Acta Chemica Scandinavica A 38 (1984) 265-274

The Crystal and Molecular Structures of Three Nickel(II)
Complexes Formed by 2-Aminoacetamidoxime and

2-(Dimethylamino)acetamidoxime

HEIKKI SAARINEN, JORMA KORVENRANTA, MARJATTA ORAMA and

TUOVI RAIKAS

Division of Inorganic Chemistry, University of Helsinki, SF-00100 Helsinki 10, Finland

The crystal and molecular structures of the
complexes [Ni(HL),(H,0),]JCl, (=I) and
[Ni(HL)L]CL.13H,0 (=II), where HL=2-ami-
noacetamidoxime (C,H;N30), and a complex
[Ni(HL),(H,0),]Cl,.H,O (=III), where HL=2-
(dimethylamino)acetamidoxime  (C,H;;N;0),
have been determined from X-ray diffraction
data and refined by least-squares methods. In all
three structures the bidentate ligand is bonded to
the nickel atom through its amino and oxime
nitrogen atoms. In structure I the complex cation
is centrosymmetric and displays a distorted trans
octahedral coordination. The crystal data are:
space group P2)/n; Z=2; a=7.556(3),
b=10.923(3), ¢=8.0053) A, p=100.49(3)%;
R=0.028 for 1633 reflections with />2.50(]). In
structure II nickel(I) is in a square-planar
coordination environment in which there is a
strong intramolecular hydrogen bridge between
the cis oxime oxygen atoms. The crystal data are
as follows: space group C2/c; Z=8; a=10.214(4),
b=15.634(3), c=14.007(3) A, p=100.45(3)%;
R=0.046 for 2164 reflections with I>2.50(I). In
complex III the two bidentate ligands in cis-
configuration and two of the water molecules are
coordinated to nickel atom to form a distorted
octahedron in which the amino nitrogens are
trans to each other. The space group is P2/c;
Z=4; a=15.555(7), b=8.041(4), c=16.993(4) A,
B=114.61(3)°; R=0.036 for 3496 reflections with
I>2.50(1).

In a previous report we have described the
complex formation between nickel(II) ions and
2-aminoacetamidoxime I, and its N-methylated
derivatives 2 and 3 in aqueous solution.’
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/
H2 t': ——C
R=N-R’ NOH
The potentiometric data collected from acid
and neutral solutions were shown to be consistent
with the stepwise formation of complexes
Ni(HL)2* with n=1,2,3 (HL=1 and 2) and
n=1,2 (HL=3), and the mononuclear deproton-
ated species NiHL; (HL=1 and 2). To support
the proposed mode of coordination and to
complete our studies on structural features of
solid oxime complexes of nickel(II),z’3 we have
isolated some of these compounds as chlorides in
the crystalline state and determined their struc-
tures by X-ray diffraction methods. Results of the
X-ray study on the complexes Ni(HL),Cl, - 2H,0
(HL=I), Ni(HL),Cl,-3H,0 (HL=3) and
NiHL,Cl - 13H,0 (HL=1) are given in this com-
munication.

EXPERIMENTAL

Crystal preparations. Syntheses of 2-amino-
acetamidoxime I and 2-(dimethylamino)acet-
amidoxime 3 have been described earlier.!
The complexes Ni(HL),Cl,-2H,O and NiHL,-
Cl-13H,0 with HL=1 were obtained in the
crystalline state as a mixture of violet-blue and
orange-red crystals by evaporation of an aqueous
solution of I (2 mol equiv.) and NiCl, (1 mol
equiv.) neutralized with NaOH to pH value of ca.
6. A similar procedure in which 3 was used
instead of 1 yielded Ni(HL),Cl,.3H,0 as green-
blue crystals.
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Crystal and intensity data. Unit cell parameters
and the orientation matrices for the complexes
were determined on a Nicolet P3 four-circle
diffractometer equipped with a graphite
monochromator. Accurate cell dimensions and
other crystallographic data are listed in Table 1.

X-ray intensities were measured by the w-scan
technique with variable scan speeds. The data
were corrected for Lorentz and polarization
effects, but not for adsorption.

The structure of [Ni(HL),(H,0),]JCl, with
HL=1 was solved by Patterson and Fourier
techniques using the X-RAY system.* The struc-
tures of the two other complexes were solved byg
direct methods with the MULTAN program.
The nickel and nitrogen atoms of both complexes
were located in the initial E maps, and subse-
quent Fourier syntheses gave the positions of the
other non-hydrogen atoms.

The structures were refined b)' use of block-
diagonal least-squares methods.” All hydrogen
atoms were located from difference Fourier
maps. Isotropic temperature factors were applied
for the hydrogen atoms and anisotropic tempera-
ture factors for the non-hydrogen atoms. The
atomic scattering factors were those used by the
programme. Anomalous dispersion corrections
(Af', Af") were included for Ni and C1.

Final parameters for all non-hydrogen and
hydrogen atoms in the complexes are listed in
Tables 2 and 3, respectively. Obseved and
calculated structure factors and anisotropic ther-
mal parameters can be obtained on request from
the authors.

RESULTS AND DISCUSSION

Structures of Ni(HL), Cl,-2H,0 (HL=1) and
Ni(HL),Cl,-3H,0 (HL=3). The structures of

Three Nickel(IT) Complexes 269

the violet-blue (HL=1) and green-blue (HL=3)
crystals contain both [Ni(HL),(H,0),]** com-
plex cations and uncoordinated chloride ions.
With ligand 3 there are, in addition, uncoordi-
nated water molecules joined in the structure
through hydrogen bonding. Stereo views of the
molecular packings in the respective unit cells are
illustrated in Figs. 1 and 2.

The complex cation formed by ! is centrosym-
metric and displays a distorted trans octahedral
coordination around nickel in which the biden-
tate organic ligand is bonded to the metal
through its amino and oxime nitrogen atoms. An
ORTEP drawing of the cation and the bond
lengths are shown in Fig. 3; the bond angles are
given in Table 4. In the complex with 3 the mode
of chelation is the same as that with  but in this
case the two bidentate ligands occupy cis posi-
tions in the coordination octahedron. The com-
plex geometry with the numbering of the atoms
and the bond lengths are shown in the schematic
representation in Fig. 4; the selected bond angles
are listed in Table 4.

In these two octahedral structures the chemi-
cally equivalent bond distances of the ligand
molecules I and 3 are all equal within the
experimental error and can be considered normal
for a coordinated oxime compound. As could be
expected, the Ni-N(amine) bond with I [2.078(2)
Al is considerably shorter than the corresponding
bonds with 3 [2.158(3) and 2.196(4) A], which
contains two methyl groups on the amine nitro-
gen. Likewise, the Ni-N(oxime) bond with HL=1
is slightly but significantly shorter [2.049(2) A]
than the same bond with 3 [2.064(3) and 2.086(3)
A]. The lengthening of these Ni—N distances is

Fig. 1. Stereoscopic view of the molecular packing of [Ni(HL),(H,0),]Cl,, HL=1, in the unit cell.

Acta Chem. Scand. A 38 (1984) No. 4
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probably indicative of weaker metal-ligand in-
teractions in the complex containing 3 than in the
complex containing 1. This is also suggested by
the values of the stability constants of the
aqueous complexes which are considerably lower
with ligand 3 than with 1.!

The characteristic Ni—N(oxime), C=N
(oxime), N—O and C—N(amide) bond lengths,
and the C—N-O bond angles of the complexes
are shown in Table 5 together with the corres-
ponding values of other known octahedral nick-
el(IT) complexes containing undissociated oxime
groups. Although the chemically equivalent bond
lengths and angles are relatively constant in all
these structures, some minor systematic differ-
ences can be found: in the first four amidoxime
compounds the Ni—N(oxime) bonds are all
slightly shorter (average 2.076 A) and the N—O
bonds all slightly longer (average 1.423 A) than
the corresponding distances (average 2.120 and
1.383 A) in the rest of the compounds, which
contain a hydrogen or methyl group in place of
the amide group. The differences cannot be

Fig. 3. ORTEP drawing of the complex ion
[Ni(HL),(H,0),]**, HL=1, showing bond
lengths (A).

Fig. 2. Stereoscopic view of the molecular packing of [Ni(HL),(H,0),]Cl, - HyO, HL=3, in the unit

explained e.g. by steric or packing effects, but
possibly the shorter Ni-N(oxime) and longer
N-O distances in the amidoxime compounds are
consistent with the delocalization of the lone
electron pair formally on the amide nitrogen by
resonance with the adjacent oxime group. This
latter effect increases the electron density on the
oxime nitrogen atom and is clearly seen in the
values of the C—N(amide) distances (average
1.34 A), which are considerably shorter than the
typical C—N single bond (=1.47 A).

Structure of NiHL,Cl-13H,0 (HL=1). Dis-
sociation of the oxime proton from
[Ni(HL),(H,0),]** when HL=I allows rear-
rangements in the ligand positions as well as in
the coordination number of nickel(II), and the

=
-3
W
=
2.064(3)

2.073(3)

Fig. 4. Schematic representation of the complex
ion [Ni(HL),(H,0),]**, HL=3, showing bond
lengths (A).
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Fig. 5. Stereoscopic view of the molecular packing of [Ni(HL)L]CI- 14H,0, HL=1, in the unit cell.

structure of the orange-red NiHL,Cl - 14H,0
consists of [Ni(HL)L]* complex ions, uncoordin-
ated water molecules and chloride ions. A
stereoscopic view of the molecular packing is
shown in Fig. 5. The nickel(II) atom is found to
have a square-planar coordination environment
stabilized by an intramolecular hydrogen bridge
between the cis oxime oxygen atoms.

In our study on the amino-amidoxime com-
plexes in aqueous solution, a corresponding
orange-red species was readily obtained with
ligand 2, too.! This complex evidently has a
structure closely similar to that above. Not
surprisingly, no such complex was found with
ligand 3: the steric requirements of the two
methyl groups on the amino nitrogen atoms and
on the other hand, the oxygen—oxygen repulsion
do not allow, without considerable strain in the
molecule, a square-planar complex with a strong
intramolecular hydrogen bond between the cis
oxime oxygen atoms.!

Comparison of the bond distances and angles
given in Table 4 and Fig. 6 with those in the
octahedral structure of the same ligand (Fig. 3

Fig. 6. ORTEP drawing of the complex ion
[Ni(HL)L]*, HL=1, showing bond lengths (A).

and Table 4) reveals some marked differences.
The most significant changes occur in the
Ni—N(oxime) and Ni—N(amine) bonds, which
are considerably shorter in the four-coordinate
than in the six-coordinate structure. This contrac-
tion is accompanied by pertinent opening in the
intrachelate N—Ni—N angle. Another obvious
difference is between the geometries of the oxime
groups: the N—O distances are shorter and the
C—N-0 angles larger in the square-planar com-
plex than in the octahedral complex. These
alterations are expected from the different elec-
tronic state of nickel and the different function of
the oxime groups in these two structures.

With oxime ligands the diamagnetic square-
planar complexes are far more common than the
octahedral structures and a great number of them
have been characterized by X-ray or neutron
diffraction methods. The geometry of the present
complex generally agrees with the published
results. Thus the average Ni—N(amino) distance
1.920(4) A is normal and comparable to that
observed in other studies, e.g. 1.908(1) A in
bis(2-amino-2-methyl-3-butanone oximato)nick-
el(T) chloride.!!

The Ni—N(oxime) distance is fairly constant in
all the square-planar complexes. The smallest
value in any structure yet reported seems to be
1.839(1) A, which was observed with a tet-
radentate amine-oxime ligand.'? The usual values
are somewhat greater, varying between 1.86 and
1.88 A: a mean value of 1.87 A for several
complexes containing this bond has recently been
reported.’> Though rather short the
Ni—N(oxime) bonds 1.846(3) and 1.852(3) A

Acta Chem. Scand. A 38 (1984) No. 4



found here are not uncommon in view of these
results.

The oxime N—O bond distance is more sensi-
tive to minor variations in the structure than the
Nn—N(ox1me) bond, for the observed range for
this bond is 1.313(7)—1.403(7) A.1>¢ Interest-
ingly, all the longer distances (1.360(7)—
1.403(7) A) appear in complexes where the
amidoxime group is present: with glyoxime and
its alkylated derivatives, for example, distances
are considerably shorter: between 1.34 and 1.35
A" The N-O bond lengths 1.391(3) and
1.397(4) A found in this study are longish, but in
good agreement with those found in other amid-
oximato structures.

The intramolecular hydrogen bonded O:---O
distance in the oomplex 2.489(3) A, is in the
range observed in comparable structures.?” %!
When the O---O distance approaches 2.40 A a
symmetric hydrogen bond is often proposed.
Although the positions of hydrogen atoms re-
fined with X-ray diffraction data cannot be
considered reliable, the O—H distances obtained
here for this bond, 0.98(7) and 1.62(7) A,
together with the value of the O—H-O angle
145(6)°, strongly support the existence of an
asymmetric hydrogen bond in the structure. The
significantly unequal C—N—O angles [114.8(2)
and 116.3(2)°] in the complex probably point to
the same conclusion.

Square-planar dioximato complexes of the
nickel triad are known to prefer stacked struc-
tures in the solid state, and a direct electronic
M-M interaction may be present.?>? In this
structure the arrangement of the complex units is
such that the nickel(II) atom lies nearly perpendi-
cularly above and below the amide nitrogen
atoms N3 and N6 of the adjacent molecules

| a'sing

I
1 l
|
t 3.189(3) N
1
I
L/«%

N6

e \ 3.325(3)

Fig. 7. Schematic projection of a part of the stack
in [Ni(HL)L]*, HL=1.
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(Table 4). The N3"—Ni and N6™ —Ni distances
are relatively short: 3.325(3) and 3.189(3) A,
respectively. This packing pattern, shown in the
schematic representation in Fig. 7, is quite similar
to the M—L—M form of stacking found earlier
in bis(oxamide oximato)nickel(II)—oxamide
oxime* and in bis(oxamide oximato)-
cobalt(II) —oxamide oxime,?* and it may indicate
some bonding interaction between metal and
axial nitrogen atoms.

REFERENCES

1. Saarinen, H., Orama, M., Raikas, T. and
Korvenranta, J. Acta Chem. Scand. A 37
(1983) 631.

2. Saarinen, H., Korvenranta, J. and Nasiakka-
14, M. Acta Chem. Scand. A 34 (1980) 443.

3. Korvenranta, J., Saarinen, H. and Naséikkai-
14, M. Inorg. Chem. 21 (1982) 4296.

4. The X-Ray System, Technical Report TR-
446, Computer Science Center, University of
Maryland, College Park 1976.

5. Main, P., Fiske, S. J., Hull, S. E., Lessinger,
L., Declerq, J.-P. and Woolfson, M. M.
MULTAN 80: A System of Computer Pro-
grams for Automatic Solution of Crystal
Structures from X-ray Diffraction Data, Uni-
versity of York, York 1980.

6. International Tables for X-Ray Crystallogra-
phy, Kynoch Press, Birmingham 1974, Vol.
v

7. Cullen D. L. and Lingafelter, E. C. Inorg.
Chem. 9 (1970) 1865.

8. Endres, H. and Jannack, T. Acta Crystallogr.
B 36 (1980) 2136.

9. Korvenranta, J., Saarinen, H. and Niasakka-
13, E. Finn. Chem. Lett. (1979) 81.

10. Stone, M., E. Robertson, B. E. and Stanley,
E. J. Chem. Soc. A (1971) 3632.

11. Schlemper, E. O., Hamilton, W. C. and
LaPlaca, S. J. J. Chem. Phys. 54 (1971) 3990.

12. Fair, C. K. and Schlemper, E. O. Acta
Crystallogr. B 34 (1978) 436.

13. Nuvan, L. A., Brianso, J. L., Solans, X.,
Font-Altaba, M. and De Matheus, M. Acta
Crystallogr. C 39 (1983) 211.

14. Endres, H., Jannack, T. and Prickner, B.
Acta Crystallogr. B 36 (1980) 2230.

15. Endres, H. Acta Crystallogr. B 35 (1979)
625.

16. Endres, H. Acta Crystallogr. B 34 (1978)
2306.

17. Murmann, R. K. and Schlemper, E. O. Acta
Crystallogr. 23 (1967) 667.



274

18.

19.

20.

21.

22.

23.
24,

Saarinen et al.

Bowers, R. H., Banks, C. V. and Jacobson,
R. A. Acta Crystallogr. B 28 (1972) 2318.
Williams, D. E., Wohlauer, G. and Rundle,
R. E. J. Am. Chem. Soc. 81 (1959) 755.
Chakravorty, A. Coord. Chem. Rev. 13
(1974) 1.

Hussain, M. S. and Schlemper, E. O. Inorg.
Chem. 18 (1979) 2275.

Hussain, M. S., Salinas, B. E. V. and
Schlemper, E. O. Acta Crystallogr. B 35
(1979) 628.

Endres, H. Acta Crystallogr. B 36 (1980) 57.
Bekaroglu, O., Sarisaban, S., Koray, A. R.
and Ziegler, M. Z. Naturforsch. Teil B 32
(1977) 387.

Received September 1, 1983.

Acta Chem. Scand. A 38 (1984) No. 4



