; de 0.751E4; 0.9808 1.46253; 0.09(1( ))
H(6) 4e 0.516(5) 1.063(2) 1.425(3) 0.10(1)
Source of material H() 4e 0462(5)  1.1292)  1.268(3)  0.11(1)
The title compound was synthesized by oxidation of the ~ H®) ~ 4e 0.637(4)  1.1072)  L.140(3)  0.10(1)
trans,cis-epoxide of (Z)-3-(4'-fluorarylidene)-1-thioflavan- 383 32 };3}&8 }ggzgg }4312(2)8 gggg;
4-one with dimethyldioxirane [1]. Crystals were obtained from H(13)  4de 1.257(4)  1.326(2)  1.2943)  0.10(1)
1,2-dichloroethane after silica gel chromatography. H(14)  4e 1.228(4) 1.283(2) 1.118(3) 0.10(1)
H(15) 4e 1.157(4) 1.142(2) 1.083(2) 0.072(9)
. . H(16 4e 1.132(4 0.821(2 1.309(2 0.066(8
Discussion , . H§18§ de 1.42955; 0.927E3§ 1.19623; 0.1 1(1( ))
This study confirms the axial arrangement of the sulfoxide group H(19)  4e 1554(4)  0871(2)  1.0532)  0.08(1)
(trans to the phenyl ring on the adjacent carbon atom), which was HQ21)  4e 1.230(5)  0.693(3)  0.996(3)  0.12(2)
previously suggested from '’O-NMR spectra and ab-initio quan- H22)  4e 1.094(5)  0.746(2)  1.140(3)  0.11K(D)

tum-chemical calculations [2]. Selected torsion angles are as fol-
lows: £C10-C1-S-O1 = 174.9(2)° and £C10-C1-C2-0O3 =
—63.9(3)°. The molecule contains the chiral atoms C1, C2 and
C16. Because of the centrosymmetric space group, there are the
RI/SIS as well as the S/S/R enantiomers in the packing.
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218 C2oH15FO3S

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

Atom Site X y z Uiy Un Uss Uiz Uis Uas
C(1) 4e 1.0895(3) 1.0147(2) 1.1927(2) 0.059(2) 0.063(2) 0.048(1) 0.001(1) 0.010(1) —0.000(1)
C(2) 4e 1.0902(3) 0.9494(2) 1.2774(2) 0.052(2) 0.064(2) 0.053(1) 0.005(1) 0.004(1) —-0.001(1)
C(3) 4e 0.9654(3) 0.9496(2) 1.3504(2) 0.062(2) 0.063(2) 0.049(2) 0.003(1) 0.007(1) 0.000(1)
C4) 4e 0.8224(3) 0.9975(2) 1.3229(2) 0.054(2) 0.062(2) 0.055(1) 0.001(1) 0.006(1) 0.000(1)
C(5) 4e 0.7180(4) 1.0079(2) 1.3970(2) 0.060(2) 0.089(2) 0.062(2) 0.005(2) 0.014(1) 0.004(2)
C(6) 4e 0.5871(4) 1.0545(3) 1.3758(3) 0.063(2) 0.107(3) 0.079(2) 0.008(2) 0.020(2) -0.001(2)
C(7) 4e 0.5559(4) 1.0920(3) 1.2811(3) 0.057(2) 0.105(3) 0.090(2) 0.011(2) 0.008(2) 0.003(2)
C(8) 4e 0.6570(4) 1.0816(2) 1.2060(3) 0.060(2) 0.093(3) 0.071(2) 0.002(2) -0.003(2) 0.011(2)
C(9) 4e 0.7898(3) 1.0348(2) 1.2257(2) 0.055(2) 0.070(2) 0.051(1) -0.006(1) 0.000(1) 0.002(1)
C(10) 4e 1.1348(3) 1.1023(2) 1.2254(2) 0.048(2) 0.062(2) 0.053(2) 0.002(1) 0.007(1) —0.003(1)
C(11) 4e 1.1516(4) 1.1277(2) 1.3290(2) 0.066(2) 0.073(2) 0.052(2) 0.002(2) 0.007(1) —-0.006(2)
C(12) 4e 1.1969(4) 1.2079(2) 1.3542(3) 0.077(2) 0.080(3) 0.063(2) -0.001(2) 0.004(2) -0.014(2)
C(13) 4e 1.2240(4) 1.2651(2) 1.2790(3) 0.076(2) 0.069(2) 0.086(2) -0.001(2) 0.002(2) -0.011(2)
C(14) 4e 1.2075(4) 1.2414(2) 1.1770(3) 0.086(2) 0.065(2) 0.072(2) -0.004(2) 0.011(2) 0.001(2)
C(15) 4e 1.1643(4) 1.1606(2) 1.1508(2) 0.076(2) 0.072(2) 0.053(2) -0.001(2) 0.009(1) -0.002(2)
C(16) 4e 1.1707(3) 0.8673(2) 1.2680(2) 0.060(2) 0.066(2) 0.061(2) 0.005(2) 0.006(1) —0.000(2)
C(17) 4e 1.2497(4) 0.8399(2) 1.1766(2) 0.060(2) 0.065(2) 0.065(2) 0.012(2) 0.010(1) 0.004(2)
C(18) 4e 1.3840(4) 0.8768(2) 1.1510(3) 0.059(2) 0.086(2) 0.076(2) 0.004(2) 0.011(2) -0.001(2)
C(19) 4e 1.4584(4) 0.8459(3) 1.0682(3) 0.059(2) 0.103(3) 0.084(2) 0.009(2) 0.017(2) 0.013(2)
C(20) 4e 1.3942(5) 0.7788(3) 1.0146(2) 0.096(3) 0.087(3) 0.065(2) 0.033(2) 0.017(2) 0.004(2)
C(21) 4e 1.2620(5) 0.7417(3) 1.0367(3) 0.099(3) 0.077(3) 0.079(2) 0.005(2) 0.015(2) —-0.008(2)
C(22) 4e 1.1897(5) 0.7725(2) 1.1193(3) 0.081(2) 0.077(2) 0.079(2) -0.004(2) 0.016(2) -0.007(2)
O(l) 4e 0.8650(3) 0.9337(2) 1.0797(2) 0.093(2) 0.096(2) 0.076(1) -0.020(1) 0.010(1) —-0.028(1)
0(2) 4e 0.9835(3) 0.9109(1) 1.4312(2) 0.085(2) 0.085(2) 0.058(1) 0.015(1) 0.015(1) 0.017(1)
0Q3) 4e 1.2400(2) 0.9329(1) 1.3302(1) 0.061(1) 0.084(2) 0.061(1) 0.006(1) -0.0022(9)  -0.002(1)
S 4e 0.90099(9)  1.01893(5)  1.11916(5)  0.0670(5) 0.0850(6) 0.0471(4)  —0.0060(4) 0.0018(3) 0.0006(4)
F 4e 1.4694(3) 0.7481(2) 0.9350(2) 0.146(2) 0.131(2) 0.092(1) 0.039(2) 0.051(1) —0.004(1)
References
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Abstract

C15H18N204S2, monoclinic, P121/c1 (No. 14), a = 8.754(3) A,
b=12.4992) A, ¢ = 15.599(3) A, B = 95.09(2)°, V = 1700.1 A3,
Z =4, Ry(F) = 0.049, wReer(F*) = 0.128, T = 294 K.

Source of material

The title compound was synthesized in 87% yield from
3-nitro-4-(phenylsulfonyl)thiophene [1] with a proper modifica-
tion of our ring-opening procedure of thiophene derivatives [2]
and crystallized from ethanol. Mp 463.7-464.3°.

Experimental details

In the refinement, the atoms C6A and C6B were considered as
isotropic and the sum of their site occupancy factors was tied to
unity [final values: 0.613(7) and 0.387(7) respectively, with
U(C6A) = U(C6B) = 0.070(1) Az]. No further constraints were
imposed on heavy atoms. The high displacement parameters of
C7 indicated its trend to disordered behaviour, but the resolution
of the data was not sufficient to consider the atom split over two
distinct positions. Several H atoms were located by difference
syntheses and refined without constraints; those bonded to C12
and C9 were subjected to a riding and to a rigid group refinement
respectively. The positions of H atoms bonded to C6A and C6B
were calculated but not allowed to be refined.

Discussion

The crystal structure of the title compound proves an (E,E)-con-
figuration which is of relevance for the study of the reactivity of
derivatives obtained therefrom in cyclization processes [3]. The
structure is affected by disorder, one atom of the pyrrolidine ring

* Correspondence author (e-mail: libra@unige.it)

being split over two different positions (C6A, C6B). For both of
them the pyrrolidine moiety is in an envelope conformation, the
ring asymmetry parameters [4,5] evidencing a pseudo-mirror
plane through atom C7 in the "C6A-ring" [AC,s = 0.002(2);
atoms N1, C5, C6A, C8 coplanar within 0.002(6) A], and another
pseudo-mirror plane through atom CS5 in the "C6B-ring" [AC;
0.017(3); atoms N1, C6B, C7, C8 coplanar within 0.022(9) Al
The out-of-plane atoms (C7 and C5, respectively) lie at distances
of 0.500(5) A and 0.468(3) A from the relevant mean planes
above. The internal strain imposed by the bulky pyrrolidine moi-
ety reflects on a short 1,5-intramolecular contact [C3---C5
3.093(4) A] and, even more evidently, on a deviation of the
Cl1=C2 sp2 system from planarity, the torsion angle
N1-C1-C2-C3 being as large as 22.6(4)°. Correspondingly a
rather long C1=C2 bond distance [1.370(3) Al is found.

In order to ascertain the effect of packing forces on the molecular
conformation, the geometry of the title compound was optimized
with quantum mechanical calculations [6] at the HF/3-21G* level
(263 basis functions). Starting data were the experimental coordi-
nates, considering in separate calculations both the “C6A” and
the “C6B” forms; they converged to the same molecular model.
The resulting molecular conformation shows a remarkable in-
crease of the C1-C2-C3-C4 torsion angle [from —114.6(3)° in
the crystal to —93.0° in the isolated molecule], accompanied by a
general relief of the steric hindrance, the N1-C1-C2-C3 torsion
angle decreasing from 22.6(4)° to a mere 0.2° in the isolated mol-
ecule. Other changes in geometry are less dramatic: the C1=C2
bond distance decreases to 1.359°A and the short C3:---C5
intramolecular contact increases to 3.152 A. These values indi-
cate however aresidual strain due to the molecular overcrowding.
On the other side, in the crystal the intermolecular distances are in
the normal range, the shortest contact (with respect to the sum of
the involved van der Waals radii) being d(C5---O3) = 3.162(3) A
(O3 1in—x, 1-y, 1-z). Therefore, we consider that crystal forces are
effective in amplifying the internal strain, as observed in the ex-
perimental conformation.

Table 1. Data collection and handling.

Crystal: pale yellow prism,
size 0.22 x 0.24 x 0.48 mm
Wavelength: Mo K, radiation (0.71070 A)
: 333 cem™
Diffractometer, scan mode: Enraf-Nonius CAD4,
260 max: 54.94°
N(hkl)measured, N(hkl)uniquel 3886, 3886

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 2596

N(param)refined: 244

Programs: NRCVAX [7], SHELXL-97 [8],
PLATON [9]
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220 C15H18N204S2
Table 2. Atomic coordinates and displacement parameters (in Az). Table 2. Comtinued.

Atom Site Occ. X y z Uiso Atom Site Occ. X y z Uiso

H(1) 4e 0.131(3)  0.806(2) 0.723(2) 0.056 H(7B)  4e -0.332(5) 0.666(3) 0.787(2) 0.116
H(4) 4e 0.246(3)  0.524(2) 0.496(2) 0.056 H(BA) 4e -0.218(3) 0.800(2) 0.701(2) 0.082
H(5A)  4e 0.0103)  0.551(3) 0.688(2) 0.078 H(@8B) 4e -0.101(4) 0.794(2) 0.789(2) 0.082
H(SB) 4e -0.077(3)  0.592(2) 0.607(2) 0.078 HOA) 4de 0.3047 0.3281 0.5604 0.086
C(6A) 4e 0.613(7) -0.2263(6) 0.5786(4) 0.6980(4)  0.070(1) H©OB) 4e 0.4639 0.3191 0.6145 0.086
C(6B)  4e 0387 -0.176(1) 0.5593(7) 0.7374(6) 0.070 HOC) 4e 0.4506 0.3802 0.5264 0.086
H(6A) 4e 0.613  -0.2357 0.5061 0.7192 0.084(1) H(11) 4e 0.311(3) 0.766(2) 0.356(2) 0.080
H(6B) 4e 0.613  -0.3058 0.5917 0.6519 0.084 H(12) 4e 0.4322 0.9286 0.3255 0.108
H(©C)  4e 0387  -0.1170 0.5208 0.7832 0.084 H(13) 4e 0.393(4) 1.075(3) 0.400(2) 0.113
H(6D) 4e 0387 -0.2576 0.5141 0.7122 0.084 H(14) 4e 0.230(4) 1.073(3) 0.506(2) 0.101
H(7A)  4e —0.168(5)  0.627(3) 0.816(2) 0.116 H(15) 4e 0.095(3) 0.920(2) 0.542(2) 0.075
Table 3. Atomic coordinates and displacement parameters (in AZ).

Atom Site x y z U U Us3 Uia U3 U

C(1) 4e 0.1072(3) 0.7505(2) 0.6908(2) 0.053(1) 0.043(1) 0.044(1) -0.006(1) 0.000(1) —0.0087(9)
C(2) 4e 0.2198(2) 0.7198(2) 0.6403(1) 0.046(1) 0.040(1) 0.044(1) -0.0061(9) 0.0010(9) 0.0000(9)
C(3) 4e 0.2021(2) 0.6534(2) 0.5621(1) 0.047(1) 0.038(1) 0.043(1) -0.0018(9) 0.0034(9)  -0.0004(9)
C4) 4e 0.2603(3) 0.5566(2) 0.5514(2) 0.048(1) 0.045(1) 0.046(1) -0.001(1) 0.001(1) —-0.002(1)
C() 4e —0.0697(3) 0.5966(2) 0.6676(2) 0.068(2) 0.052(2) 0.079(2) -0.016(1) 0.022(2) -0.013(1)
C(7) 4e —0.2365(5) 0.6582(3) 0.7694(3) 0.082(2) 0.108(3) 0.106(3) -0.017(2) 0.044(2) —-0.003(2)
C(8) 4e -0.1476(3) 0.7520(3) 0.7447(2) 0.054(2) 0.081(2) 0.070(2) -0.004(1) 0.009(1) —-0.025(2)
C©) 4e 0.3996(3) 0.3642(2) 0.5769(2) 0.062(2) 0.052(2) 0.100(2) 0.013(1) 0.002(2) 0.009(2)
C(10) 4e 0.1941(3) 0.8307(2) 0.4506(1) 0.053(1) 0.045(1) 0.050(1) 0.010(1) 0.002(1) 0.007(1)
C(11) 4e 0.2925(3) 0.8310(3) 0.3861(2) 0.063(2) 0.083(2) 0.055(2) 0.025(2) 0.007(1) 0.010(1)
C(12) 4e 0.3659(4) 0.9265(4) 0.3689(2) 0.064(2) 0.121(3) 0.086(2) 0.011(2) 0.021(2) 0.044(2)
C(13) 4e 0.3422(4) 1.0158(3) 0.4142(3) 0.070(2) 0.081(3) 0.129(3) -0.007(2) 0.004(2) 0.051(2)
C(14) 4e 0.2453(4) 1.0147(2) 0.4782(3) 0.087(2) 0.046(2) 0.118(3) -0.000(2) 0.002(2) 0.004(2)
C(15) 4e 0.1692(3) 0.9218(2) 0.4972(2) 0.071(2) 0.045(1) 0.071(2) 0.008(1) 0.013(1) 0.001(1)
N(I) 4e —-0.0255(2) 0.7047(2) 0.6980(1) 0.051(1) 0.051(1) 0.052(1) -0.0044(9) 0.0071(8)  -0.0113(9)
N(2) 4e 0.3644(2) 0.7711(2) 0.6572(1) 0.051(1) 0.048(1) 0.051(1) -0.0103(9) 0.0028(9)  —-0.0008(9)
O(1) 4e 0.3874(2) 0.8309(2) 0.7200(1) 0.071(1) 0.074(1) 0.064(1) -0.027(1) 0.0002(9)  -0.0203(9)
0(2) 4e 0.4641(2) 0.7536(2) 0.6080(1) 0.054(1) 0.073(1) 0.078(1) -0.0142(9) 0.0168(9)  -0.011(1)
0Q3) 4e 0.1021(3) 0.6414(2) 0.4002(1) 0.124(2) 0.054(1) 0.053(1) 0.013(1) —-0.026(1) -0.0117(8)
O4) 4e -0.0507(2) 0.7433(2) 0.4977(1) 0.049(1) 0.066(1) 0.085(1) —-0.0009(9)  —0.0067(9) 0.010(1)
S(1) 4e 0.36130(9)  0.48596(6)  0.63147(4)  0.0748(5) 0.0546(4) 0.0631(4) 0.0107(3)  -0.0128(3) 0.0031(3)
S(2) 4e 0.09621(7)  0.71212(5)  0.47258(4)  0.0610(4) 0.0418(3) 0.0490(3) 0.0037(3)  -0.0094(3)  —0.0031(2)
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Abstract

C18H52C02020, orthorhombic, Pbam (No. 55), a = 6.573(1) A,
b=125333) A, c=19.934(4) A, V=1642.2 A%, 7 =2,
Ra(F) = 0.037, wReet( F2) = 0.116, T = 293 K.

* Correspondence author (e-mail: zhengem @nbu.edu.cn)

Source of material

Addition of 4.0 ml (1 M) NaOH to a stirred aqueous solution of
CoCl, - 6H20 (0.477 g,2.00 mmol) in 6.0 ml H>O produced a pale
red precipitate. On standing, the initial pale red precipitate rapidly
turned blue and finally dark green. After centrifugation, the dark
green precipitate was added to a stirred aqueous solution of azelaic
acid (0.37 g, 2.00 mmol) in 10 ml H>O and adjusted to pH = 5.0 by
dropwise addition of NaOH (1 M). The resulting mixture was then
loaded into a 23 ml teflon-lined stainless steel autoclave, which
was heated at 438 K for 4 days. After cooling and filtration, the fil-
trate was allowed to stand at room temperature and rose-colored
plate-like crystals grew in two weeks (yield: ca. 24% based on the
initial CoCl; - 6H20 input). Analysis: calc. for C1sHs52C02020 (%)
—C, 30.60; H, 7.42; found — C, 30.52; H, 7.59. IR data as well as
TG/DTA results are included in the deposited CIF file.

Discussion

The crystal structure of the title compound consists of crystal wa-
ter molecules and dinuclear cyclic [Co(H20)4]2L2 complex mole-
cules with HoL = HOOC-(CH2)7-COOH. The complex
molecules centered at the cystallographic 2a position are crystal-
lographically imposed by a 2/m symmetry with two-fold axis
through two Co atoms (figure, top). The complex molecules are
generated from two [CO(H20)4]2+ moieties bridged by two
azelaate anions, (CoH404)"", forming 24-membered ring (figure,
middle). The Co atoms are in octahedral sites defined by six oxy-
gen atoms of four aqua ligands and two azelaato groups. The
Co—O bond distances to the carboxylato O(2) atoms are 2.071(2) A,
practically identical with those of 2.070(2) A to the axial aqua O(4)
atoms, but significantly smaller than those of 2.143(2) A to the
equatorial aqua O(3) atoms. The cisoid O—Co—-O bond angles fall
in the region 85.1° — 93.1° while the transoid ones of 172.4° and
177° (2x), respectively, exhibit substantial deviation of the prin-
cipal axes of the octahedral coordination from linearity. The
equatorial aqua ligands are involved in strong intramolecular hy-
drogen bonds to the uncoordinating carboxylato O(1) atoms with
d(0--0)=2.629 A and £0-H--O = 167°. The dinuclear mole-
cules are pseudo hexagonally arranged so that each axial aqua
ligand forms intermolecular hydrogen bonds to the uncoor-
dinating carboxylato O(1) atoms of different neighbors while the
uncoordinating carboxylato O(1) atoms, in turn, are each in-
volved in intermolecular hydrogen bonds to two axial aqua lig-
ands belonging to different neighbors, which results in formation
of the hydrogen bonded thick layers parallel to the (010) plane
(see figure, bottom) . On the other hand, two crystallographically
distinct lattice water molecules are hydrogen bonded to one an-
other to form zigzag chains along the [100] direction. Through
hydrogen bonds, the formed chains function as connector be-
tween the hydrogen bonded thick layers.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



222 [Co(H20)4]2(CoH1404)> - 4H20

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

Atom Site X y z Uiso
HQA)  8i 0.4309 -0.2321 0.1901 0.045
H(2B) 8i 0.5701 -0.1310 0.1871 0.045
Table 1. Data collection and handling. HGBA)  8i 0.1769 -0.1400 0.1304 0.045
H(3B) 8 0.3186 -0.0395 0.1267 0.045
HH4A)  8i 0.4026 -0.2364 0.0639 0.045
Crystal: rose-colored plate, H@4B) 8 0.5541  —0.1401 0.0628 0.045
size 0.267 x 0.311 x 0.444 mm H(5A)  4g 03170  -0.0406 0 0.045
Wavelength: Mo K rafillatlon (0.71073 A) H(5B) 4g 0.1693 —0.1387 0 0.045
e 10.85 cm H(6A)  8i 0.1663  -0.1022 0.4277 0.054
Dlttractometer, scan mode: Bruker P4, 0120 H(6B) 8i 0.2932 —0.0893 0.3777 0.067
20max: 54.96° H(7A)  8i 0.2860 0.1382 0.3231 0.057
N(hkl)measured, N(hklJunique: - 2593, 1947 H(7B)  8i 0.1199 0.1924 0.3253 0.050
Criterion for Iops, N(hk[)gtl Lobs > 2 0(Ilobs), 1494 H(S) 8i 0.3160 0.0587 0.5329 0.061
N(param)refined: 98 H(OA)  4h -0.0725  -0.1828 12 0.050
Programs: SHELXS-97 [1], SHELXL-97 [2] H(9B) 4h 0.0630 —0.2623 12 0.050
Table 3. Atomic coordinates and displacement parameters (in Az)A
Atom Site X y z Un Uxn Us3 Uiz Uis U3
Co 4e 0 0 0.32924(2)  0.0269(3) 0.0291(3) 0.0245(3) 0.0048(2) 0 0
O(1) 8i 0.4320(2)  -0.1472(1) 0.30916(8)  0.0313(8) 0.0394(9) 0.0288(8) 0.0057(7)  —0.0002(7) 0.0018(7)
0(2) 8i 0.1891(3)  —0.0594(1) 0.25498(8)  0.045(1) 0.058(1) 0.0270(8) 0.0250(9) 0.0021(8) 0.0000(8)
C(1) 8i 0.3424(3)  -0.1166(2) 0.2559(1) 0.028(1) 0.029(1) 0.029(1) -0.0010(9) 0.0011(9)  —0.0006(9)
C(2) 8i 0.4299(4)  -0.1547(2) 0.1900(1) 0.040(1) 0.047(1) 0.028(1) 0.011(1) 0.007(1) —-0.002(1)
C(3) 8i 0.3176(4)  —0.1169(2) 0.1278(1) 0.039(1) 0.045(1) 0.030(1) 0.002(1) 0.003(1) —-0.002(1)
C4) 8i 04111(4)  -0.1592(2) 0.0636(1) 0.050(2) 0.051(1) 0.028(1) 0.005(1) 0.003(1) -0.001(1)
C(5) 4g 0.3115(6)  —-0.1179(3) 0 0.047(2) 0.048(2) 0.029(2) 0.002(2) 0 0
0(3) 8i 0.2082(2)  —0.0587(1) 0.40326(7)  0.0367(8) 0.0356(8) 0.0276(8) 0.0041(7) 0.0001(7) 0.0031(7)
0O(4) 8i 0.1640(3) 0.1405(1) 0.33611(9)  0.0327(9) 0.0321(8) 0.069(1) 0.0022(7) 0.0103(9) 0.0103(8)
O(5) 4h 0.3287(4) 0.0979(2) 12 0.056(2) 0.036(1) 0.042(1) -0.002(1) 0 0
O(6) 4h 0.0517(4)  -0.1932(2) 12 0.042(1) 0.039(1) 0.045(1) 0.002(1) 0 0
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C(14) g9)
Q) &

Abstract

Ci6H14CoN10s, triclinic, PT (No. 2), a = 7.499(1) A,
b=10.270(1)A, ¢ = 10.490(1) A, a = 97.65(1)°, f = 106.80(1)°,
y=100.57(1)°, V="7453 A>, Z=2, Ry(F) = 0.058,

WRet(F?) = 0.151, T =293 K.

Source of material

Addition of 3.0 ml (1 M) NaxCOs to a stirred aqueous solution of
Co(NO3)2 - 6H20 (0.734 g, 2.50 mmol) yielded red precipitate,
which turned rapidly violet on standing. After centrifugation, the
violet precipitate was added to a stirred mathanolic aqueous solu-
tion of phenanthroline monohydrate (0.50 g, 2.50 mmol) and
succinic acid (0.30 g, 2.50 mmol) in 40 ml CH30H-H>O (1:1 v/v).
The resulting orange solution (pH = 6.29) was maintained at room
temperature and slow evaporation affored rose-colored crystals
(yield: over 85% based on the initial Co(NO3)2 - 6H2O input).

Discussion

The crystal structure of the title compound consists of polymeric
chains formulated as [Co(H20)(phen)(C4H404)2/2] resulting from
[Co(HQO)(phen)]2+ moieties bridged by succinate anions. Within
the chains, the Co atoms are in the severely distorted octahedral
sites defined by two N atoms of one phenanthroline ligand and
three O atoms of one aqua ligand and two succinate anions. The
Co—O bond distances vary from 2.037 A to 2.190 A and two
Co—N bond lengths are equal to 2.125 A and 2.147 A,
respectively. The cisoid bond angles around the Co atom fall in
the region 60.6° — 105.0° and the transoid ones in the region
159.1° — 165.8°. Both terminal carboxylate groups of the gauche
succinate anion function in different coordination modes, one
monodentately bonded to one Co atom and the other chelating
one Co atom. The succinato ligands are twisted with the torsion
angle of 77.2(3)° due to weak intra-chain -7t stacking interac-
tions between phenanthroline ligands (mean interplanar distance:
3.53 A). The aqua ligand forms an intrachain hydrogen bond to

* Correspondence author (e-mail: zhengem @nbu.edu.cn)

the uncoordinationg carboxylate O atoms with d(05~~~03#2) =
2.628 A and £05-H--03" = 158° (#2 = x+1, y, z) and a nearly
linear interchain hydrogen bond to one chelating carboxylate O
atom with d(05--02%%)=2.695 A and £ 05-H--02%) = 176° (#3
= —x+1, —y+1, —z+1). The interchain hydrogen bonds and
interchain sz-7r stacking interactions between phenanthroline lig-
ands (mean interplanar distances of 3.30 A and 3.40 A) are found
to be responsible for supramolecular assembly of the polymeric
chains, which extend along the [100] direction.

Table 1. Data collection and handling.

Crystal: rose-colored block,

size 0.29 x 0.38 x 0.56 mm
Wavelength: Mo K, radiation (0.71073 A)
u: 11.82 cm™
Diffractometer, scan mode: Bruker P4, 6/26
20max: 54.98°
N(hkl)measured, N(hkl)uniquei 4197, 3418

Criterion for Iobs, N(hkl)gt: Tobs > 2 0(Iobs), 3234
N(param)refined: 228
Programs: SHELXS-97 [1], SHELXL-97 [2]

Table 2. Atomic coordinates and displacement parameters (in /0\2).

Atom Site X y z Uiso
H(D) 2i 1.1424 0.8652 0.8609 0.059
HQ) 2i 1.2968 1.0891 0.9517 0.059
H(@3) 2i 1.1237 1.2524 0.9303 0.059
H(5) 2i 0.8048 1.3126 0.8268 0.059
H(6) 2i 0.4909 1.2440 0.7029 0.059
H(8) 2i 0.1994 1.0503 0.5688 0.059
H(©) 2i 0.0797 0.8222 0.4891 0.059
H(10) 2i 0.2790 0.6755 0.5366 0.059
H(14A) 2i 0.3975 0.4116 0.8982 0.037
H(14B) 2i 0.2467 0.3881 0.7532 0.037
H(I5A) 2i 0.1494 0.4785 0.9431 0.037
H(15B) 2i 0.2887 0.6157 0.9518 0.037
HA 2i 0.696(7) 0.610(5) 0.465(5) 0.06(1)
HB 2i 0.856(7) 0.622(5) 0.550(5) 0.07(2)
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224 Co(H20)(C12HgN2)(C4H404)

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

Atom Site X y b4 Un Uxn Uss Uiz Uiz Uz

Co 2i 0.71530(4)  0.69178(3)  0.71243(3)  0.0225(2) 0.0266(3) 0.0301(3) 0.0054(2) 0.0061(2) 0.0054(1)
N(1) 2i 0.8862(3) 0.8925(2) 0.7818(2) 0.030(1) 0.032(1) 0.030(1) 0.0013(8) 0.0054(8) 0.0056(8)
N(2) 2i 0.5133(3) 0.8100(2) 0.6388(2) 0.029(1) 0.033(1) 0.035(1) 0.0074(9) 0.0080(9) 0.0105(9)
C(1) 2i 1.0718(4) 0.9309(3) 0.8498(3) 0.033(1) 0.043(2) 0.040(1) 0.000(1) 0.008(1) 0.008(1)
C(2) 2i 1.1658(5) 1.0657(4) 0.9053(3) 0.040(2) 0.050(2) 0.041(2) -0.012(1) 0.005(1) 0.007(1)
C(3) 2i 1.0637(5) 1.1624(3) 0.8908(3) 0.060(2) 0.036(1) 0.037(1) -0.012(1) 0.012(1) 0.001(1)
C4) 2i 0.8674(5) 1.1262(3) 0.8161(3) 0.061(2) 0.032(1) 0.033(1) 0.004(1) 0.019(1) 0.005(1)
C(5) 2i 0.7509(6) 1.2211(3) 0.7917(4) 0.080(3) 0.029(1) 0.053(2) 0.012(2) 0.027(2) 0.003(1)
C(6) 2i 0.5636(6) 1.1799(3) 0.7183(4) 0.082(3) 0.042(2) 0.061(2) 0.033(2) 0.036(2) 0.016(2)
C(7) 2i 0.4734(5) 1.0401(3) 0.6636(3) 0.055(2) 0.043(2) 0.043(1) 0.026(1) 0.023(1) 0.017(1)
C(8) 2i 0.2791(5) 0.9909(4) 0.5871(4) 0.049(2) 0.064(2) 0.061(2) 0.035(2) 0.024(2) 0.027(2)
C(9) 2i 0.2083(5) 0.8559(4) 0.5400(4) 0.033(2) 0.073(2) 0.063(2) 0.021(2) 0.015(1) 0.030(2)
C(10) 2i 0.3299(4) 0.7678(3) 0.5685(3) 0.031(1) 0.045(2) 0.048(2) 0.007(1) 0.006(1) 0.016(1)
C(11) 2i 0.5854(4) 0.9440(3) 0.6868(3) 0.039(1) 0.032(1) 0.032(1) 0.014(1) 0.015(1) 0.0113(9)
C(12) 2i 0.7853(4) 0.9883(3) 0.7627(2) 0.041(1) 0.029(1) 0.027(1) 0.005(1) 0.013(1) 0.0062(9)
Oo(1) 2i 0.5653(3) 0.6604(2) 0.8607(2) 0.0297(9) 0.0306(9) 0.0330(9) 0.0031(7) 0.0081(7) 0.0015(7)
02) 2i 0.5034(3) 0.5087(2) 0.6771(2) 0.0302(9) 0.0345(9) 0.0317(9) 0.0020(7) 0.0118(7) 0.0022(7)
C(13) 2i 0.4726(3) 0.5483(2) 0.7869(2) 0.021(1) 0.028(1) 0.029(1) 0.0076(8) 0.0037(8) 0.0067(9)
C(14) 2i 0.3295(3) 0.4569(2) 0.8309(3) 0.025(1) 0.029(1) 0.032(1) 0.0086(9) 0.0086(9) 0.0086(9)
C(15) 2i 0.2071(3) 0.5334(3) 0.8905(2) 0.024(1) 0.034(1) 0.029(1) 0.0096(9) 0.0081(9) 0.0084(9)
C(16) 2i 0.0501(4) 0.5692(3) 0.7828(3) 0.025(1) 0.036(1) 0.035(1) 0.0093(9) 0.0078(9) 0.012(1)
0(3) 2i 0.0517(4) 0.5530(4) 0.6642(2) 0.057(2) 0.121(2) 0.037(1) 0.059(2) 0.019(1) 0.027(1)
04) 2i —0.0708(3) 0.6167(2) 0.8241(2) 0.032(1) 0.049(1) 0.037(1) 0.0211(9) 0.0109(8) 0.0131(8)
O(5) 2i 0.7792(3) 0.6602(2) 0.5319(2) 0.0290(9) 0.040(1) 0.0293(9) 0.0065(8) 0.0056(7) 0.0049(8)
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Table 1. Data collection and handling.

Crystal: colorless needle,
size 0.133 x 0.222 x 0.333 mm

Wavelength: Mo K, radiation (0.71073 A)

u: 8537 cm™!

Diffractometer, scan mode: Bruker P4, 6/26

260 max: 55°

N(hkl)measureds N(hkl)uniqu53 5584, 4540
Abstract _ . Criterion for fobs, N(hkl)g:  lobs > 2 0(lobs), 3787
C19H20N205Pb, triclinic, P1 (No. 2), a = 7.488(2) A, N(param )refined: 256
b=11.543(2) A, ¢ =11.742(2) A, a = 83.50(3)°, B = 82.54(3)°, Programs: SHELXS-97 [1], SHELXL-97 [2]

y=81.94(3)°, V=991.7 A3, Z=2, Ry(F) = 0.046,

WRei(F?) = 0.128, T =293 K.

Source of material
Addition of 2.0 ml (1 M) NaxCOs to a stirred aqueous solution of

Pb(NO3)2 (0.168 g, 0.51 mmol) in 5.0 ml H20 produced white Table 2. Atomic coordinates and displacement parameters (in Az),

precipitate, which was separated out by centrifugation and then

added to a stirred methanolic aqueous solution of phenanthroline Atom  Site Occ.  x y z Uiso
monohydrate (0.102 g, 0.51 mmol) and pimelic acid (0.083 g,
0.52 mmol) in 20 ml CH30H-H;O (1:1 v/v). The mixture was H(D) 2 0.5106 0.5400 0.2750 0.08
stirred for 30 min and the formed suspension was filtered off. The fil- H2) 2 0.6342 0.3454 0.2779 0.08
H@3) 2i 0.7967 0.2741 0.1183 0.08
trate (pH = 5.90) was allowed to stand at room temperature and slow H(5) 2 0.9417 03152 —0.0871 0.08
evaporation afforded a few colorless needle-like crystals. H(6) 2i 0.9762 0.4393 ~0.2482 0.08
H(8) 2i 0.9169 0.6450 -0.3502 0.08
Discussion H©O) 21. 0.7834 0.8338 -0.3395 0.08
. . H(10) 2i 0.6301 0.8948 —0.1680 0.08
The title compound consists of hydrogen bonded H2O molecules H(14A) 2i 09531 1.0447 01171 010
and dinuclear [Pba(phen)2(C7H1004)2] complex molecules cen- H(14B) 2 1.0486 0.9151 0.1337 0.10
tered at the crystallographic 1f position. Within the complex H(15A) 2i 0.9103 0.8993 0.3272 0.10
molecules, the Pb atoms are coordinated by two N atoms of one H(I5B)  2i 1.0424 0.9953 0.3050 0.10
phen ligand and four O atoms of two chelating carboxylate groups gﬁgg)) gi 822? § % (l)iég 8%?411; 8 %8
of different bis-chelating pimelato ligands with d(Pb—N) = H(I7A)  2i 0.7478 0.9976 0.4992 0.10
2.603 A, 2.628 A and d(Pb—0) =2.304 A —2.662 A. Due to the H(17B) 2i 0.8780 1.0947 0.4765 0.10
lone pair effect of the Pb atom, the coordination polyhedra can be H(I8A)  2i 0.5019 1.1437 0.4843 0.10
roughly viewed as mono-capped square pyramids. In the (001) H(18B)  2i 0.6353 1.2385 0.4691 0.10
. H(19A) 2i 0.50 0.2935 0.3341 -0.3973 0.05
plane, the dinuclear complex molecules are so arranged that the HO9B) 2i 050  0.1925 04330  —0.4580 0.05

phen ligands are each sandwiched by two symmetry-related phen H(20A) 2i 050 02531 0.6374  —-0.5799 0.05
neighbors. The mean interplanar distance of 3.44 A suggests that HQ20B) 2i 050  0.0660 0.6062  —0.5500 0.05
the intermolecular -7t stacking interactions are responsible for

supramolecular assembly of the dinuclear complex molecules
into layers. The formed layers are further assembled by
intermolecular C—H---O hydrogen bonds to generate 3D frame-
work with the hydrogen bonded H>O molecules located in 1D
tunnels extending along the [100] direction. The bis-chelating
pimelato ligands are twisted with the torsion angle of —65° for
C13-C14-C15-C16 chain.

* Correspondence author (e-mail: zhengem @nbu.edu.cn)
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site Occ. x y z Un Ux Us3 Uiz Uiz U3

Pb 2i 0.47110(4)  0.80879(2)  0.11382(2)  0.0481(2) 0.0527(2) 0.0446(2) 0.0020(1)  -0.0034(1)  —0.0110(1)
N(I) 2i 0.6092(9) 0.5888(6) 0.1155(6) 0.057(4) 0.051(3) 0.048(3) -0.006(3) -0.005(3) —-0.010(3)
N(2) 2i 0.661(1) 0.7417(6)  -0.0773(5) 0.064(4) 0.049(3) 0.043(3) -0.003(3) -0.006(3) —0.008(3)
C(1) 2i 0.581(1) 0.5132(8) 0.2095(8) 0.077(6) 0.056(5) 0.051(4) -0.009(4) -0.004(4) —0.001(4)
C(2) 2i 0.653(2) 0.3956(9) 0.2110(9) 0.095(7) 0.060(5) 0.060(5) -0.011(5) -0.010(5) 0.011(4)
C@3) 2i 0.751(2) 0.3534(8) 0.1170(9) 0.076(6) 0.044(4) 0.085(7) 0.002(4) -0.016(5) 0.000(4)
C4) 2i 0.785(1) 0.4296(7) 0.0164(8) 0.056(5) 0.051(4) 0.070(5) -0.001(4) -0.020(4) —0.016(4)
C() 2i 0.888(1) 0.3928(8)  -0.0862(9) 0.061(5) 0.050(4) 0.081(6) 0.007(4) -0.009(4) —0.021(4)
C(6) 2i 0.910(1) 0.4670(9)  -0.1820(9) 0.063(5) 0.070(6) 0.075(6) 0.005(4) -0.005(5) —-0.037(5)
C(7) 2i 0.835(1) 0.5858(8)  —0.1841(7) 0.055(5) 0.065(5) 0.049(4) -0.002(4) 0.000(3) —0.021(4)
C(8) 2i 0.852(1) 0.668(1) —-0.2815(8) 0.067(6) 0.088(7) 0.052(5) -0.012(5) 0.012(4) -0.015(4)
C©) 2i 0.774(1) 0.780(1) —-0.2745(7) 0.076(6) 0.081(6) 0.044(4) -0.012(5) -0.006(4) 0.000(4)
C(10) 2i 0.680(1) 0.8166(8)  -0.1710(7) 0.072(6) 0.061(5) 0.049(4) -0.002(4) -0.001(4) -0.002(4)
C(11) 2i 0.733(1) 0.6277(6)  -0.0813(6) 0.046(4) 0.046(4) 0.049(4) -0.001(3) -0.009(3) -0.017(3)
C(12) 2i 0.706(1) 0.5479(6) 0.0193(6) 0.044(4) 0.046(4) 0.048(4) -0.001(3) -0.010(3) —0.008(3)
O(1) 2i 0.7561(8) 0.8162(6) 0.1645(5) 0.054(3) 0.064(4) 0.066(4) 0.005(3) -0.013(3) —0.018(3)
0(2) 2i 0.6679(9) 0.9846(6) 0.0653(5) 0.061(4) 0.075(4) 0.053(3) 0.001(3) -0.010(3) —0.004(3)
C(13) 2i 0.777(1) 0.9235(7) 0.1231(6) 0.053(4) 0.058(4) 0.037(3) 0.002(4) -0.001(3) —0.018(3)
C(14) 2i 0.941(1) 0.9676(9) 0.1574(7) 0.052(5) 0.072(5) 0.056(5) -0.006(4) 0.004(4) —-0.027(4)
C(15) 2i 0.928(1) 0.9757(8) 0.2871(7) 0.059(5) 0.066(5) 0.046(4) -0.001(4) -0.014(4) —0.007(4)
C(16) 2i 0.776(1) 1.0661(7) 0.3320(6) 0.065(5) 0.053(4) 0.037(3) 0.000(4) -0.004(3) —0.008(3)
C(17) 2i 0.764(1) 1.0745(8) 0.4593(7) 0.065(5) 0.064(5) 0.044(4) 0.003(4) -0.009(4) —0.015(3)
C(18) 2i 0.615(2) 1.1611(9) 0.5060(7) 0.093(7) 0.071(6) 0.044(4) 0.014(5) 0.000(4) -0.012(4)
C(19) 2i 0.593(1) 1.1664(8) 0.6358(7) 0.064(5) 0.061(5) 0.046(4) 0.000(4) 0.004(4) —0.007(4)
0(3) 2i 0.565(1) 1.2651(6) 0.6723(6) 0.111(6) 0.060(4) 0.054(3) 0.006(4) 0.010(4) —0.013(3)
O(4) 2i 0.603(1) 1.0732(6) 0.7000(5) 0.077(4) 0.066(4) 0.049(3) 0.008(3) 0.000(3) —0.010(3)
O(5) 2i 050 0.185(2) 0.352(2) —0.420(1) 0.072(9) 0.13(1) 0.076(9) 0.042(9) -0.023(8) —-0.039(09)
0O(6) 2i 050 0.177(2) 0.597(2) -0.539(1) 0.09(1) 0.11(1) 0.063(8) -0.060(9) 0.013(7) —0.001(7)
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Abstract

C10H14MnN20O7S, monoclinic, P121/c1 (No. 14), a = 20.924(3)1&,
b=6.667(2) A, c=20.107(2) A, f =95.21(1)°, V=2793.4 A®,
Z =8, Ry(F) = 0.047, wRres(F*) = 0.107, T =293 K.

Source of material

After 0.10 g 2,2'-bipyridine and 0.09 g glutaric acid were dis-
solved in a mixture consisting of 10 ml CH30H and 10 ml H>O,
0.12 g MnSOy4 - 2H70 was added and the mixture was stirred for
ca. 30 min. Subsequently, 1.0 ml (1 M) Na,CO3 was dropped to
the resulting suspension (pH = 4.1), yielding an orange solution
(pH = 6.6). The resulting solution was then maintained at 328 K
and turned turbid rapidly. After filtration, the filtrate was allowed
to stand at room temperature and slow evaporation for several
months afforded a few yellow plate-like crystals.

Discussion

The title compound is composed of lattice H>O molecules and
polymeric chains formulated as | [Mn(H20)2(bpy)(SO4)2/2] result-
ing from the [Mn(H20)2(bpy)] * moieties bridged by bidentate
sulfato groups. Within the crystal structure, two crystallographi-
cally distinct polymeric chains extend along the [010] direction.
The Mn atoms are octahedrally coordinated by two N atoms of one
2,2'-bipyridine ligand and four O atoms of two aqua ligands and

* Correspondence author (e-mail: zhengem @nbu.edu.cn)

two sulfato groups with d(Mn—N) = 2.220 A — 2.267 A and
d(Mn—O)=2.124 A —2.225 A. The cisoid and transoid bond an-
gles around the Mn atoms fall in the regions 72.5° — 97.9° and
163.3°—175.0°, respectively. The polymeric chains possess rela-
tively strong intrachain hydrogen bonds between aqua ligands
and uncoordinating sulfato O atoms with d(O---O) = 2.674 A -
2.769 A and £0-H---O = 153° — 166°. Two crystallographically
equivalent polymeric chains are paired with the chelating bpy lig-
ands interdigitating to generate bi-chains, which are found to be
stabilized by significant interchain ;-7 stacking interactions be-
tween bpy ligands (mean interplanar distance: 3.30 A). Through
the interchain hydrogen bonds, the crystallographically inde-
pendent bi-chains are interlinked to form 3D framework with the
lattice H,O molecules located in the tunnels parallel to [010]. Due
to site and coordination effects, the bidentate sulfato groups ex-
hibit slight deviation from T, symmetry (d(S—O) = 1.464 A —
1.475 A, £0-S-0=108.6° - 111.0°).

Table 1. Data collection and handling.

Crystal:
Wavelength:

yellow plate, size 0.133 x 0.356 x 0.400 mm
Mo K, radiation (0.71073 A)

: 11.29 cm™

Diffractometer, scan mode: Bruker P4, 6/26

26 max: 55°

N(hkl)measured, N(hkl)uniquc: 8091, 6402

Criterion for lobs, N(hkl)g: Iobs > 2 0(1lobs), 4367

N(param)refined: 492

Programs: SHELXS-97 [1], SHELXL-97 [2]

Table 2. Atomic coordinates and displacement parameters (in Az),

Atom Site X y z Uiso
H(1) de 0.013(2)  1.158(5) -0.036(2)  0.019(8)
HQ2) 4e -0.095(2) 1.165(7)  —-0.055(2) 0.05(1)
H®3) de ~0.151(2)  1.141(6) -0.158(2)  0.05(1)
H4) 4e -0.090(2) 1.123(7)  -0.247(2) 0.06(1)
H(7) 4e -0.030(2) 1.156(6) —0.328(2) 0.03(1)
H(8) 4e 0.043(2) 1.151(6) -0.413(2) 0.04(1)
H(9) 4e 0.152(2) 1.148(8)  —0.379(3) 0.08(2)
H(10) 4e 0.188(2) 1.121(6)  -0.260(2) 0.04(1)
H(11) 4e 0.347(2) 0.796(6) —0.042(2) 0.04(1)
H(12) 4e 0.403(2) 0.814(7) -0.124(2) 0.05(1)
H(13) 4e 0.520(3) 0.815(8) —0.110(3) 0.08(2)
H(14) 4e 0.563(3) 0.751(9) 0.000(3) 0.09(2)
H(17) 4e 0.593(2) 0.721(8) 0.099(2) 0.07(2)
H(18) 4e 0.633(2) 0.644(7) 0.208(2) 0.06(1)
H(19) 4e 0.557(2) 0.570(8) 0.283(3) 0.08(2)
H(20) 4e 0.447(2) 0.575(7) 0.248(2) 0.06(1)
HA(Ol) 4e 0.245(2) 0.913(8) 0.293(3) 0.06(2)
HB(O1) 4e 0.257(3) 1.00(1) 0.240(3) 0.09(3)
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Table 2. Continued. Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
HA(O2) 4e 0.292(3) 1.456(9) -0.060(3) 0.08(2) HB(O4) 4e 0.174(2) 1.148(8) 0.006(2) 0.06(2)
HB(02) 4e 0.305(2) 1.331(8) -0.015(3) 0.06(2) HA(OS5) 4e 0.256(2) 0.848(8) 0.060(2) 0.05(2)
HA(O3) 4e 0.257(2) 1.157(8)  -0.102(2) 0.06(2) HB(0O5) 4e 0.238(2) 0.694(7) 0.044(2) 0.04(1)
HB(O3) 4e 0.245(2) 0.966(7) -0.131(2) 0.04(1) HA(O6) 4e 0.302(3) 0.706(9) 0.227(3) 0.08(2)
HA(O4) 4e 0.149(2) 1.335(9) -0.010(2) 0.07(2) HB(06) 4e 0.309(3) 0.516(9) 0.211(3) 0.08(2)

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

Atom Site X y z Ui U Us3 Uiz Uiz U3
Mn(l)  4e 0.13251(2)  1.13569(8) -0.12255(3)  0.0263(3) 0.0217(3) 0.0305(3) —0.0002(2) -0.0016(2)  -0.0009(2)
Mn(2) 4e 0.35502(2)  0.68197(8)  0.11501(3)  0.0265(3) 0.0245(3) 0.0338(3)  —0.0005(2) 0.0020(2) 0.0001(2)
S(1) 4e 0.16578(4)  1.6362(1)  —0.09110(4)  0.0298(4) 0.0193(4) 0.0310(4) 0.0005(3) —0.0041(3) —0.0019(4)
S(2) 4e 0.31072(4)  1.1861(1) 0.12092(4)  0.0296(4) 0.0211(4) 0.0363(5) 0.0014(3) 0.0012(3) 0.0006(4)
N(1) 4e 0.0254(1) 1.1471(4)  -0.1316(1) 0.030(1) 0.026(2) 0.031(2) -0.001(1) 0.002(1) 0.001(1)
N(2) 4e 0.1010(1) 1.1293(4)  -0.2310(1) 0.032(2) 0.028(2) 0.027(1) —-0.004(1) 0.003(1) -0.002(1)
NQ@3) 4e 0.4134(1) 0.7403(5) 0.0273(2) 0.040(2) 0.029(2) 0.034(2) —0.004(1) 0.004(1) -0.003(1)
N4) 4e 0.4588(1) 0.6590(5) 0.1524(2) 0.031(2) 0.028(2) 0.045(2) 0.001(1) -0.001(1) -0.001(1)
C(1) 4e —0.0098(2) 1.1545(6)  —0.0792(2) 0.042(2) 0.037(2) 0.040(2) 0.002(2) 0.008(2) 0.006(2)
C(2) 4e -0.0761(2) 1.1537(7)  —0.0864(3) 0.044(2) 0.034(2) 0.068(3) 0.004(2) 0.027(2) 0.001(2)
C@3) 4e -0.1067(2) 1.1417(7)  —0.1494(3) 0.027(2) 0.037(2) 0.087(3) -0.001(2) 0.006(2) 0.005(2)
C4) 4e -0.0715(2) 1.1341(6)  -0.2041(2) 0.032(2) 0.035(2) 0.052(2) -0.001(2) -0.004(2) 0.002(2)
C(5) 4e -0.0047(2) 1.1383(5)  —0.1935(2) 0.029(2) 0.019(2) 0.044(2) 0.002(1) -0.001(2) 0.002(2)
C(6) 4e 0.0372(2) 1.1356(5)  —0.2491(2) 0.033(2) 0.017(2) 0.037(2) —-0.000(1) -0.003(1) 0.003(2)
C(7) 4e 0.0140(2) 1.1397(6)  —0.3166(2) 0.045(2) 0.029(2) 0.034(2) 0.001(2) -0.012(2) 0.002(2)
C(8) 4e 0.0563(2) 1.1420(7)  -0.3647(2) 0.075(3) 0.039(2) 0.029(2) -0.002(2) -0.005(2) 0.001(2)
C(9) 4e 0.1213(2) 1.1366(7)  —0.3457(2) 0.066(3) 0.047(3) 0.030(2) —-0.005(2) 0.010(2) 0.001(2)
C(10) 4e 0.1419(2) 1.1300(6)  —0.2794(2) 0.041(2) 0.035(2) 0.037(2) -0.002(2) 0.009(2) -0.002(2)
C(11) 4e 0.3877(2) 0.7776(7)  —0.0347(2) 0.061(3) 0.040(2) 0.041(2) -0.009(2) 0.006(2) -0.000(2)
C(12) 4e 0.4257(3) 0.8044(8)  —0.0875(3) 0.112(5) 0.041(3) 0.041(3) -0.011(3) 0.012(3) -0.002(2)
C(13) 4e 0.4905(3) 0.7916(7)  -0.0757(3) 0.105(5) 0.035(3) 0.062(3) -0.013(3) 0.048(3) -0.011(2)
C(14) 4e 0.5168(3) 0.7569(7)  —0.0128(3) 0.062(3) 0.030(2) 0.082(4) —-0.005(2) 0.040(3) -0.006(2)
C(15) 4e 0.4774(2) 0.7314(5) 0.0387(2) 0.043(2) 0.022(2) 0.050(2) -0.002(2) 0.017(2) -0.007(2)
C(16) 4e 0.5028(2) 0.6938(6) 0.1090(2) 0.029(2) 0.022(2) 0.068(3) 0.002(2) 0.005(2) -0.007(2)
C(17) 4e 0.5679(2) 0.6917(8) 0.1296(3) 0.034(2) 0.048(3) 0.100(4) 0.000(2) 0.010(3) -0.008(3)
C(18) 4e 0.5878(2) 0.6500(8) 0.1949(3) 0.037(3) 0.058(3) 0.117(5) 0.008(2) -0.027(3) -0.012(3)
C(19) 4e 0.5435(3) 0.6082(8) 0.2381(3) 0.058(3) 0.057(3) 0.073(3) 0.011(3) -0.028(3) -0.005(3)
C(20) 4e 0.4792(2) 0.6158(7) 0.2162(2) 0.049(2) 0.044(3) 0.050(3) 0.002(2) -0.008(2) 0.004(2)
O(1) 4e 0.2476(2) 0.9042(7) 0.2542(2) 0.093(3) 0.056(2) 0.056(2) 0.006(2) 0.036(2) 0.007(2)
0Q2) 4e 0.3035(1) 1.3343(5)  —0.0546(2) 0.039(2) 0.050(2) 0.044(2) 0.005(1) 0.003(1) -0.001(2)
0Q3) 4e 0.2330(1) 1.0828(5)  —0.1363(2) 0.034(1) 0.032(2) 0.063(2) 0.002(1) 0.003(1) -0.003(2)
0(4) 4e 0.1437(1) 1.1937(5)  -0.0146(1) 0.044(2) 0.035(2) 0.035(1) 0.001(1) -0.005(1) 0.006(1)
O(5) 4e 0.2626(2) 0.7333(6) 0.0650(2) 0.046(2) 0.039(2) 0.085(3) 0.001(2) -0.029(2) -0.021(2)
0(6) 4e 0.3267(2) 0.6241(6) 0.2144(2) 0.054(2) 0.036(2) 0.048(2) -0.003(2) 0.015(1) -0.002(2)
O(7) 4e 0.1415(1) 1.4642(4)  -0.1315(1) 0.058(2) 0.019(1) 0.029(1) -0.002(1) -0.011(1) -0.001(1)
O(8) 4e 0.1645(1) 1.5889(4)  —0.0199(1) 0.047(2) 0.037(2) 0.033(1) —0.005(1) 0.002(1) -0.007(1)
0(9) 4e 0.2325(1) 1.6783(4)  —0.1051(1) 0.033(1) 0.034(2) 0.054(2) 0.002(1) 0.005(1) 0.006(1)
0O(10) 4e 0.1256(1) 1.8122(4)  -0.1087(2) 0.031(1) 0.020(1) 0.075(2) 0.003(1) -0.011(1) 0.002(1)
O(11) 4e 0.3533(1) 1.0119(4) 0.1313(1) 0.029(1) 0.023(1) 0.048(2) 0.004(1) -0.007(1) -0.004(1)
0(12) 4e 0.3471(1) 1.3568(4) 0.0965(1) 0.064(2) 0.024(1) 0.053(2) -0.003(1) 0.025(1) 0.002(1)
O(13) 4e 0.2586(1) 1.1356(5) 0.0701(2) 0.053(2) 0.040(2) 0.073(2) 0.011(2) -0.033(2) -0.009(2)
0O(14) 4e 0.2854(1) 1.2420(4) 0.1842(1) 0.053(2) 0.035(2) 0.049(2) -0.003(1) 0.024(1) -0.002(1)
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Symmetry codes:
#1=x,y-1,z+1
#2=x,yt+1,z-1

Abstract

C14H28N2012Zn, triclinic, P1 (No. 1), a = 7.189(1) A,
b=7.76412) A, ¢ =9.843(2) A, a = 79.16(3)°, B = 87.80(3)°,
y=71.293)°, V=510.9 A®, Z= 1, Ru(F) = 0.032,

WRret(F2) = 0.095, T =293 K.

Source of material

Addition of 1.0 ml (1 M) NaxCOs to a stirred aqueous solution of
Zn(NO3)2 - 6H20 (0.194 g, 0.652 mmol) yielded white precipitate,
which was centrifugated and then added to a stirred methanolic
aqueous solution of 4,4'-bipyridine (0.124 g, 0.645 mmol) and
succinic acid (0.078 g, 0.661 mmol) in 20 ml CH3OH-H>O (1:1
v/v). The resulting suspension was filtered off and the filtrate (pH =
5.24) was allowed to stand at room temperature. Slow evaporation
for 10 days afforded a few yellowish needle-like crystals.

Discussion

The crystal structure of the title compound is made up from lattice
H>0 molecules, succinate anions and cationic chains formulated
as [Zn(H20)4(4,4'-bpy)22)]** generated from [Zn(H20)4]**
moieties linked by 4,4'-bipyridine ligands. The cationic chains
propagate along the [011] direction and are arranged in layers par-
allel to (100). The Zn atoms are coordinated by four aqua oxygen
atoms and two nitrogen atoms of different 4,4’ -bipyridine ligands
to form trivially distorted ZnN2Og4 octahedra with d(Zn—N) =
2.132 A and d(Zn—0) =2.061 A - 2.185 A. The cisoid bond an-
gles around Zn atoms vary from 88.6° to 92.5° and the transoid
ones fall in the region 178.1° — 179.7°. Around the connecting
C—C bond, the two component rings of the bismonodentate
4,4'-bipyridine are twisted by 1.6(3)° with respect to each other.
The succinate anions adopt anti conformation with all
non-hydrogen atoms coplanar. The lattice HoO molecules are hy-
drogen bonded to the succinate anions to form ribbon-like anionic

* Correspondence author (e-mail: zhengem @nbu.edu.cn)

chains with d(O--0)=2.667 A~2.974 A and £0-H--0=162°-
179°. The resulting hydrogen bonded anionic chains extend along
the [010] direction and arranged in layers parallel to (100). The
cationic and anionic layers are alternatively disposed and inter-
linked by extensive hydrogen bonds between them with d(O---O)
= 2.622 A -2.857 A and ZO-H--O = 167° - 179°.

Table 1. Data collection and handling.

Crystal: yellow prism,

size 0.178 x 0.400 x 0.511 mm
Wavelength: Mo K, radiation (0.71073 A)
u: 12.66 cm™!
Diffractometer, scan mode: Bruker P4, 6/20
260max: 60°

N(hkl)measured, N(hkl)unique: 3606, 3606

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 3319
N(param)refined: 266

Programs: SHELXS-97 [1], SHELXL-97 [2]

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

Atom Site X y z Uiso

H(1) la 0.2189 0.5082 0.9158 0.041
H(Q2) la 0.1769 0.3040 1.1078 0.041
H(4) la 0.0097 0.7289 1.3072 0.041
H(5) la 0.0143 0.9172 1.1038 0.041
H(7) la 0.1843 0.1220 1.2881 0.041
H(8) la 0.1610 -0.0764 1.4896 0.041
H©) la -0.0255 0.3458 1.6856 0.041
H(10) la -0.0363 0.5490 1.4868 0.041
H(12A) la 0.6810 0.3070 0.4272 0.031
H(12B) 1la 0.4651 0.3320 0.3843 0.031
H(13A) 1la 0.4947 0.5279 0.1795 0.031
H(13B) 1la 0.7106 0.5020 0.2223 0.031
H(14A) 1la -0.1570 0.7429 0.7748 0.050
H(14B) 1la -0.1545 0.8380 0.6369 0.050
H(15A) 1la 0.3296 1.0082 0.9692 0.050
H(15B) 1la 0.3263 1.0988 0.8321 0.050
H(16A) 1la 0.3963 0.6828 0.6865 0.050
H(16B) 1la 0.4433 0.7358 0.8049 0.050
H(17A) la 0.5233 0.0985 0.6233 0.050
H(17B) la 0.4705 0.2895 0.6423 0.050
H(18A) la 0.6540 0.7363 -0.0153 0.050
H(18B) 1la 0.7172 0.5629 -0.0401 0.050
H(19A) 1la -0.2188 1.1577 0.9180 0.050
H(19B) 1la -0.2743 1.1122 0.8036 0.050
H(20A) 1la 0.5118 -0.1456 0.2000 0.050
HQ20B) la 0.5843 -0.0371 0.1378 0.050
HQ21A) 1la 0.6752 0.9982 0.4001 0.050
HQ21B) 1la 0.5925 0.8858 0.4665 0.050
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Zn(H20)4 (C10H8N2)(C4H404) - 4H20

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

Atom Site x y b4 Un U Us3 Uiz Uiz U3

Zn la 0.0890(3) 0.9202(2) 0.8027(1) 0.0302(2) 0.0201(1) 0.0189(1)  -0.0065(1) 0.0024(1)  —0.00110(9)
C(1) la 0.169(1) 0.553(1) 0.9954(7) 0.042(4) 0.022(2) 0.011(2) -0.013(3) 0.003(2) 0.005(2)
C(2) la 0.152(2) 0.427(1) 1.1146(9) 0.042(4) 0.020(3) 0.031(3) —-0.010(3) —-0.004(3) -0.002(2)
C(3) la 0.098(1) 0.480(1) 1.2441(8) 0.025(3) 0.023(3) 0.027(3) —-0.005(2) 0.001(2) -0.008(2)
C4) la 0.048(2) 0.676(1) 1.2292(8) 0.043(4) 0.029(3) 0.030(3) —-0.009(3) 0.002(3) -0.012(3)
C(5) la 0.055(2) 0.790(1) 1.1062(9) 0.048(5) 0.022(3) 0.027(3) —-0.016(3) 0.007(3) 0.002(2)
C(6) la 0.085(1) 0.352(1) 1.3718(7) 0.023(3) 0.023(2) 0.012(2) -0.011(2) -0.002(2) 0.012(2)
C(7) la 0.140(2) 0.167(1) 1.3687(7) 0.046(4) 0.022(3) 0.013(2) —-0.010(3) 0.011(2) 0.005(2)
C(8) la 0.127(2) 0.050(1) 1.4902(8) 0.044(4) 0.022(3) 0.020(3) —-0.003(3) 0.002(3) -0.004(2)
C) la 0.013(2) 0.300(1) 1.6046(9) 0.040(4) 0.025(3) 0.035(4) —0.005(3) 0.005(3) -0.011(3)
C(10) la 0.012(1) 0.422(1) 1.4886(8) 0.037(4) 0.019(3) 0.020(3) —-0.006(2) 0.008(2) 0.000(2)
N(1) la 0.116(1) 0.7301(9) 0.9935(6) 0.032(4) 0.025(3) 0.016(3) -0.011(3) 0.003(3) 0.002(2)
N(Q2) la 0.067(1) 0.1100(9) 1.6122(7) 0.030(4) 0.022(3) 0.026(3) —-0.007(3) 0.000(3) -0.002(3)
o(1) la 0.444(2) 0.527(1) 0.5748(7) 0.100(6) 0.038(3) 0.034(3) -0.031(4) 0.023(4) -0.020(3)
0(2) la 0.487(1) 0.715(1) 0.3891(7) 0.084(7) 0.028(3) 0.034(3) -0.023(4) 0.014(4) -0.015(2)
C(11) la 0.488(2) 0.564(1) 0.451009) 0.033(4) 0.022(3) 0.038(4) —-0.010(3) 0.008(3) -0.017(3)
C(12) la 0.564(1) 0.394(1) 0.3780(7) 0.023(3) 0.017(3) 0.019(3) —-0.007(2) 0.002(2) -0.006(2)
C(13) la 0.612(2) 0.440(1) 0.2280(9) 0.035(5) 0.027(3) 0.029(3) -0.015(3) 0.006(3) -0.010(3)
C(14) la 0.683(1) 0.284(1) 0.1559(7) 0.036(4) 0.028(3) 0.018(3) -0.013(3) 0.001(3) -0.003(2)
0(3) la 0.747(1) 0.3178(9) 0.0345(6) 0.065(4) 0.029(3) 0.031(3) —-0.016(3) 0.021(3) -0.013(2)
04) la 0.689(1) 0.1212(8) 0.2152(7) 0.059(5) 0.023(3) 0.031(3) -0.017(3) 0.004(3) -0.008(2)
0O(5) la -0.064(1) 0.7682(9) 0.7156(5) 0.045(4) 0.033(3) 0.022(2) -0.015(3) 0.002(2) -0.010(2)
0O(6) la 0.252(1) 1.0660(9) 0.8941(6) 0.030(3) 0.030(2) 0.035(3) -0.015(2) —-0.001(2) 0.001(2)
O(7) la 0.355(1) 0.7594(9) 0.7419(7) 0.048(4) 0.043(3) 0.029(3) —0.008(3) 0.003(3) -0.017(2)
0(8) la 0.494(1) 0.175(1) 0.6947(6) 0.045(4) 0.033(3) 0.030(3) —-0.014(3) 0.001(3) -0.004(2)
0(9) la 0.681(1) 0.678(1) —0.0870(6) 0.041(4) 0.034(3) 0.032(3) -0.017(3) 0.000(2) 0.000(2)
0O(10) la -0.1783(9) 1.0825(8) 0.8645(6) 0.020(3) 0.035(3) 0.034(3) 0.006(2) —-0.002(2) -0.017(2)
O(11) la 0.513(1) —0.095(1) 0.1144(7) 0.053(4) 0.044(3) 0.035(3) —-0.029(3) —-0.007(3) 0.008(2)
0(12) la 0.667(1) 0.9400(9) 0.4865(6) 0.078(6) 0.034(3) 0.028(3) —-0.026(3) —-0.013(3) -0.006(2)
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Abstract
CsH20NiOs, triclinic, P1(No. 2), a =4.874(1) A, b= 6.329(1) A,
c=10.560(1) A’ a=76.78(1)°, ﬁ =87.79(1)°,y = 76.97(1)°, Table 1. Data collection and handling.
V=308.9 AB, Z=2, Ry(F)=0.024, eref(Fz) =0.065, T=293 K.
Crystal: green block, size 0.178 x 0.244 x 0.267 mm
Source of material Wavelength: Mo K ragliation (0.71073 A)
A methanolic solution of 0.44 g (2.50 mmol) suberic acid in 1.0 ml %iffractometer, scan mode: 1135517;1;4’ 0126
CH30H was added to a suspension of 0.30 g (2.50 mmol) NiCO3 26ma: 50.08°
in 10 mml H2O. The resulting mixture was then stirred for one N(hkl)measureds N(hkl)unique: 2375, 1795
hour. After filtration, the filtrate was allowed to stand at room Criterion for Zobs, N(kl)gt: Iobs > 2 0(lobs), 1722
N(param)refined: 97

temperature. Green well-shaped crystals were grown by slow

K Programs: SHELXS-97 [1], SHELXL-97 [2
evaporation for about 20 days. & ] (2]

Discussion
The Ni atoms in the title compound are each coordinated by four

; Table 2. Atomi inates ispl s (in A%).
H>0 molecules and two suberato groups to complete slightly able 2. Atomic coordinates and displacement parameters (in A%)

trans NiOg octahedra with d(Ni—O) = 2.044 A —2.080 A. The

o . g . Atom Site X y z Uiso

acute cisoid O-Ni-O angles fall in the region 87.62(4)° —
89.72(5)° trivially less than 90° while the transoid Q—NI—O an- HQA)  2i 0.2422 ~0.1148 0.1120 0.043
gles are equal to 180° due to imposition of the local 1 symmetry. H(2B) 2i -0.0130  -0.1572 0.2008 0.043
The suberate anions function as bis-monodenate ligands with the HGA) 2 0.1328 05414 0.2105 0.043

; . ; . it H(3B) 2i 0.3866 -0.4972 0.1200 0.043
middle C—C bond centereq at .the crystllogra.phlc lc position. HGA) 20 01824 03195 0.0393 0.043
The C—O bond to the coordinating O(1) atom is 1.280(2) A sig- H@4B)  2i 00768  —0.2949 00508 0.043
nificantly longer than that of 1.245(2) A to the uncoordinating HO®@4B) 2i 0.331(5) -0.293(4)  0.671(2)  0.042(6)
O(2) atom and the terminal C—C bond is 1.512(2) A consider- HO4A) 2i 0.143(5) —0.113(4)  0.664(2)  0.044(7)
ably shorter than the remaining ones averaged to 1.522 A, The =~ HOGB) 2i 0.228(6)  0.348(5)  0.545(3)  0.064(8)

HO@BA) 2i 0.053(7) 0.255(6) 0.501(3) 0.08(1)

bis-monodenate suberato groups bridge Ni atoms to generate

~[Ni(H20)4(CsH1204)2/2] polymeric chains extending along
[111] direction. The formed chain molecules display strong
intramolecular hydrogen bonds between aqua O(3) atom and
uncoordinating carboxylate O(2)*! atom with d(0--0) =2.623 A
and £O-H:--O =157° (#1 = —x+1, —y, —z+1). The interchain hy-
drogen bonds with d(O--0)=2.763 A —=2.942 A and LO-H--O =
157° — 170° are responsible for the supramolecular assembly of
the polymeric chains.

* Correspondence author (e-mail: zhengem @nbu.edu.cn)
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232 Ni(H20)4(CsH1204)

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

Atom Site X y z Un Uxn Us3 Un2 Ui U3

Ni 1f 12 0 172 0.0139(1) 0.0184(1) 0.0230(1)  -0.00080(8) —0.00415(7) -0.01152(8)
O(1) 2i 0.2680(2)  -0.0976(2) 0.3717(1) 0.0190(4) 0.0304(5) 0.0321(5) -0.0019(4)  -0.0051(4)  -0.0205(4)
0(2) 2i 0.5786(2)  -0.3867(2) 0.3267(1) 0.0264(5) 0.0278(5) 0.0369(6) 0.0014(4)  -0.0099(4)  -0.0194(4)
0@3) 2i 0.1865(2) 0.2807(2) 0.4842(1) 0.0192(4) 0.0236(4) 0.0306(5) 0.0011(4)  -0.0048(4) -0.0135(4)
04) 2i 0.2953(2)  -0.1598(2) 0.6569(1) 0.0231(5) 0.0244(5) 0.0338(6)  -0.0019(4) 0.0005(4)  —0.0081(4)
C(1) 2i 0.3571(3)  -0.2403(2) 0.3026(1) 0.0200(5) 0.0224(5) 0.0243(6)  -0.0068(4)  -0.0015(4)  -0.0119(5)
C(2) 2i 0.1817(3)  —0.2198(2) 0.1836(2) 0.0320(7) 0.0276(6) 0.0311(7) 0.0000(5)  -0.0115(5) -0.0167(5)
C(3) 2i 0.1938(3)  -0.4346(2) 0.1402(1) 0.0324(7) 0.0269(6) 0.0249(6)  -0.0052(5)  -0.0086(5)  —0.0126(5)
C(4) 2i 0.0066(3)  -0.3938(2) 0.0208(1) 0.0351(7) 0.0267(6) 0.0279(7)  -0.0039(5)  -0.0108(5)  -0.0132(5)
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Abstract

C43HsgNgO26Ps, triclinic, P1 (No. 2), a=10.759(3) A,
b=10.351(9) A, c = 15.914(6) A, a = 99.82(6)°, B = 98.02(2)°,
y=75.96(5)°, V=1685.2 A%, Z= 1, Ru(F) = 0.060,

WRet(F) = 0.060, T =296 K.

Source of material

The compound (CgH12N)6PsO1s - 8H20 was prepared by an acid -
base reaction. An aqueous solution of cyclohexaphosphoric acid
was first obtained by passing a solution of LigPcO1g through an
ion-exchange resin (amberlite IR 120) in its H-State. The lithium
salt was prepared according to the process described by Schiilke
and Kayser [1]. Distilled (CH3)>CsH3NH> was added drop by
drop to the HePsO1g solution, with continuous stirring until the
solution exhibits a light greenish colour. The resulting solution
was slowly evaporated at room temperature for several days, giv-
ing transparent thin single crystals, stable under normal condi-
tions of temperature and humidity.

* Correspondence author (e-mail: mohamed.rzaigui @fsb.rnu.tn)

Discussion

The projection of the crystal structure of (CgH12N)¢O18Ps - 8H20
along the b axis shows the organization of the different compo-
nents into two entities. The first one includes the inorganic com-
ponents (PsO1g ring, NH3 groups and water molecules). The
second one is consisted of the organic groups. The inorganic enti-
ties form parallel layers around the planes z = 0. Between these
layers, the organic groups are located establishing H-bonds via
their NH3 groups with P¢O1g rings and water molecules. In this
atomic arrangement, there are three independent organic groups
having correct values of bond distances and angles. The hydrogen
bonds at which they participate explains the stability of the
three-dimensional network of the studied crystal structure.

Table 1. Data collection and handling.

Crystal: colourless prism, size 0.15 x 0.35 x 0.60 mm
Wavelength: Ag Ky, radiation (0.5608 A)

u: 130 cm™!

Diffractometer, scan mode: Enraf Nonius MACH3, w/26

20max: 49.92°

N(hkl)mei\sured, N(hkl)uniqueZ 10909, 10535
Criterion for Iobs, N(hkl)g: Iobs > 2 0(Iobs), 4249
N(param)refined: 388

Programs: SIR92 [2], teXsan [3]

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

Atom Site X y z Uiso

H(1) 2i 0.9074 0.6629 0.1645 0.042
H(2) 2i 0.8889 0.5000 0.1667 0.042
H®3) 2i 1.0110 0.5934 0.1878 0.042
H4) 2i 1.0549 0.4030 0.2937 0.115
H(5) 2i 1.1585 0.4882 0.3146 0.115
H(6) 2i 1.1186 0.4280 0.3869 0.115
H(7) 2i 1.0368 0.5925 0.4772 0.042
H(8) 2i 0.8586 0.8108 0.5183 0.042
H(9) 2i 0.6615 0.9431 0.4673 0.104
H(10) 2i 0.6951 1.0114 0.3965 0.104
H(11) 2i 0.6004 0.9160 0.3736 0.104
H(12) 2i 0.7501 0.7860 0.2578 0.042
H(13) 2i 0.5030 1.1934 0.1430 0.042
H(14) 2i 0.3940 1.2165 0.1484 0.042
H(15) 2i 0.5020 1.0719 0.1727 0.042
H(16) 2i 0.2405 1.1795 0.2694 0.076
H(17) 2i 0.3486 1.0500 0.2568 0.076
H(18) 2i 0.2938 1.0976 0.3448 0.076
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2 (CsH12N)6O18P6 - 8H20

Table 2. Continued. Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(19) 2i 0.3889 1.2552 0.4549 0.042 H(32) 2i 0.2430 0.8195 0.4339 0.042
H(20) 2i 0.5550 1.3771 0.4865 0.042 H(33) 2i 0.4036 0.6478 0.3669 0.120
H(21) 2i 0.7295 1.4421 0.4650 0.098 H(34) 2i 0.3743 0.5867 0.2723 0.120
H(22) 2i 0.7798 1.3974 0.3755 0.098 H(35) 2i 0.4499 0.7001 0.2937 0.120
H(23) 2i 0.6741 1.5280 0.3918 0.098 H(36) 2i 0.2295 0.7815 0.1614 0.042
H(24) 2i 0.6412 1.3151 0.2477 0.042 H(37) 2i 0.7177 0.3821 0.1220 0.042
H(25) 2i 0.0785 0.9270 0.0886 0.042 H(38) 2i 0.6596 0.5385 0.1438 0.042
H(26) 2i -0.0003 1.0274 0.1296 0.042 H(39) 2i 0.0832 1.2192 0.1047 0.042
H(27) 2i -0.0474 0.9103 0.1233 0.042 H(40) 2i -0.0511 1.2520 0.0884 0.042
H(28) 2i -0.0849 1.1459 0.2645 0.099 H®41) 2i 0.1024 0.5465 0.1256 0.203
H(29) 2i -0.1604 1.0324 0.2464 0.099 H(42) 2i 0.2444 0.4693 0.1188 0.203
H(30) 2i -0.1288 1.0969 0.3400 0.099 H®43) 2i 0.3379 0.4448 0.0227 0.187
H(31) 2i 0.0534 0.9718 0.4258 0.042 H(44) 2i 0.4482 0.5130 0.0670 0.187

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

Atom Site X y Z U Uxn Uss Uiz U3 Uas
P(1) 2i 0.52584(7)  0.80582(7)  0.10980(4)  0.0367(4) 0.0349(3) 0.0478(4)  -0.0051(3)  -0.0028(3) 0.0001(3)
P(2) 2i 0.30241(6)  0.86612(7) -0.01769(4)  0.0330(3) 0.0408(4) 0.0364(3) -0.0113(3) 0.0018(2)  -0.0030(2)
P(3) 2i 0.26652(7)  1.15388(7) -0.02428(4)  0.0392(4) 0.0357(3) 0.0393(3) -0.0076(3)  -0.0009(3)  —0.0007(3)
O(1) 2i 0.5286(3) 0.6687(2) 0.1219(2) 0.117(2) 0.043(1) 0.113(2) -0.022(1) -0.016(2) 0.015(1)
0(2) 2i 0.5613(2) 0.9028(2) 0.1829(1) 0.052(1) 0.049(1) 0.0382(9)  -0.0106(9)  -0.0010(8)  —0.0006(7)
0(3) 2i 0.3868(2) 0.8733(2) 0.0712(1) 0.039(1) 0.082(2) 0.042(1) 0.007(1) -0.0045(8)  —0.0055(9)
Oo4) 2i 0.1698(2) 0.8811(3)  —-0.0015(1) 0.040(1) 0.132(2) 0.074(1) -0.033(1) 0.011(1) —0.032(1)
0O(5) 2i 0.3626(2) 0.7557(2)  —0.0806(1) 0.055(1) 0.042(1) 0.051(1) -0.0201(9) 0.0129(8)  -0.0110(8)
0O(6) 2i 0.3195(3) 0.9974(2)  —0.0488(1) 0.160(3) 0.039(1) 0.065(1) —0.004(1) 0.046(2) 0.005(1)
O(7) 2i 0.1640(2) 1.1997(2)  -0.0901(1) 0.045(1) 0.076(2) 0.055(1) -0.019(1) -0.0076(8) 0.021(1)
0O(8) 2i 0.3915(2) 1.2033(3)  -0.0329(1) 0.045(1) 0.098(2) 0.057(1) -0.029(1) 0.0138(9)  -0.032(1)
0(9) 2i 0.2429(2) 1.1890(2) 0.0668(1) 0.044(1) 0.056(1) 0.045(1) -0.0062(9) 0.0040(8)  —0.0038(8)
0O(10) 2i 0.7286(2) 0.4645(2) 0.1657(2) 0.071(2) 0.048(1) 0.118(2) -0.025(1) -0.008(1) —0.008(1)
O(11) 2i 0.0111(2) 1.2169(3) 0.1339(2) 0.054(1) 0.097(2) 0.081(2) -0.016(1) 0.008(1) 0.011(1)
0(12) 2i 0.1664(4) 0.4689(4) 0.1413(3) 0.152(4) 0.109(3) 0.279(5) -0.066(3) 0.141(4) -0.072(3)
0O(13) 2i 0.3662(4) 0.4999(4) 0.0734(3) 0.141(3) 0.129(3) 0.204(4) -0.085(3) 0.103(3) —0.092(3)
N(1) 2i 0.9196(2) 0.5965(2) 0.1979(2) 0.054(2) 0.051(1) 0.059(1) -0.019(1) 0.004(1) 0.007(1)
N(2) 2i 0.4762(2) 1.1705(2) 0.1781(1) 0.041(1) 0.041(1) 0.0312(9)  -0.0116(9) 0.0031(8)  —0.0037(8)
N(@3) 2i 0.0336(2) 0.9403(3) 0.1364(1) 0.038(1) 0.070(2) 0.049(1) -0.020(1) 0.0006(9) 0.010(1)
C(1) 2i 0.9073(3) 0.6521(3) 0.2881(2) 0.048(2) 0.046(2) 0.052(1) -0.020(1) -0.004(1) 0.007(1)
C(2) 2i 0.9882(3) 0.5891(3) 0.3530(2) 0.046(2) 0.053(2) 0.078(2) —-0.014(1) -0.009(1) 0.021(2)
C@3) 2i 0.9652(4) 0.6482(4) 0.4363(2) 0.067(2) 0.075(2) 0.058(2) -0.024(2) -0.018(2) 0.025(2)
C4) 2i 0.8685(4) 0.7573(4) 0.4543(2) 0.076(2) 0.065(2) 0.050(2) -0.027(2) -0.001(1) 0.009(1)
C() 2i 0.7869(3) 0.8144(3) 0.3904(2) 0.062(2) 0.056(2) 0.058(2) -0.015(2) 0.003(1) 0.008(1)
C(6) 2i 0.8094(3) 0.7598(3) 0.3059(2) 0.055(2) 0.054(2) 0.050(2) -0.011(1) -0.011(1) 0.014(1)
C(7) 2i 1.0907(4) 0.4654(5) 0.3345(3) 0.081(3) 0.082(3) 0.112(3) 0.010(2) -0.008(2) 0.019(2)
C(8) 2i 0.6762(4) 0.9326(4) 0.4094(3) 0.101(3) 0.083(3) 0.081(2) 0.003(2) 0.019(2) 0.006(2)
C©) 2i 0.4901(2) 1.2318(2) 0.2674(1) 0.038(1) 0.033(1) 0.033(1) -0.003(1) 0.0019(9)  -0.0027(9)
C(10) 2i 0.4137(3) 1.2065(3) 0.3237(2) 0.048(2) 0.038(1) 0.047(1) —0.005(1) 0.009(1) 0.005(1)
C(11) 2i 0.4367(3) 1.2633(3) 0.4091(2) 0.079(2) 0.051(2) 0.038(1) -0.008(2) 0.017(1) 0.001(1)
C(12) 2i 0.5298(3) 1.3358(3) 0.4345(2) 0.071(2) 0.056(2) 0.036(1) -0.004(2) -0.003(1) —0.008(1)
C(13) 2i 0.6043(3) 1.3596(3) 0.3777(2) 0.056(2) 0.049(2) 0.047(1) —0.008(1) -0.007(1) —0.008(1)
C(14) 2i 0.5826(3) 1.3054(3) 0.2922(2) 0.040(1) 0.044(1) 0.045(1) -0.012(1) 0.003(1) —0.005(1)
C(15) 2i 0.3155(3) 1.1257(4) 0.2962(2) 0.069(2) 0.068(2) 0.071(2) -0.033(2) 0.028(2) —0.005(2)
C(16) 2i 0.7064(4) 1.4382(4) 0.4046(2) 0.071(2) 0.094(3) 0.084(2) -0.038(2) -0.004(2) -0.031(2)
C(17) 2i 0.0906(3) 0.9029(3) 0.2206(2) 0.045(2) 0.055(2) 0.050(1) -0.026(1) 0.008(1) —0.003(1)
C(18) 2i 0.0254(3) 0.9679(3) 0.2916(2) 0.065(2) 0.058(2) 0.063(2) -0.025(2) 0.022(2) —0.004(1)
C(19) 2i 0.0855(4) 0.9286(4) 0.3695(2) 0.098(3) 0.069(2) 0.050(2) -0.035(2) 0.023(2) —0.003(2)
C(20) 2i 0.1983(4) 0.8325(4) 0.3751(2) 0.096(3) 0.087(3) 0.046(2) -0.035(2) -0.000(2) 0.014(2)
C(21) 2i 0.2578(4) 0.7703(4) 0.3040(2) 0.072(2) 0.070(2) 0.061(2) -0.018(2) 0.000(2) 0.017(2)
C(22) 2i 0.2009(3) 0.8088(3) 0.2250(2) 0.049(2) 0.057(2) 0.049(2) —-0.018(1) 0.004(1) 0.005(1)
C(23) 2i —0.0982(4) 1.0708(4) 0.2843(3) 0.077(3) 0.090(3) 0.094(3) 0.001(2) 0.034(2) 0.007(2)
C(24) 2i 0.3844(5) 0.6670(5) 0.3096(3) 0.102(4) 0.126(4) 0.090(3) 0.021(3) 0.005(2) 0.047(3)
References 2. Altomare, A.; Cascarano, M.; Giacovazzo, C.; Guagliardi, A.; Burla, M,
C.; Polidori, G.; Carnalli, M.: SIR92 a program for automatic solution of
1. Schulke, U.; Kayser, R.: Zur thermischen Dehydratisierung von Lithium crystal structure by direct methods. J. Appl. Crystallogr. 27 (1994) 435.
dihydrogenphosphat, -hydrogendiphosphat, und -cyclophosphat 3. teXsan for Windows. Single Crystal Structure Analysis Software. Version
Hydraten. Z. Anorg. Allg. Chem. 531 (1985) 167-175. 1.03. Molecular Structure Corporation (MSC). 3200 Research Forest

Drive, The Woodlands, TX 77381, USA 1997.
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Abstract

C21H19N302, orthorhombic, Pna2; (No. 33), a = 8.385(1) A,
b=23223(2) A, c =8.8285(9) A, V=1719.0 A®, Z =4,
Ru(F) = 0.046, wReei( F*) = 0.089, T= 100 K.

Source of material

A mixture of of pyrrolopyridazinone (1.09 g), K2COs3 (0.6 g) and
ICH3 (0.8 ml) in 40 ml acetonitrile was stirred at 313 K for 15
hours. After reaction the mixture was filtered and the filtrate was
evaporated. The residue was chromatographed [CC, ethyl ace-
tate/cyclohexane (2:1:5)]. The fractions containing two products:
A with Rf =0.89 yielded 0.51 g (mp 577 K) and B with Rf =0.72
(mp 453 K) yielded 0.1 g. For the B product we determined the
crystal structure. For X-ray study, the crystals were obtained by
slow evaporation of an ethanol solution at 296 K. After five days
of growth, colorless, platelet crystals were obtained. The small
single crystal used for the X-ray data collection was cut from a
larger, good quality, single crystal.

Discussion

Pyrrolopyridaziones are known for their biological activity, anti-
proliferative and antiviral activity [1], antiulcar and antibacterial
action against Helicobacter pylori [2,3], NMDA and AMPA recep-
tor antagonistic action [4], antimicrobial and antifungal activity
[5], anticancer and antimycobacterial [6] and are inhibitors of
phospholipase A2 [7] or exhibit profound inhibition of lipid
peroxdation in vitro [8].

The molecule is placed in the general position of the lattice. The
C—C bonds inside the rings ranging from 1.372(3) A to 1.384(3) A.
Inside the ring systems, the N3—N2 distance is 1.431(3) A, and

* Correspondence author
(e-mail: andrzej@wchuwr.chem.uni.wroc.pl)

the C—N distances on average are 1.385(5) A, ranging from a
low value of 1.376(2) A to a high value of 1.394(3) A. The
C1—02 and C4—O1 bonds are 1.234(2) A and 1.239(2) A, re-
spectively. The parameters of the intermolecular hydrogen bonds
are: the distance d(02---H42")=2.490(3) A, with an angle of 146°
subtended at H for symmetry operation i: —x, —y, z+0.5.

Table 1. Data collection and handling.

Crystal: colorless plate, size 0.25 x 0.10 x 0.05 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 0.88 cm!

Diffractometer, scan mode: KUMA KM4CCD, w

20max: 56.92°

N(hkl)measured, N(hkl)unique: 11072, 3977

Criterion for obs, N(hkl)g:: Iobs > 2 0(Iobs), 3025
N(param)refined: 238
Programs: SHELX-97 [9], ORTEP-3 [10]

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

Atom Site X y 4 Uiso

H(10A) 4a 0.2799 0.3856 0.3049 0.037
H(10B) 4a 0.2829 0.4076 0.1371 0.037
H(10C) 4a 0.4398 0.4077 0.2337 0.037
H(11A) 4a 0.5244 0.1918 -0.1412 0.042
H(11B) 4a 0.6180 0.2490 -0.1730 0.042
H(11C) 4a 0.4432 0.2416 -0.2330 0.042
H(12A)  4a 0.0946 0.2165 0.5486 0.037
H(12B) 4a 0.2082 0.1663 0.5983 0.037
H(12C) 4a 0.0863 0.1568 0.4659 0.037
H(22) 4a 0.5197 0.1422 0.5346 0.035
H(23) 4a 0.5733 0.0583 0.6662 0.044
H(24) 4a 0.4601 -0.0280 0.5904 0.036
H(25) 4a 0.2848 —-0.0292 0.3899 0.033
H(26) 4a 0.2274 0.0546 0.2580 0.030
H(32) 4a 0.2980 0.3414 -0.2429 0.026
H(33) 4a 0.3581 0.4141 —0.4148 0.030
H(34) 4a 0.5638 0.4775 —0.3658 0.033
H(35) 4a 0.7175 0.4666 -0.1504 0.035
H(36) 4a 0.6637 0.3929 0.0185 0.031
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236 C21H19N302
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui U Us3 U2 Uiz U3

o(1) 4a 0.2389(2) 0.29723(6)  0.4679(2) 0.0366(9) 0.0196(7) 0.0230(8) 0.0052(7) 0.0068(7)  —0.0025(7)
0Q2) 4a 0.4616(2) 0.13145(5)  0.0914(2) 0.0317(8) 0.0155(7) 0.0258(8) 0.0043(6) 0.0050(7)  —0.0013(7)
NQ@3) 4a 0.2756(2) 0.20387(7)  0.4046(2) 0.0260(9) 0.0145(8) 0.0189(9) 0.0027(7) 0.0064(8)  —0.0011(8)
N(Q2) 4a 0.3315(2) 0.15972(7)  0.3047(2) 0.027(1) 0.0134(8) 0.021(1) 0.0045(7) 0.0040(8)  —0.0003(8)
N(6) 4a 0.4367(2) 0.31671(7)  0.0156(2) 0.0258(9) 0.0154(9) 0.0176(9) 0.0004(7) 0.0019(8) 0.0030(8)
C(1) 4a 0.4046(2) 0.17137(8)  0.1662(2) 0.018(1) 0.019(1) 0.020(1) 0.0002(9)  —0.0013(9) 0.001(1)
C4) 4a 0.2894(2) 0.26181(9)  0.3745(2) 0.021(1) 0.019(1) 0.021(1) 0.0013(9)  —0.002(1) 0.002(1)
C(5) 4a 0.3788(2) 0.32793(9)  0.1604(2) 0.022(1) 0.018(1) 0.018(1) 0.0018(9) 0.0007(9) 0.0003(9)
C(7) 4a 0.4523(2) 0.25770(8) —0.0078(2) 0.021(1) 0.018(1) 0.021(1) 0.0010(9) 0.0004(9) 0.001(1)
C(8) 4a 0.4038(2) 0.23172(8)  0.1248(2) 0.020(1) 0.017(1) 0.018(1) 0.0013(8)  —0.0008(9) 0.0014(9)
C(9) 4a 0.3588(2) 0.27562(9)  0.2289(2) 0.022(1) 0.016(1) 0.016(1) 0.0011(9)  -0.0010(9)  —0.0008(9)
C(10) 4a 0.3421(3) 0.38751(8)  0.2138(3) 0.032(1) 0.016(1) 0.025(1) 0.0012(9)  —0.000(1) 0.0015(9)
C(11) 4a 0.5151(3) 0.23278(9) -0.1515(2) 0.036(1) 0.023(1) 0.024(1) 0.004(1) 0.008(1) 0.002(1)
C(12) 4a 0.1558(2) 0.18417(9)  0.5138(2) 0.029(1) 0.024(1) 0.022(1) 0.001(1) 0.007(1) 0.003(1)
C(21) 4a 0.3693(2) 0.10649(8)  0.3831(2) 0.022(1) 0.013(1) 0.021(1) 0.0010(8) 0.0026(9) 0.0030(9)
C(22) 4a 0.4724(3) 0.10772(9)  0.5051(3) 0.029(1) 0.022(1) 0.038(1) —-0.009(1) -0.008(1) 0.008(1)
C(23) 4a 0.5049(3) 0.0575(1) 0.5833(3) 0.027(1) 0.035(1) 0.048(2) -0.006(1) -0.013(1) 0.024(1)
C(24) 4a 0.4362(2) 0.0059(1) 0.5391(3) 0.027(1) 0.021(1) 0.041(2) 0.006(1) 0.008(1) 0.011(1)
C(25) 4a 0.3325(3) 0.00524(9)  0.4187(2) 0.044(1) 0.017(1) 0.023(1) —-0.004(1) 0.008(1) -0.001(1)
C(26) 4a 0.2978(3) 0.05540(9)  0.3395(2) 0.034(1) 0.023(1) 0.018(1) -0.001(1) 0.001(1) -0.001(1)
C(31) 4a 0.4738(2) 0.36069(8) —0.0938(2) 0.023(1) 0.016(1) 0.020(1) 0.0017(9) 0.0033(9) 0.0013(9)
C(32) 4a 0.3822(2) 0.36647(9) —0.2243(2) 0.022(1) 0.022(1) 0.022(1) 0.0009(9) 0.002(1) -0.002(1)
C(33) 4a 0.4180(3) 0.41021(9) -0.3267(2) 0.030(1) 0.026(1) 0.019(1) 0.006(1) 0.004(1) 0.003(1)
C(34) 4a 0.5419(3) 0.44782(9) -0.2981(3) 0.038(1) 0.018(1) 0.027(1) 0.002(1) 0.013(1) 0.003(1)
C(35) 4a 0.6335(3) 0.4414009) -0.1690(3) 0.032(1) 0.023(1) 0.033(1) —-0.009(1) 0.006(1) -0.002(1)
C(36) 4a 0.6007(3) 0.39760(9) —0.0674(2) 0.029(1) 0.022(1) 0.025(1) -0.001(1) -0.002(1) -0.000(1)
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Abstract

C24H24CuNgO 10, monoclinic, P121/c1 (No. 14), a = 7.441(2) A,
b=11.4582)A, c=14.850(3) A, f =95.941(5)°, V.= 1259.4 A3,
Z =2, Ry(F) = 0.049, wRrer(F*) = 0.126, T = 120 K.

Source of material

N-(2-pyridyl)carbonylaniline was synthesized in accordance with
published procedure [1]. The green crystals of the title compound
were obtained from the reaction of a solution of
N-(2-pyridyl)carbonylaniline (0.396 g, 2 mmol) in hot acetonitrile
(5 ml) and a hot aqueous solution of copper(ID)nitrate (0.188 g,
1 mmol) with N-(2-pyridyl)-carbonylaniline (0.200 g, 2 mmol) in
15 ml acetonitrile. The final solution was brought to the boil and
allowed to cool slowly overnight, depositing green crystals
(0.372 g, yield 60%; mp 563 K). The green single crystals suitable
for X-rax analysis were obtained by slow diffusion (2 days ) of di-
ethyl ether in methanolic solution of title compound. Elemental
analyses were consistent with the composition C24H24CuNgO10
(found: C, 45.38%; H, 3.75%; N, 13.41%; calc.: C, 46.45.%; H, 3.87.%; N, 13.54%).

Discussion

Numerous copper(Il) complexes with nitrogen or oxygen donor
ligands have been synthesized and studied. Some of these com-
plexes serve as structural models for the active site in enzymes [2].
In the recent years the interest in the determination of X-ray crystal
structures of biologically active compounds increased [3]. In this
work, we describe the crystal structure of diaqua-bis[ N-(2-pyridyl)-
carbonylaniline]copper(II) dinitrate, Cu(C12H16N20)2(H20)2 (NO3)».
The cationic complex is mononuclear and occupies special posi-
tions in the inversion centers. In the cation, the metal atom is coor-

* Correspondence author (e-mail: a-ramazani @mail.znu.ac.ir)

dinated to two N-(2-pyridyl)carbonylaniline (L), via one pyridine
nitrogen and one carbonyl oxygen, and to two H>O molecules.
The N-(2-pyridyl)carbonylaniline (L) ligand behaves as a bidentate
ligands, forming a five-membered metallcycle. The coordination of
Cuis a distorted octahedral. The molecules have an inversion center
with approximate C2;, symmetry and are formed by two bidentate
N-(2-pyridyl)carbonylaniline ligands through their O and N atoms
and two water molecules. Two oxygen atoms from amide and two
nitrogen atoms from pyridyl are in trans positions [the angles
£0(amide)~Cu—O(amide) and ZN(pyridyl)-Cu—O(pyridyl) are
180°], and also the two coordinated water molecules are trans
[ £O(water)-Cu—O(water) is 180°]. The bond distances Cu—N
(1977 A) Cu—O(amide) (1.965 A) and Cu—O(water) (2.405 A)
are consistent with previously described values [2]. The bite angles
of £Z01-Cul-N2 and £O1#1-Cul-N2#1 are 82.06° and 82.06°,
respectively, being similar to previously reported [2]. The nitrate
anions in this compound show rotational disorder over two posi-
tions with unequal occupancies. Cations are linked by hydrogen
bonding. The coordinated N-(2-pyridyl)carbonylaniline (L) mole-
cules and the two coordinated water molecules are involved in hy-
drogen bonding acting as hydrogen-bond donors with coordinated
O and N atoms as potential hydrogen-bond acceptors. The hydro-
gen bonding yields infinite chains parallel to the crystallgraphic
vectors a and b. Each cation is bonded to four neighbors and assem-
bles the molecules into a one-dimensional chain.

Table 1. Data collection and handling.

Crystal: deep green prism, size 0.3 x 0.4 x 0.6 mm
Wavelength: Mo Ky radiation (0.71073 A)

u: 9.39 cm™

Diffractometer, scan mode: Bruker SMART 1000 CCD, ¢/w

260 max: 59.16°

N(hkl)measured, N(hkl)unique: 14185, 3521

Criterion for Iobs, N(hkl)g: Iobs > 2 0(Iobs), 2611

N(param)refined: 214

Programs: SHELXTL-plus [4], SHELXTL-97 [5],
SADABS [6]
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Cu(Ci2H16N20)2(H20)2(NO3)2

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

Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
HQBA) 4de 0.3158 0.3985 0.0413 0.037 H(10A) 4e 1.2991 0.3555 0.2537 0.045
H(4A)  4e 0.0204 0.3837 -0.0267 0.041 H(11A) 4e 1.1777 0.1692 0.2339 0.044
H(5A)  4e -0.0886 0.2042 -0.0796 0.041 H(12A) 4e 0.8809 0.1457 0.1716 0.039
H(6A)  4e 0.1042 0.0451 -0.0701 0.036 H(IW1) 4e 0.4105 -0.0219 0.1870 0.046
H(BA) 4e 0.8289 0.4931 0.1488 0.040 HQ2WI1) 4e 0.4031 -0.1236 0.1498 0.057
HGYA) 4e 1.1239 0.5163 0.2099 0.047 H(IN)  4e 0.5822 0.3645 0.1219 0.047
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site Occ. X y b4 Un Un Uss Uiz Uiz U
Cu(1) 2b 12 0 0 0.0237(2) 0.0213(2) 0.0333(2) 0.0025(1)  -0.0055(1)  -0.0074(1)
O(1W)  4e 0.3877(2)  -0.0604(1) 0.1389(1) 0.0416(9) 0.0353(9) 0.0334(8) 0.0030(7)  -0.0034(7)  -0.0012(7)
O(1) 4e 0.6485(2) 0.1236(1) 0.0619(1) 0.0266(7) 0.0228(7) 0.0347(8) 0.0015(6)  -0.0044(6)  -0.0069(6)
N(1) 4e 0.6446(2) 0.3096(1) 0.1122(1) 0.0340(9) 0.0184(8) 0.0311(9)  -0.0025(7) 0.0029(7)  -0.0017(7)
N(2) 4e 0.3156(2) 0.1248(2)  -0.0087(1) 0.0245(8) 0.0254(8) 0.0267(8) 0.0016(7)  -0.0010(6)  -0.0024(7)
C(1) 4e 0.5671(3) 0.2188(2) 0.0682(1) 0.030(1) 0.0210(9) 0.0238(9)  -0.0003(8) 0.0032(8)  -0.0013(7)
C(2) 4e 0.3771(3) 0.2283(2) 0.0254(1) 0.029(1) 0.023(1) 0.0228(9) 0.0001(8) 0.0036(7)  -0.0002(7)
C@3) 4e 0.2705(3) 0.3273(2) 0.0190(1) 0.038(1) 0.025(1) 0.029(1) 0.0048(9) 0.0056(9) 0.0030(8)
C4) 4e 0.0946(3) 0.3183(2)  -0.0214(1) 0.036(1) 0.036(1) 0.031(1) 0.014(1) 0.0065(9) 0.0074(9)
C(5) 4e 0.0301(3) 0.2120(2)  -0.0538(2) 0.025(1) 0.046(1) 0.030(1) 0.0090(9) 0.0003(8) 0.0030(9)
C(6) 4e 0.1461(3) 0.1168(2)  -0.0471(1) 0.027(1) 0.033(1) 0.029(1) 0.0007(9) 0.0001(8)  —0.0026(8)
C(7) 4e 0.8261(3) 0.3168(2) 0.1525(1) 0.034(1) 0.025(1) 0.0247(9)  -0.0054(8) 0.0029(8)  —0.0029(8)
C(8) 4e 0.8992(3) 0.4279(2) 0.1653(2) 0.038(1) 0.025(1) 0.040(1) —-0.0063(9) 0.011(1) -0.0081(9)
C(9) e 1.07533)  0.4417(2)  0.2024(2)  0.041(1) 0.035(1) 0.044(1)  —0.015(1) 0.013(1)  -0.017(1)
C(10) 4e 1.1804(3) 0.3457(2) 0.2284(2) 0.036(1) 0.047(1) 0.029(1) -0.013(1) 0.0007(9)  —0.008(1)
C(11) 4e 1.1076(3) 0.2342(2) 0.2166(1) 0.042(1) 0.038(1) 0.027(1) —0.006(1) -0.0052(9) 0.0017(9)
C(12) 4e 0.9300(3) 0.2201(2) 0.1790(1) 0.042(1) 0.026(1) 0.028(1) —-0.0080(9)  —0.0053(9) 0.0022(8)
N(3) 4e 0.4339(2) 0.6171(1) 0.1534(1) 0.0264(8) 0.0204(8) 0.0325(9) 0.0002(7) 0.0034(7) 0.0001(7)

0(2)  4e 080  051093)  052242)  0.1802(1)  0.036(1)
0(3)  4e 080  03458(3)  0.61972)  0.0775(1)  0.039(1)
0@)  4e 080  04401(4)  0.70112)  020492)  0.072(2)
0Q2A) 4e 020  0.376(1) 0.7142(6)  0.1240(5)  0.039(4)
O(3A) 4e 020  0461(1) 0.5410(7)  0.0958(6)  0.040(5)
O@A) 4e 020  0.489(1) 0.6056(7)  0.2339(5)  0.046(5)

0.025(1) 0.037(1) 0.0061(8)  -0.0047(9)  0.0004(8)
0.035(1) 0.032(1) 0.0035(9)  -0.00398)  0.0071(8)
0.027(1) 0.047(1) 0.008(1)  -0.001(1)  -0.0109(9)
0.022(4) 0.038(4) 0.012(3)  —0.004(3) 0.007(3)
0.027(4) 0.043(4) 0.000(4) 0.006(4)  -0.012(3)
0.039(5) 0.028(4) 0.001(4)  —-0.012(3) 0.011(3)
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Abstract

C16H20ErNO1 1, orthorhombic, Pnma (No. 62), a = 7.744(2) A,
b=21.929(4) A, c=11.013(2) A, V=18702 A’, Z =4,
Ru(F) = 0.020, wRret(F*) = 0.083, T =293 K.

Source of material

Adamantaneamine (2.0 mmol) in 15.0 ml CH30H was added to a
solution of Er(NO3)3 - SH2O (1.0 mmol) dissolved in 10.0 ml
CH30H, producing a colorless solution, to which 2.2 mmol
vanillin was added under continuous stirring. The mixture was
then further stirred for 5 h. Slow evaporation afforded the title
complex crystals for the X-ray structure determination.

Discussion

The crystal structure of the title compound is built up by
triaquabis(vanillin-O,0")nitritoerbium(III) complex molecules,
within which the Er atoms are each surrounded by four O atoms
from two vanillin ligands, three H>O molecules and one O atom of
nitrito ligand, to which nitrato group was reduced by
adamantaneimine. The geometry around Er atom can be described
as a distorted square antiprism with O1, 07, O7a, Ola (plane I) and
02, 04, O2a, O6 (plane IT) (symmetry code: a: x, —y+1/2, 7) at the
tetragonal bases (dihedral angle between their mean planes is
3.3(1)°). The distances between Er and the two planes are
—1.075(2) A and 1.344(2) A, respectively. The bond lengths of
Er—O(phenato), Er—O(methyloxy) and Er—O(nitrito) are

* Correspondence author (e-mail: jhfyl @mail.jhptt.zj.cn)

2.260(3) A,2.585(3) A and 2.236(4) A, respectively. The average
bond length of Er—O(water) is 2.330 A. To form the
three-dimensional structure, the complex molecules are con-
nected to each orther through strong intramolecular hydrogen
bonds with d(O6-H---05b) = 2.677(5) A and £06-H--O5b =
172.2°,d(06-H---05¢) = 2.677(6) A and £06-H--05¢=179.6°,
d(07-H--01d) = 2.688(4) A and £07-H--Old = 167.8°,
d(O7-H---03e) = 2.839(5) A and £07-H---03¢ = 170.6° (sym-
metry codes: b:x—1,y,z; c: x—1/2,y,—z+1/2; d: x+1/2,y,-z+3/2; e:
—X, —y+1, —z+1, respectively).

Table 1. Data collection and handling.

Crystal: colourless prism, size 0.12 x 0.20 x 0.25 mm
Wavelength: Mo K radiation (0.71073 A)
. -1
u: 45.50 cm
Diffractometer, scan mode: Rigaku R-AXIS RAPID, ¢/w
20max: 54.96°

N(hkl)measured, N(hkl)unique: 3792, 2125

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 1902
N(param)refined: 139

Programs: SHELXS-97 [1], SHELXL-97 [2]

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

Atom Site X y z Usso

H(61) 4c -0.0958 1/4 0.3522 0.032
H(62) 4c 0.0698 1/4 0.2958 0.032
H(71) 8d 0.3470 0.3113 0.7481 0.039
H(72) 8d 0.3099 0.3531 0.6667 0.039
H(3) 8d 0.0760 0.4564 0.3305 0.027
H(5) 8d -0.3939 0.4643 0.4987 0.031
H(6) 8d -0.3295 0.3760 0.6060 0.032
H(7) 8d -0.1108 0.5404 0.2874 0.035
H(8A) 8d 0.2492 0.3772 0.2778 0.054
H(8B) 8d 0.4070 0.3517 0.3528 0.054
H(8C) 8d 0.3449 0.4184 0.3740 0.054
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Un Uxn Us3 Ui Uiz Uaz
Er(1) 4¢ 0.17306(3)  1/4 0.54339(2)  0.0141(2) 0.0158(2) 0.0143(2) 0 0.00056(8) 0O

o(1) 8d —0.0436(4) 0.3136(1) 0.5968(3) 0.024(1) 0.020(1) 0.025(1) 0.006(1) 0.008(1) 0.006(1)
0Q2) 8d 0.1876(3) 0.3571(2) 0.4460(3) 0.017(1) 0.024(2) 0.029(2) 0.003(1) 0.004(1) 0.007(1)
0(3) 8d -0.3292(4) 0.5573(2) 0.3531(3) 0.041(2) 0.025(2) 0.047(2) 0.009(1) -0.009(2) 0.006(2)
04) 4¢ 0.4204(5) 1/4 0.4387(4) 0.017(2) 0.029(2) 0.033(2) 0 0.007(2) 0

0(5) 4¢ 0.6779(5) 1/4 0.3555(4) 0.016(2) 0.119(6) 0.021(2) 0 0.003(2) 0

0(6) 4c 0.0235(5) 1/4 0.3619(3) 0.018(2) 0.045(3) 0.018(2) 0 0.000(2) 0

o(7) 8d 0.3190(4) 0.3143(2) 0.6791(3) 0.051(2) 0.019(2) 0.028(2) 0.001(1) —-0.020(1) -0.002(1)
N(1) 4¢ 0.5819(8) 1/4 0.4444(5) 0.037(3) 0.047(4) 0.030(3) 0 0.002(2) 0

C(1) 8d —0.0848(5) 0.3629(2) 0.5367(3) 0.022(2) 0.018(2) 0.021(2) 0.003(2) —-0.000(1) -0.002(2)
C(2) 8d 0.0333(5) 0.3884(2) 0.4517(3) 0.020(2) 0.020(2) 0.020(2) 0.002(2) —-0.003(1) -0.002(2)
C(3) 8d —0.0059(5) 0.4402(2) 0.3874(4) 0.022(2) 0.020(2) 0.024(2) -0.001(2) -0.002(2) 0.002(2)
C(4) 8d -0.1658(5) 0.4695(2) 0.4047(4) 0.028(2) 0.017(2) 0.028(2) 0.003(2) -0.008(2) -0.002(2)
C(5) 8d —0.2843(6) 0.4447(2) 0.4868(4) 0.023(2) 0.024(2) 0.032(2) 0.006(2) -0.002(2) -0.002(2)
C(6) 8d —0.2460(6) 0.3927(2) 0.5509(4) 0.022(2) 0.025(2) 0.032(2) 0.005(2) 0.006(2) 0.002(2)
C(7) 8d —0.1980(6) 0.5260(2) 0.3424(4) 0.035(2) 0.022(2) 0.030(2) 0.002(2) —-0.006(2) 0.002(2)
C(8) 8d 0.3075(6) 0.3778(2) 0.3551(5) 0.026(2) 0.037(3) 0.046(3) 0.003(2) 0.014(2) 0.018(2)
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Abstract

C19H2402, monoclinic, P121/n1 (No. 14), a = 8.408(2) A,
b=13.9153)A, c = 14.456(3) A, = 93.15(3)°, V = 1688.8 A%,
Z =4, Ry(F) = 0.042, wReef(F*) = 0.111, T= 293 K.

Source of material

The title compound was synthesized similarly to a method de-
scribed in the literature [1]. Alkylation of CH2(COOEt), by
Ce¢HsCH2Br in EtOH containing EtONa gave (CsHsCH2)>C-
(COOEt)2, which was reduced by LiAlH4 in Et;O to give
(C6¢H5CH2)2C(CH20H),. Methylation of the diol by Mel in THF
gave 2,2-dibenzyl-1,3-dimethoxypropane. Colourless prismatic
crystals for the X-ray structure determination were obtained by
recrystallization from methanol.

Discussion

Electron donors play a fundamental role in modern Ziegler-Natta
catalyst systems for the polymerization of propene [2]. A novel
and simplified generation of MgCly-supported catalysts used as in-
ternal donors was developed with the discovery of 1,3-diethers [2].
These donors are known for having the property to produce highly
active and stereospecific catalysts without any external donors.
Herein we report the structure of a diether moleculse of
2,2-dibenzyl-1,3-dimethyloxypropane. In the title compound, the
centre C(3) atom which links two methoxymethyl groups and
benzyl groups has sp° hybrid geometry with C-C—Cat 107°—111°.
The atoms C(1), O(1), C(2), C(3), C(4), O(2) and C(5) are
coplanar with rms deviation being 0.03 A. The molecule exhibits

* e-mail: jhfyl@mail.jhptt.zj.cn

essentially butterfly shape with dihedreal angle of 59.28(5)° be-
tween wings of benzyl groups. The distance between the O atoms
of methoxy groups is 4.789(2) A, which is longer the one of
3.662(2) A between the O atoms of S-diol in 2-(hydroxy-
methyl)-1,3-propanediol [3].

Table 1. Data collection and handling.

Crystal: colourless prism, size 0.10 x 0.21 x 0.32
mm
Wavelength: Mo K, radiation (0.71069 A)
: 0.71 cm™
Diffractometer, scan mode: Rigaku R-AXIS RAPID, o
20max: 54.96°
N(hkl)measured» N(hkl)uniquel 3870, 3870

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 2098
N(param)refined: 190
Programs: SHELXS-97 [4], SHELXL-97 [5]

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

Atom Site X y z Uiso

H(1A)  4e -0.3622 0.0509 —-0.3324 0.162

H(IB) 4e 02946 —0.0224  -0.2578 0.162
H(IC)  4e ~0.4229 00532  -0.2318 0.162
HQA) e ~0.1254 0.0340  —0.1326 0.070
HQ2B)  de ~0.2452 0.1155  -0.1078 0.070
H@4A) e ~0.0584 0.1734 0.0137 0.067
H@AB)  4e 0.0583 0.0900  -0.0105 0.067
H(5A) e 0.2954 0.2569 0.1078 0.144
H(5B) 4e 0.1180 0.2366 0.1298 0.144
H(5C) e 0.2341 0.1508 0.1138 0.144
H(7)  de ~0.0375 0.3849 0.0018 0.094
H@8)  4e ~0.2253 0.4466 0.0967 0.111
HO)  de ~0.4904 0.4141 0.0678 0.111
H(10)  4e ~0.5713 03233 —0.0590 0.106
H(11)  de ~0.3859 02623 —0.1548 0.091
H(12A) e 0.0271 03130  —0.1413 0.076
H(I2B) de ~0.1084 02768  -0.2112 0.076
H(14)  4de 0.0487  —0.0234  —0.2726 0.078
H(I5)  de 0.1498  —0.1756  -0.2505 0.090
H(16)  4e 03506 02038  —-0.1403 0.096
H(17)  de 04502  -0.0791  -0.0510 0.106
H(18)  4e 0.3519 00735  —0.0730 0.094
H(19A) 4e 0.0847 0.1506  -0.2512 0.074
H(19B) 4e 0.2060 0.1884  —0.1737 0.074
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui U Usj Upn Uiz U

o(1) de -0.2097(1) 0.10728(7) -0.24063(6)  0.0924(7) 0.0774(6) 0.0600(6)  -0.0116(5)  -0.0164(5) 0.0039(5)
0Q2) de 0.1614(1) 0.21653(6) -0.00020(6)  0.0800(6) 0.0743(6) 0.0559(5) -0.0112(5) -0.0050(4)  -0.0023(4)
C(1) de -0.3322(2) 0.0421(1)  -0.2679(1) 0.115(1) 0.105(1) 0.100(1) -0.029(1) -0.030(1) -0.007(1)
C(2) de -0.1582(2) 0.09951(9) -0.14639(8)  0.0694(8) 0.0541(7) 0.0524(7) 0.0022(6) 0.0012(6) 0.0036(6)
C(3) de -0.0191(1) 0.16772(8) —0.12549(8)  0.0650(8) 0.0481(6) 0.0447(6) 0.0014(6) 0.0054(5) 0.0042(5)
C(4) de 0.0300(2) 0.15638(8) -0.02346(8)  0.0673(8) 0.0521(7) 0.0490(7) 0.0004(6) 0.0016(6) 0.0023(5)
C(5) de 0.2059(2) 0.2152(1) 0.0955(1) 0.112(1) 0.107(1) 0.0649(9)  -0.011(1) -0.0208(9)  —0.0052(9)
C(6) de —-0.1908(2) 0.31499(9) -0.08676(8)  0.087(1) 0.0485(7) 0.0531(7) 0.0111(7)  -0.0015(7) 0.0066(6)
C(7) de —-0.1448(2) 0.3716(1)  -0.0110(1) 0.100(1) 0.0595(8) 0.075(1) 0.0085(8)  —-0.0029(8)  —0.0077(7)
C(8) de -0.2579(3) 0.4087(1) 0.0461(1) 0.130(2) 0.073(1) 0.073(1) 0.023(1) 0.002(1) -0.0161(8)
C(9) de -0.4157(2) 0.3900(1) 0.0288(1) 0.112(2) 0.085(1) 0.081(1) 0.042(1) 0.009(1) 0.0031(9)
C(10) de -0.4636(2) 0.3356(1)  —-0.0463(1) 0.086(1) 0.096(1) 0.084(1) 0.0300(9)  -0.0002(9) 0.0063(9)
C(11) de -0.3517(2) 0.2988(1)  -0.1037(1) 0.088(1) 0.0754(9) 0.0637(8) 0.0198(8)  -0.0112(8) 0.0007(7)
C(12) de -0.0677(2) 0.27324(9) -0.14721(8)  0.0847(9) 0.0533(7) 0.0508(7) 0.0016(6) 0.0028(6) 0.0064(6)
C(13) de 0.1878(2) 0.04263(9) -0.17449(8)  0.0612(8) 0.0619(7) 0.0487(7) 0.0015(6) 0.0113(6)  -0.0012(6)
C(14) de 0.1299(2)  -0.03381(9) -0.22741(9)  0.0709(9) 0.0715(9) 0.0528(7) 0.0083(7)  -0.0008(6)  —0.0072(7)
C(15) de 0.1907(2)  -0.1252(1)  -0.2143(1) 0.083(1) 0.0674(9) 0.075(1) 0.0115(8) 0.0031(8)  —-0.0153(7)
C(16) de 0.3099(2)  -0.1421(1)  -0.1489(1) 0.087(1) 0.078(1) 0.076(1) 0.0266(9) 0.0107(8)  —0.0012(8)
C(17) de 0.3691(2)  -0.0679(1)  —0.0961(1) 0.080(1) 0.106(1) 0.077(1) 0.0306(9) -0.0150(8) —0.0128(9)
C(18) de 0.3093(2) 0.0235(1)  -0.1091(1) 0.0701(9) 0.085(1) 0.078(1) 0.0102(8)  -0.0098(7)  —0.0192(8)
C(19) de 0.1207(2) 0.14254(9) -0.18681(8)  0.0739(9) 0.0593(7) 0.0519(7)  -0.0033(6) 0.0115(6) 0.0025(6)
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Abstract

CoH13AgN304 50, monoclinic, C12/c1 (No. 15), a = 8.331(2) A,
b=11.6452)A, c=23.947(5) A, f = 94.845(3)°, V=2314.8 A°,
Z =8, Ry(F) = 0.030, wRret(F*) = 0.072, T = 298 K.

Source of material

Ag>0 (0.5 mmol, 116 mg) and 4-nitrobenzoate (1 mmol, 167 mg)
were dissolved in a 1 : 1 solution of acetonitrile and concentrated
ammonium solution (v/v, 10 ml), stirring for ca. 10 min
ethylenediamine (1 mmol, 60 mg) was added to obtain a clear so-
lution. After standing still the solution in air for two days with the
ammium gas escaping large colorless prism crystals were crystal-
lized, isolated, washed with water for three times, and dried in a
vacuum desiccator under drying CaCl; (yield 45%). Elemental
analysis: found — C, 31.70%; H, 3.90%; N, 12.14%; calc. for
CoH13AgN3045 - C, 31.51%; H, 3.82%; N, 12.25%.

Discussion

Coordination chemistry of coinage metal(I) monovalent ions
have received considerable attention in the past three decades.
The research on different uses and ideas of various silver(I) com-
pounds is being in the ascendant. We have been interested in the
investigation on silver(I) complexes with various organic ligands
containing N and/or O atoms. Reported here is a sil-
ver(I)carboxylato complex with ethylenediamine.

The title complex crystallizes with the asymmetric unit consisting
of one Ag ions, one 4-nitrobenzoate anion, one ethylenediamine
molecule, and half a crystal water molecule. The Ag(1) ion is co-

* Correspondence author (e-mail: hlzhu@wist.edu.cn)

I SRS
Agl1A)

ordinated by two nitrogen atoms from two ethylenediamines. The
Ag—N distances are 2.138(3) A and 2.148(3) A and the N-Ag-N
angle is 173.1(2)°, indicating a linear coordination of Ag(1). Be-
sides, there is a ligand unsupported Ag—Ag bond with a
d(Ag--Ag) distance of 2.934(3) A. The nitrobenzoate anion is pen-
dent and functions as a counterion to maintain charge balance. The
amine ligands bridge adjacent Ag ions to form one-dimensional
chain and the chains are linked by Ag—Ag bonds to form
two-dimensional layer with (4,4) topology. The four-connected
nodes are provided by pairs of Agions. In addition, there are a vari-
ety of hydrogen bonds N-H---O, O-H---O and C-H---O [d(N1---O3)
=3.070(3) A; d(N1--04) = 2.968(4) A; d(N2--05) = 3.060(2) A;
d(N2--04) = 3.022(4) A; d(05--03) = 2.803(1) A, d(C3--02) =
2.714(0) A; d(C4--04) = 2.784(7) A; d(C7--0O1) = 2.726(8) A]
which extend the two-dimensional layer into three-dimensional
supramolecular array.

Table 1. Data collection and handling.

Crystal: colorless prism, size 0.20 x 0.30 x 0.30 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 17.55 cm™!

Diffractometer, scan mode: Bruker SMART CCD, ¢/w

26 max: 52.72°

N(hkl)measured, N(hkl)uniquel 6470, 2309

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 1862
N(param)reﬁned: 211
Programs: SHELXTL [1], SHELXTL-plus [2]
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Table 2. Atomic coordinates and displacement parameters (in Az). Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(1) 8f 0.334(5) 0.016(3) 0.572(2) 0.05(1) H(8) 8f 0.836(4) 0.186(3) 0.719(2) 0.05(1)
H(2) 8f 0.287(4) 0.135(3) 0.649(2) 0.039(9) H(Y) 8f 1.008(4) -0.256(3) 0.684(1) 0.035(9)
HQ3) 8f -0.020(4) 0.320(3) 0.552(1) 0.040(9) H(10) 8f 1.011(4) -0.219(2) 0.625(2) 0.037(9)
H(4) 8f 0.020(5) 0.194(3) 0.479(2) 0.06(1) H(11) 8f 0.642(4) 0.129(3) 0.634(1) 0.033(9)
H(5) 8f 1.230(4) -0.104(3) 0.669(2) 0.04(1) H(12) 8f 0.771(3) 0.210(2) 0.628(1) 0.023(8)
H(6) 8f 1.207(4) -0.143(3) 0.724(2) 0.040(9) H(13) 8f 0.000(6) 0.492(3) 0.725(2) 0.05(1)
H(7) 8f 0.739(6) 0.102(4) 0.728(2) 0.08(2)

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

Atom Site X y z Un U Us3 Upn Uiz U
Ag(l) 8f 0.97424(3)  0.00715(2)  0.68864(1)  0.0430(2) 0.0342(2) 0.0402(2) 0.0154(1)  -0.0026(1)  —0.0033(1)
N(1) 8f 1.1547(3)  -0.1241(2) 0.6862(1) 0.032(2) 0.030(1) 0.037(2) 0.006(1) 0.000(1) -0.001(1)
N(2) 8f 0.7937(4) 0.1327(3) 0.7014(1) 0.039(2) 0.030(1) 0.038(2) 0.010(1) —-0.004(1) -0.003(1)
N(3) 8f 0.1047(4) 0.3182(3) 0.6592(1) 0.054(2) 0.055(2) 0.045(2) -0.007(2) 0.008(2) 0.001(2)
o(1) 8f 0.1338(4) 0.0425(2) 0.4281(1) 0.086(2) 0.060(2) 0.035(2) 0.009(2) -0.001(1) -0.010(1)
0Q2) 8f 0.3045(4)  -0.0546(3) 0.4803(1) 0.091(2) 0.084(2) 0.055(2) 0.037(2) —-0.008(2) -0.020(2)
0(3) 8f 0.0006(3) 0.3947(2) 0.6519(1) 0.045(1) 0.0438(1) 0.046(2) 0.015(1) -0.000(1) -0.007(1)
04 8f 0.1955(3) 0.3020(2) 0.7027(1) 0.073(2) 0.066(2) 0.032(2) 0.020(1) -0.016(1) -0.011(1)
O(5) de 0 0.5259(4) 3/4 0.068(3) 0.040(2) 0.049(3) 0 0.015(2) 0

C(1) 8f 0.2074(4) 0.0237(2) 0.4732(1) 0.038(2) 0.030(2) 0.027(2) -0.000(1) -0.000(1) —-0.004(1)
C(2) 8f 0.1769(4) 0.0964(3) 0.5209(1) 0.036(2) 0.037(2) 0.031(2) -0.003(1) 0.003(1) -0.002(1)
C(3) 8f 0.2584(4) 0.0736(3) 0.5722(1) 0.037(2) 0.034(2) 0.037(2) 0.003(1) -0.000(1) 0.001(1)
C(4) 8f 0.2311(4) 0.1445(3) 0.6171(2) 0.035(2) 0.035(2) 0.032(2) -0.003(1) —-0.004(1) 0.003(1)
C(5) 8f 0.1270(3) 0.2376(2) 0.6103(1) 0.030(2) 0.032(2) 0.029(2) -0.006(1) 0.003(1) 0.001(1)
C(6) 8f 0.0454(4) 0.2569(3) 0.5578(1) 0.039(2) 0.038(2) 0.037(2) 0.009(2) 0.001(2) 0.004(1)
C(7) 8f 0.0692(4) 0.1859(3) 0.5134(1) 0.043(2) 0.046(2) 0.026(2) 0.001(2) -0.003(1) 0.004(2)
C(8) 8f 1.0820(4) -0.2317(3) 0.6631(2) 0.029(2) 0.034(2) 0.042(2) 0.002(1) -0.004(2) -0.000(1)
C(9) 8f 0.7014(4) 0.1768(3) 0.6509(2) 0.036(2) 0.030(2) 0.037(2) 0.002(1) -0.002(2) —-0.004(1)

Acknowledgment. The authors thank the Education Office of Hubei Province
for the research grant 2002B29002.

References

1. Sheldrick, G. M.: Siemens SHELXTL (Version 5.0), Siemens Industrial
Automation, Inc., Analytical Instrumentation, USA 1995.

2. Sheldrick, G. M.: SHELXTL-plus. Release 4.1. Siemens Analytial X-ray
Instruments Inc., Madison Wisconsin, USA 1991.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 245-246

245

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of (1-cyclopropyl-6-fluoro-7-chloro-1,4-dihydro-
4-0x0-3-quinolinecarboxylato)chloro(2,2’-bipyridine)copper(II)
dihydrate, CUCl(CmHsNz)(CmHgNClFOg,) y 2H20

L.-M. Xie!, G.-P. Wang!, H.-Y. He! and L.-G. Zhu*!!

! Jiaxing College, Department of Chemical Engineering, Jiaxing, 314001 P. R. China
e Zhejiang University, Department of Chemistry, Hangzhou, 310027 P. R. China

Received March 11, 2003, accepted and available on-line June 6, 2003; CCDC-No. 1267/1041

Abstract

C23H20ClCuFN30s, triclinic, P1 (No. 2), a = 10.329(2) A,
b=114174) A, c=10.2253) A, a = 95.77(3)°, 8 =99.10(2)°,
y =98.65(2)°, V=1167.5 A3 z=2, Ry(F) =0.050,

WRobs(F) =0.061, T =293 K.

Source of material

The compound was obtained in water/ethanol media, by mixing
solutions containing 2,2-bipyridine (bipy, 1 mmol), Cu(NO3); -
3H>0 (1 mmol), Heip (1-cyclopropyl-6-fluoro-7-chloro-1,4-di-
hydro-4-oxo-3-quinolinecarboxylic acid, 1 mmol) and NaOH
(1 mmol). The pH of the resulting solution was adjusted to about
7.5 with dilute HCI. Then the solution was slowly evaporated at
room temperature, and blue crystals were formed in a period of
two months. Elemental analysis: found — C, 48.47%; N, 7.58%;
H, 3.54%; calculated for C23H200s5N3FCuClz — C, 48.30%; N,
7.35%; H, 3.52%;

* Correspondence author (e-mail: chezlg@zju.edu.cn)

Discussion

Quinolones, such as ciprofloxacin, norfloxacin and ofloxacin, are
representatives of a class of synthetic antimicrobial drugs, which
exhibit excellent activity against many Gram-positive and
Gram-negative bacterial pathogens [1-3]. The coordination
chemistry of quinolines with transition and non-transition metal
ions has been the subject of a number of literature reports [4]. In
this paper, we report a quaternary complex of copper(Il) with a
quinolone ligand, [CuCI(C1oHgN2)(C13HsNCIFO3)] - 2H20 (D).
In the title complex, the copper atom is five-coordinated with a
square pyramidal environment, involving two nitrogen atoms
from one 2,2'-bipy, one chloride anion and two oxygen atoms
from one cip™ ligand. Atoms O2, O3, N2 and N3 are sitting in a
basal plane, while Cl1 is in apical position with alonger Cu—Cl1
distance. The cip ligand is coordinated to Cu'lion via the kefo and
the oxygen atom of the carboxylate group to form a six-membered ring.
Compared with complex [Cu(Hcpf)(bipy)(Cl)o.7(NO3)0.3](NO3) -
2H>0 (II) [5], the CI” anion (CI12) in I could be replaced by other
anions, such as acetate and nitrate. As expected, the distance
Cu—O(CO0O") of 1.923(3) A is similar to those in previous struc-
tures, such as II, [Cu(phen)(nal)(H20)](NO3) - 3H,O (III),
[Cu(phen)(cnx)(H20)](NO3) - H2O (IV) and [Cu(bpy)(oxo)]-
(NO3) - H20 (V) [6,7]. The Cu—O(keto) distance in I (1.976(3) A)
is longer than those observed in IL, III, IV and V. The Cu—N dis-
tances (1.992(4) A and 2.020(4) A) are as observed in the struc-
tures of the analogous II and III. Interestingly, the distances
between 77t stacked cip™ rings from neighboring molecules and
between cip ring and bipy ring from another molecule are about
3.68 A and 3.5 A, respectively. The latter distance indicates a
strong stacking interaction.

Table 1. Data collection and handling.

Crystal: blue prismatic, size 0.20 x 0.23 x 0.30 mm
Wavelength: Mo K, radiation (0.7107 A)

: 12.13 cm™
Diffractometer, scan mode: AFCTR, w/260

26max: 50.0°

N(hkl)measureds N(hkl)unique: 3882,2918

Criterion for Iobs, N(hkl)gt: Iobs > 2 0(Iobs), 2918
N(param)refined: 317

Programs: SHELXS-86 [8], teXsan [9]
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CuCI(C10HsN2)(C13H§NCIFO3) - 2H20

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

Table 2. Continued.

Atom Site X y z Uiso Atom Site X y z Uiso
H(1) 2i 0.5205 0.2526 0.7377 0.050 H(11) 2i 0.9508 -0.2573 0.1744 0.050
H(2) 2i 0.2433 0.5107 0.5851 0.050 H(12) 2i 0.9783 -0.2080 0.4189 0.050
H(3) 2i 0.3482 0.3398 0.2129 0.050 H(13) 2i 0.9795 —-0.1676 0.6212 0.050
H(4) 2i 0.2953 0.5742 0.3751 0.050 H(14) 2i 0.9697 —-0.1057 0.8450 0.050
H(5) 2i 0.0582 0.4013 0.3573 0.050 H(15) 2i 0.8264 0.0445 0.8967 0.050
H(6) 2i 0.0563 0.5298 0.3542 0.050 H(16) 2i 0.6948 0.1167 0.7145 0.050
H(7) 2i 0.1537 0.5297 0.1650 0.050 H(17) 2i 0.7677 0.1947 0.0396 0.050
H(8) 2i 0.1505 0.3982 0.1544 0.050 H(18) 2i 0.8179 0.2228 0.1806 0.050
H(9) 2i 0.6860 -0.0389 0.1352 0.050 H(19) 2i 0.5235 0.1427 0.9707 0.050
H(10) 2i 0.7919 -0.1690 0.0328 0.050 H(20) 2i 0.5570 0.0539 0.8780 0.050
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Ui Uxn Us3 Uiz Uis U3

Cu 2i 0.65888(6)  0.07378(5)  0.41371(6)  0.0385(4) 0.0263(3) 0.0294(3) 0.0159(3) 0.0016(3) 0.0023(2)
CI(1) 2i 0.8225(1) 0.2603(1) 0.4166(1) 0.0472(8) 0.0242(6) 0.0548(8) 0.0120(6) 0.0052(6) 0.0055(6)
Cl(2) 2i 0.2671(2) 0.5448(1) 0.8623(1) 0.102(1) 0.0554(9) 0.0430(8) 0.0465(9) 0.0148(8)  -0.0043(7)
F 2i 0.4374(3) 0.3710(3) 0.9242(3) 0.082(2) 0.046(2) 0.029(2) 0.029(2) 0.002(2) 0.000(1)
O(1) 2i 0.4302(4) 0.1811(3) 0.1090(3) 0.071(3) 0.056(2) 0.029(2) 0.038(2) 0.004(2) 0.004(2)
0(2) 2i 0.5420(3) 0.0820(3) 0.2498(3) 0.052(2) 0.034(2) 0.030(2) 0.022(2) 0.000(2) -0.002(1)
0(3) 2i 0.5466(3) 0.1553(3) 0.5196(3) 0.046(2) 0.034(2) 0.033(2) 0.023(2) 0.007(2) 0.007(1)
04) 2i 0.8572(5) 0.2104(4) 0.0924(5) 0.073(3) 0.078(3) 0.077(3) 0.038(3) -0.005(2) -0.020(3)
O(5) 2i 0.5989(4) 0.1343(3) 0.9312(4) 0.059(3) 0.054(2) 0.045(2) 0.014(2) 0.012(2) -0.006(2)
N(1) 2i 0.3237(4) 0.4041(3) 0.3870(4) 0.041(2) 0.025(2) 0.033(2) 0.015(2) 0.004(2) 0.007(2)
N(2) 2i 0.7526(4)  -0.0438(3) 0.3201(4) 0.038(2) 0.023(2) 0.029(2) 0.010(2) 0.003(2) 0.002(2)
N(3) 2i 0.7551(4) 0.0153(3) 0.5723(4) 0.033(2) 0.024(2) 0.032(2) 0.009(2) 0.003(2) 0.002(2)
C(1) 2i 0.4758(5) 0.1666(4) 0.2240(5) 0.036(3) 0.036(3) 0.033(3) 0.015(2) 0.002(2) 0.003(2)
C(2) 2i 0.4460(5) 0.2457(4) 0.3371(4) 0.037(3) 0.026(2) 0.026(2) 0.011(2) 0.002(2) 0.004(2)
C@3) 2i 0.4796(5) 0.2320(4) 0.4741(5) 0.031(3) 0.022(2) 0.032(3) 0.007(2) -0.001(2) 0.004(2)
C4) 2i 0.4304(5) 0.3110(4) 0.5673(5) 0.038(3) 0.021(2) 0.030(3) 0.006(2) 0.004(2) 0.003(2)
C(5) 2i 0.4599(5) 0.3051(4) 0.7062(5) 0.042(3) 0.026(3) 0.031(3) 0.009(2) 0.002(2) 0.005(2)
C(6) 2i 0.4104(5) 0.3776(4) 0.7930(5) 0.052(3) 0.030(3) 0.030(3) 0.010(2) 0.002(2) 0.005(2)
C(7) 2i 0.3317(5) 0.4597(4) 0.7485(5) 0.057(4) 0.026(3) 0.034(3) 0.013(2) 0.007(2) -0.004(2)
C(8) 2i 0.3035(5) 0.4697(4) 0.6155(5) 0.043(3) 0.025(2) 0.042(3) 0.015(2) -0.002(2) 0.005(2)
C©) 2i 0.3516(5) 0.3960(4) 0.5242(4) 0.035(3) 0.021(2) 0.030(3) 0.007(2) 0.002(2) 0.004(2)
C(10) 2i 0.3714(5) 0.3326(4) 0.3023(5) 0.044(3) 0.031(3) 0.030(3) 0.010(2) 0.003(2) 0.007(2)
C(11) 2i 0.2462(5) 0.4945(4) 0.3400(5) 0.043(3) 0.029(3) 0.046(3) 0.021(2) 0.001(2) 0.010(2)
C(12) 2i 0.1014(6) 0.4737(5) 0.3299(7) 0.052(4) 0.042(3) 0.072(4) 0.019(3) 0.003(3) 0.004(3)
C(13) 2i 0.1586(8) 0.4716(7) 0.2091(6) 0.108(6) 0.084(5) 0.049(4) 0.068(5) -0.005(4) 0.006(3)
C(14) 2i 0.7454(5)  -0.0683(4) 0.1874(5) 0.042(3) 0.032(3) 0.033(3) 0.009(2) -0.001(2) 0.003(2)
C(15) 2i 0.8125(5)  -0.1490(5) 0.1323(5) 0.048(3) 0.037(3) 0.035(3) 0.011(3) 0.005(2) -0.003(2)
C(16) 2i 0.8937(5)  -0.2062(4) 0.2151(5) 0.051(3) 0.033(3) 0.045(3) 0.017(3) 0.009(3) -0.004(2)
Cc(17) 2i 0.9062(5) -0.1811(4) 0.3530(5) 0.044(3) 0.025(3) 0.041(3) 0.010(2) 0.005(2) -0.003(2)
C(18) 2i 0.8312(5)  -0.0999(4) 0.4019(5) 0.031(3) 0.019(2) 0.034(3) 0.006(2) 0.001(2) 0.000(2)
C(19) 2i 0.8339(4)  -0.0658(4) 0.5452(5) 0.031(3) 0.020(2) 0.035(3) 0.008(2) 0.005(2) 0.003(2)
C(20) 2i 0.9099(5)  -0.1124(4) 0.6457(5) 0.038(3) 0.028(3) 0.041(3) 0.012(2) 0.001(2) 0.005(2)
Cc21) 2i 0.9043(5)  -0.0729(5) 0.7787(5) 0.044(3) 0.040(3) 0.036(3) 0.011(3) -0.001(2) 0.009(2)
C(22) 2i 0.8252(5) 0.0100(5) 0.8056(5) 0.047(3) 0.043(3) 0.033(3) 0.018(3) 0.006(2) 0.002(2)
C(23) 2i 0.7530(5) 0.0531(4) 0.7012(5) 0.042(3) 0.033(3) 0.036(3) 0.015(2) 0.007(2) 0.002(2)
References

1.

Turel, I1.; Golic, L.; Bukovec, P.; Gubina, M.: Antibacterial tests of bis-
muth(III)-quinolone compounds against helicobacter pylori and some
other bacteria. J. Inorg. Biochem. 71 (1998) 53-60.

Ruiz, M.; Perello, L.; Ortiz, R.; Castineiras, A.; Mossmer, C. M.; Canton, E.:
Synthesis, characterization, and crystal structure of [Cu(cinoxacinate)y] -
2H»0 complex: a square-planar CuO4 chromophore. J. Inorg. Biochem.
59 (1995) 801-810.

Wallis, C.; Gahan, L. R.; Charles, B.; Hambley, T. W.: Synthesis and
X-ray structural characterization of an iron(III) complex of the fluoroqui-
nolone antimicrobial ciprofloxacin. Polyhedron 14 (1995) 2835-2840.
Turel, I.: The interactions of metal ions with quinolone antibacterial
agents. Coor. Chem. Rev. 232 (2002) 27-47.

Wallis, S. C.; Gahan, L. R.; Charles, B. G.; Hambley, T. W.; Duckworth,
P. A.: Copper(Il) complexes of the fluoroquinolone antimicrobial
cipofloxacin. J. Inorg. Biochem. 62 ( 1996) 1-16.

. Mendoza-Diaz, G.; Martinez-Ajuilera, L. M. R.; Perez-Alonso, R.; Solans,

X.; Moreno-Esparza, R.: Synthesis and characterization of mixed ligand
complexes of copper with nalidixic acid and (N-N) donors. Inorg. Chim.
Acta 138 (1987) 41-47.

. Mendoza-Diaz, G.; Martinez-Aguilera, L. M. R.; Moreno-Esparza, R.;

Pannell, K. H.; Cervantes-Lee, F.: Some mixed-ligand complexes of cop-
per(Il) with drugs of the quinolone family and (N-N) donors. J. Inorg.
Biochem. 50 (1993) 65-78.

. Sheldrick, G. M.: SHELXS-86. Program for the solution of crystal struc-

tures. University of Gottingen, Germany 1986.

. teXsan. Single Crystal Structure Analysis Software. Version 1.8. Molecu-

lar Structure Corporation, 3200 Research Forest Drive, The Woodlands,
TX 77381, USA 1997.

Brought to you by | Universidad de Chile
Authenticated
Download Date | 8/29/19 9:05 PM



Z. Kristallogr. NCS 218 (2003) 247-248

247

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of ethylenediammonium di(4-chlor-benzoate),

(C:H10N2)(C7H4OC),

J. Xial, X.-J. Wang!, X.-J. Sun!, H.-L. Zhu*! and D.-Q. Wang!

' Wuhan Institute of Science and Technology, Department of Environmental and Chemical Engineering, Wuhan, 430073 P. R. China
e Liaocheng University, Department of Chemistry, Liaocheng, 252059 P. R.China

Received March 17, 2003, accepted and available on-line June 5, 2003; CCDC-No. 1267/1044

Abstract

C16H13C1bN204, monoclinic, C12/¢1 (No. 15), a = 21.92(1) A,
b=9.015(5) A, ¢ =8.620(5) A, B =96.151(9)°, V=1693.3 A®,
Z =4, Ry(F) = 0.064, wRret(F?) = 0.186, T = 298 K.

Source of material

The crystals suitable for X-ray diffraction were obtained by the
following method. Ethylenediamine (1 mmol, 60 mg) and
4-chlor-benzoic acid (2 mmol, 313 mg) were dissolved in concen-
trated ammonium solution and kept in air for three days. Color-
less prism crystals were precipitated, collected, washed with
water, and dried in a vacuum over CaCl; (yield 41%). Elemental
analysis: found — C, 51.26%; H, 4.90%; N, 7.38%; calc. for
Ci16H18C1oN204 — C, 51.49%; H, 4.86%; N, 7.51%.

Experimental details

The compound is sensitive to air, to light and to X-ray exposure.
This explain the relative low quality of the collected intensity
data, resulting in a N(hkl)g/N(param) ratio of about 4.8.

Discussion

The most study among the investigation on quaternary ammo-
nium salts are that they are widely used and studied as
phase-transfer catalysts [1,2], and as effective antimicrobials [3,4].
Recently, we have studied and reported some antimicrobial proper-
ties of several quaternary ammonium salts.

The title compound crystallizes with one ethylenediamine dication
and two 4-chlor-benzoate anions. The cation shows a trans-confor-
mation, and is fully extended in two different directions. All the
bond parameters in the cation are in the normal ranges. The
dication is located between two anions. The hydrogen bonds be-

* Correspondence author (e-mail: hlzhu@wist.edu.cn)

tween the nitrogen atoms and the oxygen atoms join the compound
along c-axis into one-dimensional chains, which are further linked
by the weak interaction between the chlorine atoms with d(Cl---Cl)
=3.303(3) A into a two-dimensional network in ac-plane.

Table 1. Data collection and handling.

Crystal: colorless prism, size 0.05 x 0.40 x 0.50 mm
Wavelength: Mo K, radiation (0.71073 A)

u: 4.06 cm™!

Diffractometer, scan mode: Bruker SMART CCD, ¢p/w

20max: 52.86°

N(hkl)measured, N(hkl)uniquei 4620, 1748

Criterion for Iobs, N(hkl)g:: Lobs > 2 0(Iobs), 699
N(param)refined: 145
Programs: SHELXTL [5], SHELXTL-plus [6]

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

Atom Site X y z Uiso

H(1) 8f 0.369(2) 0.950(5) 0.596(5) 0.07(2)
HQ) 8f 0.427(2) 0.976(5) 0.847(5) 0.05(1)
H®3) 8f 0.440(2) 0.512(5) 0.873(4) 0.05(1)
H4) 8f 0.381(2) 0.507(5) 0.626(5) 0.06(1)
H(5) 8f 0.199(3) 0.503(8) 0.130(7) 0.15(3)
H(6) 8f 0.269(2) 0.586(5) 0.187(6) 0.05(2)
H(7) 8f 0.270(2) 0.514(5) 0.045(6) 0.06(2)
H(8) 8f 0.197(2) 0.772(6) 0.098(6) 0.09(2)
H©) 8f 0.188(2) 0.693(4) -0.058(5) 0.05(1)
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248 (C2H10N2)(C7H402Cl)2
Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site X y z Un U Us3 Upn Uiz U

CI(1) 8f 0.47922(7)  0.7653(2) 1.0601(1) 0.089(1) 0.091(1) 0.0366(7)  -0.0056(9) -0.0144(6)  —0.0047(7)
N(1) 8f 0.2450(2) 0.5697(5) 0.1077(4) 0.070(3) 0.041(2) 0.020(2) 0.001(2) -0.001(2) 0.002(2)
O(1) 8f 0.3266(2) 0.8278(3) 0.3470(3) 0.092(3) 0.040(2) 0.028(2) 0.003(2) -0.001(2) 0.008(2)
0(2) 8f 0.3054(2) 0.5953(3) 0.4008(3) 0.089(3) 0.044(2) 0.025(2) -0.009(2) -0.004(2) -0.004(2)
C(1) 8f 0.3308(2) 0.7185(5) 0.4350(5) 0.056(3) 0.045(3) 0.025(2) 0.003(2) 0.009(2) -0.004(2)
C(2) 8f 0.3688(2) 0.7300(5) 0.5905(4) 0.050(3) 0.041(3) 0.021(2) 0.003(2) 0.007(2) 0.000(2)
C@3) 8f 0.3838(2) 0.8673(6) 0.6567(5) 0.060(3) 0.044(3) 0.035(3) 0.002(3) 0.007(2) -0.004(2)
C4) 8f 0.4177(2) 0.8800(6) 0.7999(5) 0.069(4) 0.047(3) 0.039(3) —0.006(3) 0.004(2) -0.009(3)
C(5) 8f 0.4378(2) 0.7521(6) 0.8774(5) 0.051(3) 0.063(3) 0.026(2) —-0.001(3) 0.003(2) -0.008(2)
C(6) 8f 0.4253(2) 0.6137(5) 0.8145(5) 0.065(3) 0.047(3) 0.030(2) 0.004(3) 0.002(2) 0.003(2)
C(7) 8f 0.3904(2) 0.6037(5) 0.6712(5) 0.060(3) 0.042(3) 0.031(2) 0.003(3) 0.003(2) -0.001(2)
C(8) 8f 0.2233(2) 0.7098(5) 0.0308(5) 0.055(3) 0.041(3) 0.029(2) -0.002(2) 0.002(2) 0.005(2)
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Agl1A)

Abstract

C10H18AgN30, triclinic, PT (No. 2), a = 7.139(2) A,
b=7.5092) A, ¢ = 14.007(4) A, & = 78.505(5)°, B = 78.789(4)°,
y=82.023(4)°, V=717.8 A%, Z=2, Ru(F) = 0.036,

WRrei(F%) = 0.096, T = 298 K.

Source of material

A0 (0.5 mmol, 116 mg) and 4-nitrobenzoic acid (1 mmol, 167 mg)
were dissolved in ammonium solution (10 ml), stirring for ca. 10
min and 1,2-diaminopropane (1 mmol, 74 mg) was added to obtain
a clear solution. After standing the solution in air for two days with
the ammonium gas escaping, large colorless prism crystals were
crystallized, isolated, washed with water for three times, and
dried in a vacuum desiccator under drying CaCl; (yield 62%).
Elemental analysis: found — C, 31.36%; H, 4.89%; N, 10.68%;
calc. for C1oH18AgN306 — C, 31.27%; H, 4.72%; N, 10.94%.

Discussion

The coordination chemistry of the coinage metals has been the
subject of investigation for decades. Historically, the interest in
this area grew out of the diverse structural motifs displayed by
these superficially similar monovalent cations. More recently, in-
terest has been renewed by practical concerns. The complexes of
silver(I) with carboxylic acids represent a group of metal com-
pounds which, despite their usage in synthetic organic chemistry.
We have been interested in the investigation on silver(I) complexes
with various organic ligands containing N and/or O atoms. Re-
ported here is a silver(I)carboxylato complex with 1,2-diamino
propane.

The title complex crystallizes with the asymmetric unit consisting
of one Ag ions, one 1,2-diaminopropane molecule, one
4-nitrobenzoate anion, and two crystal water molecules. The
Ag(1) ion has a linear coordination geometry, being coordinated

* Correspondence author (e-mail: hlzhu@wist.edu.cn)

by two nitrogen atoms from two amine molecules. The Ag—N dis-
tances are 2.124(3) A and 2.132(3) A and the N-Ag-N angle is
175.5(1)°. The anion is pendent and acts as a counterion to maitain
charge balance. The structure of the complex is simple
one-dimensional chain constructed from Ag atoms and the amine
ligands. In addition, there are a variety of N-H---O, O-H---O and
C—H---O hydrogen bonds [d(N1--05) = 2.996(4) A; d(N1--06) =
3.117(4) A; d(N2--03) = 3.037(4) A; d(N2--05) = 3.0204) A;
d(05--03) = 2.721(4) A; d(05--06) = 2.723(4) A; d(06--04) =
2722(4) A;  d(06--04) = 2.730(4) A; d(C7--02) = 3.376(4) A;
d(C10--03) = 3.348(4) A] which extend the two-dimensional layers
into three-dimensional supramolecular array.

Table 1. Data collection and handling.

Crystal:
Wavelength:

colorless prism, size 0.16 x 0.35 x 0.54 mm
Mo K radiation (0.71073 A)

: 1432 cm™

Diffractometer, scan mode: Bruker SMART CCD, ¢p/w

260 max: 52.9°

N(hkl)measured, N(hkl)unique: 4158, 2873

Criterion for Iobs, N(hkl)g:: Iobs > 2 0(Iobs), 2353

N(param)refined: 253

Programs: SHELXTL [1], SHELXTL-plus [2]

Table 2. Atomic coordinates and displacement parameters (in /0\2).

Atom Site X v b4 Uiso
H(1) 2i 0.716(4) 0.468(3) 0.902(2) 0.03(1)
HQ) 2i 0.760(5) 0.283(3) 0.923(2) 0.03(1)
H(®3) 2i 0.405(6) 0.549(6) 0.811(3) 0.04(1)
H4) 2i 0.410(7) 0.435(6) 0.909(4) 0.06(1)
HG) 26 0.814(5)  0.261(4)  0.7593)  0.07(1)
H(6) 2i 0.730(7) 0.478(3) 0.739(3) 0.06(1)
H(7) 2i 0.501(6) 0.205(6) 0.844(3) 0.06(1)
H(8) 2i 0.558(6) 0.208(5) 0.667(3) 0.07(2)
H() 2i 0.485(5) 0.421(2) 0.654(2) 0.019(8)
H(10) 2i 0.343(2) 0.292(6) 0.707(4) 0.07(1)
H(1l) 2 1.206(7)  0.724(6)  0.505(4)  0.07(1)
H(12) 2i 1.356(7) 0.789(6) 0.614(3) 0.06(1)
H(13) 2i 0.846(5) 0.903(5) 0.786(3) 0.04(1)
H(14) 2i 0.699(6) 0.838(5) 0.660(3) 0.04(1)
H(15) 2i 0.515(5) 0.769(5) 0.890(2) 0.04(1)
H(16) 2i 0.620(6) 0.810(4) 0.956(3) 0.06(1)
H(17) 2i 0.108(3) 0.052(5) 0.056(3) 0.04(1)
H(18) 2i 0.195(8) 0.030(7) -0.037(2) 0.08(2)
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250 Ag(C3HgN2He)(C7H3NOg) - 2H20

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

Atom Site X y z U U Us3 U2 Uiz Uaz
Ag(l) 2i 1.08961(4)  0.39630(4) 0.86104(2)  0.0231(2) 0.0611(2) 0.0674(3)  -0.0056(1)  -0.0119(1)  -0.0111(2)
N(1) 2i 0.7907(4) 0.3784(4) 0.8756(2) 0.022(1) 0.043(2) 0.049(2) -0.002(1) -0.006(1) -0.010(2)
N(2) 2i 0.3843(4) 0.4365(5) 0.8469(3) 0.027(2) 0.050(2) 0.048(2) —0.004(1) -0.010(1) -0.011(2)
N(@3) 2i 1.2132(6) 0.9037(5) 0.7892(3) 0.057(2) 0.063(2) 0.058(2) -0.009(2) -0.013(2) -0.010(2)
o(1) 2i 0.9511(5) 0.6871(5) 0.4215(2) 0.071(2) 0.096(3) 0.048(2) -0.012(2) -0.012(2) -0.024(2)
02) 2i 0.6818(5) 0.7207(7) 0.5135(3) 0.058(2) 0.165(4) 0.073(2) -0.022(2) -0.011(2) -0.057(3)
0(3) 2i 1.3866(4) 0.8477(4) 0.7854(2) 0.038(2) 0.066(2) 0.060(2) 0.004(1) -0.018(1) -0.018(2)
04 2i 1.1152(4) 0.9926(5) 0.8515(2) 0.048(2) 0.097(2) 0.061(2) -0.001(2) -0.004(2) -0.052(2)
O(5) 2i 0.5732(4) 0.7166(4) 0.9411(2) 0.054(2) 0.043(2) 0.048(2) -0.007(1) -0.017(1) -0.011(1)
0(6) 2i 0.2259(4) 0.0290(5) 0.0220(2) 0.046(2) 0.076(2) 0.057(2) -0.016(2) -0.010(2) -0.026(2)
C(1) 2i 0.7298(5) 0.3610(5) 0.7833(3) 0.029(2) 0.042(2) 0.047(2) -0.004(2) -0.002(2) -0.011(2)
C(2) 2i 0.5253(5) 0.3104(6) 0.7969(3) 0.031(2) 0.047(2) 0.045(2) —-0.005(2) -0.010(2) —-0.009(2)
C(3) 2i 0.4791(7) 0.3035(7) 0.6966(4) 0.055(3) 0.070(3) 0.048(3) —-0.009(2) -0.014(2) -0.020(2)
C(4) 2i 0.8524(5) 0.7246(5) 0.4966(3) 0.039(2) 0.049(2) 0.028(2) -0.005(2) -0.006(2) -0.015(2)
C(5) 2i 0.9438(5) 0.7747(5) 0.5707(3) 0.042(2) 0.043(2) 0.037(2) -0.004(2) -0.009(2) -0.007(2)
C(6) 2i 1.1398(6) 0.7617(6) 0.5573(3) 0.038(2) 0.065(3) 0.037(2) -0.003(2) 0.003(2) -0.018(2)
C(7) 2i 1.2249(6) 0.8044(6) 0.6278(3) 0.033(2) 0.063(3) 0.047(2) 0.000(2) —-0.005(2) -0.016(2)
C(8) 2i 1.1168(5) 0.8622(5) 0.7108(3) 0.035(2) 0.033(2) 0.039(2) 0.000(1) -0.006(2) -0.006(2)
C(9) 2i 0.9181(5) 0.8765(5) 0.7218(3) 0.035(2) 0.050(2) 0.038(2) -0.002(2) -0.002(2) -0.017(2)
C(10) 2i 0.8303(5) 0.8320(5) 0.6522(3) 0.031(2) 0.049(2) 0.044(2) -0.002(2) -0.002(2) -0.014(2)
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Abstract

C14H10Ag2N209, monoclinic, C12/c1 (No. 15), a = 21.164(6) A,
b=6451(2)A, c = 12219(4) A, f = 104.646(4)°, V= 1614.1 A>,
Z =4, Ry(F) = 0.035, wRret(F>) = 0.074, T= 298 K.

Source of material

Ag>0 (0.5 mmol, 116 mg) and 4-nitrobenzoic acid (1 mmol, 167 mg)
were dissolved in ammonium solution (10 ml) and stirred for ca.
10 min to obtain a clear solution. After standing still the solution
in air for two days with the ammonium gas escaping, large color-
less prism crystals were crystallized, isolated, washed with water
for three times, and dried in a vacuum desiccator under drying
CaCl; (yield 41%). Elemental analysis: found — C, 30.10%; H,
1.81%; N, 5.00%; calc. for C7HsAgNO4.5-C,29.71%;H, 1.78%;
N, 4.95%.

Discussion

Silver is by far the less investigated coinage metal in coordination
chemistry, which can possibly be attributed to the poor solubility
of silver(I) compounds in common solvents and the sensitivity to-
ward photodecomposition [1]. On the other hand, it has been
found that many factors such as the nature of the ligands, solvents,
counter-anions, etc., appear to modulate the stereochemistry of
silver complexes [2]. Our previous studies on the coordination of
various silver(I) salts to a macrocyclic Schiff Base have clearly
shown their versatility [3].

X-ray single crystal diffraction reveals the title complex crystal-
lizes with two crystallographically different Ag ions, two 4-nitro-
benzoate anions and one coordinated water molecule. The Ag(1),
Ag(2)and O(5) are localized at special positions. The Ag(1) ion s
coordinated by two oxygen atoms from two nitrobenzoate anions
and one water molecule. The Agl—O distances are 2.311(4) A
and 2.328(4) A and the 0O-Agl-0O angles are 95.4(2)° and
132.3(2)°. Ag(2) ion is localized at a two-fold rotation axis and

* Correspondence author (e-mail: hlzhu@wist.edu.cn)

has an exactly linear environment, being coordinated by two oxy-
gen atom with Ag—O distance of 2.097(4) A and O-Ag—O angle
of 180°. Such a linking way results in chain-like structure in
which there are ligand supported Ag---Ag interactions
[d(Ag—Ag) = 3.151(3) Al.

Table 1. Data collection and handling.

Crystal:
Wavelength:

colorless prism, size 0.06 x 0.35 x 0.40 mm
Mo K, radiation (0.71073 A)

: 12.41 cm™

Diffractometer, scan mode: Bruker SMART CCD, ¢/w

260 max: 52.9°

N(hkl)measured, N(hkl)unique: 4127, 1522

Criterion for lobs, N(hkl)g:: Iobs > 2 0(lobs), 1137

N(param)refined: 145

Programs: SHELXTL [4], SHELXTL-plus [5]

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

Atom Site X y z Uiso

H(1) 8f 0.357(2) 0.642(7) 0.103(4) 0.06(1)
H(2) 8f 0.303(2) 0.949(7) 0.024(4) 0.05(1)
H(®3) 8f 0.359(2) 0.862(7) -0.252(4) 0.06(1)
H4) 8f 0.412(2) 0.546(7) —-0.179(4) 0.06(2)
H(5) 8f 0.515(4) -0.28(1) 0.318(3) 0.13(3)
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site x y z U U Us3 Uia U3 U
Ag(l) 4e 172 0.11959(7)  1/4 0.0910(4) 0.0367(3) 0.0729(4) 0 0.0394(3) 0

Ag(2) 4b 172 0 0 0.0566(3) 0.0369(3) 0.0406(3) 0.0118(2) 0.0152(2) 0.0023(2)
N(I) 8f 0.2949(2) 1.1294(6)  -0.1631(3) 0.052(2) 0.046(2) 0.042(2) 0.014(2) 0.008(2) 0.007(2)
O(1) 8f 0.4386(2) 0.3607(5) 0.1283(2) 0.076(2) 0.055(2) 0.032(2) 0.023(2) 0.018(2) 0.013(2)
0(2) 8f 0.4469(2) 0.2749(4)  -0.0445(2) 0.068(2) 0.036(1) 0.038(2) 0.013(1) 0.016(2) —0.004(1)
0Q3) 8f 0.2618(2) 1.2179(6)  -0.1117(3) 0.121(3) 0.082(3) 0.060(2) 0.062(2) 0.034(2) 0.016(2)
O(4) 8f 0.3033(2) 1.1913(5)  -0.2517(3) 0.083(2) 0.056(2) 0.050(2) 0.013(2) 0.019(2) 0.018(2)
O(5) 4e 172 -0.210(1) 1/4 0.164(7) 0.085(4) 0.055(4) 0 0.030(4) 0

C(1) 8f 0.4281(2) 0.3896(6) 0.0249(4) 0.037(2) 0.033(2) 0.038(2) -0.002(2) 0.009(2) 0.002(2)
C(2) 8f 0.3905(2) 0.5780(6)  —-0.0261(3) 0.033(2) 0.033(2) 0.035(2) -0.002(2) 0.009(2) —-0.004(2)
C@3) 8f 0.3568(2) 0.6960(7) 0.0361(4) 0.053(3) 0.047(2) 0.033(2) 0.013(2) 0.020(2) 0.012(2)
C4) 8f 0.3249(2) 0.8740(7)  -0.0090(4) 0.042(2) 0.049(2) 0.038(3) 0.014(2) 0.014(2) 0.004(2)
C() 8f 0.3272(2) 0.9356(6)  —0.1150(4) 0.037(2) 0.040(2) 0.035(2) -0.001(2) 0.007(2) —-0.002(2)
C(6) 8f 0.3590(2) 0.8197(6)  -0.1801(4) 0.040(2) 0.040(2) 0.028(2) 0.001(2) 0.011(2) 0.002(2)
C(7) 8f 0.3900(2) 0.6401(6)  -0.1353(3) 0.039(2) 0.040(2) 0.024(2) 0.004(2) 0.009(2) -0.002(2)
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