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Substituted Phenols as Ligands. Part7.! X-Ray Crystal-structure Analy-
sis of Bis(2-methoxy-4-nitrophenolato)bis(pyridine)nickel(n) and the
Electronic and Magnetic Properties of the Isomorphous Bis(2-methoxy-4-
nitrophenolato)bis(pyridine)cobalt(n)

By Joseph I. Bullock,” Department of Chemistry University of Surrey, Guildford GU2 5XH
Mark F. C. Ladd and David C. Povey, Department of Chemical Physics, University of Surrey, Guildford
GU2 5XH

Crystals of thetitle nickel (Il) complex are triclinicwitha = 9.642(1).b = 10.793(1).c = 12.622(1) A, o = 85.28(1),
B =69.22(1), y = 87.76(1)°,Z = 2, and space group PT. The structure has been determined by direct methods,
with Cu-K, diffractometer data, and refined by full-matrix least squares to # 0.039 for 3 475 reflections. Both meth-
oxy- and phenolic oxygen atoms co-ordinate to the metal and, together with the nitrogen atoms from the pyridine
molecules, give the nickel atoms six-co-ordination. The d—d electronic spectrum is that expected for a six-co-
ordinate complex with m3m (O,) symmetry, in spite of the long Ni—O(CHj;) bonds, but for the isomorphous co-
balt(i) complex the effect of the low symmetry is observed. Similarly, the effective magnetic moments indicate

deviations from regular stereochemistry for the cobalt(l1) complex but not for the nickel(Il) analogue.

Previous work in this series has shown that 2-alkoxy-
phenols can act as ligands, and a number of copper(ir)
complexes containing substituted phenolate ligands have
been reported as adducts of nitrogen bases.2 However,
the role of the 2-alkoxy-substituents was not clearly
understood. The X-ray crystallographic analyses of
three copper(i1) 2-methoxyphenolates have been carried
out.r3 1In each case, the phenolates were found to act
as bidentate ligands. The Cu-O(CH,) distances were
much longer than either the Cu—O(phenolate) or the
Cu-N bonds (Table 3). Based on structures of copper(ir)
complexes alone, it was not possible to decide if the long
Cu—-O(CH,) distances were caused by an intrinsic weak-
ness of the ether oxygen atom as a donor, by a Jahn-
Teller distortion, by steric hindrance (although this was
slight), or by a combination of these factors.

The structure determination of bis(2-methoxy-4-
nitrophenolato)bis(pyridine)nickel(1r), [Ni(mnp),(py)s],
has helped to resolve this problem.

EXPERIMENTAL

Samples of [Ni(mnp),(py),] crystallise from ethanol as
dark green prisms. Unit-cell and space-group data were
obtained from Weissenberg and precession photographs,
and a Delauny reduction indicated that a primitive reduced

1 Part 6, M. F. C. Ladd and D. C. Povey, J. Cryst. Mol.
Struct., 1976, 6, 205.

2 J. 1. Bullock, R. J. Hobson, and D. C. Povey, J.C.S. Dalton,
1974, 2037.

cell had been correctly chosen. Accurate unit-cell dimen-
sions were obtained by a weighted (w = tan 0) least-squares
fit to the 6 values of 19 reflections with resolvable o«;—u,
doublets (38 measurements), measured on a Siemens four-
circle diffractometer (A.E.D.), using nickel-filtered Cu-K,
radiation.

Crystal Data.—CyH,,NyNiOg, M = 553.17, Triclinic,
a = 9.642(1), b = 10.793(1), ¢ = 12.622(1) A, « — 85.28(1),
B = 69.22(1), y = 87.76(1)°, U = 1223.9(5) A%, D, =
1.507, Z = 2, Dy, = 1.49 g cm™ (by flotation in aqueous
potassium iodide), F(000) = 572, w(Cu-K,) = 15.0 cm™,
space group PI. A crystal of dimensions 0.25 x 0.2 x
0.1 mm, parallel to a, b, and ¢ respectively, was selected for
the intensity measurements. The intensities of 4 154
symmetry-independent reflections with (sinf)/x < 0.60
were measured on the diffractometer (equipped with a
scintillation counter and pulse-height discriminator), using
the five-value measurement technique.? A reference
reflection, monitored after every 20 data reflections, gave no
indication of crystal decomposition.

Each intensity was assigned a variance, o%(I), based on
the counting statistics. A total of 679 reflections was
classified as ‘ unobserved’, using the criterion //6(I) < 2.58.
The intensities were corrected for Lorentz and polarisation
effects but not for absorption.

Structure Deteymination and Refinement.—An N(Z) test
established the space group as PI. The structure was
solved by direct methods using the SHEL-X suite of

2 R. J. Hobson, M. F. C. Ladd, and D. C. Povey, J. Cryst.

Mol. Struct., 1973, 3, 377.
4 W. Hoppe, Angew. Chem., 1965, 77, 484.
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crystallographic programs: 5 574 reflections with |E| > 1.40
were used in the sign-determining procedure. The structure

FiGure 1 Numbering scheme for [Ni(mnp),(py),]

was solved automatically by the program, the whole mole-
cule being revealed in the E map having the highest figure of
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reduced the conventional R factor from 0.20 to 0.12, the
quantity minimised being “Xw(|F,| — |F.])? with w = 1.
Two further cycles of least squares, now with anisotropic
thermal parameters, gave R 0.074.

A three-dimensional difference-Fourier map revealed the
positions of all the hydrogen atoms except those of the
methyl groups; these atomic co-ordinates were obtained by
calculation, assuming a minimum-energy conformation for
the methyl group. At this point, a weighting scheme
(w = 1if 4 > |F,|; otherwise, w = (4/|F,|)? with 4 = 25)
was applied to the data and judged to be satisfactory by the
usual criteria. Six further cycles of least-squares refine-
ment, including the hydrogen atoms and a dispersion
correction applied to the nickel atom, reduced R to 0.039.
The hydrogen atoms were not refined and were allocated
isotropic temperature factors 0.5 A2 higher than the equi-
valent isotropic temperature factors of the atoms to which
they were bonded. In the final cycle of refinement, no
parameter shift was greater than 0.2¢ and the refinement
was, therefore, terminated at R 0.039.

The atomic-scattering factors and dispersion corrections
were taken from ref. 6. The numbering scheme used is
shown in Figure 1, a stereoscopic view of the molecule in
Figure 2, and the final positional parameters are listed in
Table 1. Observed and calculated structure factors and
thermal parameters are in Supplementary Publication No.
SUP 22134 (36 pp.).*

Ficure 3 Stereoscopic view of the packing of [Ni(mnp),(py).] viewed down [010]

merit. Positional and isotropic thermal parameters and an

RESULTS AND DISCUSSION

overall scale factor, all refined by full-matrix least squares, X-Ray Crystal Structure—The two molecules of the

* For details see Notices to Authors No. 7, J.C.S. Dalton, unit cell lie in general positions. A stereoscopic view

1976, Index issue.

5 G. M. Sheldrick, SHEL-X Crystallographic Programs,
personal communication, 1976.

¢ ‘ International Tables for X-Ray Crystallography,” Kynoch
Press, Birmingham, 1974, vol. 4.
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TaBLE 2
deviations in parentheses

Bond distances (A) and angles (°), with estimated standard
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* H contacts less than

2.6 A between neighbouring methoxy-groups.

distortion is expected, and, although the methoxy-
There are no H--

groups are held in this c¢is conformation, there is no
steric hindrance between either themselves or other

groups.
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of the packing within the unit cell is shown in Figure 3.

Bond lengths and angles are given in Table 2.

TaBLE 1
Final positional parameters with estimated standard

deviations in parentheses
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The nickel atoms are six-co-ordinate but, unlike the
other complexes which have been examined, the

c¢is conformation. The
No Jahn-Teller

in a
methoxy-oxygen atoms and the pyridine nitrogen atoms

are
form a square-planar arrangement about nickel with a

distorted-octahedral configuration being completed by

the phenolic oxygen atoms (Figure 4).

methoxy-groups

? P. L. Orioli and M. Di Vaira, J. Chem. Soc. (4), 1968, 2078.
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The Ni-O(CH,) distance is 2.32 A in the comparable
structure [Ni(mpdo)Br,] (Table 3), but some steric
hindrance involving the bromine atoms was suspected.?

ol)
8
02)
e— N(3)
- 1!.1'.2 /
896
o(6) \ / N(4)
ols)

FiGUurRE 4 Stereochemistry about the Ni atom

TaBLE 3
Summary of bond lengths for complexes of Cull and Nill
Bond length/A

Complex # M-N  M-O(Ph) M—O(CH;) Ref.
[Cu(mnp),(py).] 2.07 1.94 2.58, 2.46 2
[Cu(mnp),(tmen)]-2H,O 2.05 1.93 2.57 1
[Cu(fmp),(py),)-H,O® 2.04 1.94 2.41 3

2.06 1.94 2.32
Ni(mnp),(py 2] 2.07 2.00 2.17 c
(mpdo Brz] 2.02¢ 2.32 7
[Nl(mac) (OHZ)QJ 2.05¢ 1.99 8
[Ni(tha),][NO,], f 2.12 2.05¢ 9

¢ tmen = NNN’'N’-Tetramethylethylenediamine; fmp =
4-formyl-2-methoxyphenolate; mpdo = 1-(o-methoxyphenyl)-
2,6-diazaoctane. ? Contains two distinct molecular types.
¢ This work. ¢ Five-co-ordinate. ¢ Ni—~Of(acetate). f Each
tha co-ordinated through nitrogen and two oxygen atoms.
¢ M—O(H).

The fully aliphatic ligand, methoxyacetate,® gives a
hydrated nickel(11) complex with a Ni-O(CHj;) bond
(Table 3) about the same as or shorter than bond lengths
found to sp3-hybridised oxygen atoms carrying no
negative charge, as in® [Ni(tha),][NOg], [tha = tris-
(2-hydroxyethyl)amine] (Table 3), or, for example, with
water as ligand.®

There seems to be an important difference between the
donor properties of an ether oxygen atom attached to the
aromatic ring and the ether oxygen atom in methoxy-
acetate, in that the former is the poorer donor. Thus,
the longer Ni-O(CH,) bonds in [Ni(mnp),(py),] are
caused by an inherent property of the phenolate ligand.
There is no significant difference between the Ni-O bond
lengths for charged phenolic and carboxylic oxygen
atoms. In spite of this observation, the methoxy-
oxygen atoms are not co-ordinated in [Cu(mac),y(imid-
azole),] (mac = methoxyacetate), but we have been
unable to make analogous complexes of Cul" and Nill
with our phenols. The ether oxygen atom is not co-
ordinated 8 in tetra-aquabis(phenoxyacetato)nickel(1r),
but we have not so far crystallised the complex [Co-

* Throughout this paper: 1 BM. ~ 9.27 x 10724 A m?2.

8 C. K. Prout, C. Walker, and F. J. C. Rossotti, J. Chem. Soc.
(4), 1971, 556.

9 K. Nielsen, R. G. Hazell, and S. E. Rasmussen, Acta. Chem.
Scand., 1972, 26, 889.

2245

(mnp),(OH,),] and the nickel(11) analogue was unobtain-
able.

Returning to the copper(i1) phenolate complexes, we
consider that the wunusually long Cu—-O(CH,) bond
distances arise partially as an inherent property of the
ligand and partially by a Jahn-Teller distortion, and that
the contribution from steric hindrance is small.

Electronic and Diffuse-reflectance Spectra and Magnetic
Properties.—Notwithstanding the observed deviations
from a regular six-co-ordinate stereochemistry, the
electronic d-d4 absorption spectrum (Figure 5) of
[Ni(mnp),(py),] corresponds to that expected for a
nickel(11) ion in a weak octahedral field of O, (m3m)
symmetry. Two spin-allowed transitions were observed:
v, 3Ty<34, (8600 cm™); and v, 3T 4(F)<34,
(15600 cm™). The third [v;, 3T, (P)<34, (ca.
24 500 cm™)] was obscured by ligand charge-transfer
transitions. In common with many nickel(i1) com-
plexes,l® departure from regular O; symmetry did not
cause the expected splitting of the bands, even when the
spectrum was measured at low temperature, and the
spectra are clearly no guide to detailed stereochemistry.
As would be expected, the effective magnetic moment

Absorbance (arbitrary units)

|
28 22 16 10 4

103 9/ cem

Ficure 5 Low-temperature diffuse-reflectance of (a) [Ni(mnp),-
(Py)els () [Co(mnp),(py).l, and (¢) [Co(mnp),(OH,)4]

(B.M.) * did not vary with temperature (292.5 K,
tet, = 3.18; 89.5 K, per, =3.19; 6 =0°) and the
values were within the range usually observed for six-
co-ordinate nickel(11) complexes.

The [Ni(mnp)y(py),] and [Co(mnp),(py),] complexes
are isomorphous.! Three spin-allowed transitions are
expected for octahedral (0 high-spin cobalt(11) com-
plexes which arise from transitions to 4T,, (v;), %4y
(v), and 4T,(P) (vs) states from the 477, ground state.
For O, symmetry, v; (ca. 8 000 cm™) is usually weak
compared with vg (ca. 20 000 cm™) and v, is often un-
observed. Unlike the case of [Ni(mnp)y(py)s], the
structural deviations from O, symmetry had a marked

10 A, B. P. Lever, ‘Inorganic Electronic Spectroscopy,’
Elsevier, Amsterdam, 1968, 337.

11 J. I. Bullock and R. J. Hobson, Inorg. Chim. Acta, 1976, 19,
79.
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effect (Figure 5) for [Co(mnp),(py),], in that v, (ca.
8 000 cm™) and v, (ca. 16 700 cm™) were both strong and
asymmetric with the position of v; masked by charge-
transfer absorption. Interestingly, [Co(mnp),(OH,),]
has a spectrum (Figure 5) more like that expected for
0 symmetry since v, is weak and v, unobserved.

The low-symmetry components of the ligand field
reduced the magnetic moments of [Co(mnp),(py),! to the
low end of the range (4.7—5.2 B.M.) observed for six-
co-ordinate high-spin cobalt(i1) complexes (288 K,
e, = 4.57 B.M.; 89 K, pe. = 4.42 B.M.; 6 =10°).
The lowering in moment is due to the splitting of the
4T, ground state of O, symmetry which reduces the
orbital contribution.

The spectrum and the magnetic properties of the

J.C.S. Dalton

cobalt(11) complex are not inconsistent with c¢is-N,O,
co-ordination of ligand donor atoms, but the crystallo-
graphic evidence is clearly the more certain method of
assigning detailed stereochemistry even though the
bond lengths and angles in the complexes of Co™ and
Ni'! could be significantly different notwithstanding the
observed isomorphism.

The magnetic moments for [Co(mnp),(OH,),] (202.5 K,
e, = 4.56 B.M.; 89 K, per, =447 BM.; 6=17°
indicate a low-symmetry field component unlike the
diffuse-reflectance spectrum.

We thank Dr. R. J. Hobson for making the complexes
and measuring the spectra.

[7/814 Received, 10th May, 1977]
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