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The crystal structure of (n’-cyclopentadienyl)- °

(n4-2,4-dimesityl-3,5-diphenylcyclopentadienone}-
cobalt, CoC4H3;0, was determined from 3385
unique reflections obtained with a computer auto-
mated diffractometer. The unit cell is triclinic with
a = 8401(3), b = 9.339(1), ¢ = 20.343(3) A; a =
95.39(1), 8 =92.26(1), vy=104.93(2); p=1.154 g
cm™3, space group (assumed) PT and Z = 2. Refine-
ment of the data by the full matrix least squares
procedure with anisotropic temperature factors for
all non-hydrogen atoms and calculated positional and
thermal parameters for hydrogen atoms resulted in a
final R value of 0.044 (R, = 0.055). The structure
consists of two five membered rings n-bonded to
cobalt. The cyclopentadienyl ring is planar with all
five carbon atoms equidistant from the metal. How-
ever, the cyclopentadienone ring is decidedly non-
planar with the C,, C,, C3, C4 fragment making a
dihedral angle of 10.9° with the mean plane formed
by C,, Cs, O, C4. Torsional angles show that the
substituent rings are twisted about the cyclopenta-
dienone ring so as to minimize steric interactions.
However, the short hydrogen—hydrogen interactions
are sufficient to create a sizeable barrier to rotation
about the mesityl—cyclopentadienone bonds.

Introduction

The reaction of (n*-CsHs)Co(CO), with mesityl
phenylacetylene in refluxing xylene was shown to
produce (n®-cyclopentadienyl)-(n*-1,3-dimesityl-2,4-
diphenylcyclobutadiene)cobalt in 48% yield and
(n®<cyclopentadienyl){n*-2 4-dimesityl-3,5-diphenyl-
cyclopentadienone)cobalt in 17% yield [1]. In the
former compound, rotation about the carbon—carbon
bonds linking the mesityl rings to the cyclobuta-
diene ring was restricted by proton—proton repulsions

between the protons of the ring methyl groups and
those on the five membered ring. It was, therefore, of
interest to see if similar interactions occurred in the
cyclopentadienone derivative.

A further incentive for determining the crystal
structure derives from interest in whether or not the
cyclopentadienone ring is planar and whether
any steric or electronic factors could be identified as
favoring the unsymmetrical 2,4 rather than the sym-
metrical 3,4 dimesityl derivatives [2].

Experimental

A suitable burgundy red crystal of the title com-
plex with dimensions 0.30 X 0.33 X 0.09 mm was
mounted in random orientation with the long dimen-
sion approximately parallel to the ¢ axis of a CAD 4
computer controlled 4-<ircle diffractometer (Enraf-
Nonius). Accurate cell dimensions were determined
from 25 high and moderate angle reflections which
had been accurately centered. A least squares refine-
ment yielded a triclinic cell with a = 8.401(3), b =
9339(1), ¢ = 20343(33) A; « = 9539(1), 8 =
92.26(1), ¥ = 104.98(2)°; V = 1532(1) A%, Assuming
Z = 2, the calculated density is p = 1.154 g cm™>
while the measured density was pops = 1.26 g cm™?
(by flotation in a benzene: chloroform mixture).

Intensity data were collected by the 6-20
technique using monochromatized (graphite crystal)
MoK radiation (A = 0.7107 A) at a take-off angle of
2.8°. The scan rate was variable, ranging from 20°
min~! for the strongest reflections to 2° min™! for
the weakest. The angular scan width was also variable
and amounted to 3 X (0.65 + 0.2 tan 8). Right and
left backgrounds were each scanned for 25% of the
total time. During data collection, three standard
reflections were recorded every 175 data points and
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Structure of (n®-CsHs)Co[n"-(CoH11)2(CeHs)2C50)
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TABLE 11. Interatomic Distances (A) and Angles (°).

A. Clearfield, P. Rudolf, I. Bernal and M. D. Rausch

Bond Dist Bond Dist
Co—C(1) 2.046(3) Co—C(6) 2.052(3)
Co—C(2) 2.039(3) Co—C(7) 2.044(3)
Co—C(3) 2.014(3) Co—-C(8) 2.0743)
Co—C@4) 2.116(3) Co—-C(9) 2.090(4)
Co—C(5) 2.285(3) Co—-C(10) 2.068(3)
C(1)CQ) 1.436(4) C(6)-C() 1.402(5)
C(2)-C@3) 1.438(4) C(7)C(8) 1.394(5)
c(3)C@ 1.4454) C(8)-C9) 1.405(6)
C@4)-C(5) 1.4684) C(9)-C(10) 1.421(5)
C(5)-C() 1.4734) C(10)-C(6) 1.385(5)
C(5)-0 1.242(3)

c(hH-can 1.475(4) C(2-C(21) 1.508(4)
C(3)-C@31) 1.4834) C@4)-C@1) 1.489(4)
Phenyl Ring 1 [C(11) to C(16)] Ave. 1.381(4)
Phenyl Ring 2 [C(21) to C(26) Ave. 1.387(8)
Phenyl Ring 3 [C(31) to C(36)] Ave. 1.380(6)
Phenyl Ring 4 [C(41) to C(46)] Ave. 1.389(10)
C(22)-C(22) 1.512(5) C(42)-C(42) 1.498(5)
C(24)-C(24) 1.510(5) C(44)-C(44)’ 1.513(6)
C(26)-C(26)’ 1.491(5) C(46)-C(46)’ 1.505(6)
Bond Angles

C(1)-CQ)C3) 107.6(3) C(6)-C(1H-C(8) 108.7(4)
C(29)C(3)<CH 108.5(3) C(H-C@BCH® 107.8(3)
C(3)-C4)-C(5) 108.2(3) C(8)-C(9)-C(10) 107.34)
C@)-C(5)—CQ) 105.1(3) C(9)-CQ10)-C(6) 108.34)
C(5)-C(1)—C(2) 108.6(3) C(10)-C(6)-C(7) 107.9(3)
C(H-C(2)-C21) 124.4(3) C(1)-C(5)-0 127.9(3)
C(2-C(3)-C@31) 124.5(3) CQ)y-C(H-CcD 125.3(3)
C(3)C4)-C@4l) 125.3(3) C(3)-C(2)-Ccn 125.5(3)
Cé4)-C(5)-0 126.8(3) C@4)-C(3)-C@31) 127.0(3)
C(5)-C(1)-C(11) 125.1(3) C(5)-C4)-Cc@1 124.4(3)
Phenyl Ring 1 [C(11) to C(16)] Ave. 120.0(6)
Phenyl Ring 2 [C(21) to C(26)] Ave. 120.0(9)
Phenyl Ring 3 [C(31) to C(36)] Ave. 120.0(5)
Phenyl Ring 4 [C(41) to C(46)] Ave. 119.9(11)
C()-C(11)-C12) 120.4(3) C(2)-C(21)-C(22) 114.6(3)
C(1)-C(11)-C16) 122.3(3) C(2)-C(21)-C(26) 126.2(3)
C(12)-C(11)-C(16) 117.3Q3) C(22)-C(21)-C(26) 118.8(3)
C(3)-C(31)—C(32) 120.9(3) C@4)-C@41)-C@42) 118.8(3)
C(3)-C(31)-C(36) 120.5(3) C(4)-C(41)-C(46) 123.93)
C(32)-C(31)-C(32) 118.6(3) C(42)-C41)-C@6) 117.23)
C(22)y'C(22)-C(21) 122.5(3) C(42)'-C(42)-C(41) 123.0(3)
C(22)'-C(22)-C(23) 117.54) C(42)'-C(42)—C(43) 117.1(3)
C(24)'—C(24)C(23) 122.6(4) C(44)'-C(44)C43) 122.8(5)
C(24)'-C(24)-C(25) 121.3(5) C(44)'-C(44)-C(@45) 120.2(2)
C(26)'—C(26)-C(25) 118.44) C(46)'—C(46)—C(45) 118.1(3)
C(26)'-C(26)-C(21) 121.44) C(46)'-C(46)C@41) 123.13)

fcontinued on facing page)
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TABLE IL. (continued)

Torsion Angles

C(1)-C(2)-C(21)C22) 63.5
C(1)-C()-C(21)C(26) -123.6
CQ2)}-C3)C31)C3Y) 42.2
C(2)-C(3)-C(31)-C@36) -137.9
C(3)C@4)-CE41)-C@42 46.8
C(B)-C4)-C@1)-C@46) —-136.3
C(5)-C(1)-Cca1-€ay) 23.0
C(5)>-C(1)-C11)-C16) -156.6

%
-y
‘m c34
Fig. 1. A perspective view of (nS-CSHS)Co(n4 -(C9H 1)2(CgH5)2C50) showing the labeling system used in the text and Tables.

Hydrogens have been omitted for clarity but bear the same numbers as the carbons to which they are bonded. Thermal ellipsoids
are at the 50% probability level [11].

Fig. 2. A stereoscopic view of the unit cell contents.
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used as a check of possible crystal decay. Orientation
control reflections were checked every 400 data
points. A small decay in the standards (~8%) during
data collection was later corrected by an interpola-
tion program [3].

A total of 5341 reflections were scanned out to 26
= 50°. Of these 3385 had intensities / > 3o(/) and
were considered to be observed. Here, o(l) = [S*(C +
R2B) + (P)?]"? and I = S(C — RB); where S = scan
rate, C = total integrated peak count, R = ratio
of background to the total counting time, B = back-
ground counts, P = 0.07. The data were corrected
for Lorentz and polarization effects but not for
absorption due to the low value of u(6.078 cm™).
In the structure solution and refinement the space
group was assumed to be P1 and this was vindicated
by the completeness of refinement.

Solution and Refinement of Structure

The single cobalt atom was placed from the trivial
Patterson solution and immediately gave a residual,
Rg, of 0.42 where Rg = (ZIF, | -IF, )/ ZF,. Two sub-
sequent difference Fourier maps placed all the
remaining non-hydrogen atoms and isotropic full-
matrix least squares refinement [3] reduced R to
0.137. The thermal parameters were then refined
with anisotropic motion leading to Ry = 0.062. Posi-
tional parameters for the 37 hydrogen atoms in the
structure were then calculated based upon their
expected ideal geometry and C—H = 095 A. These
were included as a fixed contribution to the least
squares refinement giving a final Rg of 0.044 and a
weighted residual, Rw(F) = [EW(IF,|—|F,[)?/
EwlF, 1*1¥2, of 0.055. Refinement was considered
complete when the shifts in the parameters were less
than ~1.0 their estimated standard deviations. The
function minimized in the refinement was
Sw(|F, |—|F,|)* with the weights, w, assigned by the
expression w = 1/o(F,)* and o(F,)* = [o(/)* +
(p/*?*1Y*/LP. The final es.d. of an observation of
unit weight was 1.47. Neutral atom scattering factors
for all non-hydrogen atoms were those of Cromer
and Waber [4], corrected for (both real and imagi-
nary parts) anomalous dispersion. Scattering factors
for hydrogen were taken from Stewart, et al. [5].

The final difference Fourier was featureless with
a number of peaks of height < +0.2 eA™ distributed
in a random fashion throughout the map. A Table of
structure factors is available [6].

Description of the Structure

Table I gives the positional and anisotropic
thermal parameters for the non-hydrogen atoms and
the calculated parameters for the hydrogen atoms.
A perspective view of the molecule, showing the
thermal motion and numbering scheme used in the

A. Clearfield, P. Rudolf, I. Bernal and M. D. Rausch

TABLE III. Mean Planes and Atomic Displacements There-
from (in A).

A. Cyclopentadienyl Ring C(6), C(7), C(8), C(9), C(10

~0.5636x + 04656y — 0.6856z = —6.7187 x =1

Cc®) —-0.0034) c) 0.001(5)
c 0.003(4) C(10) 0.003(4)
Cc(@) 0.000(5) Co 1.687(1)

B. Keto ring C(1), C(2), C(3), C(4), C(5)
~0.5714x + 0.4531y — 0.6840z = —-3.3371  x? =1503
cQ) -0.079(3) c@) -0.047(3)
c@ 0.052(4) c) 0.077(3)
cQ) -0.002(4) Co ~1.691(1)

C. Phenyl Ring 1 C(11), C(12), C(13), C(14), C(15), C(16)

—0.0857x + 0.5848y — 0.08067z= —3.9795 x2=11

can 0.007(1) c@14) 0.008(1)
Cc(12) -0.002(1) C@s) —-0.002(1)
C(13) —0.005(1) C(16) —0.005(1)
Co —1.280(1) 1) 0.022(3)

D. Phenyl Ring 2 C(21), C(22), C(23), C(24), C(25), C(26)

0.1293x — 0.95561y — 0.2628z = —1.3403 x2 =110
C(21) 0.026(3) CQ2y -0.1304)
C22) —0.009(4) CQ4) +0.011(7)
C(23) -0.011(1) CQ6) —0.148(6)
C(24) 0.015(5) C(Q2) —-0.043(3)
C(25) 0.002(5) Co 0.291(0)
C(26) -0.024(4)

E. Phenyl Ring 3 C(31), C(32), C(33), C(34), C(35), C(36)

0.8801x — 0.4710y — 0.0139z = —0.2498 x? =42

Cc3n 0.0144) C(34) 0.011(4)
C@32) -0.014(4) C(@35) -0.012(5)
C@33) 0.002(6) C@36) -0.0014)
Co 1.398(1) Cc(3) 0.061(3)

F. Phenyl Ring 4 C(41), C(42), C(43), C(44), C(45), C(46)

—0.8501x — 0.3359y — 0.4050 = —1.9755 x? =589
C@41) —0.062(4) C@4) —-0.193(3)
C42) 0.035(4) C@42) 0.2514)
C@43) 0.0174) C44)’ —-0.150(6)
C@4) —-0.044(4) C(46)’ 0.201(5)
C@45) 0.0154)

C(46) 0.036(4)

Tables, is presented in Fig. 1. Relevant bond distances
and angles are given in Table II.

The structure consists of two five membered
rings m-bonded to cobalt in the familiar sandwich
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manner. The cyclopentadienyl ring is bonded in a
pentahapto-mode with all the carbons being essen-
tially equidistant from the cobalt atom. These bond
distances range from 2.044(3) to 2.090(4) A with the
average being 2.066(8) A [7]. The cobalt ring-
<centroid distance is 1.687(1) A. The ring is strictly
planar as shown from the mean plane calculation in
Table I11.

The cyclopentadienone ring is not planar nor
are all the atoms equidistant from the metal atom.
Rather, the keto carbonyl carbon atom is signifi-
cantly farther removed from the cobzit atom than
the other ring carbons. C(4) is also at a somewhat
longer distance from the cobalt atom and this may be
due to steric repulsions arising from the interactions
of the mesityl group protons with hydrogens on the
cyclopentadienyl ring. Considering other portions
of the ring, it is found that the plane formed by C1,
C4, C5, O is reasonably planar with x*> = 68. How-
ever, the atoms in the fragment Cl, C2, C3, C4
deviate significantly (x2 = 177) from the mean plane
formed by them. The dihedral angle formed by the
intersection of these planes is 10.9°. This angle is
considerably less than similar angles observed for
tetrakis(trifluoromethyl)cyclopentadienonetricar-
bonyliron(0) [8] -(20.1°), n’<cyclopentadienyltetra-
kis(trifluoromethyl)cyclopentadienonecobalt(I) [9]
(21.3°) but similar to the angles observed for 3 4-bis-
(1-propynyl)-2 5-dimethylcyclopentadienone)tricar-
bonyliron(0) [2] (14.1°) and n®<yclopentadienyl-
tetramethylcyclopentadienonecobalt(I) (9°) [10].
The phenyl and mesityl substituents are mildly elec-
tron donating groups and therefore one might expect
a dihedral angle of this magnitude [2].

A better description of the cyclopentadienone ring
results by considering mean planes through O, C(5),
C(1), €(11), (x* = 2), and C(2), C(3), C(31), C(4)
(x? = 4). Deviations of these atoms from their respec-
tive mean planes is £0.003(3). However, these frag-
ments are twisted about each other such that C(5) is
farther away from the cobalt atom while C(1) and
C(11) are tilted towards it. Similarly, C(2) is up
while C(4) lies down towards the cobalt. These
two planes intersect with a dihedral angle of 8.8°.

The carbon—carbon bond lengths C(1)-C(2),
C(2)-C(3), C(3)-C(4) are identical within 2 e.s.d.
while the other bond lengths within the cyclopenta-
dienone ring are somewhat longer. This strongly
implies essentially equal contributions from struc-
tures I and II.
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Similar bond lengths are observed in other metal-
cyclopentadienones [2, 8,9].

The two five membered rings lie almost parallel
to each other as the dihedral angle between their
mean planes is 0.6°. C(1) in the keto ring lies opp-
site C(10) in the cyclopentadienyl ring at a dis-
tance of 3.29 A. This is shorter than the Ring
1<(Cp)-Ring 2(keto) distance of 3.38 A. Further-
more, the C(1)-C(7) and C(1)-C(8) distances are
equal to each other (4.05 A) as are the C(1)-C(6)
and C(1)-C(9) distances (4.58 A). Thus, the rings are
in the eclipse conformation.

The substituent phenyl groups are bonded to
carbons 1 and 3 while the mesityl groups are
bonded to C2 and C4. Torsional angles, given in
Table II, show that the rings are twisted about
the cyclopentadienone ring so as to minimize steric
interactions. In spite of this there are two short
hydrogen—hydrogen interactions, H(6)—H(46)’, 2.13
A, and H(9)-H(26), 2.15 A. These interactions are
similar to those observed in (n%-cyclopentadienyl)-
(n*-1,3-dimesityl-2 4-diphenylcyclobutadiene)cobalt
and by analogy are sufficient to create a sizeable
barrier to rotation about the two mesitylcyclopenta-
dienone bonds as was indicated previously by 'H
NMR studies [1]. There are also numerous intra-
molecular close hydrogen—hydrogen contacts.

It should be noted that the mesityl rings are far
from planar as was also the case for mesityl groups in
(n®-cyclopentadienyl){(n*-1 3-dimesityl-2 4-di-phenyl-
cyclobutadiene) cobalt. The distortions are mainly
due to the carbon atoms having short contacts
with the cyclopentadienone ring. If these atoms are
omitted, then the remaining atoms in each ring form
fairly regular planes (C(22), C(23), C(24), C(25),
C(26), x> = 15, and C(42), C(43), C(44), C(45),
C(46), x* = 59).
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