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A homologous series of cobalt(II) complexes with N,N’-bis(salicylidene)polymethylenediamine ligands, HOCsH,CH=—
N(CH,),N=CHCH,OH, where # = 3-6, has been prepared and characterized. Spectral and magnetic properties indi-

cate that the anhydrous complexes with #» = 4-6 are pseudo-tetrahedral.
but does not possess spectral properties similar to the higher members of the series.

The anhydrous trimethylene complex is high spin
This is interpreted by assuming a flat-

tened tetrahedral structure for the trimethylene complex, but a weak association leading to a dimeric structure with each co-

balt ostensibly five-coordinate may not be ruled out,

Introduction

The factors which determine the stereochemistry of
four-coordinate complexes have been elucidated for
bis-bidentate-chelates? with nickel(II) and cobalt(II).
The metal complexes, 1, containing tetradentate
ligands, also offer the possibility of existing in square-
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planar or tetrahedral forms depending on the num-
ber of methylene groups in the central chelate ring.
This prospect has been the subject of numerous in-
vestigations with both transition and nontransition
metal ions.?=8 The nickel(IT) and copper(II) deriva-
tives of 1 exhibit a decrease in ligand field strength
as the number of methylene groups is increased from
2 to 4; however the nickel(IT) complexes maintain a
spin-paired, square-planar geometry even when four
bridging carbon atoms are present.?! This preference
for a square-planar structure for Ni(II) is also re-
ported for the corresponding Schiff base complexes
derived from pyrrole-2-carboxaldehyde and diamines
with two to five methylene groups.? For the copper (IT)
derivatives of 1, the decrease in ligand field strength,
coupled with the small but significant increase in mag-
netic moments as the bridge length increases, is inter-
preted as being indicative of an increasing distortion
from planarity toward a tetrahedral geometry.®

It is well known that cobalt(IT) shows a more pro-
nounced tendency for the formation of tetrahedral
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Mass spectrometric determinations of molecular weights provide evi-
dence for the monomeric nature of the series of complexes.

complexes than does either nickel(II) or copper(II).1
For the well-known complex N,N’-bis(salicylidene)-
ethylenediaminocobalt(II), a low-spin, square-planar
structure has been found.®!'=!% This structure is
no doubt imposed by the steric requirements of the
ligand. Increasing the number of methylene carbons
between the azomethine groups should relax the struc-
tural requirements of the ligand, and the cobalt(II)
ion may assume a tetrahedral geometry to relieve the
steric interactions in the polymethylene bridge. The
cobalt(IT) complexes of 1 with seven to ten carbons
atoms in the central chelate ring have been prepared
and shown by spectral and magnetic properties to have
a pseudo-tetrahedral geometry.* Molecular weight
data could not be obtained and the possibility of poly-
nuclear chelates was not precluded. The corresponding
cobalt(II) complexes with less than seven methylene
carbons could not be obtained by previous workers.:14
In this paper we report the preparation and characteri-
zation of the cobalt(II) complexes, 1, in the region of
chelate ring size where an interconversion from square-
planar to tetrahedral geometry should occur.

Experimental Section

Preparation of the Ligands.—The ligands were prepared by
refluxing 0.05 mol of salicylaldehyde (Eastman) and 0.025 1ol of
the aliphatic diamine (Aldrich) in 30 ml of methanol for 15 min
and cooling the reaction mixture. The Schiff bases separated as
yellow needles and were recrystallized twice (methanol); yields
80-90%.

Preparation of the Cobalt(Il}) Complexes.—The general
method of preparation was as follows. To a warm solution of
0.01 mol of the Schiff base and a slight molar excess of triethyl-
amine in 200 ml of methanol was added 100 ml of methanol con-
taining 0.01 mol of cobalt chloride hexahydrate. The complexes
formed readily and precipitated from these solutions. The solid
complexes were filtered, washed with acetone to remove any un-
complexed ligand, and dried ¢n vacuo. Owing to their insolubility
none of the complexes was successfully recrystallized. To avoid
oxidation, the complexes were prepared and handled in a nitrogen
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atmosphere. After drying, however, the complexes were all
found to be stable toward air and nonhygroscopic over the course
of several hours. The following specific results were obtained.

TABLE I
ANALYTICAL DATA FOR THE SCHIFF BASE LIGANDS

— C——  ———% H—— ———% N Mp,

R Caled’ Found  Caled Found Caled Found ece
(CHy)y 72.33 72.40 6.43 6.51 9,93 10.00 53
(CH:)s 72.46 72.93 6.76 6.66 9.38 9.54 92
(CH;); 73.50 72.74 7.14 7.10 9.03 9.06 62
(CH:)s 74.08 73.62 7.46 7.28 8.64 8.38 74

@ Uncorrected values.

N,N’-Bis(salicylidene)trimethylenediaminocobalt(II).—This
compound was previously reported as yellow crystals.® It
was obtained by our method as a red-brown crystalline dihydrate
(after drying in vacuo at 100° for 12 hr). Angl. Caled for
CnHzoNzOq,COZ C, 54.40; H, 5.36; N, 7.44. Found; C,
53.50; H, 4.96; N, 7.47. This compound could be dehy-
drated without apparent decomposition at 240-250° in vacuo for
8 hr. No colér change occurred during drying. Amal. Caled
for CiHpN:0,Co: C, 60.19; H, 4.75; N, 8.26. Found:
C, 60.58; H,4.81; N,8.24. )

N,N’-Bis(salicylidene )tetramethylenediaminocobalt(II).—
This compound was obtained as light green needles and was

dried to a red-brown compound 4% vacuo at 184° for 24 hr.  Anal.
Caled for CisHieN:O,Co: C, 61.20; H, 5.13; N, 7.93.
Found: C,60.93; H,5.14; N,7.78.

N,N’-Bis(salicylidene )pentamethylenediaminocobalt(II).—
This compound was obtained as light green crystals and was
dried to a dark green compound % vacuo at 130° for 8 hr.~ Anal.
Caled for CszoNzOzCOZ C, 62.13; H, 5.49; N, 7.63.
Found: C,61.12; H, -5.56; N,7.49.

N,N’-Bis(salicylidene )hexamethylenediaminocobalt(1I).—
This compound was obtained as orange-red crystals and was dried
in vacuo at 130° for 8 hr with no color change. Amnal. Caled for
CoHnN0:Co: C, 63.29; H, 5.82; N, 7.35. Found: C,
62.99; H,5.84; N, 7.33. '

Bis(N-phenylsalicylaldiminato)cobalt(II).—This complex pre-
pared by our method (dried % vacuo at 130° for 8 hr) was identical
with that reported previously.! '

Physical Measurements.—The electronic spectra of the solid
complexes were obtained by the reflectance method using a
Beckman DX2 recording spectrophotometer with a reflectance
attachment and magnesium oxide as the reference material.
Magnetic susceptibility measurements were carried out by the
Gouy and Faraday methods using Hg[Co(INCS),] as a calibrant.
Diamagnetic corrections were calculated from tables of Pascal’s
constants.’” The magnetic moments determined by the two
methods were within 1%, agreement. The mass spectra of the
complexes were obtained with the Varian Associates M-66
Cycloidal double-focusing mass spectrometer. The solid com-
pounds were introduced into the ionization chamber using a
probe which could be inserted through a vacuum lock system.
The peak positions were calibrated using standard.substances
with known disintegration patterné. Analytical data were ob-
tained by Galbraith Laboratories, Knoxville, Tenn.

Results and Discussion

Because of the insoluble nature of this series of
cobalt(II) complexes, it was not possible to recrystal-
lize the compounds following their preparation. Pure
preformed ligands were therefore employed to ensure
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that the solid complexes which initially formed were of
reasonable purity. The analytical data confirm that
pure complexes were obtained. The success of this
method demonstrates its apparent superiority to the
preparation of the complexes by the reaction of diaquo-
bis(salicylaldehydato)cobalt(II) with an appropriate
diamine. The insolubility of the cobalt(II) complexes
in nondonor solvents also precluded a determination of
the coordination geometry in solution. The geometry
of these complexes in the solid state was determined by
magnetic and spectral measurements.

Magnetic Properties.—The observed values of e
for cobalt(II) complexes are generally diagnostic of
the coordination geometry about the metal ion. Thus
low-spin square-planar cobalt(II) complexes may be
readily identified by values for u.s: in the range 2.1-
2.9 BM arising from one unpaired electron plus an
apparently large orbital contribution.!®* Tetrahedral
and high-spin octahedral cobalt(II) complexes each
possess three unpaired electrons but may be distin-
guished by the magnitude of the deviation of ey
from the spin-only value. The magnetic moments of
tetrahedral cobalt(II) complexes with an orbitally
nondegenerate ground term are increased above the
spin-only value v contribution from higher orbitally
degenerate terms and occur in the range 4.2-4.7 BM.18
Octahedral cobalt(II), however, maintains a large
contribution due to the Ty, ground term and exhibits
Hest in the range 4.8-5.6 BM."®* Fewer data are avail-
able for high-spin five-coordinate cobalt(II) complexes;
however, the range of values for uer; has been given
as 4.5-4.8 BM.1®

The observed values of uesr for the series of tetra-
dentate cobalt(II) complexes are given in Table II.
The values of uesr for the anhydrous complexes im-
mediately eliminate a low-spin square-planar or a
high-spin octahedral formulation (achieved through
intermolecular bridging) for the complexes. These
magnetic moments are in agreement with those ex-
pected for tetrahedral cobalt(II); however, a five-
coordinate dimeric structure for these complexes can-
not be ruled out on the basis of magnetic data alone.
Further elucidation of the stereochemistry of these
complexes must be made in conjunction with the spec-
tral data (vide infra).

TaBLE II
RoOOM-TEMPERATURE MAGNETIC MOMENTS OF THE
TETRADENTATE CoBALT(II) COMPLEXES

R 10%g, cgsu petf, BM
(CH,);-2H,0¢ 33.11 5.52
(CH, ) 25.00 4.56
(CH3)s 21.86 4.36
(CHz)s 21.34 4.41
(CH,)s 19.92 4.33

e Trimethylene dihydrate complex,

(18) B. N. Figgis and R. S. Nyholm, J. Chem. Soc., 338 (1959).
(19) S. Yamada, Coord. Chem. Rev., 1, 415 (1966).
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The value of pessr for diaquo-N,N’-bis(salicylidene)-
trimethylenediaminocobalt(II), although higher than
is commonly observed, clearly indicates a pseudo-
octahedral geometry for this complex. Values of
Mest i this range are not unknown . for six-coordinate
cobalt(II) complexes.’®* The assignment of pseudo-
octahedral structure to this complex is supported by
its electronic spectrum (vide infra). The drastic
conditions required to dehydrate the complex also
favor a structure containing coordinated water mole-
cules.

Spectral Properties.—The reflectance spectra of the
cobalt(IT) complexes are presented in Figures 1 and 2.
For the purpose of establishing the stereochemistry of
the complexes, the most useful method is to compare
these spectra with the spectra of complexes contain-
ing similar ligands, for which structures are known.
The complex bis(N-phenylsalicylaldiminato)cobalt(II)
has been shown by spectral!® and crystallographic?! evi-
dence to have a pseudo-tetrahedral geometry. The elec-
tronic spectrum!® (Figure 1) of this complex exhibits ab-
sorption bands at 7600, 10,700, 16,700 (sh), and 19,230
cm~!in the near-infrared and visible regions. These
band positions are in very good agreement with those
obtained for the anhydrous tetradentate cobalt(II)
complexes with four to six bridging methylene groups
(Figure 1). The spectra of these three tetradentate
complexes are also similar to several other bis-bidentate,
pseudo-tetrahedral cobalt(II) complexes.16:22=2 In
addition, all of the complexes chosen for spectral com-
parison possessed magnetic moments in the same range
as those obtained for the anhydrous tetradentate com-
plexes. On the basis of these similarities of magnetic
and spectral properties with compounds of known
structure, it is concluded that when four to six bridging
methylene groups are present, sufficient flexibility is
introduced into the tetradentate ligands to allow them
to adopt a pseudo-tetrahedral geometry about cobalt-
(I1).

A transition assignment may be made for these
pseudo-tetrahedral complexes. The transitions at 8000
and 10,000 ecm~! are best assigned as low-symmetry
components of the second tetrahedral d7 transition,
*A, — *T((F). Bands in the region 17,000-19,000
cm™! may be attributed to the *A; — *T(P) tetra-
hedral transition. From their positions and intensi-
ties, absorption bands occurring at greater than 20,000
cm~! have been previously assigned to charge-trans-
fer and internal ligand transitions.®

The ligand field spectrum of the anhydrous trimethyl-
ene complex (Figure 2) does not agree either in band
position or in general appearance with the spectra of

(20) B. N. Figgis and J. Lewis, Progr. Inorg. Chem., 6, 37 (1964),
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(283) E. Yoshida and S. Yamada, Bull. Chem. Soc. Japan, 40, 1395 (1967),
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(25) L. Sacconi and P. L. Orioli, Ric. Sci. Rend. Sez., A2 (8), 645 (1962).
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Figure 1.—Reflectance spectra of N,N’-bis(salicylidene)poly-
methylenediaminocobalt(II) complexes: A, tetramethylene; B,
pentamethylene; C, hexamethylene derivatives. D, reflectance
spectrum of bis(N-phenyl)salicylaldiminatocobalt(II).
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Figure 2.—Reflectance spectra of the anhydrous trimethylene
derivative (A) and the trimethylene dihydrate derivative (B) of
the cobalt(IIl) complexes.

known pseudo-tetrahedral bis(salicylaldiminato)cobalt-
(II) complexes. In contrast to the higher homologs,
the trimethylene ligand apparently does not have
sufficient flexibility to allow the donor atoms to occupy
essentially tetrahedral coordination positions. The
inability of the trimethylene ligand to form pseudo-
tetrahedral complexes has previously been concluded
from the fact that beryllium(II), which has a pro-
nounced tendency to form tetrahedral complexes, does
not form a 1:1 complex with this ligand but instead
forms a 2:1 complex with each ligand functioning as
a bidentate chelate.®

On the basis of the data available in this study it is
not possible to determine unambiguously the stereo-
chemistry of the anhydrous trimethylene derivative.
In view of the high-spin nature of the complex and the
degree of flexibility in the ligand as indicated by molecu-
lar models, the most likely structure for this complex is
one in which the donor atoms form a highly flattened
tetrahedron. A greatly distorted structure would ac-
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count for the anomalous spectrum observed for this
compound. Although the mass spectral data indicate
this complex is monomeric, a dimeric structure, similar
to those observed previously,”® may not be eliminated.
The weak intermolecular associations which would be
sufficient to produce pentacoordinate cobalt(Il) might
not persist under the conditions required to obtain the
mass spectral data.

A third possible structure for the anhydrous tri-
methylene complex, 7., a high-spin, square-planar
formulation, is less likely than the structures considered
above. The possibility of achieving a high-spin,
square-planar cobalt(II) complex has been discussed?
and such complexes have been reported.?® Indeed the
apparent weakening of the ligand field strength upon
going from N,N’-bis(salicylidene)ethylenediamine to
the trimethylenediamine derivative favors the high-
spin structure. However, the increased flexibility
introduced into the ligand with the addtional methyl-
ene group would allow the donor atoms to move out
of square-planar coordination positions when no strong
preference for this geometry is imposed by the metal ion.

In contrast to the anhydrous trimethylene derivative
the spectrum of the dihydrate of this complex (Figure
2) is in good agreement with the pseudo-octahedral
formulation based on the magnetic data. The spec-
trum of the dihydrate compares well to the spectra of
the bis-pyridine adducts of bis(N-alkyl-3-methoxy-
salicylaldiminato)cobalt(II) complexes?® and to the
spectra of the six-coordinate cobalt(II) complexes
formed with tridentate Schiff base ligands,?® In this
complex the tetradentate ligand probably occupies an
approximately square-planar arrangement about the
metal ion with two water molecules coordinated in axial
positions. Assuming an average in-plane ligand field,
the spectrum may be assigned to a tetragonal model.
The bands at 8065 and 10,750 ecm ™! may be assigned
to the low-symmetry components of the octahedral
“T1,(F) — *Ty(F) transition. The large splitting of
the tetragonal components is reasonable considering
the large difference in the ligand field strength between
the in-plane and axial ligands. Such a splitting has
been predicted by a consideration of the influences of
noncubic crystal fields on the metal ion.* The re-
maining bands at 15,300 and 18,520 cm~! are too close
in energy to the intense charge-transfer bands to as-
sign them with any certainty to the other octahedral
transitions.

Mass Spectra.—An important aspect of this problem
was to rule out the possibility that the complexes
examined in this study possessed polynuclear structures.
With increasing length of the polymethylene chain
there would be an increased tendency for the poten-
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tially tetradentate ligand to bind two metal ions, each
in a bidentate fashion. This may result in a binuclear
complex similar to those reported previously?! or in the
polymeric structure 2. Since the insolubility of the
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complexes precluded molecular weight determination
in solution, mass spectroscopy was employed to deter-
mine the molecular weights of the solid complexes.
The mass spectral results together with the required
instrumental conditions dre given in Table III. For
all of the anhydrous chelates, parent ion peaks were
obtained which agreed exactly with the molecular
weights for the monomeric units. No higher mass
peaks were obtained. Caution was exercised to utilize
minimum conditions necessary to observe the parent
ion peaks for these complexes. The probe tempera-
tures employed were all below the observed de-
composition temperatures for the complexes. No
fragmentation of the complexes occurred under the
experimental conditions employed. For the trimethyl-
ene dihydrate compound, however, the water molecules
were apparently dissociated from the complex under
the conditions required to obtain a signal.

TaBLE IIT
Mass SpECTRAL DATA FOR THE COMPLEXES®

Electron Probe Obsd parent
energy, temp, ion peaks,

R eV °C amu
(CHa)s 70 240 330, 340, 341, 342
(CH)%-2H,0 70 200 330, 340, 341, 342
(CHa)4 70 160 353, 354, 355, 356
(CH>)s 68 170 367, 368, 369, 870
(CHas 71 180 381, 382, 383, 384

¢ Electron current was approximately 40 uyA.

Conclusions

Increasing the length of the methylene bridging
group in N,N’-bis(salicylidene)polymethylenediamine
ligands leads to the formation of pseudo-tetrahedral
complexes with cobalt(II). This is in contrast to the
nickel(IT) series which maintains a square-planar
structure in spite of increasing bridge length. The
trimethylene derivative with cobalt(II) cannot adopt
a pseudo-tetrahedral structure similar to the higher
homologs owing to the restricted nature of this ligand.
Further studies are in progress with soluble derivatives
of these complexes to determine their preferred stereo-
chemistries in solution.
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