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The crystal and molecular structure of Cs*[(C H,)Co(CB,H,)]™ has been determined by a complete three-dimensional

X-ray diffraction study. The compound crystallizes in the monoclinic centrosymmetric space group C2/c (C,5*; No. 15)
withe =12.643 2)A,b=11.815Q2)A,c=16.376 2) A,3=90.34 (1)°,and Z =8, Observed and calculated densities

are 1.92 (2) and 1.916 g em ™3, respectively. Diffraction data to 20,,,, = 50° (Mo Ka radiation) were collected on a Syntex
P1 automated diffractometer and the structure was solved by conventional Patterson, Fourier, and full-matrix least-squares
refinement techniques. The final discrepancy index is R = 4.0% for the 1521 independent nonzero reflections. All atoms
except three hydrogen atoms were located. The molecule consists of a cobalt(III) atom sandwiched between C H, ™ and
CB,H,*" moieties, with cesium tons in general positions, The CoCB, skeleton approximates the shape of a tricapped trigonal
prism in which two boron atoms and the carbon atom are in the low-coordinate “cap” positions. The cobalt atom is bonded

to five boron atoms with an average bond distance of 2.09 A.

Introduction

The reactions of carboranes and metallocarboranes with
base have been widely investigated in the past several years.!
Alcoholic potassium hydroxide was found to effect formal
removal of a boron atom from 1,2-C,B;oH;, to produce the
1,2-C,ByH;, "~ ion;? when the reaction was performed in the
presence of CoCl, and CsHyg, the cobalt atom inserted into
the vacant polyhedral position and a good yield of (n-Cs-
H;)Co(n-C,ByH,,) was achieved.?

Similar reactions may be performed on metallocarboranes.

Base degradation followed by two-electron oxidation of cer-
tain metallocarboranes produced the next lower metallocar-
borane homolog (eq 1) and was termed the “polyhedral

1. -BH*

L NN

2, -2e”

(n=8,9)

(n-C¢H)Co(n-C,B,,_ H,, 1) M

(-CsH,)CoM(n-C, B, Hyy2)

contraction” reaction.* Bimetallocarboranes were formed
from monometallocarboranes when an appropriate metal
salt was added to the degradation mixture.’

An attempt to effect polyhedral contraction upon the
orange, 13-vertex metallocarborane (n-CsH)Col{(n-6,7-
C,B1oH;,)%7 surprisingly resulted in the isolation of an
anionic product [(n-CsH;)Coli(n-CB,Hg)]™ in which the
removal of four vertices from the starting material, three
BH and one CH, had occurred.® The extent of degradation
of the starting complex and the removal of a polyhedral
CH unit are unprecedented in metallocarborane chemistry.
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Analysis of the 80.5-MHz !B nmr spectrum of the tetra-
methylammonium salt [(CH3)4N][(n-CsHs)Co™(n-CB,-
Hj)] led to the suggestion that the structure of the anion
was based on a nine-vertex, tricapped trigonal prism
similar to the geometries found for BgHg?",* C,B,H,-
(CH3)2 ,10 and [(n-CngHS)Mn(CO):,; ]—.ll The unique
carbon atom is required to reside on a mirror plane of the
tricapped trigonal prism; however spectroscopic data could
not establish which of the possible polyhedral positions was
occupied by the carbon atom.

We have carried out a full three-dimensional X-ray crys-
tallographic study of the cesium salt Cs[(n-Cs;Hz)Colli(n-
CB,Hj)] in order to confirm the proposed geometry of the
anion and determine the position of the polyhedral carbon
atom. The structure of this complex is also of interest due
to its recent use as the starting material in the synthesis of

several isomeric heterobimetallocarboranes of the formula
(C5H5)2CONiCB7H8 .12

Unit Cell and Space Group

A sample of the complex was furnished by Dr. Donald F. Dustin.
It is air stable and does not decompose upon exposure to X-rays.

Preliminary X-ray diffraction photographs of the black, brick-
shaped crystals indicated monoclinic symmetry. Upper layer
Weissenberg photographs (taken with Cu Ka radiation) revealed the
systematic absences hkl, h + k=2n + 1,and A0/, I =27 + 1, indicat-
ing space groups Ce or C2/c (C*, No. 9,and C, %, No. 15, respec-
tively);*? successful solution was accomplished in the latter, centro-
symmetric, space group.

Unit cell parameters and their standard deviations, obtained from
a least-squares refinement of the positions of 15 accurately centered
reflections, are @ = 12.643 (2)A,b=11.815 2) A, ¢c=16.376 (2) A,
and 8 =90.34 (2)°. The unit cell volume is 2446.3 (5) A®. The
observed density (popsq = 1.92 + 0.02 g cm™2, by flotation in hexane-
bromoform) is in good agreement with the value calculated for mol
wt 352.69 and Z = 8 (pea1eq = 1.916 g cm™3).

Collection and Reduction of the Diffraction Data
Intensity data were collected on a Syntex P1 automatic diffractom-
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eter. Monochromatic molybdenum Kea radiation (A 0.71069 A) was
achieved by use of a graphite crystal monochromator. The crystal
chosen for the data collection was a parallelepiped bounded by

{110}, {110}, and {103} and their centrosymmetrically related faces.
Crystal dimensions normal to these faces were 0.125, 0.095, and

0.44 mm, respectively.

A scan rate of 2.4°/min from 1.5° below the K, reflection to
1.0° above Ka, was employed with a 6-26 scan technique. The ratio
of time spent in counting background to the time spent in counting
the reflection was 0.8. The scintillation counter was 18.5 cm from
the crystal and equipped with a 1-mm collimator. A takeoff angle
of 4° was employed.

A total of 2653 unique reflections were collected to the limit
20 max = 50.0°. I(hkD), the intensity of the reflection Akl, and
o[I(hkl)], its estimated standard deviation, were calculated according
to the equations I = CT — (¢,/t,)(B, + B,)/2 and o(I) = [0s® +
(0.041)*1*/® where [ is the net integrated intensity, CT is the total in-
tegrated count, ¢, and #y, are times employed for counting the scan
and background, respectively, B, and B, are the background counts
on the low and high sides of the peak, and o is the standard devia-
tion of the intensity due to counting statistics. Reflections having an
intensity less than 3 times their standard deviations were defined as
unobserved and not included in subsequent calculations.

Three standard reflections were measured after every 97 reflec-
tions to monitor changes in tube intensity or crystal deterioration.
No significant changes in intensities were observed over the period
of data collection. All data were adjusted for Lorentz and polariza-
tion effects and edited to remove unobserved reflections.!®

Solution and Refinement of the Structure

A Patterson map calculated using the 1523 observed reflections
was solved with some difficulty to afford coordinates of the cesium
and cobalt atoms. The near-identical values of y and z for the two
heavy atoms and the proximity of y’s to !/ made assignment of the
Cs-Cs, Cs-Co, and Co-Co vectors ambiguous. Several trial solu-
tions for the cesium and cobalt atom positions were found, and a
least-squares cycle was run on one of them in which positional
parameters and the scale factor were refined. A three-dimensional
Fourier synthesis, phased on the refined parameters (R =22.9% and
R, =27.2%") showed the positions of all other nonhydrogen atoms.
Three cycles of full-matrix least-squares refinement of the coordinates
and isotropic temperature factors of all 15 atoms (all cage atoms
treated as boron atoms) reduced R to 10.3% and Ry, to 13.3%.

Two more least-squares cycles, with anisotropic temperature
factors assigned to the cesium and cobalt atoms and anomalous
scattering corrections, gave R =7.4% and Ry, =9.7%. Inspection
of the observed and calculated structure factors at this point revealed
that several reflections with small values of / showed a significant
difference, F, < F,. An absorption correction was made at this
time (u =43.96 for Mo Ka radiation), with transmission factors
ranging from 0.819 for (002) to 0.396 for (110). Three cycles of
least-squares refinement on the corrected data gave R = 5.1% and
Ry =6.0%. A difference Fourier synthesis calculated at this time
showed the positions of three of the cyclopentadienyl hydrogen
atoms and six of the cage hydrogen atoms. These atomic posi-
tions were included in all subsequent calculations, but these param-
eters were not refined. Inspection of bond distances in the cage at
this stage uniquely established the location of the carbon atom at
position 5 (Figure 1); distances to the atom in this position ranged
from 1.60 to 1.64 A, while distances between other cage atoms were
1.70-2.03 A. Subsequent refinement treated this atom as a carbon.

Anisotropic refinement of cyclopentadienyl carbon atoms and
cage boron atoms whose terminal hydrogen atoms had been located
reduced R to 4.4% and Ry, to 5.0%. At this point two reflections
which showed evidence of being affected by extinction, (202) and
(202), were removed from further calculations and a second difference
Fourier map was calculated. This map revealed the position of one
additional cage liydrogen atom. Positions for the three remaining
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Figure 1. Structure and numbering of the [C,H,CoCB,H,]" anion.
The hydrogen atoms have been given an arbitrary radius of 0.1 A.

hydrogen atoms were calculated and included in subsequent calcula-
tions, but not refined. Three further least-squares cycles, with
anisotropic temperature factors assigned to all heavy atoms, resulted
in convergence [(A/0)payx <0.2]atR =4.0%and Ry =4.6%. The
standard deviation of an observation of unit weight was 1.47.

Scattering factors for neutral cobalt, carbon, and boron and uni-
positive cesium were taken from ref 16; hydrogen scattering factors
were obtained from Stewart, Davidson, and Simpson;'” and the real
and imaginary corrections for anomalous scattering of cesium and
cobalt were taken from Cromer.'® The function Zw I Fy 1~ 1 F iI?
was minimized during least-squares refinement.

The final observed atomic fractional coordinates are collected
in Table I. Anisotropic thermal parameters are listed in Table II.

The Molecular Structure

Intramolecular distances and their estimated standard
deviations (esd’s) are listed in Table I1la. Average bond
distances, with their root-mean-square deviations, are collect-
ed in Table ITIb. The individual bond angles and their
associated esd’s are presented in Table IV. The structure of
the [(CsH;)Co(CB,Hg)]™ anion is shown in Figure 1, which
illustrates the numbering system employed.®

In the original reports of the preparation of the [(CsHs)-
Co(CB,Hg)]™ anion,® a structure similar to that shown in
Figure 1 but with the positions of C4 and B9 interconverted
was proposed, although the alternate structure which we
have found in this work was not ruled out at that time. Our
results agree with the observation that carbon atoms in car-
boranes and metallocarboranes generally occupy low-coordi-
nate positions.?®?!

The [(CsHs)Co(CB,Hg)]™ anion consists formally of a d°
cobalt(IIT) atom sandwiched between a planar (Table V)
cyclopentadienide ring and a five-boron-atom face of the
CB,Hg¥ ligand. If the cobalt atom is considered to be a
vertex, the CoCB, group has the shape of a distorted tricap-
ped trigonal prism in which the caps are C4, BS, and B6, and
the trigonal faces consist of Co, B1, B2 and B7, B8, B9
(Figure 1). This group has an almost perfect noncrystallo-
graphic mirror plane through the atoms Co, B9, and C4;
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Table I. Final Atomic Positions®
Atom X y z Atom X y z
1. Heavy Atoms
Cs 0.10159 (5) 0.12223 (5) 0.38920 4) B2 0.7738 (9) 0.5159 (9) 0.2220 (6)
Co 0.82683 (8) 0.60107 (9) 0.11133 (6) C4 0.7559 (7) 0.3876 (8) 0.1968 (5)
Cpl 0.8772 (8) 0.7243 (7) 0.0295 (5) BS 0.6876 (8) 0.5992 (8) 0.1664 (5)
Cp2 0.9600 (7) 0.6472 (7) 0.0451 (5) Bé6 0.7934 (8) 0.4659 (8) 0.0445 (5)
Cp3 0.9820 (7) 0.6489 (7) 0.1303 (6) B7 0.7213 (8) 0.3749 (8) 0.1014 (6)
Cp4 0.9117 (8) 0.7293 (7) 0.1671 (5) B8 0.6520 (8) 0.4645 (9) 0.1834 (6)
CpS 0.8492 (8) 0.7751 (7) 0.1034 (6) B9 0.6775 (8) 0.5251 (8) 0.0783 (6)
B1 0.8475 (9) 0.4235 (8) 0.1352 (6)
II. Hydrogen Atoms?
CplH 0.8467 0.7509 —0.0287 C4HC 0.7650 0.3133 0.2425
Cp2H 0.9875 0.5898 —0.0002 B5SH 0.6351 0.6678 0.1981
Cp3H°¢ 1.0374 0.6004 0.1604 B6H 0.8293 0.4375 -0.0227
Cp4H 0.9081 0.7364 0.2371 B7H 0.6875 0.2979 0.0755
Cp5H¢ 0.7929 0.8354 0.1102 B8H 0.5772 04228 0.2166
B1H 0.9292 0.3694 0.1382 B9H 0.6214 0.5625 0.0250
B2H 0.7928 0.5554 0.2846

¢ Estimated standard deviations, shown in parentheses, refer to the last digit of the preceding number. b Coordinates found on difference
Fourier map, included but not refined in final least-squares cycles, € Calculated positions, assuming a C-H distance of 1.0 A; included but not

refined in final least-squares cycles.

Table II, Anisotropic Thermal Parameters®

Atom 10%8,, 10%8,, 10%g,, 10%8,, 1048, 10%6,,
Cs 45.6 (5) 77.7 (5) 36.5 (3) -5.5@) -2.1(2) 12.3 (3)
Co 24.6 (8) 41.3 (8) 23.04) -1.1(6) -04 &) -0.8 (5)
Cpl 53 (8) 61 (7) 28(4) —16 (6) 0@ 8 (4)
Cp2 37 (6) 65 (7) 40 (4) -17 (6) 17@) -2 (4)
Cp3 17 (6) 62 (8) 59 (5) =1(5) -6 (4) 5(5)
Cp4 45 (D) 54 (7) 40 (4) -16 (6) -13 4) -94)
Cps 39(7) 42 (6) 47 (§) ~10 (5) -34) -1@)
Bl 26 (7) 43 (1) 45 (5) -3 (6) —4 (5) 4 (5)
B2 44 (8) 85 (10) 19 (3) 7(7) 64) -3(5)
C4 45 (7) 70 (8) 38 (4) 1(7) 74) 14 (5)
BS 30 54 (8) 28 4) 1 (6) 3@4) —4 (4)
B6 32(7) 54 (8) 23 4) —6 (6) 5@ -6@)
B7 33 (7) 52 (8) 43 (4) 3() 4(4) -1(5)
B8 27(7) 65 (9 37.(5) -1 (6) 11 (5) 14 (5)
B9 28 (7 45 (7) 294) -4 (6) -2(4) 3@4)

¢ See footnote g of Table I. The anisotropic temperature factor T is defined as T = exp[—(8,,A* + 8,,k* + B5,0* + 28,4k + 28,,hl +
28,,kl}]. Thermal ellipsoids are depicted in Figure 1.

Table Illa. ‘Interatomic Distances?®

Table IIIb. Average Bond Lengths

Atoms Dist, A Atoms Dist, A Atorns No. Range? A Av,P A
. Co-C 5 2.080 (8)-2.063 (9) 2.07 (1)
I _Distances around Cobalt Co-B 5 1.980(10)-2.183 (10)  2.09 (10)
Co-Cpl 2.081 (8) Co-B1 2.150 9)
B-B 12 1.678 (14)-2.025 (14) 1.79 (12)
Co-Cp2 2.080 (8) Co-B2 2.183 (10)
C-B 4 1.587 (14)-1.626 (14) 1.61 (2)
Co-Cp3 2.063 9) Co-B5 1.983 (10) c-C 5 1.398 (12)-1.436 (12) 1.42 (1)
Co-Cp4 2.066 (8) Co-B6 1.980 (9) : . :
Co-Cp5 2.080 (8) Co-B9 2.157 (10) @ See footnote a, Table I. 2 Esd’s for average bond lengths were

IL

Distances in the Cyclopentadienyl Ring

calculated using the equation o = E,-_—_,'zN(x,- -x)*l/(V — 1) where
x; is the 7th bond length and x is the mean of the N equivalent bond

lengths.

Cpl-Cp2 1.409 (13) Cp3-Cp4 1.436 (13)
Cpl-Cp5 1.398 (12) Cp4-Cp5 1.413(12)
Cp2~-Cp3 1421 (13)

III. Boron-Boron Distances in the CB,H, *~ Cage
B1-B2 2.025 14) B5-B8 1.678 (14)
B1-B6 1.706 (14) B6-B7 1.693 (13)
B1-B7 1.781 (14) B6-B9 1.719 (14)
B2-B5 1.724 (14) B7-B8 1.925(14)
B2-B8 1.768 (15) B9-B7 1.897 (13)
B5-B9 1.692 (13) B9-B8 1.894 (13)

IV. Carbon-Boron Distances in the CB,H, >~ Cage
C4-B1 1.598 (14) C4-B7 1.626 (14)
C4-B2 1.587 (14) C4-B8 1.611 (13)

¢ See footnote a, Table I.

variations from mirror symmetry are within three standard
deviations of the bond distances and angles except for Co-
B1-B2 and its related angle Co-B2-B1.

The cobalt atom is bonded unequally to the five boron
atoms of the carborane ligand; three of the Co~B distances

are in the range 2.15-2.18 &, and the remaining two, which
are to the low-coordinate capping atoms B4 and B6, are
197 and 198 A, Similar bond length inequalities are ob-
served in BoHg?™ ® and may reflect the ability of the lower
coordinate caps to form stronger bonds.

The five carbon atoms of the cyclopentadienyl ring are
equidistant from the cobalt atom within experimental error.
The cyclopentadienyl ring is rotated such that the mirror
plane of the tricapped trigonal prism does not pass through
it, thereby presumably minimizing intra- and intermolecular
repulsions. The ring itself is strictly planar (Table V) and
exhibits the variations in the carbon-carbon bond distances
common in w-cyclopentadienyl metal complexes. The
empirical correlation?* that carbon atoms forming the short-

(22) M. E. Gress and R. A. Jacobson, Inorg. Chem., 12,1746
(1973), and references therein.
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Table IV. Interatomic Angles®

Callahan, Strouse, Sims, and Hawthorne

Cyclopentadienyl Ring: Cpl, Cp2, Cp3, Cp4, CpS
~0.6768X —0.7219Y + 0.1440Z = —13.621

Cpl -0.001 Cp4 -0.008
Cp2 ~0.004 CpS +0.005
Cp3 +0.008

Tetragonal-Prismatic Face: B7, B8, B1, B2

0.0511X —0.7716Y + 0.6340Z = —1.905

B7 +0.005 B1 -0.005
B8 —-0.006 B2 +0.005
Tetragonal-Prismatic Face: B9, B8, B2, Co

—0.4660X + 0.8404Y + 0.2766Z = +1.595

B9 -0.013 B2 —-0.014
B8 +0.016 Co +0.012
Tetragonal-Prismatic Face: B9, B7,B1, Co

—0.3404X + 0.1153Y + 0.9332Z = —-1.019
B9 +0.018 Bl +0.019
B7 —0.021 Co -0.016

Trigonal-Prismatic Face: B7, B8, B9
0.8858X + 0.3422Y + 0.3133Z = +10.106

Trigonal-Prismatic Face: Co, B1, B2
0.8795X + 0.1901Y + 043632 =+11.330

@ Planes are defined as C, X + C,Y + C,Z=d, where X, Y, Z are
orthogonal coordinates (in angstroms) and the axes parallel g, b, c*.

Figure 2. The packing of ions within the unit cell.

Atoms 1-2-3 Angle, deg Atoms 1-2-3 Angle, deg  Atoms 1-2-3 Angle, deg Atoms 1-2-3 Angle, deg
I. Angles around Cobalt 1II. CB,H,* Cage Angles
A. C,H,-Co-C.H, A. B-B-B Angles
Cpl-Co-Cp2 39.6 4) Cpl-Co-Cp3 67.1 (4) B2-B1-B6 105.6 (7)  B6-B7-B8 106.5 (7)
Cpl-Co-Cp5 39.3@4) Cpl-Co-Cp4 67.2 (4) B2-B1-B7 88.6 (7) B6-B7-B9 56.9 (5)
Cp2-Co-Cp3 40.1 4) Cp2-Co~Cp4 67.6 (4) B6-B1-B7 58.0(6) B8-B7-B9 59.4 (35)
Cp3-Co-Cp4 40.54) Cp2-Co-Cp5s 66.2 (4) B1-B2-BS 103.2 (6) B2-B8-B7 92.3 (6)
Cp4-Co~Cp5 40.7 (4)  Cp3-Co-Cp5 67.0 (4) B1-B2-B8 88.1 (6)  B2-B8-B9 92.5 (6)
. . B5-B2-B8§ 574 (6) B5-B8-B7 106.4 (6)
B. CB,H,*-Co-CB,H,’ B2-B5-B8 62.6 (6) B5-B8-BY 56.2(5)
B1-Co-B2 55.7(4) B1-Co-B9 75.3 (4) B2-B5-B9 101.5 (7Y B7-B8-B9 59.6 (5)
B1~Co-B6 48.6 (4) B2-Co-B9 75.1 (4) ) o
) : B8-B5~-B9 68.4 (6) B5-B9-B6 115.1 (7)
B6-Co-B9 48.9 4) Bl-Co-B5 90.8 (4) B1-B6-B7 632 (6) B5-B9-B7 107.0 (7)
B5-Co-B9 48.0 4) B2-Co-B6 91.2 4) ’ ’
B2-Co-BS 486 (4 BS-Co-BE 939 B1-B6~B9 100.3 (7) B5-B9-B8 55.4 ()
-(o- 6@) -Co- 2@)  B7-B6-B9 67.6 (6) B6-B9-B7 55.6 (5)
C. C,H, -Co-CB.H,* B1-B7-B6 58.8 (6) B6-B9-B8 106.8 (6)
Cp1-Co-B1 139.7 (4)  Cp3-Co-BS5 141.3 (4)  BI1-B7-B8 91.0 (7)  B7-B9-B8 61.0 (5)
Cpl-Co-B2 162.5(6)  Cp3~Co-B9 169.1 (4) B1-B7-BY 9L1.2 (6)
Cpl-Co-BS5 125.2 (4)  Cp4-Co-Bl 1249 4) _R_ o
Cpl~Co~-B6 105.9 4) Cp4~Co-B2 97.6 4) B2-B1~-C4 5%3 fS)B B é‘?ﬂ;’;—B6 109.1 (7)
Cpl—CO—B9 113.6 (4) Cp4~CO—B6 160.8 4) C4-B1-B6 109.8 (8) C4-B7-B8 53.2 (5)
Cp2—C0—B1 104.6 (4) Cp4—CO—B5 105.5 (4) C4-B1-B7 57.2 (6) C4-B7-B9 100.5 (6)
Cp2—C0—B2 143.9 (4) Cp4-CO-—B9 150.2 4) B1-B2-C4 50.8 (5) B2-B8~-C4 55.8 (6)
Cp2-Co-B5 1644 4) Cp5-Co-B1 163.7 (4) C4-B2~B5 108.6 (8) C4-B8-BS 109.8 (7)
Cp2-Co-B6 95.4 (4) Cp5-Co-B2 123.4 4) C4-B2-B8 57.1 (6) C4-B8-B7 53.9 (5)
Cp2-Co-B9 133.54) Cp5~Co-B6 142.3 (4) B1-B7-C4 55.7 (6) C4-B8-B9 101.2 (6)
Cp3-Co-B1 97.2(¢4) Cp5-Co-B5 99.3 4)
Cp3-Co-B2 107.3 4) Cp5-Co-B9 121.0 (4) C. B-C-B Angles
Cp3-Co-B6 120.2 (4) B1-C4-B2 789 (6)  B2-C4-B7 112.0 (D
. . B1-C4-B7 67.1 (6) B2-C4-B8 67.1 (6)
11, Cyclopentadlenyl ng Angles B1~-C4-B§ 111.0 (7) B7-C4-B8§ 73.0 (6)
A. C-C-C Angles
gpl-Cp2—Cp3 108.1 (8)  Cp4-Cp5-Cpl  109.3(9) sy m1 o ]6)5.9?(4]3 COBA;E%;S_CO 714 (5)
p2-Cp3-Cp4  107.6 (7) Cp5-Cpl-Cp2 108.2 (8) B6-B1-Co 60.5(4) B1-B6-Co 70.9 (5)
Cp3-Cp4-Cps 106.8 (8) ’ ’
B7-B1-Co 98.6 (6) B7-B6-Co 108.8 (6)
B. C-C-Co Angles B1-B2-Co 61.3(4) B9-B6-Co 70.9 (5)
Cp1-Cp2-Co 70.3 (5)  Cp3-Cp4-Co 69.5 (5) B5-B2-Co 59.6 4y  BS-B9-Co 60.6 (4)
Cpl-Cp5-Co 70.4 (5)  Cp4-Cp3-Co 69.7 (5) B8-B2-Co 97.6 (5)  B6~B9-Co 60.2 (4)
Cp2-Cpl~Co 70.2(5) Cp4-CpS5-Co 69.5 (5) B2-B5-Co 718 (§) B7-B9-Co 94.9 (5)
Cp2-Cp3-Co 70.6 (5)  Cp5-Cp4-~Co 70.6 (5) B8-B5-Co 109.0 (6)  B8-B9-Co 94.7 (5)
Cp3-Cp2-Co 69.3 (5) Cp5-Cpl-Co 70.3 (5) E. C-B-Co Angles
C4-B1-Co 106.6 (6)  C4-B2-Co 105.6 (5)
@ See footnote @, Table I.
Table V. Important Planes in the Molecule®
Atom Dev, A Atom Dev, A

___D‘/

Hydrogen atoms

have been omitted for clarity.

est metal-carbon bonds have the longest C-C bonds holds

true in this complex.

The presence of the cobalt atom in a trigonal plane of the
tricapped trigonal prism results in more severe distortion
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from the idealized geometry than observed in BgHg?™ or
(CH,),C,B,H,. The extent of this distortion is evidenced
by the dihedral angle between the two triangular faces of
11.2° and is due to the longer bonds to the cobalt atom.

The cesium cations reside in general positions in the unit
cell. The closest contact between cation and anion is Cs~
Cp3H at 3.807 (1) A; all other contacts are greater than 4 A.
The eight molecules in the unit cell are arranged as shown in
Figure 2.
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The crystal and molecular structure of 2,3-(n-CH,),-2,3-Co,-1,7-C,B,H,, has been determined by a complete three-dimen-
sional X-ray diffraction study. The compound crystallizes in the monoclinic centrosymmetric space group P2, /n with e =
14,940 (4) A, 5 =9.006 (2) A, c=11.503 (3) A, =93.08 (2)°,and Z =4. Observed and calculated densities are 1.56 (2)
and 1.585 g cm™?, respectively. Diffraction data to 20 a5 = 50° (Mo Ka radiation) were collected on a Syntex P1 auto-
mated diffractometer, and the structure was solved by conventional Patterson, Fourier, and full-matrix least-squares refine-
ment techniques. The final discrepancy index is R = 6.7% for 1435 independent nonzero reflections. The molecule can
be described as a distorted icosahedron comprised of two cobalt, two carbon, and eight boron vertices. The cobalt atoms
occupy adjacent vertices with a metal-metal distance of 2.387 (2) A and are further coordinated to w-bonded cyclopenta-

dienyl rings with an average bond distance of 2.05 (2) A.

Introduction

The “polyhedral expansion reaction” of carboranes and
metallocarboranes® has proven to be an important new
synthetic route to mono- and polymetallocarboranes. The
treatment of 1,6-C,BgH ¢ with sodium naphthalide, sodium
cyclopentadienide, and cobalt(II) chloride afforded the eleven-
vertex polyhedral complex 1-(n-CsHs)-1-Co-2,3-C,BgHyo.2
Further polyhedral expansion of this metallocarborane afforded
the bimetallic complex (CsHs),Co,C2BgH 0, which was also
formed in the direct expansion of 1,6-C,BgH ;o but in much
lower yield.

The nmr spectral properties of this bimetallocarborane were
consistent with an icosahedral arrangement of the Co,C;Bs
framework, but the relative positions of the cobalt atoms and
carbon atoms could not be uniquely defined.’> When it was
established? that adjacent cobalt atoms were present in
(CsH;5),C0,C,BgHg, a product from the polyhedral expansion

(1) K. P. Callghan, W. J. Evans, and M. F. Hawthorne, Ann. N. Y.
Acad. Sci., in press, and references therein.

(2) W. J. Evans and M, F. Hawthorne, J. Amer. Chem. Soc., 93,
3063 (1971).

(3) W. J. Evans and M. F. Hawthorne, J. Chem. Soc., Chem.
Commun., 611 (1972).

(4) E. L. Hoel, C. E. Strouse, and M. F. Hawthorne, Inorg. Chem.,
13, 1388 (1974).

of 1,7*C2B6H3,5 a structure for (CsHs)gCOngBgHm in-
volving a similar metal-metal interaction was suggested.®
This work reports an X-ray crystallographic investigation
which provides detailed molecular parameters for this com-
pound.

Unit Cell and Space Group

A sample of the compound was furnished by Dr. W. J. Evans. It
is air stable and does not decompose upon exposure to X-rays.

Preliminary X-ray diffraction photographs of the green needle-
shaped crystals indicated monoclinic symmetry with systematic
absences #0/, h + [=2n + 1, and 0k0, £k = 2n + 1, indicative of space
group P2, /n, an alternate setting of P2, /¢ (C,°, No. 14).” The
density, measured by flotation in aqueous potassium jodide solution,
was 1.56 (2) g cm™’, in reasonable agreement with the calculated den-
sity of 1.585 g cm™® for Z = 4,

Collection and Reduction of X-Ray Data

Intensity data were collected on a Syntex P1 automated diffrac-
tometer equipped with scintillation counter and pulse height analyzer.
A graphite crystal was employed to produce monochromatic Mo K«

(5) G. B. Dunks and M. F. Hawthorne, J. Amer. Chem. Soc., 92,
7213 (1970).

(6) W. 1. Evans, G. B. Dunks, and M. F. Hawthorne, J. Amer.
Chem. Soc., 95,4565 (1973).

(7) “International Tables for X-Ray Crystallography’, Vol. 1,
Kynoch Press, Birmingham, England, 1962.





