62 2Ag"
O1—Agl—O1# 1114 (1) 02 _Agl—Agl' 147.5 (1)
O1—Agl—02 82.8(2) Agl—01—Cl1 118.6 (6)
02'—Agl—O1_ 157.0(2) Agl—o1i—cit 118.6 (5)
02'—Agl—O1". 81.0(2) Agl—02—Ct' 128.8 (5)
02" —Agl—o1! 64.3(2) Agl—02" 1 122.1 (4)
02'—Ag1—02™ 1203 (1) 01—C1—02 128.4(7)
Ol1—Agl—Agl" 83.0(2) o1—C1—1v 117 (1)

o1 —Agl—Agl’ 148.2(1) 02—C1—C1" 115.1 (9)
02 —Agl—Agl! 7732

Symmetry codes: (i) ~x,1 — y,—z; (i) 1 — x,y — 13— z (i)
5L3—yi+ziv)l-x2-y -z

Data were collected using 6/20 scans with a variable scan
rate of 1.98-14.5° min~' and employing background counts
for 0.25 of the total scan time on each side. The scan width
was [1.9 + 26(a2) — 20(a)]. Refinement was by full-matrix
least-squares method on F? using all reflections with /4, > 0.

Data collection: Recentering 6/26 Collection Program in
XTL (Syntex, 1973). Cell refinement: P2; in XTL. Data re-
duction: TAPER in XTL. Program(s) used to solve structure:
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc-
ture: SHELX193 (Sheldrick, 1993). Molecular graphics: OR-
TEPI (Johnson, 1976). Software used to prepare material for
publication: C/IFTAB (Sheldrick, 1993).

Lists of structure factors, anisotropic displacement parameters and
complete geometry have been deposited with the IUCr (Reference:
VS§1014). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.

References

Allen, F. H., Kennard, O., Watson, D. J., Brammer, L., Orpen, A. J.
& Taylor, R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1-S19.
Boldyrev, V. V. (1963). The Influence of Defects on the Thermal
Decomposition of Solids, p. 154. Tomsk State Univ. Press. (In

Russian.)

Boldyrev, V. V. (1993).J. Therm. Anal. 40, 1041-1062, and references
therein.

Brown, W. E., Dollimore, D. & Galwey, A. K. (1980). Reactions
in the Solid State. Comprehensive Chemical Kinetics, edited by C.
H. Bamford & C. F. H. Tipper, pp. 22, 222, and refences therein.
Amsterdam: Elsevier.

Hendricks, S. B. (1935). Z. Kristallogr. A91, 48-64.

Griffith, R. L. (1943). J. Chem. Phys. 11, 499-505.

Guinier, A. (1956). In Theorie et Technique de la Radiocristallogra-
phie. 2nd ed. Paris: Dunod.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

Kolesnikov, V. N. & Baumer V. N. (1975). Vestn. Khar’k. Univ. Ser.
Khim. 127, 38-41.

Sheldrick, G. M. (1990). Acta Cryst. Ad6, 467-473.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. Univ. of Gotingen, Germany.

Syntex (1973). XTL. Structure Determination System. Syntex Analyt-
ical Instruments, Cupertino, California, USA.

©1995 International Union of Crystallography
Printed in Great Britain — all rights reserved

G004

Acta Cryst. (1995). C51, 62-65

Diazidobis(2,2"-bipyridine)nickel(II)
Monohydrate

M. KARMELE URTIAGA* AND M. ISABEL ARRIORTUA

Departamento de Mineralogia-Petrologia, Universidad
del Pais Vasco, Aptdo 644, 48080 Bilbao, Spain

IzaskUN GIL DE MURO AND ROBERTO CORTES*

Departamento de Quimica Inorgdnica, Universidad del
Pais Vasco, Aptdo 644, 48080 Bilbao, Spain

(Received 18 January 1994; accepted 12 May 1994)

Abstract

The compound [Ni(N3)(bipy),].H,O (I) (bipy=2,2'-
bipyridine) has been syntiesized and its structure deter-
mined at room temperature. The coordination
polyhedron of the Ni atom shows an octahedral topology
with the two bipy and the two azido ligands in a cis
arrangement. Two monomeric units form an outer-
sphere dimer through hydrogen bonding with the
water molecule to give the overall formula
[Ni(bipy)>(N3)2]2.2H:0.

Comment

Polynuclear nickel(II)-azido systems have been a focus
of investigation in recent years (Arriortua, Cortés,
Lezama, Rojo, Solans & Font-Bardia, 1990; Cortés,
Urtiaga, Larramendi, Lezama, Arriortua & Rojo, 1992;
Vicente, Escuer, Ribas, Salah El Fallah, Solans & Font-
Bardia, 1994; Escuer, Vicente, Ribas, Salah El Fallah &
Solans, 1994). Both dinuclear and chain structures have
been obtained. The azide ion was chosen for its versatil-
ity of coordination; this includes both end-to-end and
end-on bridging modes which lead to antiferromagnetic
(Pierpoint, Hendrickson, Duggan, Wagner & Barefield,
1975) and ferromagnetic type interactions (Arriortua,
Cortés, Lezama, Rojo, Solans & Font-Bardia, 1990),
respectively, between the metallic centres.

The ligands selected to block the metal have been
shown to play an important role in determining the final
structure. The use of tridentate aromatic amine ligands,
which favour cis coordination of the azido bridges, has
led to dinuclear nickel(II) systems with end-on azido
bridges, while the use of bidentate or tetradentate
aliphatic amines, which favour frans coordination of the
azido bridges, has led to nickel(Il)-trans-azido chains.
To our knowledge, no nickel(Il)-cis-azido chains have
been structurally characterized to date. The preparation
of an appropriate precursor containing the azido ligands
in the desired configuration may be useful in the synthe-
sis of such cis-azido chain compounds. We decided,
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therefore, to prepare and characterize such a precursor
using the 2,2'-bipyridine ligand, which has recently been
shown to be able to give the required cis configuration
of the pseudohalide ligands (Urtiaga, Pizarro, Cortés,
Goiii & Larramendi, 1994).

/7 N\_/ \
F l_N N=—
>N /

\Ni*N

/ N

N \N N
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“ | N,
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The structure of the title compound with atom num-
bering is shown in Fig. 1. The Ni atom is at the centre of
an NiNg coordination polyhedron formed by the four N
atoms of the two bipy ligands [Ni—N1A4 2.114 (2),
Ni—N2A4 2.082 (2), Ni—NI1B 2.090 (2), Ni—N2B
2.067 (2) A] and the two N atoms of the terminal azides
[Ni—N34 2.102 (2), Ni—N3B 2.094 (2) A]. The two
bidentate ligands have a cis disposition around the metal
ion, forming practically perpendicular planes [N1A—
Ni—N1B 90.09 (7), N2A—Ni—N2B 171.65 (7)°]. The
rigidity of these ligands causes the bond angles N1A—
Ni—N2A and NIB—Ni—N2B [77.64(7) and
78.19 (7)°, respectively] to deviate significantly from
orthogonality. This causes the geometry about the Nil!
ion to deviate slightly from that of an ideal octahedron.

Fig. 1. View of [Ni(bipy)2(N3)2].H,0 showing the labeling of the non-
H atoms. Displacement ellipsoids are drawn at the 50% level.

The azide ligands are practically linear [N3A—N44—
N5A 177.7 (3), N3B—N4B—N5B 178.6 (2)°] and form
very similar angles (close to 120°) with the Ni" ion.

The complex forms an outer-sphere dimer from two
mononuclear units connected through hydrogen bonds
between the water molecule and the terminal N atom of
the coordinated azide groups [N5A--Ow 2.965 (4),
N5B'--Ow 2.900 (3) A; symmetry code: (i) -x, 1-y,
1 —2z] (Fig. 2). The intermetallic bridging involves a
large number of atoms, as reflected by the through space
Ni--Ni' distance of 10.94 (3) A.

Infrared spectra of both complexes show the charac-
teristic bands of the bipy ligand (McWhinnie & Miller,
1969) but displaced at higher frequencies and split by
coordination to the metal. The more interesting bands
are, however, those associated with the azido groups.
The IR spectrum shows the band corresponding to the
asymmetric stretch of the azido ion, v,(N3), split at 2060
and 2025 cm™. This indicates that the azido ligand is
bonded asymmetrically by its two terminal N atoms, in
good agreement with the structural results involving the

Fig. 2. The [Ni(bipy)2(N3)2]2.2H;0 outer-sphere dimer formed by
hydrogen bonding.



64 [Ni(N3)2(C1oHsN2)2].H,0

Ni—N(azido) bond and Ow---N(azido) hydrogen bond.
The symmetric stretch band, v(N3), appearsat 1340 cm ™!,
while that corresponding to 8(N3) is split at 615 and
608 cm™'. A similar situation is observed in the related

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Beq = (87%/3)L;X;Ujja; a} a,.a;.

copper(Il) outer-sphere dimer [Cu(pymep)(N3);12.2H,0 . 029};08 o 02&’66 o 0715238 o , ge?”
(Rojo, Larramendi, Duran, Mesa, Via & Arriortua, . 0.4350 (2) 0.2850 (2) 0.8543 (1) 32304
1990). N24 0.1012(2) 0.1556 (2) 0.8245 (1) 331(4)
N3A 0.2674 (2) 0.4102 (2) 0.7145 (2) 4.34(5)
NiB 0.3636 (2) 0.0346 (2) 0.7042 (1) 3.27(4)
N2B 0.5178 (2) 0.2693 (2) 0.6222 (1) 3.19 (4)
N3B 0.1319 (2) 0.1294 (2) 0.5919 (1) 421(5)
N4A 0.1398 (2) 0.4323 (2) 0.7400 (2) 4.10 (5)
. N5A 0.0176 (4) 0.4582 (3) 0.7668 (3) 8.54 (11)
Experimental ClA 0.6073 (3) 0.3454 (2) 0.8643 (2) 3.92(6)
24 0.6858 (3) 0.3909 (2) 0.9588 (2) 4.42(6)
A solution containing 1 mmol of the [Ni(bipy):Cl>].2H20  C3A 0.5829 (3) 0.3738 (2) 1.0460 (2) 4.69 (1)
compound [previously prepared by reaction of nickel(Il) g‘;f: 8»‘;‘3’22 g; ggé% g; (1)-8‘3“7)‘51 g; ‘;-gg 22;
ch}onde amhi 2,2 -blpyndlne (1:2 ratio) in an acetone/ethanol Coa 0.1461 (2) 0.2011 2) 0.9226 (1) 328(4)
mixture] dissolved in 10 ml of water was added to a (74 0.0222 (3) 0.1848 (2) 1.0009 (2) 427 (6)
saturated aqueous solution (10 ml) of sodium azide. The C8A -0.1513 (3) 0.1189 (3) 0.9765 (2) 4.94(7)
precipitate obtained immediately was filtered, washed with (C:?SA —g~(1)gg§g: 83;‘1’(" 8; gggg; g: :gg :Z};
water anq dried under vacuum for 12 h. This c;ompound was ‘i 0.1490 (2) 0.1834 2) 05154 (1) 376 (4)
recrystallized from an aqueous/methanol solution. Elemental  nsp 0.1648 (3) 0.2340 (2) 0.4391 (2) 6.00 (6)
analysis and atomic absorption results show good agreement ClB 0.2743 (3) —0.0836 (2) 0.7453 (2) 4.04 (6)
with the stoichiometry. The density of the compound was gg 83;‘3’?:3; —g-:g‘g? g; ggg‘;g’g; :-;3 Eg;
measured by flotation in bromoform/chloroform. Cag 0.5736 (3) —0.0681 2) 06421 2) 41305)
C5B 0.5102 (2) 0.0417 (2) 0.6515 (1) 3.23(5)
Crystal data C6B 0.5972(2) 0.1736 2) 0.6037 (1) 3.14(4)
[Ni(N3)2(C1oHsN2)2].H20 Mo Ko radiation C78 0.7463 (3) 0.1974 (2) 0.5435 (2) 3.99(5)
M. = 473.14 X = 0.71069 ;\ C8B 0.8132(3) 0.3228 (3) 0.4996 (2) 4.44 (6)
T’. lini ) Cell : from 25 C9B 0.7319 (3) 0.4196 (2) 0.5173 (2) 4.23(6)
neime cll parameters trom cloB 0.5852 (3) 0.3902 (2) 0.5793 (2) 3.78(5)
P1 reflections ow —0.1379 (3) 0.6785 (2) 0.7603 (1) 6.08 (7)
a=8214(1)A 6 = 10-14°
b=10.264 (1) A g =0.976 mm~'
c=13.138 (3) A T=298K
a =96.03 (1): Elongated prism Table 2. Selected geometric parameters (A, °)
B =8713 (1) ° 0.37 >< 0.18 x 0.13 mm Nickel coordination sphere
¥ = 110.18 (1) - Greenish brown Ni—NI1A 2.114(2) Ni—N24 2.082(2)
V=1033.83) A Ni—N3A 2.102 (3) Ni—N1B 2.090 (2)
Z=2 Ni—N2B 2.067 (2) Ni—N3B 2,094 (2)
D, = 1.52 Mg m™> Ni—Ni' 10.94 (3)
=1
D = 1.49 (1) Mg m™? N1A—Ni—N24 77.64(7)  N1A—Ni—N3A 90.02 (7)
" NIA—Ni—N1B 90.09(7)  NIA—Ni—N2B 95.37(7)
. N1A—Ni—N3B 171.04(8)  N2A—Ni—N34 91.03 (8)
Data collection N24—Ni—N1B 97.07(7)  N24—Ni—N2B 171.65 (7)
Enraf—Nonius CAD-4 e = 28° N2A—Ni—N3B 93.62(8)  N3A—Ni—NIB 171.73(8)
diffractomet h=—10 — 10 N3A—Ni—N2B 9356 (7)  N3A—Ni—N3B 92.15(8)
liractometer = N1B—Ni—N2B 7819(7)  NIB—Ni—N3B 89.01(7)
w/26 scans ) k=-13—>13 N2B—Ni—N38 93.17(7)
Absorption correction: 1=0-—-17 ) Average values in bipy ligand
none 2 standard reflections C—N 1.34 (1) c—C 1.39(3)
5464 measured reflections frequency: 60 min C—H 0.98(2)
5322 independent reflections intensity variation: 8.69% c—C—C 30 (D) C—N—C 118.7 (3)
4061 observed reflections C—C—N 2954
i > 2.5q0(] Azide groups
N3A—N44 1173 (3) N3B—N4B 1177(3)
Refinement N4A—NSA 1.154 (4) N4B—N5B 1.159 (3)
Ni—N3A—N4A 1244 (2) Ni—N3B—N4B 122.1(2)
2 2
Refinement on F w = 1/[o?|F,| + 0.002|F,|"] N3A—N4A—N54 177.7 (3) N3B—N4B—N5B 178.6 (2)
R =0.035 (A/0)man = 0'00}_3 Symmetry code: (i) ~x, 1 —y,1 — 2.
wR = 0.038 Apmax =083 € AT
§$=123 Apmin = —0.55 ¢ A3 Intensity data were corrected for Lorentz and polarization

4061 reflections

344 parameters

Only coordinates of H atoms
refined

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)

effects. The non-H atoms were refined anisotropically. H-
atoms were obtained by difference Fourier synthesis and
were refined isotropically. The structure was solved by the
MULTAN11/84 (Main, Germain & Woolfson, 1984) program
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and refined by least-squares methods (SHELX76; Sheldrick,
1976). Molecular graphics were produced with the SCHAKAL
program (Keller, 1988). Material for publication was prepared
using BONDLA (Hall & Stewart, 1990) and PARST (Nardelli,
1983).

This work has been supported financially by a
grant from the Universidad del Pais Vasco-Euskal Her-
riko Unibertsitatea (U.P.V.130.310.EB017/92) which we
gratefully acknowledge.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates, complete geometry and torsion angles have been
deposited with the TUCr (Reference: NA1087). Copies may be
obtained through The Managing Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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Abstract

In the title compound, tetraaquabis(4-imidazoleacry-
lato)zinc(II), [Zn(CsHsN;03),(H;0)4], the Zn atom has a
quasi-octahedral coordination environment with four
water O atoms in a square-planar arrangement and two
N atoms of the imidazole ring in trans positions. The
acrylic acid side chain is partially disordered. The imida-
zole ring and the carboxyl group have a trans configura-
tion about the double bond and the carboxyl group is
tilted towards the imidazole ring. The urocanic acid mol-
ecules are held together via hydrogen bonds involving
all available H atoms.

Comment

Urocanic acid (I) is the first metabolic product of histi-
dine. It has two geometrical isomers which display trans
or cis configurations of the imidazole ring and the car-
boxyl group about the double bond of the acryl side
chain. The biological activity of trans-urocanic acid (for
example in the contraction of blood vessels or the lower-
ing of blood pressure) is greater than that of cis-urocanic
acid. Also, the major pathway of histidinc metabolism is
via trans-urocanic acid (Kurogochi, Fukui, Nakagawa &
Yamamoto, 1957; Abrams & Borsook, 1952). The crys-
tal structure of urocanic acid dihydrate was reported to
compise molecules with the trans configuration
(Hawkinson, 1977; Svinning & Sorum, 1979).

ﬁ/\/cow
N\/NH
a

In order to investigate the interaction between imida-
zole compounds and zinc ions, zinc—urocanic acid com-
plexes (1:2 and 1:1) were synthesized (Weitzel &
Fretzdorff, 1956); tetrahedral coordination models were
proposed for the cis configurations of each complex, but
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