1640 LatLa EL-SAavED AND RONALD O. RAGSDALL

kinetic inertness toward the substitution of phosphines
by amines and the thermodynamic stability of the tris-
(phosphine) intermediates appear to be related. In
fact, both are a consequence of the presence of CN—
groups in the molecule and are most likely attributahble
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to the increased strength of the nickel-phosphorus
bonds in the cyanide complexes.
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Complexes of the type NiDyo(NOQ,), were prepared where D represents any of the following chelating ligands:

2-(amino-

methyl)pyridine, 2-(methylaminomethyl)pyridine, 2-(aminomethyl)-6-methylpyridine, and their saturated derivatives.

Infrared and electronic spectra were used to determine the mode of bonding of the nitrite group in the complexes.

Ni[2-

(aminomethyl)piperidine]s(NO;); was found to be a nitro complex whereas Ni[2-(methylaminomethyl)pyridine],(ONO),,
Ni[2-(aminomethyl)-6-methylpyridine]s(ONO),, and the corresponding piperidine complexes contained nitrito groups.

It is suggested that Ni[2-(aminomethyl)pyridine]s(NQs), may contain both nitro and nitrito groups.

The nitrito com-

plexes were stable in the solid state as well as in solution and did not show any isomerization.

Introduction

Farlier studies of nitrito complexes have heen con-
cerned with complexes of the type [M(NH;);ONO]*,
where M = Co(III), Cr(III), Rh(III), Ir(III), and
Pt(IV), which with the exception of the Cr(III) com-
pound rearrange to the corresponding nitro com-
plexes.%3 Recently Goodgame? isolated some nitrito
complexes of nickel(II) with disubstituted ethylenedi-
amines and pyridine which in the solid state are quite
stable with respect to isomerization to the nitro com-
pounds. Further investigations seemed necessary to
understand better the factors influencing the mode
of bonding of the nitrite group.

Since nitrite complexes of nickel(II) with ethylene-
diamine and monosubstituted ethylenediamine gave
nitro complexes’ and the pyridine adduct formed a
nitrito complex,? it was of interest to investigate 2-
(aminomethyl)pyridine as a ligand. 2-(Aminomethyl)-
pyridine was considered since it is a chelating ligand
which is structurally intermediate between ethylenedi-
amine and 2,2’-bipyridine. The methyl derivatives, 2-
(methylaminomethyl)pyridine and 2-(aminomethyl)-6-
methylpyridine, were also used as bases, together with
the corresponding saturated derivatives, 2-(amino-
methyl)piperidine, 2-{methylaminomethyl)piperidine,
and 2-(aminomethyl)-6-methylpiperidine.

Experimental Section

Materials.—2-( Aminomethyl)pyridine, 2-(methylaminometh-
yDpyridine, and 2-(aminomethyl)-6-methylpyridine, from

(1) Abstracted from the Ph.D). thesis of L. El-Sayed.

(2) E. Billmann, Z. Anal. Chem., 39, 284 (1900).

(3) F. Basolo and G. S, Hammaker, J. Am. Chem. Soc., 82, 1001 (1960).

(4) D. M. L. Goodgame and M. A. Hitchman, Inorg. Chem., 3, 1389
(1964).

{5) D.M. L. Goodgame and M, A. Hitchman, bid., 8, 1303 (1966).

Aldrich Chemical Co., were used without further purification.
Their saturated derivatives were obtained by reduction with
sodium and alcohol® with a 409 yield. 2-(Aminomethyl)piper-
idine was obtained as a colorless oil (bp 51-52° (5 mm)) which
turned yellow by exposure to the air. 2-(Methylaminomethyl)-
piperidine (bp 38~56° (8 mm)) and 2-(aminomethyl)-6-methyl-
piperidine (bp 59-60° (6 mm)) were also obtained as yellow oils.

Preparation of the Nickel(II) Nitrite Complexes.—The nickel-
(IT) nitrite complexes were prepared in methanol by the addition
of the stoichiometric amount of the chelating ligand to the
nickel(I1) nitrite solution.” The reacting mixture was left over-
night.

Ni[2-(aminomethyl)piperidine],(NO;);.—Red crystals were ob-
tained in a blue solution. They were filtered, washed with cold
ethanol and dry ether, and then dried under vacuum. The
compound started to decompose at about 230° turning brown
without melting, Anal, Caled for C;HxNeNiOs: C, 38.01; H,
7.44; N, 22.16. Found: C, 37.59; H, 7.08; N, 21.76.

Ni[2-(aminomethyl)pyridine],(NO;);.—Reddish violet crystals
were formed in the methanol solution. They were washed and
dried as described above. Anal. Caled for CpHjsNeNiOq:
C, 39.27; H, 4.39; N, 22.00. Found: C, 38.93; H, 4.43; N,
22.52.

Ni[2-(methylaminomethyl)pyridine],(ONO ), —Blue-violet crys-
tals were obtained after evaporation of the methanol solution to
dryness and recrystallization of the crude product from absolute
ethanol. Anal. Caled for CiHooNeNiO,: C, 42.56; H, 5.10;
N, 21.27. Found: C, 42.74; H, 5.36; N, 20.89.

Ni[2-(methylaminomethyl)piperidine]:(ONO),.—Blue crystals
were obtained after recrystallization from absolute ethanol.
Anal. Caled for CiyHpNgNiOy: C, 41.29; H, 7.92; N, 20.64.
Found: C,41.23; H,7.66; N, 21.24.

Ni[2-(aminomethyl)-6-methylpyridine],(ONO),.—Blue crystals
were obtained on recrystallization of the crude product from abso-
lute ethanol. Adnal. Caled for CiHyNsNiO4: C, 42.56; H,
5.10; N, 21.27. Found: C,42.10; H, 5.31; X, 20.55.

Ni[2-(aminomethyl)-6-methylpiperidine],(ONO),.—Blue-gray
crystals were recrystallized from absolute ethanol. Anal.

(6) C. S. Marvel and W. A, Lazier, “Organic Syntheses,” Coll. Vol. 1,
John Wiley and Sons, Inc., New York, N. Y., 1832,
(7) D, M. L. Goodgame and L. M. Venanzi, J. Chem. Soc., 616 (1963),
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INFRARED FREQUENCIES OF THE NO;~ GrouUps (cM™1)

Compound
NaNOz”' ¢
Ni[2-(aminomethyl)pyridine]s( NO:)2
Ni[2-(methylaminomethyl)pyridine],(ONO),
Ni[2-(aminomethyl)-6-methylpyridine];( ONO),
Ni[2-(aminomethyl)piperidine]( NO;),
Ni[2-(methylaminomethyl)piperidine],( ONO),

STUDIES OF SOME NICKEL(II) NIiTriTE COMPLEXES 1641
TABLE 1
Vas vy b

1328 £ 2 1261 =2 828

1338 s, 1368 s 1318 sh, 1251 m 813, 819

1375 s 1180 s 817, 8222

1351 b 1212 s 859

1334 s 1315 s 810

1372 b 1208 s 828, 8322

1341 b 1206 s 813, 827¢

Ni[2-(aminomethyl)-6-methylpiperidine],(ONO),

« Assignment was uncertain owing to the presence of a ligand band in this region. ? J. Chatt, L. A. Duncauson, B M. Gatehouse, J.
Lewis, R. S. Nyholm, M. L. Tobe, P. F. Todd, and L. M. Venanzi, J. Chem. Soc., 4073 (1959). °R. E. Weston and T. F. Brodasky,

J. Chem. Phys., 27, 683 (1957).

Caled for CiHy:NgNiOg: C, 41.29; H, 7.92; N, 20.64. Found:
C, 41.22; H, 7.64; N, 20.06.

Preparation of the Nickel(II) Chloride and Nickel(II) Iso-
thiocyanate Complexes.—Methods similar to those described
- in the literature’ were used in the preparation of the complexes.
Violet to blue crystals were obtained from the ethanol solutions.

Physical Measurements.—The infrared spectral data were
obtained on a Beckman IR-4 spectrophotometer equipped with
sodium chloride optics. The position of the bands was deter-
mined more precisely on an expanded scale (0.1 u/in.). Cali-
bration was made using a polystyrene film. Nujol and hexa-
chlorobutadiene mulls were used in the 800-850- and 1200-1500-
cm™! regions, respectively. The far-infrared spectra were ob-
tained on the same Beckman IR-4 spectrophotometer by inter-
changing to the potassium bromide optics. Calibration was made
using K2Ca[Ni(NO;)s] which showed a wagging mode,? pw(NO2),
at 462 cm™!, The potassium bromide technique was used in the
far-infrared region.

The electronic spectra were recorded using a Cary Model 14
recording spectrophotometer. The Nujol mull spectra were ob-
tained using the technique described by Kleinberg, ef al.?

Chemical Analyses.—C, H, and N analyses were performed by
Alfred Bernhardt Mikroanalytischen Laboratorium, Miilheim
(Ruhr), Germany.

Results and Discussion

Infrared Spectra.—The nitrite group (C,v symmetry)
has three fundamental vibrational modes which are all
active in the infrared region and upon coordination the
band positions are shifted as compared to the free nitrite
frequencies, The shifts exhibited by the asymmetric
and symmetric stretching frequencies are used to
indicate the mode of bonding of the nitrite group,
whether it coordinates through the nitrogen atom
(nitro complex) or through the oxygen atom (nitrito
complex).? The first assignments for the NO, and
ONO ligands were made by observing changes in the
infrared spectrum of nitritopentaamminecobalt(IIT)
chloride as it isomerizes to nitropentaamminecobalt(I1T)
chloride.’® In this work the infrared bands for the
nitrite groups were identified by comparison of the
nitrite complexes with the nickel chloride and nickel
isothiocyanate analogs. The infrared frequencies for
the nitrite bands are listed in Table I. The infrared
spectrum of a nitrito complex, Ni[2-(aminomethyl)-6-
methylpyridine J,(ONO),, is shown in Figure 1.

In the case of nitro complexes, both vas(NOy) and
vs(NOy) are shifted to higher frequencies as compared

(8) K. Nakamoto, J. Fujita, and H. Murata, J. Am. Chem. Soc., 80, 4817
(1958).

(9) R. H. Lee, E. Griswold, and J. Kleinberg, Tnorg. Chem., 8, 1278 (1964).

(10) R. B. Penland, T. J. Lane, and J. V. Quagliano, J. Am. Chem. Soc.,
78, 887 (1956).

to the free nitrite ion.? %% 1011 Tn the nitrito complexes,
vas(NOg) lies at higher and »,(NOy) at lower values
than the free-ion frequencies.!®1%1% With Ni[2-
(aminomethyl)piperidine o(NOs)s both ».(NO,;) and
1s(NOg) lie at higher frequencies, a result which sug-
gests the presence of nitro rather than nitrito groups.
In fact, this compound is red like the other known nitro
compounds of nickel such as Ni(NH;),(NO,y),!* and Ni-
(monosubstituted ethylenediamine),(NQO,),.5

In the bis[2-(aminomethyl)pyridine Jnickel(IT) nitrite
complex, two sets of bands were obtained for vy
(NO,) and »(NO;). The two values of the v, (NOy)
are higher than in the free ion. For the »,(NO;) one
band lies at a lower and the other at a higher frequency.
This implies the presence of both nitro and nitrito
groups in the complex. This compound is neither red
like the typical nitro complexes of nickel,®!* nor blue
like the nitrito complexes;* it is red-violet. The other
nickel complexes listed in Table I are blue and the
values of v,(NO;) and »s(NQ,) are in accord with the
presence of mnitrito groups, v,s being shifted to higher
frequencies than in the case of NaNQ,, whereas v, is
shifted to lower values. The ys(INOy) lies as low as 1180
cm~?! for the 2-(methylaminomethyl)pyridine complex
and as high as 1212 cm™! for the 2-(aminomethyl)-6-
methylpyridine compound, but always remains at lower
values than the »,(NO,) of the free NO;—.

All of the mnickel nitrite complexes isolated in this
work have only one band for the bending mode, v,
(NOg). The cis-dinitro compounds!! have two bands
belonging to that mode, because the in-phase as well
as the out-of-phase vibrations are infrared active.
Consequently, it is assumed that the NO,~ groups in
the nickel complexes are in the ¢trans positions.

Far-Infrared Spectra.—The far-infrared spectra of the
nickel nitrite complexes were compared with those of the
corresponding nickel halide analogs to check for the
presence of bands which could be attributable to the
wagging mode py. The presence of this band is an-
other evidence for the nitro complexes.'?1:16 Ni[2-

(11) See footnote b of Table I.

(12) P. Basolo and G, S. Hammaker, Inorg. Chem., 1, 1 (1962).

(13) K. Nakamoto, “Infrared Spectra of Inorganic and Coordination
Compounds,”” John Wiley and Sons, Inc., New York, N.. Y., 1963, pp 151-
155.

(14) M. A. Porai-Koshits and L. M. Dikareva, Kristallografiya, 4, 650
(1959).

(15) D. C. Smith, C. Pan, and J. R. Nielsen, J. Chem. Phys., 18, 106
(1950).

(18) G. Blyholder and A. Kittila, J. Phys. Chem., 67, 2147 (1963).
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Figure 1.—Infrared spectrum of the nitro complex Ni}2-(aminomethyl)-6-methylpyridine]:(ONO). in Nujol mull.

(aminomethyl)piperidine ,(NO;), has an absorption
band at 637 cm—! which can be attributed to py. The
2-(aminomethyl)pyridine complex has ligand bands
in this region so that no assignment could be made for a
wagging mode. No bands assignable to pw were found
for the blue complexes which have been formulated as
pure nitrito complexes in Table I.

Electronic Spectra.—-The electronic absorption spec-
tra of the nickel nitrite complexes and their analogous
nickel isothiocyanate compounds were studied in the
visible and infrared regions. Mull and solution spectra
were made; the energies of the maxima are showun in
Table II. Dichloromethane was used as solvent wher-
ever possible to minimize the interactions between the
solvent and the solute, but it was necessary to use
methanol for four complexes as shown in Table II.

Since the nitro group is a strong-field ligand and the
nitrito group a weak-field ligand, it is possible to dif-
ferentiate between nitro and nitrito complexes by
means of their electronic spectra.’” Hare and Ball-
hausen’ showed that the polarized crystal spectrum
of Ni(NH;3)i(NOy); is unlike that of Ni(NH;):(NCS).
owing to the different positions of the isothiocyanate
and the nitro groups in the spectrochemical series.
The nitro groups were shown' to coordinate through
the nitrogen atom and to be frans in Ni(NH;)4(NOy)..
As shown in Table II, the energies of the bands in the

(17) C. K. Jgrgensen, “Absorption Spectra and Chemical Bonding in
Complexes,” Pergamon Press I.td., London, 1962, p 109, .
(18) C. R. Hare and C. J. Ballhausen, J. Chem. Phys., 40, 792 (1964).

nickel nitrite complexes are all very close to those ob-
served for their isothiocyanate analogs, with the excep-
tion of Ni[2-(aminomethyl)piperidine]s:(INO,);. The
absorption maxima of this complex are shifted to higher
energies and correspoud closely with those of Ni-
(NH;)«(NOy), thus indicating coordination through the
nitrogen atom. The presence of nitro groups in this
complex was also supported by the infrared spectral
data and the presence of a wagging mode in the far-
infrared region. In methanol, however, the band
maxima lie at lower energies than in the mull spectra.
The 2-(aminomethyl)piperidine complex is practically
insoluble, but if shaken in methanol, the red crystals
give a light blue solution. There are two possibili-
ties: displacement of the nitro groups by solvent
molecules or isomerization to the nitrito complex.
For the other nickel nitrite complexes the electronic
spectra provide evidence for their formulation as
nitrito complexes.

The nickel nitrite complex with 2-(aminomethyl)-
piperidine was characterized as a nitro compound.
When the size of the ligand was increased by a methyl
group on the piperidine ring (2-(aminomethyl)-6-
methylpiperidine) or a methyl-substituted nitrogen
(2-(methylaminomethyl)piperidine), nitrito complexes
were formed. Since the nitrito group (structure I)
requires less space in the coordination sphere of nickel-
(II) ion than the nitro group (structure II), only the
nitrito complex will be formed with the more bulky

ligands. This conclusion is in accordance with the
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TABLE II

Stubpies oF SOME NIckeL(11) Nitrite CoMPLEXES 1643

ABSORPTION MAXIMA OF NiDy(NOy,); AND NiDy( NCS),

Compound State

Ni[2-(aminomethyl)pyridine]:( NO,) Mull
Ni[2-(aminomethyl)pyridinels(NO;), In CH;0H
Ni[2-(aminomethyl)pyridine],( NCS), Mull
Ni[2-(methylaminomethyl)pyridine]o,( ONO), Mull
Ni[2-(methylaminomethyl)pyridine],( ONO), In CH,OH
Ni[2-(methylaminomethyl)pyridine]( NCS), Mull
Ni[2-(aminomethyl)-6-methylpyridine],(ONO), Mull
Ni[2-(aminomethyl)-6-methylpyridine],( ONO), In CH;OH
Ni[2-(aminomethyl)-6-methylpyridine]o( NCS), Mull
Ni{2-(aminomethyl)piperidine]( NO,), Mull
Ni[2-(aminomethyl)piperidine],( NO, ), In CH;OH
Ni[2-(aminomethyl)piperidine],( NCS), Mull
Ni[2-(methylaminomethyl)piperidine],(ONO), Mull
Ni[2-(methylaminomethyl)piperidine]( ONO), In CH,Cl,
Ni[2-(methylaminomethyl)piperidine],( NCS), Mull
Ni[2-(aminomethy])-6-methylpiperidine];( ONO), Mull
Ni[2-(aminomethyl)-6-methylpiperidine],(ONO). In CH,Cl,
Ni[2-(aminomethyl)-6-methylpiperidine]o( NCS); Mull
Ni(NH;)y( NOy ) Solid

Absorption max, cm ! (¢, 1, mole~! em~t)

«, 18,180, 10,000

a, 17,860 (13), 11,000 (12)

@, 17,960, 10,960

a, 17,860, 10,200

~24,390 sh, 17,860 (20), 11,000 (12)
a, 17,540, 10,700

a, 17,240, 10,200

a, 16,900 (20), 10,200 (15)

a, 17,600, ~15,040 sh, 10,750, 10,140
a, 20,200, 12,345, ~11,360 sh

a, 17,730 (13), 10,870 (9)

28,170, 17,540, 10,750

27,030, 22,120, 17,480, 10,810

a, ~20,830 sh, 18,050 (12), 10,990 (18)
27,780, 17,700, 10,500

~22,420 sh, 16,900, 10,200

a, 17,180 (11), 10,590 (10)

28,170, 17,100, 9430

20,350, 19,900, ~12,750 sh, 12,000, 11,200
28,000, 27,900, 17,500, 17,350, ~13,000 sh, 10,750

¢ Obscured by strong ultraviolet absorption. ? C. R. Hare and C. J. Ballhausen, J. Chem. Phys., 40, 792 (1964).

work of Goodgame* concerning the formation of nitrito
complexes with bulky disubstituted ethylenediamines
as ligands.

[¢] O\ ; O
7 Xy
N N
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O
l Ni
Ni
I 11

With the 2-(aminomethyl)pyridine complex the
infrared spectrum supports the presence of both nitro
and nitrito linkages, but the electronic spectrum only
gives evidence for the nitrito group. One possibility
is that the extra peaks in the infrared spectrum could
arise from solid-state effects. Before commenting
further, it is of interest to consider the 2,2'-bipyridine—
nickel complex in which the chelating ligands are co-
planar with the nickel ion and a red nitro complex was
obtained. This is in contrast to Ni(py).(ONQO), where
the pyridine rings form an angle of ~45° with the Ni~Ny
plane* so that coordination of the nitrite group occurs
through the oxygen. In the ligand 2-(aminomethyl)-

pyridine, which is structurally intermediate between
ethylenediamine and 2,2’-bipyridine, the planar pyr-
idine ring must form an appreciable angle with the Ni-
N, plane in order to provide enough steric effect to
cause the approach of the nitrito group rather than the
nitro group. Whether or not both isomers are formed
with 2-(aminomethyl)pyridine must be left open to
question. With the introduction of a methyl on the
pyridine ring or on the amine nitrogen, sufficient steric
repulsion is gained between the ligand and nitrite
group so that only nitrito complexes are formed.

The nickel nitrito complexes discussed in this paper
do not show any isomerization in solution. This is in
contrast to Ni(N,N’-dimethylethylenediamine),(ONO),
and Ni(N,N’-diethylethylenediamine),(ONO), which
exist in a nitro-nitrito equilibrium in chloroform.®
The increase of steric effects (although a difference in
basicity of the ligands could also be an important factor)
in the chelating ligands considered in this work makes
the nitrito form much more favored than the nitro
isomer so that solution equilibria are not observed.

Acknowledgment.—Work was supported by a grant
from the University of Utah Research Fund.





