LIGIA GOMES et al.

a=17.000(2) A = 1435 mm™'

b=14369(2) A T=2982)K

c=13485Q2) A Block

B =9132(1)° i 0.5 x 0.4 x 0.2 mm

V =3293.1(8) A® Brown

Z=8

D, = 1.586 Mg m—3

D, not measured

Data collection

Stoe IPDS diffractometer Rine = 0.044

Area-detector scans Omax = 29.49°

Absorption correction: h=-23 522
numerical (X-RED in k=-18 - 19
IPDS; Stoe & Cie, 1996) l=-17 - 17

Tin = 0.778, Thmax = 0.891
32 839 measured reflections
8343 independent reflections
6272 reflections with

1> 20()

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.043
wR(F?) = 0.121
$=1215

3 standard reflections
frequency: 90 min
intensity decay: none

(A/0)max = 0.001
Apmax = 0432 ¢ A7
Apmin = —0.454 ¢ A3
Extinction correction:

7704 reflections SHELXL93
569 parameters Extinction coefficient:
Only coordinates of H atoms 0.0087 (7)

refined
w = 1/[cX(F2) + (0.0400P)>
+ 1.6555P]
where P = (F2 +2F)3

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/i, °)

Nil—N1 1.909 (2) Ni2—N4 1.913 (2)
Nil—N2 1.916 (2) Ni2—N3 1.919 (2)
Nil—S§2 2.1454 (8) Ni2—S83 2.1610 (9)
Nil—S1 2.1733 (8) Ni2—S4 2.1686 (9)
S1—C1 1.708 (3) S3—Cl1A 1.712(3)
§2—C17 1731 (3) S4—C17A 1.721 (3)
N2—C11 1.291 (4) N3—C7A 1.270 (4)
N2—C10 1.462 (4) N3—C8A 1.472 (4)
N1—C7 1.265 (4) N4+—Cl114 1.267 (4)
NI1—C8 1.452 (4) N4—C10A 1.445 (4)
NI—Nil—N2 90.70 (10)  N4—Ni2—N3 90.67 (10)
N2—Ni1—S2 96.66 (7) N3—Ni2—S3 94.36 (8)
NI—Nijl—S1 90.07 (8) N4—Ni2—S4 92.36 (8)
S$2—Nil—S1 83.60 (3) S3—Ni2—S4 83.14 (4)

Data collection: EXPOSE in IPDS (Stoe & Cie, 1996). Cell
refinement: CELL in IPDS. Data reduction: INTEGRATE
in IPDS. Program(s) used to solve structure: SHELXSS6
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXI93 (Sheldrick, 1993). Molecular graphics: ORTEPII
(Johnson, 1976). Software used to prepare material for publi-
cation: SHELXL93.

This work was supported by the Fundagao para a
Ciéncia e Tecnologia through project PRAXIS XXI nr.
2/2.1/QUI/316/94. We thank Dr C. Wagner (Martin—
Luther Universitat, Halle-Wittenberg, Germany) for
help with the numerical absorption correction.
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: GD1011). Services for accessing these
data are described at the back of the journal.
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Abstract

The Cu'' ion of the title complex, (5,6-dimethyl-1,10-
phenanthroline-N, N')(2-formylphenolato-0,0’ )(nitrato-
O)copper(Il), [Cu(C7H50,)(NO3)(C14H ;N,)], displays
a slightly distorted square-pyramidal coordination site,
where one O atom from the nitrate ion is coordinated in
the apical position [at 2.239 (2) A], and both O atoms
from the salicylaldehydate [at 1.893 (2) and 1.963 (2) A]
and both N atoms from the phenanthroline molecule
[at 1.995 (2) and 2.005 (2) A] define its base. The five-
membered chelate ring (CuC;N;) in the phenanthroline
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moiety is roughly planar, while the CuC;0; ring in the
salicylaldehyde moiety is planar with a slight distortion
toward an envelope conformation. The crystal packing
seems to be determined by m—m* interactions.

Comment

Our study of the IR spectroscopic properties of several
mixed phenanthroline and oxygen-donor complexes has
led us to prepare and crystallize the title complex,
[Cu(NO;)(salal)(5,6-dm-phen)], (I), among others (salal
is salicylaldehydate and 5,6-dm-phen is 5,6-dimethyl-
phenanthroline).

Fig. 1 shows a molecule of (I) with the atom-
numbering scheme. Selected bond lengths and angles
are shown in Table 1. The coordination sphere of the
Cu" ion consists of five ligand atoms, two N and three
O, in a distorted square-pyramidal geometry. The nitrate
ion is in the apical position, while both the aromatic
N atoms from the phenanthroline and the O atoms
from the salicylaldehydate lie at the base. There is
a very slight tetrahedral distortion [N1 0.026 (1), N2
—=0.025(1), O1 —0.025(1) and O2 0.024 (1) A], with
atom Cul 0. 182(1)A out of the plane formed by NI,
N2, Ol and O2. Other relevant planes can be defined,
among them the chelate ring formed by N1, C12, Cl1,
N2 and Cul, and that formed by the salicylaldehydate
moiety (01, C13, C19, O2 and Cul). Both are only
slightly distorted (r.m.s. deviations to the fitted atoms are
0.020 and 0.079 A, respectively). Being six-membered,

Fig. 1. ZORTEP (Zsolnai, 1997) plot of the molecular structure of (I).
Displacement ellipsoids are drawn at the 50% probability level and
H atoms are shown as spheres of arbitrary radii.

[Cu(C7H502)(NO3)(C14H 2Ny)]

the salicylaldehydate—copper ring would be expected to
have a greater distortion but, when the sixth member in
this ring is included (O1, C13, C18, C19, O2 and Cu 1),
the r.m.s. deviation remains almost the same, at 0.088 A.
This, of course, has to do with aromaticity in the mol-
ecule. Finally, the angle between the planes formed by
the metal and the coordinated atoms, Cul/N1/N2 and
Cul/01/02, is 15.0 (1)°.

Examination of the main metal-ligand distances
shows that the Cu—N distances are longer than the
Cu—O1 distance, as observed in many related salicyl-
aldehydate complexes (Garland et al., 1986, 1987; Li
et al., 1995; Solans et al., 1987). Similar behaviour
has been observed in aminoacidate complexes (Aoki &
Yamasaky, 1980; Antolini er al., 1985; Solans er al.,
1992, 1993). The distance from the mela] to the api-
cal O atom from the nitrate ion [2.239 (2) A] 1s smaller
than that observed in other related complexes (2.496 A
for the unsubstituted phenanthroline; Li et al., 1995).

Molecules in the crystal are arranged in chains formed
by parallel stacking of the phenanthroline molecules.
The average distance between phenanthrolme planes is
3.42(5) A. The fact that hydrogen bonding is absent in
this crystal, and the presence of the previously men-
tioned interaction between phenanthroline molecules,
suggests that crystal packing is determined by m—m*
interaction between phenanthroline units.

Experimental

The title complex was obtained by mixing Cu(NO3)> (0.1 M,
2.5 ml) with 5,6-dimethyl-1,10-phenanthroline (0.25 mmol in
ethanol) and salicylaldehyde (0.1 M, 2.5 ml) dissolved in a
50:50 mixture of ethanol/water. This solution was neutralized
with aqueous NH,OH (0.5 M) and left standing until crystals
formed. Prismatic dark-green crystals of the product were
isolated, filtered, washed with ethanol and vacuum dried.
Suitable crystals for X-ray analysis were obtained from the
batch.

Crystal data

[Cu(C7H50,2)(NO3)- Mo Ko radiatjon
(CisHi2Ny)] A=071073 A

M, = 454.92 Cell parameters from 25

Monoclinic reflections

P2,/n 0 = 2-28°

a=9573(1) A @ =121 mm™'

b=10.190(1) A T=293(12)K

c=19213(2) A Prismatic

B=9032(1)°
V=187423) A?
Z=4

D, =1612Mgm™>
D, not measured

Data collection

Siemens P4/PC diffractom-
eter

0.58 x 0.33 x 0.28 mm
Dark green

Rin = 0.029
Omax = 28°



0/26 scan
Absorption correction:

2 scan (North et al.,

1968)

Tmin = 0.667, T = 0.713
5913 measured reflections
4536 independent reflections
2996 refiections with

I > 20

Refinement

Refinement on F?
R[F* > 20(F%)] =
wR(F?) = 0.118

S = 1.056

4536 reflections
273 parameters
H-atom parameters

0.045

LAURA GASQUE er al.

h=-1-12
k=-1-13
l=-25 525
3 standard reflections

every 97 reflections
intensity decay: none

(A/T)max = 0.009

Apmax =028 e A7°

Apmin = —0.37 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

constrained
w = U[c*(F2) + (0.0547P)*
+ 0.3604P]
where P = (F? + 2F2)/3

Table 1. Selected geometric parameters (fi, °)

Cul—O0I1 1.893 (2) Cul—N2 2.005 (2)

Cul—02 1.963 (2) Cul—03 2.239(2)

Cul—NI1 1.995 (2)

O1—Cul—02 93.32(9) NI—Cul—N2 81.69 (9)
O1—Cul—NI 90.36 (9) O1—Cul—03 95.60 (9)
02—Cul—NI 169.73 (9) 02—Cul—03 84.65(9)
Ol—Cul—N2 165.9 (1) N1—Cul—03 104.54 (9)
02—Cul—N2 92.68 (9) N2—Cul—03 97.64 (9)
O1—C13—C18—C19 6.2 (5) 02—C19—C18—C13 —3.0(5)

Data collection: SHELXTL/PC (Sheldrick, 1994). Cell re-
finement: SHELXTL/PC. Data reduction: SHELXTL/PC. Pro-
gram(s) used to solve structure: SHELXS97 (Sheldrick, 1990).
Program(s) used to refine structure: SHELXL97 (Sheldrick,
1997). Molecular graphics: ZORTEP (Zsolnai, 1997). Soft-
ware used to prepare material for publication: CIFTAB in
SHELXL97.

We would like to acknowledge Sylvain Bernés from
USAI-Facultad de Quimica for collection of the data.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FR1120). Services for accessing these
data are described at the back of the journal.
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Abstract

Each Cu" ion in the title compound, aqua(4,7-di-
phenyl-1,10-phenanthroline-N,N’)(2-formylphenolato-
0,0" )copper(Il) nitrate monohydrate, [Cu(C7Hs0,)-
(C24H]6N2)(H20)]NO3 H,0, dlsplays a Sligh[ly dis-
torted square-pyramidal coordination site where the O
atom from one water molecule is in the apical position
[at 2.306 (4) A] and both the O atoms [at 1.970 (3) and
1.939 (3) A] of the salicylaldehydate and the N atoms [at
1.994 (3) and 1.998 (2) A] of the phenanthroline mol-
ecule define its base. The five-membered chelate ring
formed by the phenanthroline ligand and the Cu atom
is roughly planar, while the chelate ring formed by the
salicylaldehydate ligand and the Cu atom is planar, with
a slight distortion towards an envelope conformation.
Hydrogen bonding and 7—7* orbital interactions seem to
determine the crystal packing. The complex is cationic
and the nitrate ion is not coordinated.

Comment

Our study of the IR spectroscopic properties of several
mixed phenanthroline and O-donor complexes has led
us to prepare and crystallize the [Cu(H,O)(salal)(4,7-
di--fen)]NO3-H,0 complex (salal is salicylaldehydate
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