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Nine new cobalt(II) complexes were prepared which contained N,N-bis[2-(dimethylamino)ethyl]methyl-
amine (dienMe) and some unidentate or bidentate ligands, such as acetonitrile, ammonia, ethylenediamine (en),

trimethylenediamine (tn), the acetylacetonate ion (acac), or the oxalate ion.

The solid-reflectance spectra

revealed that six complexes of the [Co(XX)dienMe](ClO,), formula (XX=2CH;CN, 2NH;, en, tn, acac, or
1/2C,0,; n=1 or 2) are five-coordinated, whereas three complexes, [Co(C,0,)(H,0)dienMe] and Co(C,0,),/,
(solv) (dienMe)ClO, (solv=CH,;CN or CH,;OH), are six-coordinated. On the basis of their electronic spectra,

most of the five-coordinated complexes were supposed to have a trigonal-bipyramidal structure in the solid state

and in solution.

The IR spectra of three hemioxalato complexes revealed the presence of quadridentate oxalate-

ion bridging between two cobalt ions, regardless of their coordination number.

In recent years, five-coordinated complexes have
been extensively studied. From this laboratory, it has
been reported that the bulky ligand, 6-methyl-2-
aminomethylpyridine (mepic), reacts with the bivalent
metal salts to form five-coordinated complexes [MX-
(mepic),]ClO, (M=Cu, Ni, or Co; X=Cl, Br, or I).")
However, six-coordinated complexes were also ob-
tained when the halo-ligand was replaced with relatively
small ligands, such as two isothiocyanate ions, a biden-
tate nitrate ion, or two molecules of water.

N, N-Bis[2-(dimethylamino)ethyl]methylamine (dien-
Me) is also a bulky ligand reported to form
high-spin complexes with the bivalent transition
metals from manganese to zinc, these complexes have
the general formula of [MX,dienMe] (X=Cl, Br, or
I).2 We have attempted to study the preparation
and the properties of a mixed complex containing a
simple bidentate ligand or unidentate ones in place
of the two halo-ligands. This paper will report a
study of the mixed complexes with cobalt(1I).

Experimental

Reagents. N,N-Bis[2 - (dimethylamino)ethyl]methyl-
amine was prepared by the method in the literature.®
Cobalt(IT) perchlorate was obtained from perchloric acid
and cobalt(III) hydroxide, which had itself been prepared
by the reaction of chloropentaamminecobalt(III) chloride
and sodium hydroxide. Nitromethane was purified by the
fractional distillation of the water azeotrope, followed by
dehydration with calcium chloride and by distillation under
a nitrogen atmosphere using a 50-cm column packed with
glass helices. All the other reagents were reagent-grade
chemicals.

Preparation of the Complexes. Because of the unstability
of the complexes toward moisture and carbon dioxide, all
the complexes were prepared in a dry box in the presence of
solid potassium hydroxide and silica gel. The ethylencdi-
amine and the trimethylenediamine complexes were prepared
under nitrogen.

[Co(CH,CN) dienMe] (ClO,),. An acetonitrile solu-
tion of cobalt(II) perchlorate hexahydrate (18.3 g : 50 mmol
in 100 dm? of the solvent) was evaporated with stirring almost
to dryness. An additional 100 dm® of acetonitrile was then
added to the residue, and the mixture was evaporated re-
peatedly to a volume of about 30 dm®. After the solution
had cooled to room temperature, 8.67 g (50 mmol) of dienMe
was added. The crystals thus formed were collected on a

sintered glass filter and washed with ethanol. The crude
product was recrystallized by the addition of ethanol to the
zcetonitrile solution. In the open air, the complex turned
from purple to green in only a few minutes.

[Co( XX)dienMe](ClO,), (XX=2NH;, en, or in). Into
a filtered solution of 2 mmol of [Co(CH,CN),dienMe]-
(ClOy), in 30 dm® of methanol, an equimolar quantity of
ammonia or diamine in methanol was stirred. The complex
thus precipitated was collected on a filter, washed with ethanol,
and dried over phosphorus pentoxide. It was then
recrystallized from hot methanol.

[Co(acac)dienMe]ClO,. In to a solution of 2 mmol
of bis(acetylacetonato)cobalt(II) in ethanol, a drop of acetyl-
acetone, 4 mmol of dienMe and 2 mmol of cobalt(II) per-
chlorate hexahydrate were stirred successively. The result-
ing solution was evaporated to dryness under a reduced
pressure at room temperature. The residue was treated
with chloroform, filtered, and evaporated to dryness. It
was then recrystallized from small amount of hot ethanol
and washed with 1 : 1 ethanol and diethyl ether.

[Co(C,0,) (H,0)dienMe]. Freshly precipitated co-
balt(II) oxalate was treated with equimolar quantities of
dienMe in the presence of a small amount of water. The
resulting solution was filtered and allowed to evaporate
to dryness under a reduced pressure. The residue was
dissolved in chloroform and was precipitated by the addition
of diethyl ether to the filtrate.

Co(C,04)1/:(dienMe)ClO, and  Co(Cy0,),/5(s0lv) (dienMe)-
ClO, (solv=CH,CN or CH;0H). To a slurry of 5.132 g
(10 mmol) of [Co(CH;CN),dienMe](ClO,), in 50 dm3 of
ethanol, 0.670 g (5 mmol) of sodium oxalate was added,
after which the mixture was stirred overnight. The resulting
crystals were collected on a glass filter and washed with hot
cthanol. Recrystallization from hot methanol gave the
methanol adduct, which yielded Co(C,0,),/,(dienMe)CIO,
when washed with hot ethanol. The acetonitrile adduct
was obtained by the addition of dry diethyl ether to the
acetonitrile solution of the crude product.

Physical Measurements. The absorption spectra of the
solutions were recorded at room temperature with a Shimadzu
MPS-5000 recording spectrophotometer and silica cells
with a path length of 1 cm. The reflectance spectra were
obtained using the reflectance attachments and using potas-
sium perchlorate as the reference. For the moisture-sensitive
complexes, finely ground samples, prepared in a dry box,
were covered with a glass plate. The IR spectra were
measured over the range of 400—4000 cm—! with a Hitachi
EPI-G3 grating spectrophotometer. The samples
prepared as Nujol and hexachlorobutadiene mulls.
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magnetic moments were determined by the Gouy mcthod
at room temperature, using water as the standard. The
molar susceptibility in each case was corrected for the
diamagnetism of the ligands and perchlorate ions.

Analysis. The cobalt was determined volumetrically
with an EDTA solution, using Xylenol Orange as the
indicator. The sample solutions were prepared after de-
composing the complexes with a mixture of sulfuric acid
and perchloric acid. The organic elements were analyzed
by Wako Pure Chemical Ind., Ltd., Osaka.

Results and Discussion

Table 1 shows the colors, the magnetic moments, and
the analytical data for the complexes prepared. The
analytical values of G, H, and N for Co(C,0,),,, (solv)-
(dienMe)ClO, (solv=CH4;CN and CH,OH) indicate
that some of the solvent molecules were lost or dis-
placed by water, however, the results of the metal
analysis and the physical measurements, which were
carried out in this laboratory with particular care
taken to avoid moisture, show no signs of any loss of
the solvent molecules or any adsorption of water.

The magnetic moments of Co(CyO,)y/s(solv) (dien-
Me)ClO, (solv=CH,CN and CH;OH) and [Co(C,0,)
(H;O)dienMe] lie in the range of the six-coordinated
cobalt(II) complexes (4.7—5.2 B.M.), whereas those of
the others, which are identified from the electronic spectra
as five-coordinated ones, are low, as Table 1 shows.
The magnetic moments of most of the five-coordinated
cobalt(II) complexes previously reported seem to lie
in the range of the tetrahedral complexes (4.4—4.7
B.M.).1:2:9)

The IR spectra were measured for all the com-
plexes studied. Because of their complex spectra,
however, the assignment of each band was not possible.
Thus, the configuration of the ligand was not deter-
mined. However, some information can be obtained
from the characteristic bands due to anions or ligands:
1) The possibility of the coordination of a perchlorate
ion can be rejected, because the bands at 1100 and
625 cm1 are not appreciably split for any of the com-
plexes containing the perchlorate ions. 2) As for the
complexes with acetonitrile, i.e., [Co(CHZCN),dienMe]-
(C10,), and Co(Cy0,),/2(CHZCN)(dienMe)CIlO,, the
sharp bands due to C=N stretching were observed at
2280 and 2300 cm~!, which are slightly higher than
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those of free acetonitrile, 2233 and 2282 cm-1, in a
neat solvent. No bands due to the presence of un-
coordinated acetonitrile were observed in either com-
plex. 3) In the 1600—1700 cm~! region, the anti-
symmetric (O-C-O) stretching bands of the oxalato
and the hemioxalato complexes are markedly different;
i.., the former exhibits the splitted bands at 1614
and 1670 cm—!, whereas the latter exhibit a sharp
band at ca. 1660 cm~1. The single peak found for the
hemioxalato complexes seems to indicate that the
four carbon-oxygen bonds of the oxalate ion are equiv-
alent with each other. Thus, it may be inferred
that the oxalate ion is bidentate in [Co(C,0,)(H,0)-
dienMe], whereas quadridentate in three hemioxalato
complexes. It has been reported that an oxalate ion
can bridge two metal ions, using all the oxygens as the
ligand atoms.® This may also be the case for the
present hemioxalato complexes.

The electronic spectra of these complexes were
measured both in the solid state and in solution. Table
2 shows the positions and the molar absorptivities of
the observed maxima.

The solid-reflectance spectra reveal that [Co(C,0,)-
(H,O)dienMe] and Co(Cy0,),/5(solv) (dineMe)ClO,
(solv=CH;CN and CH;OH) are six-coordinated,
whereas the others are five-coordinated. The spectra of
these five-coordinated complexes resemble that of
[CoCl(trenMe)]Cl  (trenMe=tris[2-(dimethylamino)-
ethyl]lamine) rather than that of [CoCly(dienMe)].2:9
It has been reported that the former has essentially a
trigonal-bipyramidal structure,®” whereas the latter
has a structure intermediate between a trigonal-bi-
pyramidal one and a tetragonal-pyramidal one.®) The
similarlity of the spectra is the most remarkable in the
acetylacetonato complex, the most probable structure
of which is shown in Fig. 1. It may be supposed that
the en, tn, and diammine complexes also take this
structure.

In solution, most of the complex ions seem to main-
tain their structure in the solid state, because the
absorption spectrum of the solution is essentially the
same as the reflectance spectrum of the solid. An
exception is the hemioxalato complex, Co(Cy0y);/s-
(dienMe)ClO,. As Fig. 2 shows, the absorption
spectra of this complex in nitromethane, in aceto-
nitrile, and in methanol are different from each other,

TaBLe 1. COLOR, MAGNETIG MOMENTS, AND CHEMICAL ANALYSES OF THE dienMe COMPLEXES
Found (9 Calcd (9
Complex* Color (Bﬂ if/f ) T(eorég) - %) (%)
’ Co (o] H N Co C H N
2CH,CN, 2ClO, purple 4.43 15.1 11.56 30.38 5.76 13.12 11.48 30.42 5.70 13.65
2NH,, 2Cl1O, purple 4.51 13.7 12.41 23.40 6.34 14.47 12.67 23.24 6.28 15.05
en, 2Cl10, violet 4.42 17.3 12.07 26.61 6.14 14.27 12.00 26.90 6.36 14.26
tn, 2ClO, violet 4.50 19.8 11.54 28.31 6.51 13.81 11.66 28.53 6.58 13.86
acac, ClO, olive 4.45 15.7 13.45 39.17 7.14 9.92 13.68 39.03 7.02 9.75
C,0,, H,0 red 4.96 15.7 17.08 40.13 7.14 12.56 17.42 39.06 7.45 12.42
14C,0,, ClO, violet 4.41 15.7 15.53 31.50 6.12 11.07 15.69 31.97 6.17 11.18
14C,0,, CH,OH, ClO, purple 4.94 22.2 14.44 31.66 6.42 10.39 14.45 32.40 6.67 10.31
14C,0,, CH,CN, ClO, purple 4.78 21.8 14.08 33.35 6.08 12.81 14.14 34.58 6.29 13.44

a) All the species contained in the complex per one cobalt ion are indicated but a dienMe molecule.
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TaBLE 2. ABSORPTION MAXIMA OF THE dienMe COMPLEXES
Complex® State Vmax> 103 cm™t (en,, for the solution)
2CH,CN, 2ClO, solid ca. 5.6, 15.2, 18.1, 20sh., 21.5
CH,CN soln. 6.0(10.0), 15.0(15.2), 17sh., 17.9(47.1), 20sh., 21.6(35.2)
2NH,, 2CIO, solid ca. 5.6, 13.7, 17.5, 19.5sh., 20.0, 21 sh.
CH,CN soln. ca. 5.5(10.0), 14.0(14.5), 17.9(27.6), 19.2sh., 20.2(31.8), 21sh.
en, 2ClO, solid ca. 5.6, 14.3, 17.1, 20.2, 20sh.
CH,CN soln. ca. 5.0(10.0), 14.0(15.5), 17.3(16.6), 20.1(41.5), 21 sh.
tn, 2Cl10, solid ca. 5.6, 13.9, 17.2, 20.2, 21sh.
CH,CN soln. 5.0(10.1), 13.9(15.2), 17.5(20.5), 20.0(45.2), 21sh.
acac, ClO, solid 5.9, 14.3, 17.0, 20.5, 21.3sh.
soln.» 5.8(12.4), 14.5(21.0), 17.1(29.0), 20.5(47.6), 21.5sh.
C,0,, H,O solid 8.6, 19sh., 19.5, 20sh., 21 sh.
soln,» 8.8(6.1), 19.0sh., 19.8(26.7)
14GC,0,, ClO, solid ca. 4.5, 13.3, 17.3, 18.7, 19.5, 21.5sh.
CH,NO, soln. ca. 5.2(8.9), 13.7(11.2), 17.3(17.6), 18.9sh., 19.5(23.3). 23 sh.
CH,CN soln. 8.8(5.9), ca. 14(2.0), 17sh., 18.5sh., 19.4(25.2), 20.3(24.2)
CH,OH soln. 8.5(4.6), ca. 14(2.5), 17sh., 18.5sh., 19.7(22.5), 21sh.

a) All the species contained in the complex per one cobalt ion are indicated but a dienMe molecule.

b) The

chloroform, nitromethane, and the acetonitrile solutions give rise to practically the same spectra with each other.

Fig. 1. The plausible coordination in
[Co(acac)dienMe]ClO,.

but are quite similar to the reflectance spectra of Co-
(Cy04)1/5(dienMe)ClO,,  Co(C,0,);,,(CH;CN) (dien-
Me)ClO,, and Co(C;0,);/,(CH;OH)(dienMe)ClO,
respectively. The fact implies that solvolysis occurs
both in acetonitrile and in methanol to form six-
coordinated complexes. The coordination structure of
this complex in a solid appears not to change only in
nitromethane. No signs of the formation of six-
coordinated complex were found in the nitromethane
solution in the range of 9000—11000 cm2.

Both in the solid state and in solution, the w»_,.
values of the acac complex are slightly higher than
those of the complexes containing en, tn, or ammonia.
This is curious because the spectrochemical series of
these ligands are generally in this order: en>tn>
NH;»acac. This fact may be ascribed to the stereo-
chemical nature of the dienMe ligand, which has
bulky methyl groups at the terminal nitrogen atoms.
The steric repulsion between the methyl groups and
the amine or ammine hydrogens may make the field
around the cobalt(II) ion weaker than that in the
acac complex.

The author is indepted to Miss Mitsue Futagi for
her help in part of the measurements and the prepara-
tion of the complexes. This work was partly supported
by the Scientific Research Grant from the Ministry of
Education.
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Fig. 2. The electronic spectra of the hemioxalato
complexes in the solid state ( ) and in solution
the reflectance spectra of 1) Co(Cy0,),/s-
(dienMe)ClO,, 2) Co(C,0,),/,(CH,;CN)(dienMe)CIO,,
and 3) Co(G,0y),/,(CH,OH)(dienMe)ClO,; and the
absorption spectra of Co(C,0,),/5(dienMe)CIO, in
4) nitromethane, 5) acetonitrile, and 6) methanol.
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