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The crystals of (π-C5H5Co)2(N-t-C4H9)2CO are orthorhombic, and the space group is Fdd2,

with a=9.101, b=17.973, c=23.616A, and Z=8. The crystal structure was determined with use

of MoKα counter data, the final R being 0.063 for 578 non-zero reflections. The molecules has a

C2 symmetry, and the carbonyl group lies exactly on the two-fold axis. Unexpectedly, the molecule

has the local structure of N,N'-di-t-butyl urea, two nitrogen atoms being bridged to two cobalt

atoms. The two crystallographically independent Co-N bonds are 1.942 and 1.951A, which

are equal within the limits cf experimental error. Two cobalt atoms are directly bonded to each

othcr at a distance of 2.371A, which is shorter than that of 2.47 A found in (CO)6Co2(C2Ph2).

Many polynuclear organometallic compounds

which involve metal-metal bonds have been found,

and some of them contain nitrogen or sulfur atoms

bridging between the metal atoms. The bridge

nitrogen or sulfur atoms in these complexes may

stabilize the metal-metal bonds.

The (π-C5H5Co)2(N-t-C4H9)2CO complex was

prepared according to the following reaction1)

(Table 1).

Both complexes, Ⅲ and Ⅳ, are presumed

to take trigonal bipyramidal sturctures,1) having

three cobalt atoms in the equatorial plane. Com-

Fig. 1. Two proposed structures for the complex Ⅰ.

pound Ⅱ was not identificd as N,N'-di-t-butyl urea

until the structure analysis of the complex Ⅰ had

been completed. According to such recent spectro-

chemical studies as IR, NMR, and mass spectra,

the two structures shown in Fig. 1 have been pro-

posed for the complex Ⅰ.1)

To determine the exact structure of this com-

pound involving the feature of coordination around

the cobalt atom, the crystal structure analysis of

the complex Ⅰ, (C5H5Co)2(N-t-C4H9)2CO, was

undertaken by means of X-ray diffraction.2)

Experimental

The crystal is dark green and has a needle-like shape

elongated along the c axis. The melting point is 165-

168℃, and around this temperature the crystal sub-

limes appreciably.

The approximate cell dimensions were determined by

taking Weissenberg photographs with nickel-filtered

CuKα radiation. The space group was uniquely deter-

mined as Fdd2 from the following systematic absences

TABLE 1. REACTION BETWEEN (t-C4H9N)2S AND π-C5H5Co(CO)2

*1 Present address: Central Research Laboratories ,

Kurashiki Rayon Co., Ltd., Kurashiki, Okayama.
*2 Present address: Institute for Protein Research ,

Osaka University, Joancho, Kita-ku, Osaka.
*3 To whom any correspondence should be ad-

dressed.

1) S. Otsuka, A. Nakamura and T. Yoshida,
Inorg. Chem., 7, 261 (1968).
2) Y. Matsuura, N. Yasuoka, T. Ueki, N. Kasai,
M. Kakudo, S. Otsuka, A. Nakamura and T. Yoshida,
Chem. Commun., 1967, 1122.
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of reflections:

hkl; h+k≠2n, k+l≠2n;

Okl; k+l≠4n and

hOl; l+h≠4n

The precise determination of the unit cell dimensions

and the collection of the intensity data were carried out

by the use of a G.E. XRD-5 diffractometer equipped

with a single crystal orienter.*4 Zirconium-filtered

MoKα radiation (λ=0.7107A) was used. The crystal-

lographic data of this compound are listed in Table 2.

TABLE 2. CRYSTALLOGRAPHIC DATA OF

(π-C5H5Co)2(N-t-C4H9)2CO

Within the limits of 2θ ≦45°, 641 independent re-

flections were obtained, but of these 83 were too weak to

be measured.

The crystal used had dimensions of 0.10×0.12×

0.10mm. The linear absorption coefficient, fit, was

18.0cm-1. No correction for absorption was made

because of the negligibly small variation in the

transmission of X-rays over the observed angular range,

while the corrections for Lorentz and polarization

factors were made in the usual way.

Structure Determination

As may be seen in Table 2, the unit cell contains

eight molecules. Since the general position in the

Fdd2 space group is sixteen-fold, the whole molecule

should possess a C2 symmetry and the carbonyl

group must lie on the two-fold axis.

The position of the cobalt atom was easily found

from a three-dimensional Patterson function. A

three-dimensional electron density distribution based

on the phase of the cobalt atom revealed the posi-

tions of all the light atoms other than hydrogen.

The positions of these atoms were also confirmed by

the minimum function method.

The refinements of the positional and thermal

parameters of the 13 non-hydrogen atoms were

carried out by means of the least-squares procedure.

The first three cycles with isotropic temperature

factors for all atoms except hydrogen gave the

discrepancy factor of R=0.11 for non-zero reflec-

tions. The next three cycles, of a similar refinement,

with an anisotropic temperature factor for only

the Co atom, gave R=0.083, while five more cycles

with anistorpic temperature factors for all the

atoms reduced the R to 0.063 (0.093 for all reflec-

tions). Thc quantity minimized was Σw(ΔF)2.

Throughout the refinement procedure, the follow-

ing weighting scheme was applied:

w=1.0 for F0≧29, and

w=0.2 for F0<29 (marked by asterisks in

Table 5).

The final atomic coordinates, together with their

estimated standard deviations, are listed in Table

3. The thermal parmeters are shown in Table 4,

TABLE 3. ATOMIC COORDINATES AND THEIR STANDARD

DEVIATIONS, σ(10-3A)

Fig. 2. A composite drawing of the final electron
density of a molecule.

while the observcd and calculated structure factors
are given in Table 5. Figure 2 shows a composite
diagram of the three-dimensional electron density
distribution viewed along the b axis.
The Patterson function and the minimum func-
tion were calculated on a HITAC 5020E computer
of the University of Tokyo, with programs written
by one of the prcsent authors (N.Y.). The least-
squares refinement and other calculations were

*4 The calculations For the goniostat setting were

made on a NEAC 2101 computer with a program written
by one of the present authors (T.U.).
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TABLE 4. ANISOTROPIC THERMAL PARAMETERS

Parameters are expressed of the form: exp{-(β11h2+β22k2+β33l2+β12hk+β13hl+β23kl)}.

carried out on a IBM 7090 computer through the
'UNICON' project and a NEAC 2200 computer of

this University with programs written by Pr.
Tamaichi Ashida. The atomic scattering factors
used in the calculations were taken from those of
Hanson and his co-workers.3)

Resultsand Discussions

The skeleton of the molecule is shown in Figs. 3
and 4, as viewed along the b and c axes respectively.
Instead of the previously proposed structure, the
complex takes an unexpectedly unique structure.
The ligand molecule forms a urea-like structure.
The two nitrogen atoms bridge to the two co-
bait atoms, and the cobalt atoms are also bonded
to each other. These bridge nitrogen atoms are
themselves bridged by the carbonyl. Such a urea-

Fig. 3. The molecular structure of (n-C5H5Co)2-

(N-t-C4H9)2CO.

Fig. 4. The skeleton of the molecule; viewed
down along the c axis.
The molecule has a quasi-C2v symmetry.

like local structure formed in this mclecule may

be closely related to the formation of N,N'-di-t-

butyl urea during the preparation of this com-

pound; this complex may be regarded as an

intermediate in the formation of the above-men-

tinned urea in the reaction between (t-C4H9N)2S

and π-C5H5Co(CO)2 (Table 1). As has been

stated before, the whole molecule has a C2 sym-

metry, and the carbonyl lies exactly on the two-

fold axis. As can be seen in Figs. 3 and 4, there

are approximately two verticalmirror planes, per-

pendicular to each other in the molecule, and the

molecule has a quasi-C2v symmetry.

The intramolecular bond lengths and angles are

summarized in Table 6. In this table, the number-

ing of atoms is the same as in Figs. 3 and 4.

The Co-Co distance of 2.371A is shorter than

3) H.P. Hanson, F. Herman, J.D. Lea and S.
Skillman, Acta Cryst., 17, 1040 (1964). 4) W.G. Sly, J. Am. Chem. Soc., 81, 18 (1959).
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TABLE 5. THE OBSERVED AND CALCULATED STRUCTURE FAGTORS(×10)

that of 2.47A found in (CO)6Co2(C2Ph2).4) Such
a shortening suggests that the metal-metal bond in
this complex may be stabilized by the bridge nitro-

gens,
All the Co-N bonds, in which two pairs of crys-
tal lographically equivalent bonds are included,

(Ⅰ) (Ⅱ)

have the same distances within the limits of ex-

perimental error. These four Co-N bonds are in

an essentially equal bonding state as a result of

the resonance between two canonical structure Ⅰ

and Ⅱ. The Co-N distances are similar to or

somewhat shorter than those found in a number of

cobalt-ammine complcxes.5)

The local features of the urea-like part of this

compound are listed in Table 7 and compared with

those of the urea.

5) Z. Dori, R. Eisenberg and H.B. Gray, Inorg.
Chem., 6, 483 (1967); M. Di Vaira and P.L. Orioli,
ibid., 6, 955 (1967); S. Baggio and L.N. Becka, Chem.
Commun., 1967, 506.
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TABLE 6. BOND DISTANCES AND ANGLES WITH THEIR

ESTIMATED STANDARD DEVIATIONS, (σ)

It seems that the considerably shorter C-O distance,

the longer C-N distance, and the smaller NCN

angle of this molecule can be interpreted as being

TABLE 7. THE LOCAL FEATURES oF THE UREA-LIKE

PART IN COMPARISON WITH UREA

mainly due to the strong interaction among the

nitrogen and cobalt atoms bound together.

The five carbon atoms of the cyclopentadienyl

ring lie almost exactly on a plane; the maximum

deviation from thc plane being 0.003A. The
equation of the least-squares plane in terms of
rectangular coordinates is:

-0 .52227X-0.59808Y+0.60790Z-2.64618=0,

where X=ax, Y=by, and Z=cz.
The carbon atoms in the ring show a marked
anisotropy in temperature factors, and these atoms
have relatively large "equivalent isotropic tem-
perature factors," as shown in the last column of
Table 4. The electron-density distribution of the
five carbon atoms of the cyclopentadienyl ring
given in Fig. 2 shows a smearing of the electron
density along the cyclopentadienyl ring which is
similar to that in the ferrocene molecule. From
these facts, it may be concluded either that the
cyclopentadienyl ring is moving somewhat as a
hindered rotator or that there exists an orienta-
tional disorder of the rings in the crystal. The

Fig. 5. The crystal structure of (π-C5H5Co),(N-t-C4H9)2CO; viewed down along the c axis.

6) N. Sklar, M.E. Senko and B. Post, Acta Cryst., 14, 716 (1961).
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TABLE 8. SOME CLOSE INTERMOLECULAR ATOMIC

CONTACTS IN THE CRYSTAL

(those less than 4.0A are listed)

plane of each cyclopentadienyl ring is at a dis-
tance of 1.704A from the cobalt atom.
Figure 5 shows the crystal structure viewed down
the c axis. There are seven rather short inter-
molecular atomic contacts of less than 4.0A, the
shortcst one is 3.70A between C(2) and C(8iii)

(Table 8). All the other intermolecular distances
are far longer than the sum of the van der Waals
radii. The sublimation of this crystal around the
melting point may be explained by this loose

packing of the molecules.

The authors are very grateful to Professor Sei
Otsuka and his co-workers of this University wha

gave them precious specimens.


