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The crystal structure of trans, trans, trans — potassium
dinitrobis(B—alaninato)cobaltute(lfl), K[Co(NH,CH-
CH,COO)ANOy), was determined by X-ray diffraction

technique. The crysials belong to the monoclinic
system, a = 12.38(1), b = 13.12(1), ¢ = 8.27(D),
B=1152(2), z=4, D,=2.032)gcm™>, D.=2.00
gem ™3, space group C2[c. A total of 1008 indepen-

dent nonzero reflexions was callected by multiple
film Weissenberg technique and the model was refi-
ned by least squares method to a conventional R—
factor of 11.8%. The coordination around the Co'!
atom is oclahedral, with two nitro groups in a trans
arrangement. The B—alaninato ligands form six—
—membered chelate rings through the use of the amino
nitrogen and the carboxylate ocygen atoms, both in
the trans position (0o.

Introduction

Studying the reactions between potassium hexani-
trocobaltate(11]) and aminoacids, Celap and cowor-
kers' have obtained a new class of complex com-
pounds: dinitrobis(aminoacidato)cobaltate(11[) salts.

These compounds could exist as five geometrical
isomers. Four of them have already been isolated,
i.e. two cis—NO, isomers and two frgns — isomers.
By analyzing electronic and NMR spectra the configu-
rations of these isomers were postulatcd’. To prove
the configuration of the frans, trans, trans isomer, the
X-ray diffraction study of the corresponding potassium
salt was undertaken.

Experimental Section

The purple red, optically macnve small prismatic
crystals were supplied by M. B. (.e]ap The crystal
data were determined f{rom zero layer Weissenberg
rhotographs (h(Z) and (bkO), taken at 18 °C with
CuKa radiation (A=1.5418 A). Valucs for the cell
dimensions and their standard deviations were deri-

(1) M. B. Celap, D. |. Radanovié¢, T. [. Nikolic, and T. 1. |anjlc.
Inorg. Chim. Acta, 2, 52 (1568).

(2 R. G. Darlnmg M. B Cetp and D. }. Radanovié. lnorg.
Chim. Acia, 2, 58 (1968). efap, R. G. D(nmng D.}. Rada-

ovic, and T. I. Janlic, lnorg " Chim. Acta, 5,9 (1911, M. B
gclap M. J. Malinar, S. M. Nedié¢, T. 1. Janjtc, and P. N. Radi-
vojsa. Proceedings of the 111 Conference on Coordinstion Chemisiry,

Smolenice-Bratisiava (CSSRY, p. 59 (F971).

ved from a lzast squares treatment of a number of
high order reflexions. The density was measured by
flotation in ZnCl, solution.

The systematic absences, from Weissenberg hkO,
hké& and h0f photographs are:

hké; h+k = 2n+1
h0¢: ¢ = 2n+1; (h = 2n41)
0k0: (k = 2n=1)

The space groups Cc and C2/c are consistent with
such absences. On the basis of the clectronic and
NMR spectra it was postulated that the configuration
of the investigated compound is trans, rans, trans?
This assumption requires that the molecule possesses
the centre of symmetry and indicated the choice of
C2/c as a space group. The crystal habit also clearly
revealed the holoedry of the crystal class.

The crystal data are as follows: K{Co(NH,CH, -
CH.COO)(NQ1):], C«CoHKNOs, M = 366.24. Mo-
noclinic, space group C2/c, a = 238(1)*, b =
13.12(1), ¢ == 827(1), 8 = 1152(2)*,z = 4, Dy, =
2.03(2) gem~*, D, =2.00 gem™®, uMoKa = 18.95
cm’,

Acrystal whose dimensions varied between 0.25
and 0.37 mm was used for data collection. As the
crystals were very small apd mechanically sensitive,
they could not be ground into spherical or cylindri-
cal forms. Equi—inclination Weissenberg photogra-
phs h02 — h8¢ and hkO — hk2 were obtained using
the multiple film technique with MoKe radiation
and Nonius camera. The intensities were measured
visually with standard calibrated scale and corrected
for Lorentz and polarization factors. The correc-
tion for absorption was not applied, introducing in
the observed intensity a maximum error *11.5%.
The interlayer scaling was made using the average
of F.'s ratios of hkO data which appear in both set-
tings as a scaling factor for each level. A total of
1008 independent nonzero reflexions was coilected.

From threcdimensional Patterson synthesis the
positions of cobalt and potassium atoms were deter-
mined. With electron density and difference synthe-
sis, followed by a series of least squares refinement
cycles, all nonhydrogen atoms were located. The
function Ew(F,—F.)? was minimized. The weights
were assumed as | for all reflexions. With anisotropic

* Here, and elsewhere in this paper, v.5.d"s in dhe last sigaiicant fi-
gurc are in (he parentheses.
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temperature factors for all a atoms the refinement Table il. Atomic and thermal parameters.
converged to the conventiopal R factor, X|Fs—F.|/ x y 2 B

! 0, 1 -

/Z|Fo;, of 11.8 /uzand the weighted R tjactor, V)Ilw o 0.250000) 0.250000) 0.5000(0) 0.84(3)
(F—F.Y/V Zw(F.)% of 12.0%. The refinement with K 0.0000(0)  0.0000(0)  0.2500(0)  I.88(6)
anisotropic thermal parameters gave no improvement 8(;1,) g.lggg(g) g-;;(l]z(;) 8%2;2813 ;3283;
in the R-factor. In the final difference Fourier syn- (2) -3230(9) 4202(9) : -

. . . d 0O3) 0.0953(7) 0.1383(7) 0.0102(11) 1.82(14)
thesis the five major peaks are between 1.88 an Ol4) 0.0326(10)  03939(10)  0.2354(14)  3.36(21)
1.15 e/Al. The first value represents 2.2, 4.4, 15.1, N(1) 0.4015(7) 0.2160(8) 0.4924(12) 1.31(14)

1 X 309 0. 9 0.35011 1.74(16

18.0 and 18.3% of the height of the peaks of Co, X, g‘(f)) 321%0((9)) 032’;‘;5[)” 0 [5“‘([;)) 1744%17))

O. N :lmd C atoms in the final Fourier map. Atpmxc C(2) 0.3060(10)  0.1561((1)  0.1783(15)  158(18)

scattering factors were taken from the International Ci3) 0.3953(10)  0.1338(11)  0.3692(15) 1.80(19)
Tables for X-ray Cristallography.! Table | lists the
calculate amplitudes based

observed and ¢ ¢ d structure P (3) “International Tabte for X.ray Crystaltography” Vol. LIY,

on the final atomic parameters given in Table II.
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Table HI. Intramolecular and intermolecular distances (&) and angles (d'eg.)A Standard deviations do not include celf pare-
meters errors.  Superscripts refer (o the following transformation of atomic coordinates:

No symbol x
i 14 +x
it —X
it YVo—x
iv —X,
A4 X
vi 14—x,
vii Y242,
Co-O(1) 1.913(8)
Co-N(1) 1.956(9)
Co-N(2) 1.941(11)
O(H-C(1) $1279(13)
C(1)»C(2) 1.543(15)
C(2)-C3) 1.521(15)
C(D-0(3) 1.227(13)
N(D-Co-N(2) 90.6(4)
O(1)-Co-N(2) 50.2(4)
O(1)-Co-N(1) 94.9(4)
Co-O(1)-C(1) 125.4(8)
O(1-C(2)-C(2) 120.2¢9)
C(1)-C(2)-C(3) (12.5(9)

y z
Va+y z
— —z
1A~y {—z
Y, Va—1
Y. Vatz
a4y, Yo —z
o —y, 42
N(2)-O(4 1.2431(14)
N(2)-0(2) 1.268(14)
K-O(1)yvi 2.873(9)
K-0(2)¥ 2.943(11)
Ki-O(3) v 2.675(9)
KLO2)H 3.162(10)
K-0(3)' 3.258(9)
C(2)-C(3)-N(1) 112.4(1.1)
C(3)»N(1)-Co 113.4(7)
O(1)-C(1)-0(3) 121.0(1.0)
O3)-C(1)-C(2) 118.6(1.0)
O(2):N(2)-0(4) 119.2(1.1)
O(2)-N(2)-Co 120.2(8)

In the analysis the programs VINCA 1 (local data
reduction program), FORDAP, NUCLS, SADIAN
and ORFFE (from [bers’s system of crystaliographic
programs) at the CDC-3600 computer were used.

Resuilts and Discussion

The projection of the crystal structure of trans, trans,
{rans—potassium dinitrobis(f—alaninato)cobaltate{I11)
down the c-axis is shown in Fig. 1. The interatomic
distances and angles arc given in Table [11.

Figure {. The structure projected down the c-axis.

The structure is buile up of [Co(f ata)NO)»]~
and K* ions. A perspective drawing of the complex

anjon is presented in Fig.2. A cobalt atom is situa-
ted in the centrc of symmetry and surrounded octe-
hedrally by two oxygen atoms from B—alanine ligands
and four nitrogen atoms, two of them being from
3—alanine ligands and the other two from the nitro
groups. The nitro groups are in the frans—position.
The coordination polyhedar around cobalt is nearly
regular octahedron. The shortest distance in octa-
hedron is cobalt-oxygen (1.913 A), the longest one
is cobalt-nitrogen from f—alanine ligand (1.956 A).
The most pronounced displacement from the right
angle (94.6%is also in B-—alanine ring. The six-mem-
bered B—alanine ring has a skew boat conformation.
The same conformation is found in the structure of
complexes with  six—membered (-—alanine rings so
far investigated, namely Cu(NH,CH,CH,COOQ),.6H;0*
and Ni(NH,CH;CH,COO);.2H,0% The bond len-
gths and angles in the ring are normal and may be

Figure 2. The configuration of dinitrobjs(B-alaninatcycobal-
tate(111) ion.

4) R. F. Bryan, R. J. Poljak, and K. Tomita, Acta Crysi., 14,
1125 (1961).

{5} Parimala )osc, L. M. Pant, and 8. W. Biswas, Acsa Cryst., 17,
24 (1964).
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compared with the corersponding ones found in the
mentioned complexes.

The mean plane defined by C(2), C(1), O(1) and
O(3) atom is given by the equation: -0.0119 x —
09799 y + 0.1990 z + 1.7867 = 0. Distances of
C(2), C(1), O(1and O(3) atoms from this plane are
0.0081, — 0.0285, 0.0103 and 0.0101 A, respectively.
This indicates that C(2), C(1), O(1) and O(3) atoms
are nearly coplanar, as in the structure of Ni(NH,-
CHCH,COO) .2H,O (1.c4). The angle between
the plane passing through O(1}-C(1)-C(2) and the
one containing C(1)-C(2)-C(3) is 20.3%; the angle
between C(1)-C(2)—C(3) and C(2)—C(3)--N(1) planes
is 66.9°. [n Ni(NH,CH,CH.COO);.2H;O these an-
gles are 30.3° and 73.7°, respectively.

The nitro group is planar, with the angles prac-
tically equal to 120°. N—O distances average to 1.25
A. These values are comparable to those found in
the nitro complexes.

The potassium ion is on the twofold axis. It is
surrounded by five pairs of symmetry related oxygen
atoms, three pairs carboxylate oxygen and two pairs
oxygen atoms from the nitro groups. The six nearest
neighbours are at the potassium—oxygen distances of
2.67, 2.87 and 2.94 A. Two other pairs of oxygen
atoms are away from the potassium ion at 3.16 and

wrganica Chimica Acla |7:4] December, 1973

3.26 A and according to the data (1.c.3,p.258) it
appears that they are also included in the coordina-
tion of the potassium ion.

Itis to be expected that the nitrogen atom from
B—alanine ring is included in two N-H ... O hydro-
gen bonds. There are six oxygen atoms (O(4)%,
o4, O(3)*, 0(2), O(1) and O(1)") at the distan-
ces between 2.6 and 3.1 A which may be with the
N(1) atom hydrogen bonded. They form (in pairs)
15 possible "tetrahedra” together with Co and C(3)
atoms around the nitrogen atom. The mean devia-
tions of the angles from 109°28° in these scts vary
from 16.2 to 40.6>. The former of these values re-
spects to the Co, O(3), O(4)li, O(3)"! set, giving the
most probable hydrogen bonds N(1)-N(1) ...., O(4)"
and N(1)-H(2)..... O(3), Some other sets may be
probable too. In every case, hydrogen bonds to
O(1), O, O(2) and O(4)" would be intramolc-
cular, and those to O(3)* and O(4)" would be in-
termolecular. It is possible that one (or both) of the
hydrogen bonds might be bifurcated.

The results obtained in this work showed that the
configuration of the investigated salt, proposed by
M. B. Celap and coworkers®, is correct, i.e. the
potassium dinitrobis(3—~alaninato)cobaltate(I1T) really
represents trams, trans, trans, geometrical isomer.



