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SHORT COMMUNICATION
The Crystal and Molecular Structure of Bis(tribenzylphosphine
oxide)dichloro Cobalt(I)}

R. H. DE ALMEIDA SANTOS and Y. MASCARENHAS

Departamento de Fisica e Ciencia dos Materiais, Instituto de Fisica e Quimica de Sao Carlos,
Universidade de Sao Paulo, Caixa Postal — 369, 13560 — Sao Carlos, SP, Brasil

(Received May 3, 1977, in final form July 26, 1978)

INTRODUCTION Company and their Laboratories in Eindhoven. The
radiation was graphite monochromatized Moka using
The crystal and molecular structure of bis(tribenzyl- the 6—20 scan type with a scan width of 1°and a
phosphine oxide)dichlorocobalt (II) has been under- speed of 0.08 /sec. Backgr_our}d counts were done on
taken as part of a continuing comparative study of each extrgme of the Scanning mtgrval taking 1/2 of
the tribenzyl, dibenzyl phenyl, benzyl diphenyl, and the scan time on both sides. The intensity of three
triphenyl phosphine oxide complexes in solution and standard reflections, (141), (230) and (330) were
solid state." The purpose is the elucidation of the measured each 100 reflections and did not show any
molecular geometry of this complex. appreciable change in intensity during all data
collection.
EXPERIMENTAL Data Reduction
The samples were obtained by mixing alcoholic The data were corrected for the Lp factor and
solutions of salt and organic ligand in the proper reduced to the corresponding moduli of structure
stoechiometric proportions. The solution was con- factors. All reflections in which the observed F was
centrated and cooled in a refrigerator until crystal- greater than three times the value of the correspond-
lization. Usually the crystals were well formed blue ing standard deviation (o(F)) were considered to be
bipiramids, statistically above background. 2085 reflections were
Bis(tribenzylphosphine oxide)dichlorocobalt (II) classified in this category. As the largest and smallest
ias the following cell dimensions a = 15.133(1) A, dimensions of the crystal used in data collection were
b=13.905(1) A, c=16.492(1) &, a = =7 =90°, respectively only of 0.5 and 0.3 mm and u = 8.2 no
V =3954 A.® These were obtained using a Philips absorption correction was applied.
automatic diffractometer PW 1100 and refined by
least squares calculations. It crystallizes in the ortho- Structure Analysis
rhombic system. The following systematic extintions, Y
h0O for h = odd, 0kO for k = odd and 00% for £ = odd As we intended to use direct methods, we proceeded
were observed fixing the space group as P2,2,2,. to the determination of the scale factor and average
The observed density = 1.29 g/cm?® (by flotation), temperature factor using the Wilson plot procedure
calculated density = 1.293 g/cm? assuming Z = 4 and to the calculation of the normalized structure
molecules/cell. factors. A program written by R. Shiono® was used.
The intensities of 2110 independent reflections The program Multan® was used for the phasing of
were recorded using the PW 1100 Philips automatic the 470 largest E values (E > 1.24). 16 sets of phases
single crystal diffractometer by courtesy of Philips were generated; the corresponding E maps were
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calculated for the two with the best figure of merit.
In those we found five well defined peaks which
could be attributed to Co*, Cl™ and P. At this

stage we did not attempt to discriminate between
chlorine and phosphorus. Structure factors were
calculated for both and the solution that gave the
smallest value of the agreement index R was chosen.
The coordinates for the heavy atoms were in this way
definitely established. Difference Fourier maps
disclosed all the remaining atoms, except hydrogen.
The coordinates of all atoms were then refined by the
full matrix least squares refinement of w(|Fo |—|Fo|)?
using the corresponding program included in the
Enraf—Nonius Structure Determination Package
(SDP)* written for use on the PDP—11 series of
computers to an R value of 0.075, when all shifts
were smaller than three times their standard
deviations.

As the positions of the hydrogen atoms were not
revealed by a difference synthesis, their coordinates
were generated from the positions of the atoms to
which they are bonded by assuming tetrahedral and
trigonal angles and C—H distances of 1.0 A. The full
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matrix least squares refinement gave a final value of
R = 0.065 taking w as constant up to the end of the
refinernent which was considered completed when all
coordinate shifts were less than twice the correspond-
ing standard deviations. The hydrogen positional and
thermal parameters were not refined. An attempt was
made towards improving the refinement using weights
proportional to the standard deviation of measured
F’s* and the pivot point scheme® with no further
improvement. In all calculations the atomic scattering
factors were used taking into account the anomalous
scattering coefficients. Their numerical values were
taken from the Vol. 4 of the International Tables for
X-ray Crystaliography.?

Structural Data

Tables I and II give the final parameters of the atoms
in the asymetric unit and their estimated standard
deviations in parenthesis. The intramolecular
distances and angles are given in Table III. Equation
for the best plane of the phenyl rings was obtained by
least squares fitting. Table IV gives the equations for

TABLE 11
Hydrogen positionat and thermal parameters of bis(tribenzylphosphine oxide)dichlorocobalt (II) and their
standard deviations?

3
0) 680000(
0) 700000¢(
0) 850000(
0) 850000(
0) 850000(
0) 850000(
0) 850000(
0) 690000(
0) 720000(
0) 850000(
0) 850000(
0) 850000(
0) 850000(
0) 850000(
0) 690000(
0) 720000(
0) 850000(
0) 850000(
0) 850000¢
0) 850000(
0) 850000(

& positional and Thermal Parameters X 105

0)
0)
0
0)
0)
0)
0)
0)
6)
0)
0)
0)
0}
0)
0)
0)
0)
0)
0)
0)
0)

ATOM
H22

H23
H24
H25
H26
H27
Rn28
B29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
H40
H41
842

X
49744¢(
59545(
36571(
31239¢
41120(
56597(
61579(
53624 (
63753(
71582(
71620(
59198(
45839(
44848(
62218¢(
67870(
70710(
68782(
$7014(
§7424(
49720(

0)
0
0)
0)
0)
0}
0
0)
0)
0)
0)
0)
0)
0)
0)
0)
)
0)

0)-
0)-

0)

Y
15244 (
19513¢(
24468¢(
38359¢(
49557 (
47615¢(
33936(
31548¢(
28127¢(
22559¢(
20476 (
23419¢(
28615 (
28967 (

7906¢(
11864 (
$251(
-5888(
15352¢(
146243¢(
-3158(

z

0) -9500(
0) -9030(
0)-10396(
0)-13924(
0)-16003(
0)-12530(

0)
0)
0)
0)
)
0)
0)
0)
)
0)
0)

0)-

~9165(

7576(

6699¢(
18931¢(
33390¢(
41118¢(
34958(
20231¢(
10982(

3460(
-8450(
17339¢(

0)-15359¢(

0)
0)

~3981¢(
5662(

0
0
0
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)

— o &

B

850000¢(
650000(
650000(
850000 (
850000(
850000¢(
850000(

650000 ¢(
650000 (

850000¢(
850000(
850000 (
850000 (
850000(
650000(
650000 (
850000(
850000 (
850000 (
850000(
850000(

0)
0)
0)
0)
0)
0)
0)

0)
0)

0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)
0)



20:49 23 January 2011

Downl oaded At:

62

SHORT COMMUNICATION

TABLE IIi
Bistiribenzylphosphine oxide)dichlorocobalt (11} intramolecular distances and angles

At.1 At.2 At.3 d 12 d 23 Angle

€11 Co (2 2.255{(3) 2.248(3) 113.0(1)
Ce1 Co O1 2,255(3) 1.937(7) 110.6(2)
Ct1 Co 02 2.255(3)  1.920(8) 109.1(2)
CL2 Co 01 2.249(3)  1.937(7) 108.6(2)
€22 Co 02 2.249(3) 1.820(86) 109.2(2)
01 Co 02 1.937(7)  1.920(6) 104.9(3)
Ce 01 Pl 1.837(7) 1.517(7) 176.0(8)
Co 02 P2 1.920(6) 1.507(7)  153.0(8}
01 P11 1.517(7) 1.808(11) 113.6(5)
61 Pt c8 1.517(7} 1.819(12) 109.4(5)
01 Pt C15  1.517(7) 1.824(11) 114.5(5)
c1 P18 1.808(11) 1.819(12) 110.3(S)
€1 P14 C15  1.808(11) 1.824(11) 102.0(9)
c8 P1  C15 1.819(12) 1.824(11) 10B.5(%)
02 P2 (€22 1.505(7) 1.785(3) 113.3(3)
02 P2 €29 1.505(7) 1.748(3) 111.3(3}
02 P2 €36 1.505(7) 1.756(3) 1098.3(3)
€22 P2 €29 1.795(3} 1.748(3) 109.5(1)
€2z P2 €36 1.795(3) 1.756(3) 194.8(1)
€29 P2 C36 1.748(3) 1.758(3) 108.2(2)
P11 2 1.808(11) 1.479(13) 113.1(8)
1 C2 c3 1.479(43) 1.449(13) 124.2(¢%)
c1 2 7 1.479(13) 1.356(13} 120.5(1C)
€2 c3 «c4 1.449(13) 1.345(15) 125.6(10)
€3 ©4 5 1.345(15) 1.353(18) 115.6(12)
c4 5 8 1.353(46) 1.470(17) 122.0(11)
s c6 C7 1.47(47) 4.370(15) 116.9(10)
6 €7 «c2 1.370(15) 1.356(13) 123.7(12)
€7 C2 €3 1.356(13) 1.449(13) 115.0(10)
P1 C8 8 1.818)12) 1.529(14) 112.6(8)
€8 €S €10 1.528(14) 1.322(13) 122.3(S)
€8 €9 C14 1.529(14) 1.420(12) 118.0(%)
€9 C10 €11 1.322(13) 1.432{(14) 121.5(1C}
€10 €11 €12 1.432(44) 1.429(15) 118.7(10)
€11 C12 €13 1.429(15) 1.306(14) 118.5(11}
€12 €13 €14  1.306(14) 1.424(14) 123.1(10)
€13 C14 8 1.424(44) 1.420(42) 118.1(1C)

the planes in the form Ax + By + Cz — D =0 where
A, B, C and D are constants and x, y and z are ortho-
gonalized coordinates. Also are given the standard
deviations of each atom from the mean plane.
Dihedral angles between planes are given in Table V.

DISCUSSION AND DESCRIPTION OF THE
MOLECULAR AND CRYSTALLINE STRUCTURE

An ORTEP® representation of the molecular struc-
ture of bis(tribenzylphosphine oxide)dichlorocobalt
(I1) is shown in Figure 1. The cobalt is coordinated
tetrahedrally by two chlorines and two oxygens. The
chlorine and oxygen atoms are close-packed, as is
indicated by the fact that their interatomic distances
are equal to the sum of the van der Waals radii similar
to the structure of bis(N-benzyldiphenyl-phosphonic
amide) dichtorocobalt (I1).6 The angles C!1 —Co—CI2,
01-Co—-02, 01 —Co—CI1,01-Co—CI2,02—Co—Cl1

At.l At.2 At.3 d 12 d 23 Angle

C14 €S €10 1.420(42) 1.322(43) 118.5(10)
P1 €15 C16  1.824(11) 1.534(13) 116.9(7)
C15 €46 €17  1.534(13) 1.384(12) 118.8(9)
€15 C16 €21  1.534¢13) 1.360(13) 123.9(8)
C16 C17 €18 1.384(12) 1.357(14) 121.3(1C)
C17 €18 €19 1.357(14) 1.407(14) 121.4(10)
€18 C19 €20  1.407(44) 1.354(43) 117,1(10)
19 C20 €21 1.351(13) 1.384(14) 121.0(11)
€20 €21 €16  1.360(13) 1.394(14) 121.8(10)
€21 €16 C17  1.36Q2(13) 1.384(12) 117.1(9)
P2 €22 €23 1.785(9)  1.527(12) 116.9(8}
22 €23 26 1.527(12) 1.353(12) 123.8(9)
€22 €23 €28 4.527(12) 1.383(11) 118.9(8)
£23 €24 €25 4.353(12) 1.361(12) 122.5(9)
24 €25 €26 1.361(12) 1.335(13) 120.1(9)
£25 €26 (27 1.335(13) 1.385(14) 118.4(10)
€26 €27 €28 1.395(14) 1.312(12) 120.5(10)
©7 €28 €23  1.312(12) 1.383(11) 122.1(8)
28 €23 C24  1.383(11) 1.353(12) 116.3(9)
PZ €29 €30 1.748(10) 1.525(12) 117.1(7)
€23 €30 €31  1.525(12) 1.348(43) 124.8(11)
€29 €30 €35 1.525(12) 1.440(14) 120.5(10)
€30 €31 €32 1.348(13) 1.405(15) 122.1(12)
C31 €32 €33 1.405(15) 1.356(18) 118.2(12)
€32 €33 €34 1.356(18) 4.308(17) 119.8(11)
£33 €34 €35 1.308(17) 1.321(14) 122.4{14)
C34 €35 C30 1.321(14) 1.440(14) 121.8(12)
€35 C30 €31  1.440(14) 1.348(13) 114.4(9)
P2 C36 (37 1.756(8)  1.4983(11) 115.8(8)
€36 €37 €38  1.493(11) 1.379(12) 122.4(9)
C36 C37 C42 1.493(11) 1.393(13) 122.5(9)
C37 €38 €39 1.379(12) 1.310(14) 123.8(12)
€38 €39 €40 1.310(14) 1.345(17) 119.1013)
C39 €40 €41 1.345(17) 1.319(17) 119.9(12)
C40 C41 €42  1.318(17) 1.331(14) 122.3{(13)
C41 €42 €37 1.331(14) 1.393(13) 118.7(12)
C42 €37 €38  1.4393(11) 1.378(12) 115.0(9)

and 02—Co—CI2 are 113.01°, 104.98°, 110.60°,
109.81°,109.10° and 109.21° respectively. The distor-
tions in these angles from the tetrahedral value of
109° 28’ are severer for the C/1—Co—CI2 and O1 —Co—
02. The reason for these distortions are, as pointed
out by Roy and Jefferey,® the differences in the Co—O
and Co—C! bond lengths and the differences in the
van der Waals radii of chlorine and oxygen. Interatomic
distances and angles in the phenyl rings are normal.

As we can see from Table 11, there is a good agree-
ment between the values of the interatomic distances
Co—C!1 and Co—CI2, Co—01 and Co—02, O1-P1

and O2—P2 respectively within a value not larger

than twice the standard deviations, There is good
agreement of these bond length values and similar bond
distances determined in the structure of bis(N-benzy!-
diphenylphosphonic amide)dichlorocobalt (11)° and
of bivs(trimethylphosphine oxide) dichlorocobalt

(In.

The crystal packing consists of an arrangement of
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TABLE IV TABLE V
Least square planes Dihedral angles between planes
. PLANE PLANE DIHEDRAL
The equations of planes are expressed NO. KO. ANGLE
in orthogonalized space as Ax+By+Cz+D«( - - —_—
1 2 -65.9
Plane 1 0.,9821x-0.1094y-0.15322-1.7062=0 1 3 “70.6
¢l 0.033 ¢4 0.000 0.025 } ;‘ _;(1)-‘;
¢2 -0.036 c¢5 0.006 -0.028 1 . 50
el -0.001 2 3 -53,0
2 4 -84.2
Plane 2 =-0.3394x+0.9251y-0.17002-2.9229=0 2 5 “39.4
¢8 0.007 cll 0.005 cl3 0.025 § 2 ;g;
c9 -0.008 cl12 -0.015 cl4 =~0.017 3 s e
€10 0.003 3 6 -85.5
4 5 76.1
Plane 3 0.4668x+0,8595y+0,20812+4,8591=0 4 6 72.2
c15 0.019 c¢l18 0.019 c20 0.020 3 6 -71.5
clé 0.017 ¢l9 0.021 c21 0.020
el7 0.018
Plane & 0.1496x~0.2316y~0.96122+1,.5678=0
cig -g.ggg c§2 g.ggg °§Z; ‘g~giz discrete molecules of the title compound. This is
. . < . . . . .
24 -0.003 illustrated in the ORTEP® stereo view shown in
) Figure 2.
PIsne 5 0.2914%+0.9543y+0.0657246.6754=0
€29  0.015 e32 0.019 e34 0.020
€30 =-0.027 ¢33 0.021 ¢35 0.019
e31 -0.001 ACKNOWLEDGEMENT

Plane 6 -0,6194%+0,5603y-0.54992-5.4039=0

c4l 0.005
c42 =-0.055

c3é 0.026
¢3?7 ~-0.038
¢38 -0.009

¢39 0.013
c40 0.003

problem and for valuable discussions.

FIGURE 1

The molecular structure of bis(tribenzylphosphine oxide)dichlorocobalt(1l).

63

We are grateful to A. C. Massabni, who did the original syn-
thesis and infrared studies of this complex, for suggesting the
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FIGURE 2 Stereo view of the molecular packing of bis(tribenzylphosphine oxide)dichlorocobalt(IT)
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