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In the novel transition metal isothiocyanate complex of N-(2-
hydroxyethyl)ethylenediamine (hydet-en) with copper, [Cu-
(NCS),(C4H,N,0)], the Cu atom lies in a distorted square-
pyramidal environment, coordinated by four N atoms in the
basal plane and an apical O atom. The hydet-en ligand is
N,N,O-tridentate, in contrast to the disposition in previously
studied complexes, while the isothiocyanate ions act as N-
atom donor ligands. The monomeric units are linked to one
another by hydrogen bonds.

Comment

Studies of the syntheses, structures and properties of metal
complexes containing ambidentate ligands are of interest for a
number of reasons, some of which involve controlling the
reactivities of the coordination sites in the metal complexes.
Many transition metal complexes of this type have been
synthesized, and their structures and physical properties, as
well as the linkage isomerization reactions of the ambidentate
units, have been investigated (Kabesova et al, 1995; Buck-
ingham, 1994; Burmeister, 1990). The coordination mode of an
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ambidentate ligand depends strongly on the nature of the
central metal and the adjacent ligands. In this context, we have
undertaken a study of the effect of the ligand N-(2-hydroxy-
ethyl)ethylenediamine (hydet-en) on the coordination beha-
vior of thiocyanate ions in copper complexes. Hydet-en, with
three donor sites, has been the subject of few studies (Yilmaz
et al.,2002; Karadag et al., 2004), and its coordination behavior
is, therefore, not well characterized. The present paper reports

the synthesis and crystal structure determination of the
compound [Cu(NCS),(hydet-en)], (I).

An ORTEPIII (Burnett & Johnson, 1996) view of the
molecular structure of (I) is shown in Fig. 1. The structure
consists of monomeric units, which are connected by hydrogen
bonds.

Each Cu" ion has square-pyramidal geometry and is coor-
dinated by one hydet-en ligand and two isothiocyanate ions,
which are mutually cis. The hydet-en ligand chelates through
its two amine N atoms and the O atom of the ethanol group, an
arrangement that is different from those observed in the
copper and cadmium saccharin complexes with the hydet-en
ligand (Yilmaz et al, 2002), the cyano-bridged Zn"/Ni"
complex (Karadag, Pasaoglu, Kastas & Biiyiikgiingor,
unpublished results) and the nickel isothiocyanate complex
(Karadag et al., 2004).

A topological ambiguity exists in the structure, in that it
would have been possible to assign atoms N4 and O1 either as
shown in Fig. 1 or with their identities reversed. The possibility
of disorder also had to be considered. However, since atom N4
donates two hydrogen bonds while atom O1 donates one, the
correct assignment was clear.

The square-pyramidal coordination shell consists of two
five-membered chelate rings, viz. A (Cul/O1/C3/C4/N3) and B
(Cul/N3/C5/C6/N4), with a dihedral angle between the mean
planes through rings A and B of 70.20 (11)°. The isothio-
cyanate ions act as N-atom donor ligands, as reported in
related studies (Xu et al, 2003; Yilmaz et al., 2000). The
coordinated amine N atoms of the hydet-en ligands and the N
atoms of two isothiocyanate ions form the basal plane (N1-
N4), while the O atom of the ethanol group of the hydet-en
ligand is located in the axial position. The Cu—N distances are
comparable to those in a previously reported Cu-hydet-en
complex (Yilmaz et al., 2002). The bite angles of rings A and B
are 77.70 (14) and 83.84 (15)°, respectively. The other cis
angles around the Cu atom deviate slightly from 90°,
completing the basal plane along with the bite angle of ring A.
The isothiocyanate groups are almost linear; the S—C and C—
N distances (Table 1) agree with previously reported values
(Yilmaz et al., 2000). Other than the chelate bite angles, the
bond angles around the Cu'" center deviate only slightly from
the ideal angles for square-pyramidal geometry.

The molecule, which constitutes the asymmetric unit, is
linked to surrounding molecules via hydrogen bonds (N3—

Figure 1
The molecular structure of (I). Displacement ellipsoids are shown at the
50% probability level.
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Figure 2

The packing of (I), with hydrogen bonds shown as dashed lines.

H6- - -S1i, N4—H11---S1% N4—H12.--82% and O1—H1---
S1"; see Table 2 and Fig. 2).

Experimental

CuCl,-H,O (0.17 g, 1 mmol) in water (10 ml) was mixed with KSCN
(0.197 g, 2 mmol) for 5 min. Hydet-en (0.105 g, 1 mmol) in ethanol
(10 ml) was added to the mixture, which was stirred well at room
temperature. On slow evaporation of the resulting violet solution,
single crystals suitable for X-ray diffraction analysis were obtained
within a week and were separated by filtration, washed and air dried.

Crystal data

[Cu(NCS),(C4H,2N,0)]
M, = 283.86
Monoclinic, Cc
a=7312(5) A

b =14774 (5) A
c=10902 (5) A
B=95076 (5°

V =1173.1 (10) A®
Z=4

Data collection

Stoe IPDS-II diffractometer

® scans

Absorption correction: integration
(X-RED32; Stoe & Cie, 2002)
Tomin = 0.433, Tax = 0.541

7769 measured reflections

2231 independent reflections

Refinement

Refinement on F?

R[F* > 20(F?)] = 0.031

WR(F?) = 0.059

§=0.90

2231 reflections

131 parameters

H atoms treated by a mixture of
independent and constrained
refinement

D, =1.607 Mg m™

Mo Ko radiation

Cell parameters from 7025
reflections

6 =2.8-26.3°

n =219 mm-

T=293(2)K

Prism, violet

0.40 x 0.35 x 0.28 mm

1

1795 reflections with 1 > 20(I)
Rine = 0.067

Omax = 26.0°
h=-9—9
k=-18 —> 18
I=—-13 > 12

w = 1/[o*(F2) + (0.0234P)?]
where P = (F2 + 2F2)/3

(AI6)max = 0.001

APmax = 030 e A3

Apmin = =027 ¢ A3

Absolute structure: Flack (1983),
1074 Friedel pairs

Flack parameter: —0.014 (16)

Table 1 .

Selected geometric parameters (A, °).

Cul—N2 1.952 (4) S1—Cl1 1.626 (5)
Cul—N1 1.963 (4) $2—C2 1.608 (4)
Cul—N4 2.000 (3) Cl1—N1 1.154 (6)
Cul—N3 2.013 (3) C2—N2 1155 (5)
Cul—01 2331 (4)

N2—Cul—N1 92.02 (17) N2—Cul—-01 96.70 (16)
N2—Cul —N4 93.29 (16) N4—Cul-01 103.77 (15)
N1—Cul—N4 162.99 (15) N3—-Cul-01 77.70 (14)
N2—Cul —N3 172.84 (17) N1—-C1-S1 178.3 (4)
N1—Cul—N3 92.59 (15) N2—-C2—-S2 179.6 (5)
N4—Cul—N3 83.84 (15)

Table 2 .

Hydrogen-bond geometry (A, °).

D-H---A D—H H-A D---A D-H---A
N3—H6---SI' 0.91 2.66 3.505 (4) 155
N4—HIL- - s1% 0.90 2.73 3.562 (4) 155
N4—HI12---82" 0.90 2.65 3.514 (4) 162
O1—HI---S1" 0.82 (4) 249 (5) 3260 (4) 155 (4)

Symmetry codes: (i) x,—y,z—% (i) x+3y+3z (i) x+5—y+Lz-% @{v)
x+1,y,z

All H atoms, except H1, were placed in calculated positions and
refined as riding [C—H = 0.97 A, N—H = 0.90-0.91 A and Uj,(H) =
1.2U.4(CN)]. Atom H1 was allowed to refine freely.

Data collection: X-AREA (Stoe & Cie, 2002); cell refinement:
X-AREA; data reduction: X-RED32 (Stoe & Cie, 2002); program(s)
used to solve structure: SIR97 (Altomare et al., 1999); program(s)
used to refine structure: SHELXL97 (Sheldrick, 1997); molecular
graphics: ORTEPIII (Burnett & Johnson, 1996); software used to
prepare material for publication: WinGX (Farrugia, 1999).

The authors acknowledge the Faculty of Arts and Sciences,
Ondokuz Mayis University, Turkey, for the use of the
diffractometer (purchased under grant No. F279 of the
University Research Fund).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA1084). Services for accessing these data are
described at the back of the journal.

References

Altomare, A., Burla, M. C., Camalli, M., Cascarano, G. L., Giacovazzo, C.,
Guagliardi, A., Moliterni, A. G. G., Polidori, G. & Spagna, R. (1999). J.
Appl. Cryst. 32, 115-119.

Buckingham, D. A. (1994). Coord. Chem. Rev. 135-136, 587-621.

Burmeister, J. L. (1990). Coord. Chem. Rev. 105, 77-133.

Burnett, M. N. & Johnson, C. K. (1996). ORTEPIII. Report ORNL-6895. Oak
Ridge National Laboratory, Tennessee, USA.

Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837-838.

Flack, H. D. (1983). Acta Cryst. A39, 876-881.

Kabesova, M., Boca, R., Melnik, D., Valigura, D. & Dunaj-Jurco, M. (1995).
Coord. Chem. Rev. 140, 115-135.

Karadag, A., Bulut, A. & Biiyiikgiingor, O. (2004). Acta Cryst. C60, m402—
m404.

Sheldrick, G. M. (1997). SHELXL97. University of Gottingen, Germany.

Stoe & Cie (2002). X-AREA (Version 1.18) and X-RED32 (Version 1.04). Stoe
& Cie, Darmstadt, Germany.

Xu, J. Y., Bian, H. D, Gu, W,, Yan, S. P, Cheng, P, Liao, D. Z., Jiang, Z. H. &
Shen, P. W. (2003). J. Mol. Struct. 646, 237-242.

Yilmaz, V. T., Karadag, A. & Thoene, C. (2002). J. Coord. Chem. 55, 609-618.

Yilmaz, V. T., Karadag, A., Thoene, C. & Herbst-Irmer, R. (2000). Acta Cryst.
C56, 948-949.

m94 Pasaoglu et al. -

[Cu(NCS),(C4H1,N,0)]

Acta Cryst. (2005). C61, m93—m94



