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Reduction of boron-substituted carboranes o0-R,C,B1oMegH, (R = H, Et), thermal isomerization, and nucleophilic
reaction of the resultant 13-vertex cobaltacarboranes were studied. Reaction of 0-C,BjoMegH, (1) with excess
potassium metal in tetrahydrofuran (THF) gave, after recrystallization from a THF solution of 18-crown-6 ether,
{ [K(18-crown-6)(THF),][K(18-crown-6)]} { [4-(18-crown-6)-2,3,5,8,9,11,12,13-Meg-4,1,6-KC,B1oH4]o} (2) in 78% vyield.
Interaction of 1 with excess sodium or potassium metal in THF, followed by treatment with CoCl,/CpNa and then
aerobatic oxidation, afforded two boron-substituted 13-vertex cobaltacarboranes, 4-Cp-2,3,5,8,9,11,12,13-Meg-4,1,6-
CoC;ByoMegH, (3) and 4-Cp-2,3,5,9,10,11,12,13-Meg-4,1,6-CoC,B1oMegH, (4), in 15% and 8% yield, respectively.
Subsequently, thermal isomerization of 3 and 4 yielded another two new isomers, 4-Cp-2,3,5,6,8,11,12,13-Meg-
4,1,9-CoC,B1oMegH, (5) and 4-Cp-2,3,5,6,7,11,12,13-Meg-4,1,9-CoC,B1oMegH, (6). Treatment of 3 or 4 with strong
bases such as "BuLi and MeLi generated unexpected nucleophilic substitution products 4-"BuCp-2,3,5,8,9,11,12,-
13-Meg-4,1,6-CoC,BioMegH, (7), 4-"BuCp-2,3,5,9,10,11,12,13-Mesg-4,1,6-CoC;B1oMegH, (8a), and 4-MeCp-2,3,5,9,-
10,11,12,13-Meg-4,1,6-CoC,B1oMegH, (8b) in good yields. Under the same reaction conditions, however, only one
13-vertex cobaltacarborane, 4-Cp-1,9-Et,-2,5,6,7,8,11,12,13-Meg-4,1,9-CoC,B10MegH, (10), was isolated when
0-Et,C,B1oMegH, (9) was used as the starting material. Complex 10 is a thermodynamically stable product and has
a substitution pattern different from that of 3—6. These results show that the substituents on either the cage carbon
or boron atoms have an important effect on the formation and thermal stability of the 13-vertex metallacarboranes.
The formation of these complexes can be rationalized by the diamond-square—diamond mechanism.

Introduction cage carbon atonfsFor example, transformation from the
4,16 to 4,1,9 (4,1,8-) to 4,1,12 isomer of*{Cp)Cof;°-
carboranes and metallacarborahbtany attempts have been %BlﬁHlZ) 031” be sucbce§5|vely a;ch|evefd upc()jn heatlr?g di(Pg hart
made to determine the mechanisms of this complicated Obs'owT; the n_umlterlng system 0 tafbocosa et' n):
process. Accordingly, several isomerization pathways have. viously, the Simultaneous movement of boron Vertices 1S

been proposed on the basis of thermal isomerization Ofmevnable QUrlng the process. This issue has not been
icosahedral carboranésn contrast, the studies on docosa- addressed in docosahedral molecules probably because of

hedral molecules are largely unexplored and have limited the complexity of the movement of boron vertices caused

migration of carbon verticeswhich have revealed that (2 I(:a)_ H?\;fmgng, RI-(:_ Iaips'slomb, VrL/ l\énﬂrg- Ch?\lm-lc%hfi 1, |\2/|31r1é1(b)
H H H H ein, M.; Bobinski, J.; Mayes, N.; Schwartz, N.; Cohen, rg.
thermal isomerization always leads to the separation of the o/ "j063 2, 1111, (c) Kaesz, H. D.; Bau, R.: Beall, H. A

Lipscomb, W. N.J. Am. Chem. S0d967, 89, 4218. (d) Hart, H. V.;
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[K2(18-crown-6),(THF)] KCzB1gH4] ™ in 2.

V’-e"
VA
ANV

2 Scheme 2
¢ — CH vertices

° — BH vertices
other vertices are BMe

THF
by a large number of boron atoms. On the other hand, it is @ Teflux
well documented that reduction ofR,C,B10H10 With group (1)xs Na 3 e
1 metals results in the formation afiflo-R,C,B1oH1g2, in @ (2) CoClp/CpNa_
which the two carbon vertices are always on th8{bpen 1 ()02
(o] (o]

face regardless of the substituents on the cage cafbons. 7\, _THF
vAVAﬂ reflux @
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Co, Co,

However, the parallel study on cage boron vertices has not
yet appeared in the literature. If some boron atoms of the 4 6
cage can be distinguished from the others, such a carborane

may offer useful information on the migration of cage boron °F Sodium metal in tetrahydrofuran (THF) at room temper-
vertices during the isomerization process. With this in mind, 2ture gave presumablgifio-CoBioMesH,|[M(THF) 2 (M =

4,5,7,8,9,10,11,12-Mel,2-R-1,2-G:B1cH, (R = H, Et) were Na, K) with identical*'B NMR spectra, which suggests that
chosen as model com,pound,s for this purﬁdﬁause the the samenido-carborane dianion was generated. Recrystal-

two BH vertices can be easily discriminated from the other /1Zation of the potassium salt from a THF solution of 18-
BMe ones. Herein, we report our work on the reduction of Crown-6 ether affordeg(18-crown-6)(THF|[K(18-crown-

these two carboranes with group 1 metals, and the synthesisﬁ)]}{ [4-(18-crown-6)-2,3,5,8,9,1_1,12(,)13_—M-e1,1,6-
structure, and thermal isomerization of the resultant 13-vertex C2BioH4]2} (2) as colorless crystals in 78% yield (Scheme

metallacarboraneg{-Cp)Cot-R,C:B1MesH,) (R = H, EY), 1). Cqmplexz was characterized by \l/arious spectroscopic
as well as their reactivities toward nucleophiles. techniques and elemental analyses."HSNMR spectrum

showed a molar ratio of two 18-crown-6 and one THF
molecules per carborane cage. TH&{ *H} NMR spectrum
displayed 10 distinct peaks in the rang21.3 to—19.5 ppm.
Many attempts to grow single crystals of the corresponding
sodium salt failed.

Results and Discussion

Reduction of 4,5,7,8,9,10,11,12-M€l,2-C,B1oHs (1)
with Group 1 Metals. Treatment ofl with excess potassium

(3) (a) Dunks, G. B.; McKown, M. M.; Hawthorne, M. B. Am. Chem.

Soc.1971, 93, 2541. (b) Dustin, D. F.; Dunks, G. B.; Hawthorne, M.
F.J. Am. Chem. Sod973 95, 1109. (c) Salentine, C. G.; Hawthorne,
M. F. J. Am. Chem. Socl975 97, 426. (d) Salentine, C. G.;
Hawthorne, M. F.Inorg. Chem.1976 15, 2872. (e) Burke, A
Mclintosh, R.; Ellis, D.; Rosair, G. M.; Welch, A. Collect. Czech.,
Chem. Commur2002 67, 991. (f) Ellis, D.; Lopez, M. E.; Mclntosh,
R.; Rosair, G. M.; Welch, A. J.; Quenardelle, Bhem. Commun.
2005 1348.

(4) (a) Fein, M.; Bobinski, J.; Mayes, N.; Schwartz, N.; Cohen, M. S.

Inorg. Chem1963 2, 1111. (b) Grafstein, D.; Dvorak, lhorg. Chem.

1963 2, 1128. (c) Dunks, G. B.; Wiersema, R. J.; Hawthorne, M. F.

J. Am. Chem. S0d973 95, 3174. (d) Tolpin, E. I.; Lipscomb, W. N.
Inorg. Chem.1973 12, 2257. (e) Churchill, M. R.; DeBoer, B. G.
Inorg. Chem.1973 12, 2674. (f) Chui, K.; Li, H.-W.; Xie, Z.
Organometallics200Q 19, 5447. (g) Zi, G.; Li, H.-W.; Xie, Z.
Organometallic001, 20, 3836. (h) Zi, G.; Li, H.-W.; Xie, ZChem.
Commun2001, 1110. (i) Zi, G.; Li, H.-W.; Xie, Z.Organometallics
2002 21, 5415. (j) Deng, L.; Cheung, M.-S.; Chan, H.-S.; Xie, Z.
Organometallic2005 24, 6244. (k) Shen, H.; Chan, H.-S.; Xie, Z.
Organometallics2006 25, 2617.

(5) Herzog, A.; Knobler, C.; Hawthorne, M. F.; Maderna, A.; Siebert,

W. J. Org. Chem1999 64, 1045.

Single-crystal X-ray analyses revealed tRdts an ionic
salt consisting of well-separated, alternating layers of discrete
ions [K(18-crown-6)(THR)*, [K(18-crown-6)], and [4-(18-
crown-6)-2,3,5,8,9,11,12,13-Md,1,6-KGB1gH4] . In the
anion, the potassium atom occupies the 4 position to form a
13-vertex potassacarborane (Figure 1). The average K4
cage atom distance of 3.233(5) A is close to the correspond-
ing value of 3.174(2) A observed ifi(CsHsCH,)2,CoB1oH10} -
K2(THF)2(O2C4Hg)o g]n.* Similar to other carbon-atoms-apart
nido-carborane aniorf$9 the six atoms of the open hexagonal
C.B4 bonding face in2 are almost coplanar with the two
CH vertices occupying the 1 and 6 positions, respectively.
The C1 atom is less coordinated, resulting in shorterB1
distances with an average value of 1.584(8) A (Table 1).

To the best of our knowledge, there is no report on the
reduction of boron-substitutesicarboranes. Therefore, it is

Inorganic Chemistry, Vol. 46, No. 7, 2007 2717



Table 1. Selected Distances (A) in 13-Vertex Cobaltacarboranes

Deng et al.

2 3 4 5 6 7 8a 8b 10 A Axe B¢

Co—Cent(Cp) 1.67 1.68 1.68 1.67 1.67 1.67 1.68 1.68 1.65 1.69 1.69
Co—Cent(Carb) 1.36 1.35 1.31 1.33 1.36 1.35 1.35 1.32 1.34 1.35 1.32

av C1-B 1.584(8) 1.602(3) 1.601(4) 1.60(1) 1.61(1) 1.56(1) 1.600(8) 1.598(4) 1.59(1) 1.577(6) 1.600(4) 1.561(5)
av C6/C9-B 1.684(8) 1.707(4) 1.696(5) 1.73(1) 1.77(1) 1.72(1) 1.696(9) 1.739(5) 1.75(1) 1.688(7) 1.694(4) 1.748(5)
av B—Me 1.616(8) 1.599(4) 1.598(5) 1.59(1) 1.59(1) 1.60(1) 1.595(9) 1.589(8) 1.61(1)

B2-B5 2.033(9) 2.098(4) 2.059(6) 2.00(1) 2.01(1) 2.11(1) 2.125(9) 2.071(5) 1.98(1) 1.948(7) 1.985(4) 1.967(5)
B3-B5 2.003(9) 2.045(4) 2.058(6) 2.01(1) 2.01(1) 2.02(1) 2.005(8) 2.071(5) 2.01(1) 2.081(7) 2.089(4) 2.015(5)

aCent(Cp) or Cent(Carb): the centroid of the Cp ring or thB bonding face® A = 4-Cp-4,1,6-Co@B1oH12; see ref 6° A* = 4-Cp*-4,1,6-CoGB1oH12;

B* = 4-Cp*-4,1,9-CoGB1oH12; see ref 3e.
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Figure 3. Molecular structure ofi.
interesting to know where the two BH vertices are located
after the reduction. As shown in Figure 1, the two BH
vertices in2 are on the open hexagonaji; bonding face
together with the two CH ones. TH& NMR experiments
indicated tha® can be converted into a mixture of isomers
upon heating, which suggests that it should be a kinetic
product. Attempts to isolate a pure isomer from the mixture
were unsuccessful.

Synthesis, Structure, and Thermal Isomerization of 13-
Vertex Cobaltacarboranes §°®-Cp)Co(78-CoBioMegH ).

(75-Cp)Cof®-CB1oH12),% reduction of 1 with sodium or
potassium metal in THF followed by treatment with CgClI
NaCp gave, after aerobic oxidation and column separation,
two 13-vertex cobaltacarboranes, 4-Cp-2,3,5,8,9,11,12,13-
Mes-4,1,6-CoGB;oMegH, (3) and 4-Cp-2,3,5,9,10,11,12,13-
Mes-4,1,6-CoGB10MegH, (4), regardless of the group 1 metal
used in ca. 15% and 8% yield, respectively, both as deep-
red crystals (Scheme 2). Complex@and4 were quantita-
tively (by B NMR) converted to their structural isomers
4-Cp-2,3,5,6,8,11,12,13-M#,1,9-CoGB;oMesH, (5) and
4-Cp-2,3,5,6,7,11,12,13-Md,1,9-CoGB,oMegH,4 (6) upon
refluxing of their THF solutions overnight. The intercon-
version betweeB and4 was not observed in the temperature
range 25-60 °C, as indicated by'B NMR. Complexess
and6 underwent further thermal isomerization in refluxing
toluene, affording a mixture of inseparable products with very
complicated™H and'B NMR spectra.

Complexes3—6 are air- and moisture-stable and soluble
in common organic solvents such as toluene,Clk and
THF. They were characterized by various NMR techniques
and single-crystal X-ray analyses. Théit NMR spectra
displayed a sharp singlet of area 5~a6.2 ppm assignable
to the cyclopentadienyl protons, two broad singlets of area
2 corresponding to the two cage CH protons (at 4.14 and
3.03 ppm for3, 3.88 and 3.17 ppm fo#, 3.54 and 1.53
ppm for5, and 3.61 and 1.44 ppm fé), and a set of singlets
of total area 24 betweeft1.0 and—0.5 ppm attributable to
BMe protons. Thé!B NMR spectra showed a 1:1:1:2:2:1:
1:1 pattern in the rangé¢-15.6 to—6.2 ppm for3, a 2:1:2:
1:1:1:1:1 pattern in the range13.0 to—8.3 ppm for4, a
1:1:1:1:1:1:2:1:1 pattern in the range23.2 to —4.7 ppm
for 5, and a 1:1:1:1:2:3:1 pattern in the rang28.6 to—9.9
ppm for 6.

Single-crystal X-ray analyses revealed tBat6 adopt a
docosahedral geometry, with the cobalt atom occupying the
4 position and the two CH and two BH vertices being located
at the 1, 6, 7, and 10 positions & 1, 6, 7, and 8 positions
in 4,1, 9, 7, and 10 positions i6, and 1, 9, 8, and 10
positions in6, shown in Figures 25, respectively. The
Co4—Cent(Cp) and Co4Cent(Carb) distances iB—6 are
very close to each other and are similar to those observed in
4-Cp-4,1,6-Co@B1oH12 (A),® 4-Cp*-4,1,6-CoGB1oH1» (A%), 3¢
and 4-Cp*-4,1,9-CogB;gH1, (B*) 3¢ (Table 1). The average
distances of C1 to its neighboring atoms are 1.602(3) A in
3,1.601(4) Ain4, 1.60(1) A in5, and 1.61(1) A ir6, which
are shorter than the corresponding values observed for the

Similar to the procedures described for the preparation of (6) Churchill, M. R.; DeBoer, B. GChem. Commuri972 1326.
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Boron-Substituted 13-Vertex Cobaltacarboranes

co £24 23

Figure 7. Molecular structure oBa

co0 C2

Figure 5. Molecular structure 06 (note that the C8 and B9 atoms of the

cage are indistinguishable because of the presence of a crystallographic_.
mirror plane through Co4, C1, and B10 atoms). Figure 8. Molecular structure o8b (note that the C6/B7 and B8/B9 atoms

of the cage are indistinguishable because of the presence of a crystal-
lographic mirror plane through Co4, C1, and B10 atoms).

(CHa)e-1,2-(CHy)3-1,2-GB1;Hs” and 1.58(1) Ain 4,5,7,8,9,-
10,11,12-(CH)g-1,2-GB1gH4.5 In view of the 'H NMR
chemical shifts of the cage CH vertices and the crystal
structures of3—6, a high-field chemical shift of the cage
CH proton is observed when the CH vertex migrates from
the hexagonal belt to the pentagonal one. Such a trend is
also found in the'H NMR spectra of #°-Cp)Cog°-
C,B10H12)% and ¢7°-Cp*)Co(7°-C,B10H12).%¢ Therefore, the
chemical shifts of the cage CH protons may serve as
indicators to locate the relative positions of the cage carbons.
Comparison among the crystal structureo# suggests
that3 should result from the direct capitation 2fwhereas
a coincident isomerization, rather than a sequential isomer-
ization of 3, may be involved in the capitation reaction to

Figure 6. Molecular structure of. yield 4.8 This argument is supported by various temperature
A B NMR experiments, which indicate the absence of
second cage carbon, 1.707(4) Adn1.696(5) A in4, 1.73- interconversion betweedand4. The formation of5 and6

(1) Ain5,and 1.77(1) A ir. These results may be ascribed om 3 and 4, respectively, can be rationalized by the

to the diffgrgnt coordination numbers of the. two cage diamond-square-diamond (DSD) mechanism (vide infr&).
carbons. Similar phenomena are also observed iv*, and Although the movement of cage CH vertex from the 6
B*.3¢6 The average BMe distance of~1.60 A in3—6 is

very comparable to that of 1.587(9) A in 8,9,10,11,12,13- (7) Deng, L.; Chan, H.-S.; Xie, Z). Am. Chem. So@006 128 5218.
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position to the 9 position is a well-documented phenomenon
for 13-vertex metallacarboranéshe well-regulated migra-
tion of BH vertices from the 7 and 8 positions to the 8 and
10 positions in the conversion dfto 6 is observed for the
first time. To our surprise, the above isomerization in THF

(8) The coincident formation of several isomers of a metallacarborane in

Deng et al.

Molecular structure ofl0.

Figure 9.

gives only one product though several possible isomers were
anticipated. It is suggested that the substituents on the cage
play a role in this process.

Nucleophilic Substitution Reaction of 13-Vertex Co-
baltacarboranes. Considering the acidity of the cage CH
proton, we attempted to convert the CH vertices to CR ones
using the lithiation/alkylation approaéilreatment of3 with
1 or 2 equiv of"BuLi in THF followed by the addition of
Mel gave, after column chromatographic separatiofi; 4-
BuCp-2,3,5,8,9,11,12,13-M#,1,6-CoGBioMegH, (7) in
82% vyield. Because no methylation product was observed
in this reaction7 should result from the direct nucleophilic
substitution reaction of the Cp ring. Similarly, interaction
of 4 with "BuLi or MeLi also generated the Cp-ring-
substituted products 2BuCp-2,3,5,9,10,11,12,13-Md,1,6-
CoGBioMegH, (88) or 4-MeCp-2,3,5,9,10,11,12,13-Me
4,1,6-CoGB;oMegH, (8b) in 81% or 85% yield, respectively
(Scheme 3). It is noteworthy that such a nucleophilic
substitution reaction did not proceed when Lip&td KOBU
were used as nucleophilies.

Complexes?, 8a, and 8b were fully characterized by
various spectroscopic techniques and single-crystal X-ray
analyses. Theit'B NMR spectra are similar to those of the
parent molecules, exhibiting a 1:1:1:2:2:2:1 pattern in the
range+15.4 to—6.6 ppm for7, a 2:1:2:1:1:1:1:1 pattern in
the ranget+13.5 to—7.0 ppm for8a, and a 2:1:2:1:1:1:1:1
pattern in the range-12.0 to—8.5 ppm for8b. As shown
in Figures 6-8, single-crystal X-ray analyses revealed that
the "Bu and Me groups are directly bonded to the Cp ring
and the cage geometries are almost identical with their parent
complexes3 and4. For comparison, the selected structural
parameters are compiled in Table 1.

This type of nucleophilic substitution reaction has been
observed in some cationic metallocenes of late transition
metald® and the mixed metallacarborane Cpgo(
EtzCzB4H4).1l For example, bOtWBUC5H4)CO(H5-EtzczB4H4)

the metallation step has been well-documented. For recent examples, (9) Rees, W. S., Jr.; Schubert, D. M.; Knobler, C. B.; Hawthorne, M. F.

see: (a) Groer, B.; Sibr, B.; Kivekés, R.; Sillanpa, R.; Stopka, P.;
Teixidor, F.; Vifas, C.Chem—Eur. J. 2003 9, 6115. (b) Perekalin,
D. S.; Glukhov, I. V.; $ibr, B.; Kudinov, A. R.Inorg. Chim. Acta
2006 359 3264. (c) Mclintosh, R. D.; Ellis, D.; Giles, B. T.;
Macgregor, S. A.; Rosair, G. M.; Welch, A.laorg. Chim. Acte2006
359, 3745.
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(10) (a) Forschner, T. C.; Cooper, NJJAm. Chem. So4989 111, 7420.
(b) Kirchner, K.; Taube, HJ. Am. Chem. S0d.991, 113 7039. (c)
Comte, V.; Blacque, O.; Kubicki, M. M.; Moise, @rganometallics
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Boron-Substituted 13-Vertex Cobaltacarboranes

Table 2. Crystal Data and Summary of Data Collection and Refinemen2fas

2 3 4 5 6
formula GgHgaB10K 2013 CisH33B10Co CisH33B10C0 CisH33B10Co CisH33B10C0
cryst size, mm 0.4 0.25x 0.20 0.40x 0.30x 0.20 0.40x 0.30x 0.20 0.40x 0.30x 0.20 0.20x 0.15x 0.10
fw 935.40 380.44 380.44 380.44 380.44
cryst syst triclinic monoclinic monoclinic orthorhombic orthorhombic
space group P(—-1) P2,/c P2i/n Pbca Pnma
a A 11.921(2) 13.626(1) 10.063(3) 14.547(3) 14.150(3)
b, A 12.162(2) 9.918(1) 16.035(5) 15.511(3) 13.758(3)
c, A 20.104(4) 16.064(1) 13.155(4) 18.591(4) 10.681(2)
o, deg 75.28(3) 90 90 90 90
B, deg 73.23(3) 99.94(1) 97.66(1) 90 90
y, deg 81.22(3) 90 90 90 90
V, A3 2698.3(9) 2138.3(2) 2104(1) 4195(1) 2079.3(7)

z 2 4 4 8
Decaica Mg/m? 1.155 1.182 1.201 1.205 1.215
radiation ¢), A Mo Ka (0.710 73) Mo Kx (0.710 73) Mo K (0.710 73) Mo K (0.710 73) Mo kK (0.710 73)
26 range, deg 2:250.0 3.0-50.0 4.6-56.0 4.4-50.0 4.8-48.0
u, mmt 0.229 0.799 0.812 0.814 0.821
F(000) 1008 800 800 1600 800
no. of obsd reflns 5435 11108 14080 3679 4355
no. of params refnd 571 235 235 235 130
GOF 1.081 1.057 1.003 0.975 1.264
R1 0.067 0.041 0.050 0.058 0.084
wR2 0.178 0.117 0.123 0.135 0.158
Table 3. Crystal Data and Summary of Data Collection and Refinement f@a, 8b, and10
7 8a 8b 10
formula GigHa1B10Co CigHa1B10Co CigH3sB10Co CigHa1B10Co
cryst size, mm 0.3 0.25x 0.20 0.25x 0.20x 0.10 0.50x 0.40x 0.30 0.43x 0.27x 0.19
fw 436.55 436.55 394.47 436.55
cryst syst monoclinic monoclinic orthorhombic monoclinic
space group P2,/c P2i/c Pnma Ri/c
a A 9.014(2) 13.314(3) 17.509(1) 16.274(2)
b, A 10.273(2) 10.011(2) 12.516(1) 9.967(1)
c, A 27.164(5) 19.776(4) 10.073(1) 15.834(2)
B, deg 94.87(3) 106.67(3) 90 110.63(1)
vV, A3 2506.4(9) 2525.2(9) 2207.4(2) 2403.6(4)
z 4 4 4 4
Decaica Mg/m?3 1.157 1.148 1.187 1.206
radiation @), A Mo Ka (0.710 73) Mo K (0.710 73) Mo K (0.710 73) Mo K (0.710 73)
20 range, deg 4:248.0 4.3-40.0 4.6-50.0 2.750.0
w, mmt 0.689 0.684 0.776 0.719
F(000) 928 928 832 928
no. of obsd refins 4190 2106 11260 12880
no. of params refnd 271 271 141 271
GOF 0.978 1.049 1.134 0.922
R1 0.079 0.044 0.046 0.069
wR2 0.206 0.118 0.134 0.162

and (IGH,)Co(*>-Et,C;B4H,) were isolated in 9% and 64%
yield from the reaction of CpCqf-Et,C,B;H4) with "BulLi
followed by treatment with,lin THF.1! The isolation of7,

with CoCL/NaCp and aerobic oxidation gave, after column
chromatographic separation, 4-Cp-1,9-8/5,6,7,8,11,12,-
13-Mes-4,1,9-CoGB;oMegH,4 (10) in 16% yield (Scheme 4).

8a, and8b in more than 80% yield suggests that the Cp rings No other isomer was isolated from the reaction mixture.
of 3 and4 are much better electrophiles than that of CpCo- Complex 10 is thermally stable even in refluxing toluene,
(7>-EtC,B4Ha). In other words, §°-C;BioMegH4]*™ is a probably for the steric reasons. It is highly soluble in toluene,
poorer electron-donating ligand (or a better electron- cH,cl,, diethyl ether, and THF. ThéH NMR spectrum of

withdrawing ligand) thanf>-EtCoBsH]?". 10 showed a singlet of area 5 at 4.83 ppm assignable to the
Synthesis and Structure of 13-Vertex Cobaltacarborane Cp protons, eight broad singlets of total area 24-6t7 to

(17°-Cp)Co(°-C-B1oMecEtH,). Because the alkylation of  _g 3 o5 attributable to BMe protons, and two triplets of

:he czgte CthH vertices |Bband4 vgaftutn S ducc;es,t§ful, Wet th.er|1 __total area 6 corresponding to the methyl protons of the-CH
urned fo the cage carbon-substiiuted starting materia InCH3 groups, and four multiplets of the four methylene

attempt to get additional information on the migration of two .
: i i protons of the ethyl groups in the range 2.56 to 1.75 ppm.
BH vertices. Compound 1,2-£8,5,7,8,9,10,11,12-Mel,2 These data indicate the restricted rotation around the Et

C,B10H2 (9) was readily synthesized in 87% yield from the . » . .
reaction of LpC,B;0MegH, with 2 equiv of EtBr. Reduction C{cage) bonds in0. I_ts B NMR spectrum displayed a 1:1:
1:2:1:2:1:1 pattern in the range31 to ~—6 ppm. X-ray

of 9 with excess sodium metal followed by capitation reaction X )
analyses confirmed that the cobalt atom, tweE2 vertices,

and two BH vertices hold the 4, 1, 9, 2, and 10 positions,

(11) Yao, H.; Grimes, R. NOrganometallics2003 22, 4539.
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respectively, leading to a docosahedral geometry (Figure 9).glovebox. All organic solvents were freshly distilled from sodium
As indicated in Table 1, the structural parameter&Qrare benzophenone ketyl immediately prior to use. 4,5,7,8,9,10,11,12-
very close to those observed in the above cobaltacarboranedV€s-1,2-GBioHs (1) was prepared according to the literature
The two BH vertices are located on the hexagonal belt to method? All other chemicals were purchased from either Aldrich
minimize steric congestion. Such a very crowded environ- or Acros Chemical Cg. and used as received unless _otherwise noted.
ment may restrict the rotation of the-EE(cage) bonds and IR spectra were obtained from KBr pellets prepared in the glovebox

limit th iqrati fh i lting in the f fi on a Perkin-Elmer 1600 Fourier transform spectrométdrand
imitthe migration ot the vertices, resutting in the tormation1a¢ \yg spectra were recorded on a Bruker DPX 300 spectrometer

of the thermodynamic product. at 300.13 and 75.47 MHz, respectivelyB NMR spectra were
Alkyl-substituted carboranelsand9 provide a means of  recorded on a Varian Inova 400 spectrometer at 128.32 MHz. Al
detecting both carbon and boron atom rearrangements in 13chemical shifts were reported i units with references to the
vertex metallacarboranes. The results show that the frame-esidual solvent resonances of the deuterated solventsifand
work isomerization is substituent-dependent. All isomers *3C NMR chemical shifts and to external BBEt (0.00 ppm) for
produced can be rationalized by the DSD mecharsas, 1B NMR chemical shifts. Mass spectra were recorded on a Thermo
shown in Scheme 5. After careful examination, we find the Finnigan MAT 95 XL spectrometer. Elemental analyses were
equivalence between DSD and the rotation of pentagonalPeérformed by MEDAC Ltd., Middlesex, U.K.
pyramidals in the docosahedron. Therefore, only rotation is  Preparation of {[K(18-crown-6)(THF),|[K(18-crown-6)]}{[4-
indicated in Scheme 5 to simplify the drawings. According (18-¢rown-6)-2,3,5,8,9,11,12,13-Méet,1,6-KCBgHal2} (2). Toa
to this proposed mechanism, interconversion among all THF (25 mL) solution ofl. (0.26 g, 1.00 mmol) was added finely

. . . . cut potassium metal (0.12 g, 3.00 mmol), and the mixture was
isolated metallacarboranes would be feasible, which is _:
stirred at room temperature for 3 days. After removal of excess

inconsis.tent with the expe.rimentalldata showing no inter- potassium, a THF (10 mL) solution of 18-crown-6 (0.53 g, 2.00
conversion betweeB and4 in refluxing THF. To account 1) was added to the resulting clear pale-yellow solution. The
for this discrepancy, it is anticipated that a change of the mixture was stirred at room temperaturer fé h and then
substituents or a change of the isomers would influence theconcentrated to about 5 mL, to which was added toluergerfiL).
energies and lifetimes of the various possible intermediates,Complex2 was isolated as colorless crystals after this solution stood
leading to the isolation of certain products under the specified at —30 °C for 2 days (0.73 g, 78%)}H NMR (pyridine-ds): 6

reaction conditions. 3.64 (m, 4H, THF), 3.50 (m, 48H, 18-crown-6), 1.66 (m, 4H, THF),
1.30-0.00 (br, BGH5). 3C{H} NMR (pyridineds): 0 69.49 (18-
Conclusion crown-6), 66.79, 24.78 (THF);0.20 (br, BCH3); the cage carbons

. . . were not observed!B NMR (pyridine-ds): 6 21.3 (1B,BCHj),
This work shows that the reduction ©fC,BoMegH4 with 20.3 (1B, BCHy), 14.1 (1B, BCH), 6.9 (1B, BCHy), —2.5 (1B,

soqlium or potassium m_etal givekj_o-carborane dianion, in BCHs), —3.7 (1B,BCHy), —13.8 (1B,BCHs), —16.8 (1B,Js 1 =
which the four unsubstituted vertices are _all located on the 131 Hz,BH), —17.2 (1B,BCHz), —19.5 (1B,Js_y = 130 Hz,BH).
hexagonal B, open face. It is a kinetic product and |R (KBr, cm): wgy 2379 (w), 2324 (w). Anal. Calcd for
isomerizes into a mixture of isomers upon heating. Capitation CsgHg,B10K,013 (2): C, 48.90; H, 6.32. Found: C, 48.61; H, 6.08.
reaction of thenido-salt with CoC}H/CpNa, followed by Preparation of 4-Cp-2,3,5,8,9,11,12,13-Met,1,6-CoGB;gMegH.
oxidation, affords two 13-vertex cobaltacarboranes: one (3) and 4-Cp-2,3,5,9,10,11,12,13-M&,1,6-CoGB1oMegH 4 (4).
contains the identicalido-carboranyl with that of the parent  To a THF (100 mL) solution of (2.56 g, 10.0 mmol) was added
nido-salt, and the other bears its structural isomer with one finely cut sodium metal (0.69 g, 30.0 mmol), and the mixture was
BH vertex on the pentagonal belt. Upon heaung, each of stirred at room temperature for 3 dayS. After removal of excess
them can isomerize into a thermodynamically more stable Sedium metal, NaCp (2.64 g, 30.0 mmol) was added to give a pink
one via the migration of the CH and/or BH vertex. More solution. At—78 °C, the resulting solution was transferred into a

. . ) THF (30 mL) suspension of Cog£(5.20 g, 40.0 mmol), and the
sterically demandin@-C,B;oMegEt,H, generates only one . . .

. S S - mixture was stirred at room temperature for 2 days to yield a deep-

thermodynamically stable product via similar cage-opening

: i brown suspension. A stream of oxygen was passed through this
and metal-insertion methodology. The results reveal that the g,gpensjon for 1 h. The reaction mixture was then filtered through

steric factor plays a crucial role in the isomerization celite, and the residue was washed with,CH until it turned to
processes, and it is relatively easier to predict the positionspale yellow. The organic solutions were combined and concentrated
of the two cage carbon vertices than those of two unsubsti-to yield a brown solid. Chromatographic separation ¢(Si8D0—
tuted BH ones. All isomers can be rationalized via the 400 mesh, hexane/dichloromethane (8:1) as the eluant) aff@ded
popular DSD mechanism. (0.57 g, 15%) and! (0.30 g, 8%) both as a deep-red solid. Single
Nucleophilic substitution on the Cp ring of the mixed crystgls suitable for X-ray analyses were obtained from the hexane
sandwich metallacarboranes is a very useful method for directSelution. For3. *H NMR (CDCL): 6 5.21 (s, 5H, €Hs), 4.14 (s,
alkylation of the Cp ring in metallacarboranes of thé8 1H, cage @), 3.03 (s, 1H, cage K), 0.94 (s, 3H, BEI;), 0.33 (s,

. : 3H, BCH3), 0.16 (s, 6H, BEi3), 0.07 (s, 3H, B&ls), 0.01 (s, 3H,
systems. This research also shows that ti&y gligands are BCHs), —0.39 (s, 3H, B&), —0.59 (s, 3H, BEL). “C{H} NMR

poorer electron donors than theB: ones. (CDCl): & 88.78 CsHa), 9.02 (br, BCHs), 2.07 (br, BoHs); the
cage carbons were not observéd® NMR (CDClz): ¢ 15.6 (1B,
BCHa), 14.5 (1B,Js_n = 120 Hz,BH), 13.5 (1B,BCH), 5.3 (2B,
General Procedures All experiments were performed under an BCHj), 0.63 (2B,BCH;3), —4.1 (1B,BCH3), —5.0 (1B,Jg—n = 132
atmosphere of dry dinitrogen with the rigid exclusion of air and Hz, BH), —6.2 (1B,BCHy). IR (KBr, cm™): vgy 2497 (m), 2334
moisture using standard Schlenk or cannula techniques or in a(w). HRMS. Calcd for GsHz3!Bg!%B,Co™: nvz 380.2913. Found:

Experimental Section
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m/z 380.2917. Fo4. 'H NMR (CDCly): ¢ 5.16 (s, 5H, GHs),
3.88 (s, 1H, cage 8), 3.17 (s, 1H, cage i8), 0.94 (s, 3H, BEl3),
0.39 (s, 3H, BEi3), 0.26 (s, 3H, BEl3), 0.20 (s, 3H, BEl3), 0.16
(s, 3H, BH3), —0.24 (s, 3H, BEi3), —0.34 (s, 3H, BEl3), —0.45
(s, 3H, BQH3). 13C{*H} NMR (CDClg): 0 88.90 (CsHy), 8.52 (br,
BCHj3), 2.40 (br, BCH3); the cage carbons were not obsen/s.
NMR (CDCly): 6 13.0 (2B,BCH; + BH (overlapped)), 10.8 (1B,
BCHj3), 5.0 (2B,BCHg), 0.6 (1B,BCH3), —1.6 (1B,Jg—4 = 120
Hz, BH), —2.7 (1B,BCHs), —4.1 (1B,BCHs), —8.3 (1B, BCHj).
IR (KBr, cm™1): vgy 2479 (m). HRMS. Calcd for GH33!1Bg!%B,-
Co': m/z 380.2913. Foundnvz 380.2911.

Preparation of 4-Cp-2,3,5,6,8,11,12,13-Met,1,9-CoGB;oMegH 4

(5). A THF (10 mL) solution of3 (0.19 g, 0.50 mmol) was heated
to reflux for 12 h. The color of the solution turned from red-brown
to red. After cooling to room temperature and removal of THF,
column chromatographic separation (§i800—-400 mesh, hexane/
dichloromethane (8:1) as the eluant) g&vas red crystals (0.17 g,
90%).H NMR (CDCl): ¢ 4.95 (s, 5H, GHs), 3.54 (s, 1H, cage
CH), 1.53 (s, 1H, cageld), 0.81 (s, 3H, BE3), 0.70 (s, 3H, BEi),
0.58 (s, 3H, BEi3), 0.18 (s, 3H, BEl3), 0.09 (s, 3H, BEl3), 0.01
(s, 3H, BMH3), —0.16 (s, 3H, BEl3), —0.27 (s, 3H, BEi3). 13C-
{H} NMR (CDCl3): ¢ 89.2 CsH4), 11.1 (br, BCH3), 2.7 (br,
BCHz); the cage carbons were not observé@. NMR (CDCl):
0 23.2 (1B,Js—n = 128 Hz,BH), 17.1 (1B,BCHj3), 13.0 (1B,
BCHj3), 9.1 (1B,Jg—n = 134 Hz,BH), 6.6 (1B,BCHs), 5.8 (1B,
BCHj), 3.2 (2B,BCHg), 1.2 (1B,BCH3), —4.7 (1B,BCH3). IR (KBr,
cm1): vgy 2476 (M), 2334 (w). HRMS. Calcd forgHz3MBg'B,-
Cot: m/z 380.2913. Foundnvz 380.2917.

Preparation of 4-Cp-2,3,5,6,7,11,12,13-Met,1,9-CoGB;o)MegH 4

(6). A THF (10 mL) solution of4 (0.19 g, 0.50 mmol) was heated
to reflux for 12 h. The color of the solution turned from red-brown
to red. After cooling to room temperature and removal of THF,
column chromatographic separation (§i800—-400 mesh, hexane/
dichloromethane (8:1) as the eluant) géwas red crystals (0.17 g,
90%).'H NMR (CDCl): ¢ 4.83 (s, 5H, GHs), 3.61 (s, 1H, cage
CH), 1.44 (s, 1H, caged), 0.76 (s, 3H, BEl3), 0.70 (s, 3H, BEi),
0.65 (s, 3H, BEi3), 0.51 (s, 3H, BEl3), 0.19 (s, 3H, BEl3), 0.15
(s, 3H, BMH3), —0.02 (s, 3H, BEl3), —0.14 (s, 3H, BEi3). 13C-
{H} NMR (CDCl3): 6 89.9 (CsH4), 11.2 (br, BCH3), 1.1 (br,
BCHz); the cage carbons were not observé@. NMR (CDCl):
0 28.6 (1B,BCHs), 14.1 (1B,BCHg), 11.5 (1B,BCHj3), 9.7 (1B,
Js_n = 128 Hz,BH), 3.8 (2B,BCH;), 0.9 (3B,BCHs), —9.9 (1B,
Jg-n = 130 Hz,BH). IR (KBr, cm™1): vgy 2481 (m), 2334 (m).
HRMS. Calcd for GsH33''Bgl°B,Cot: mVz 380.2913. Foundm/z
380.2918.

Preparation of  4-"BuCp-2,3,5,8,9,11,12,13-Me4,1,6-
CoC;B;oMegH 4 (7). To a THF (10 mL) solution 08 (0.19 g, 0.50
mmol) was added@BulLi (0.31 mL, 1.6 M in hexane, 0.50 mmol)
at —78 °C. The mixture was then stirred at room temperature for
1 h, giving a deep-red solution. After removal of the solvent, the

(1B, Jg—n = 149 Hz,BH), 12.6 (1B,BCHs), 5.0 (2B,BCHj), 0.2
(2B, BCH3), —4.5 (2B, BCH3; + BH (overlapped)),—6.6 (1B,
BCHa). IR (KBr, cm™1): vgy 2490 (m), 2283 (m). HRMS. Calcd
for C1gH411'Bg!%B,Co"™: m/z 436.3539. Foundmvz 436.3551.

Preparation of 4-"BuCp-2,3,5,9,10,11,12,13-Me4,1,6-
CoC,B;ioMegH, (8a). This complex was prepared as deep-red
crystals (0.17 g, 85%) from the reaction4f{0.19 g, 0.50 mmol)
with "BuLi (0.31 mL, 1.6 M in hexane, 0.50 mmol) in THF (10
mL) using the same procedure as thatTotH NMR (CDCl): ¢
5.20 (brs, 1H"BuCsHy), 5.02 (brs, 2H"BuCsH,), 4.81 (brs, 1H,
"BuGsH,), 3.51 (s, 1H, cage &), 2.88 (s, 1H, cage ), 2.38 (m,
2H, CH2CH2CH2CH3), 1.52 (m, 2H, CHCH2CH2CH3), 1.33 (m,
2H, CH,CH,CH,CHjs), 0.94 (t,J = 6.0 Hz, 3H, CHCH,CH,CH3),
0.89 (s, 3H, BEl3), 0.38 (s, 3H, BEl3), 0.26 (s, 6H, BEl3), 0.19
(s, 3H, BtH3), —0.15 (s, 3H, BE&3), —0.25 (s, 3H, BEl3), —0.36
(s, 3H, BXH3). *C{*H} NMR (CDCls): 6 110.5, 88.9, 88.1, 87.4,
87.0 (BuCsH,), 32.0, 27.5, 22.2, 13.8Ru), 8.7 (br, BCH3), 2.5
(br, BCH3); the cage carbons were not observé8 NMR
(CDCly): 6 13.5 (2B,BCHg), 12.7 (1B,Js—n = 126 Hz,BH), 5.8
(2B, BCH3), 1.7 (1B,BCHj3), 0.1 (1B,Jg—1 = 139 Hz,BH), —2.3
(1B, BCHz), —3.2 (1B,BCHj). —7.0 (1B,BCHj3). IR (KBr, cm™Y):
ven 2478 (M), 2341 (m). HRMS. Calcd for,6H4,1'Bg'°B,Co":
m/z 436.3539. Foundm/z 436.3539.

Preparation of 4-MeCp-2,3,5,9,10,11,12,13-Me4,1,6-
CoC,B;ioMegH, (8b). This complex was prepared as deep-red
crystals (0.17 g, 85%) from the reaction4f{0.19 g, 0.50 mmol)
with MeLi (0.31 mL, 1.6 M in hexane, 0.50 mmol) in THF (10
mL) using the same procedure as thatTotH NMR (CDCl): ¢
5.30 (brs, 1H, Me@Hy), 5.19 (brs, 1H, MegH,), 4.88 (brs, 1H,
MeGCsH,), 4.81 (brs, 1H, MegH,), 2.88 (s, 1H, cage i), 2.04 (s,
3H, CpHs), 1.56 (s, 1H, cage &), 0.90 (s, 3H, BEl3), 0.39 (s,
3H, BCH3), 0.26 (s, 3H, BEl3), 0.19 (s, 3H, BEi3), 0.16 (s, 3H,
BCHg), —0.15 (s, 3H, BEi3), —0.24 (s, 3H, BE3), —0.35 (s, 3H,
BCH3). 13C{H} NMR (CDCl3): ¢ 106.1, 90.4, 89.9, 89.1, 87.9
(MeCsHy), 12.9 (CfCH3), 8.9 (br, BCH3), 2.2 (br, BCH3); the cage
carbons were not observééB NMR (CDCly): 6 12.0 (2B,BCHj),
11.0 (1B,Js-n = 126 Hz,BH), 4.2 (2B,BCHj), 0.2 (1B,BCHy),
—1.4 (1B, Jg-n = 139 Hz, BH), —3.8 (1B, BCH3), —4.8 (1B,
BCHjg), —8.5 (1B,BCHjy). IR (KBr, cm1): vgy 2474 (s). HRMS.
Calcd for GgH35!1Bg'%B,Co™: vz 396.2996. Foundm/z 396.3008.

Preparation of 1,2-E%-4,5,7,8,9,10,11,12-Mgl,2-C,B1oH2 (9).

A diethyl ether solution (20 mL) ofl (0.51 g, 2.00 mmol) was
treated with"BuLi (2.50 mL, 1.6 M in hexane, 4.00 mmol) at
0 °C. The mixture was stirred at room temperature for 1 day, giving
a pale-yellow solution, to which was added EtBr (0.24 g, 2.20
mmol) at—78°C. The mixture was then stirred at room temperature
for 8 h. After quenching with a saturated NaHg&jueous solution,

the organic layer was separated, and the aqueous layer was extracted

with Et,O (20 mL x 3). The combined organic portions were dried
over anhydrous N&O,. After removal of NaSQ, and the solvent,

residue was subjected to column chromatographic separatiog (SiO the resultant solid was subjected to chromatographic separation
300-400 mesh, hexane/dichloromethane (8:1) as the eluant), (SiOz, 300-400 mesh) using hexane as the eluant to §ivas a

affording 7 as red crystals (0.16 g, 829%) NMR (CDCk): ¢
5.26 (brs, 1H"BuCsH,), 5.04 (brs, 1H"BuCsH,), 4.97 (brs,"™
BuGCsHy), 4.84 (brs, 1H'BUCsH,), 3.90 (s, 1H, cage i), 2.73 (s,
1H, cage Cl), 2.27 (m, 2H, G,CH,CH,CHg), 1.48 (m, 2H,
CH,CH,CH,CH), 1.33 (m, 2H, CHCH,CH,CHs), 0.93 (s, 3H,
BCHj3), 0.90 (t,J = 3.0 Hz, 3H, CHCH,CH,CH3), 0.31 (s, 3H,
BCHs), 0.15 (s, 6H, BEl3), 0.08 (s, 3H, BEl3), 0.00 (s, 3H, BEl3),
—0.40 (s, 3H, BCGl3), —0.61 (s, 3H, BE3). 3C{H} NMR
(CDCly): ¢ 110.0, 89.7, 88.5, 87.9, 87.7BUCsH.), 32.3, 27.0,
22.3,13.71Bu), 9.9 (br, BCH3), 2.5 (br, BCH3); the cage carbons
were not observed!B NMR (CDCly): ¢ 15.4 (1B,BCHs), 13.9

white powder (0.54 g, 87%)}H NMR (CDCL): ¢ 2.26 (q,J =
6.0 Hz, 4H, G1,CHj), 1.08 (t,J = 6.0 Hz, 6H, CHCHg), 0.07 (s,
3H, BCH3), 0.70 (br, 12H, BEl3), —0.06 (br, 6H, B&3), —0.42
(br, 6H, BCH3). 13C{1H} NMR (CDCl): 6 25.1 CH,CHj3), 13.0
(CH,CHg), —3.6 (br, BCH3). 1B NMR (CDCly): 6 5.1 (2B,BCHj),
—3.6 (2B,BCHj3), —6.6 (4B,BCH;3), —13.0 (2B,Js—n = 169 Hz,
BH). IR (KBr, cm™%): wvgy 2450 (m). HRMS. Calcd for
Ci14H36'1Bg!%B,™: m/z 312.3816. Foundnvz 312.3817.
Preparation of 4-Cp-1,9-Et-2,5,6,7,8,11,12,13-Mge4,1,9-
CoC,B1oMegH, (10). This complex was prepared as red crystals
from 9 (0.62 g, 2.00 mmol), sodium metal (0.10 g, 4.00 mmol),
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NaCp (0.53 g, 6.00 mmol), and CaoQGlL.04 g, 8.00 mmol) using
the same procedure as that describedforield: 0.14 g (16%).
IH NMR (CDCl): 6 4.83 (s, 5H, GHs), 2.56 (m, 1H, G,CHj),
2.30 (m, 1H, ®1,CHy), 2.00 (m, 1H, G1,CHy), 1.75 (M, 1H, E--
CHjs), 1.38 (t,J = 9.0 Hz, 3H, CHCH3), 0.91 (t,J = 9.0 Hz, 3H,
CH,CHg), 0.66 (s, 3H, BEl3), 0.61 (s, 3H, BEl3), 0.32 (s, 3H,
BCHj3), —0.01 (s, 3H, BE®i3), —0.07 (s, 3H, BE&3), —0.18 (s, 3H,
BCH3), —0.25 (s, 3H, BEl3), —0.30 (s, 3H, BEl). 13C{*H} NMR
(CHyCHg), 13.7 (CHCHg), 5.5 (br, BCH3), 1.2 (br, BCHg); the
cage carbons were not observéd® NMR (CDCl;): 6 30.5 (1B,
BCHs), 16.0 (1B,BCH;s), 13.4 (1B,BCHj3), 7.8 (2B,BCHs;, BH),
5.1 (1B,BCHg), 3.0 (2B,BCHj3), —0.6 (1B,Js—n = 145 Hz,BH),
—5.2 (1B, BCHg). IR (KBr, cmY): wgy 2446 (m), 2300 (m).
HRMS. Calcd for GoH411'Bg°B,Co™: mVz 436.3539. Foundm/z
436.3546.

X-ray Structure Determination . Data were collected at 293 K
on a Bruker SMART 1000 CCD diffractometer using MaxK

radiation. An empirical absorption correction was applied using the
SADABSprogram®? All structures were solved by direct methods

Deng et al.

Crystal data and details of data collection and structure refinements
are given in Tables 2 and 3. Selected bond distances and angles
are compiled in Table 1. It is noted that C8/B9 atoms of the cage
in 6 and C6/B7 atoms of the cage Bb are indistinguishable
because of the presence of a crystallographic mirror plane passing
through the Co4, C1, and B10 atoms (Figures 5 and 8). Therefore,
the independent carbon atoms6rand 8b are assigned the site
occupancy factor (SOF) of 0.917, which is calculated from the
equation (6+ 5)/(6 + 6), and the C19 atom iib is assigned the
SOF of 0.5. Further details are included in the Supporting
Information.
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and subsequent Fourier difference techniques and refined anisoin CIF format for complexe&—7, 8a, 8b, and10. This material is
tropically for all non-hydrogen atoms by full-matrix least-squares available free of charge via the Internet at http://pubs.acs.org.

calculations onF?2 using theSHELXTLprogram packag® All

hydrogen atoms were geometrically fixed using the riding model.
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