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The compounds [CECO)] andnido-7,8-GBgH13 react in CHCI; to give a complex mixture of products consisting
primarily of two isomers of the dicobalt species [IBO)(17°-7,8-GBgH11)2] (1), together with small amounts

of a mononuclear cobalt compound [Co(G@¥-10-CO-7,8-GBgH10)] (5) and a charge-compensated carborane
nido-9-CO-7,8-GBgH11 (6). In solution, isomerdaandlb slowly equilibrate. However, column chromatography
allows a clean separation & from the mixture, and a single-crystal X-ray diffraction study revealed that each
metal atom is ligated by a terminal CO molecule and in a pentahapto mannenidiy@,BgH11 cage framework.
The two Co(CO)(5-7,8-GBgH11) units are linked by a GeCo bond [2.503(2) A], which is supported by two
three-center two-electron-BH — Co bonds. The latter employ-BH vertices in each cage which lie a-sites

1
with respect to the carbons in the 8BB rings bonded to cobalt. Addition of PMeh to a CHCI, solution of
a mixture of the isomer4, enriched inlb, gave isomers of formulation [GECO)(PMePh)@;°-7,8-GBgH11)2]
(2). Crystals of one isomer were suitable for X-ray diffraction. The mole2albas a structure similar to that

of 1a but differs in that whereas one-B1 — Co bridge involves a boron atom in ansite of a C@BB ring
coordinated to cobalt, the other uses a boron atom irfftkige. Reaction betweetb and an excess of PMeh

in CH,Cl, gave the complex [CoCI(PMBh)(17°-7,8-GBgH11)] (3), the structure of which was established by
X-ray diffraction. Experiments indicated thatwas formed through a paramagnetic''Gpecies of formulation
[Co(PMe&Ph)(°-7,8-GBgH11)]. Addition of 2 molar equiv of CNBUto solutions of eitherla or 1b gave a
mixture of two isomers of the complex [IENBU)(17°-7,8-GBgH11)2] (4). NMR data for the new compounds
are reported and discussed.

Introduction some 80% of all known organometallic complexes of the
transition elements containing cyclopentadienyl ligahdsis

not surprising that the chemistry of the metallacyclopentadienyl
carbonyls is very extensive. In contrast, relatively little is known
about the reactivity patterns of their metallacarborane analogs.
This is partly due to a lack of suitable synthetic methods for
obtaining this class of compound. Hence the possibility of

We have recently shown that reactions under mild conditions
between [Ry(CO),] and the carboranesido-7,8-R-7,8-
C:BgH11 (R = H! or Mé?) or nido-7-NH,Bu'-7-CBygH;,® afford
mono- or triruthenacarborane carbonyl complexes in good yield.
We have extended this methodology for preparing metallacar-

b%rar;eg gyB":_\"es“%stt'Eg the :teagtlon %et;vgenzl(co_l)?] anqlt' obtaining metallacarboranes having carbonyl groups attached
nIdo-7,6-LpbeM13 WIth th€ resulls described herein. - Transition v, e metal vertices directly from reactions between metal

element complexes havmg metal centers ligated in a pemah?ptocarbonyls anchido-carboranes is attractive.
manner by GBg or CByg nido-icosahedral cage systems and in
which the metals are also coordinated exopolyhedrally by Results and Discussion
carbonyl ligands are important because of their formal relation- . .
ship with metallacyclopentadienyl carbonyl complexes. Thus _ "€ compounds [GCO)] and nido-7,8-GBgHy3 react in
the complex [Ru(CQYy5-7,8-GBgH11)]! is isolobal with the CI_-|2CI2 at room temperature or_below to afford a complicated
very extensively studied species [Mn(GO)-CsHs)]. With mixture of product_s. The major reaction products are two
isomers of formulation [C4CO)(#°-7,8-GBgH11)2] (1), which

*n the compounds described in this paper cobalt atomsaheC,Bo equili_brate slowl_y in solution. These species Were_characterized
cages forncloso1,2-dicarba-3-cobaltadodecaborane structures. Use of this by microanalysis and IR and NMR spectroscopies (Tables 1
numbering scheme leads to a complicated nomenclature for the metaland 2). One isomerl@) could be separated free of the other

complexes reported; hence as in earlier papers we treat the cagedss a ; _
11-vertex ligand with numbering as for an icosahedron from which the 12th by column chromatography, and crystals suitable for X-ray

vertex has been removed. This has the added convenience of relating thefjiffraCtion were obtained. The second isonidr was never
metallacarborane complexes to similar species wtCsHs ligands. isolated entirely free ola (Chart 1).
¢ Baylor University. The molecular structure ofa is shown in Figure 1, and

§ University of Bristol. | di | . d | listed in Tabl
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Table 1. Analytical and Physical Data

6

Hendershot et al.

anal®

compd color ma{CO) (cnT1)2 yield (%) C H
la  [Coy(COX(1°-7,8-GBgH11)7] a,a-isomer brown 2086 s, 2066 s 20 16.6 (16.4) 4.9(5.1)
1b  [Coy(COX(15-7,8-GBgH11)7] a,[-isomer brown 2088 s, 2070 s a0 16.7 (16.4) 4.6(5.1)
2a  [Coy(CO)(PMePh)(;5-7,8-GBgH11)7] o, S-isomer red-brown 2056 s, 2028 w* 59 27.7 (28.5) 6.0 (6.1)
3 [CoCl(PMePh)(15-7,8-GBgH11)] purple 63 43.0 (43.0) 6.7 (6.6)
4 [Cox(CNBW)(15-7,8-GBgH11)7] a,a- ando,B-isomers  brown 2190 br2180 br 64 30.8(30.6) 7.7(7.3)
5 [Co(COX(1°-10-CO-7,8-GBgH10)]9 light brown 2156 br, 2040 s, 1990 s 4
6 nido-9-CO-7,8-GBgH11 colorles$ 2152's 5 22.7(22.4) 6.4(6.9)

aMeasured in CECI, unless otherwise stated, all compounds show broad medium-intensity bands in their infrared spectra at ca. 255 cm
to B—H absorptions. Peak marked with an asterisk is due to a minor isér@altculated values are given in parenthe§égpproximate values,
because these two compounds always occur as a mixture, and because even repeated chromatography cannot remove traces of one from the other
Total yield of two isomers is ca. 30%umaNC), measured in petroleum ethéiield 52% when prepared frotb. FN 4.7 (5.1).9 Microanalysis
unavailable. Positive-ion El mass spectrumiz 275.08, [Co(COX#°-10-CO-7,8-GBoH10)]* (calcd 275.08); 247.09«(CO x 1); 219.09 (CO
x 2); 190.10 (CO x 3). " Solutions may be stained pale brown by trace impurities. of

Table 2. Hydrogen-1, Carbon-13, and Boron-11 NMR Data

compd H (0)° 18C (0)° 1B (o)
la —11.45(gbr, 2 H, B-H— Co,Jsn = 92), 196.0 (br, CO), 43.1 (vbr, CH) 15.4 (2 B,/Bd — Co,Jus = 92), 3.7 (2 B)—0.3
3.38,3.65 (s< 2, 4 H, CH) (2B), —3.8 (2 B),~7.3 (2 B),—11.7 (2 B),
—16.9 (2 B),—17.5 (2 B),—18.7 (2 B)
1b  —12.98(qbr, 1 H, B-H— Co, Jgy = 79), 195.8, 193.5 (br, CO), 58.3, 24.7 (1 B, B-H — Co,Jus = 79), 16.6 (1 B,
—11.39(q br, 1 H, B-H — Co, Jgn = 91), 55.3, 43.8, 37.5, (br, CH) B—H — Co,Jus = 91), 3.5 (1 B),~0.5 (1 B),
3.55, 3.62, 3.75, 3.96 (% 4, 4 H, CH) ~3.0(1B),~3.5(1B),~5.5(1B),~7.6 (1L B),
—9.4(2B),—11.5 (1 B),~11.9 (1 B),—13.7
(1B), —14.7 (1 B),—16.4 (1 B),—17.6 (1 B),
—18.5 (1 B),—26.2 (1 B)
28 —15.01(qbr,1H,BH—Co0,Jgn =79), 198.0 (br, CO), 131:3129.5 18.1(1B,B-H—Co,Jus=79),14.9 (1B,
—10.47 (q br, 1 H, B-H — Co0, Jgy = 85), (Ph), 54.0,54.2,48.9,34.5 B—H— Co,Jus = 85), 14.3* (1 B, B-H — Co),
1.62, 1.76 (dx 2, 6 H, PMeJp = 10, 10), (CH), 17.4, 12.0 (ck 2, 10.6* (1 B, B-H — Co,Jus = 82), 0.0 (1 B),
2.25,2.33,3.57,3.88 (8 4, 4 H, CH), PMe,Jpc = 24, 26) —0.1(1B),—2.6 (2B),—4.5(2B),—7.2 (1 B),
7.44-7.78 (m, 5 H, Ph) -9.3(1B),—11.1 (1 B),~13.3 (2 B),~15.9
(1B),—19.5 (3 B),—26.2 (1 B)
3 152 (AXX', 6 H, PMe,N = 59), 1.91 138.8-128.9 (Ph), 53.1 (CH), 5.1 (1 B),—5.3 (3 B),—5.7 (2B),—8.3 (1 B),

(AXX', 6 H, PMe,N = 69), 3.49 (s, 2 H, CH),
7.39-7.76 (m, 10 H, Ph)

—13.72* (q br, 1 H, B—H — Co, Jsy = 79),
—11.54 (q br, 2 H, B-H — Co0, Jeys = 89),
1.48* (s, 9 H, Me), 1.54 (s, 18 H, Me), 1.57*
(s, 9 H, Me), 2.80 (s, 2 H, CH), 3.08* (s, 1 H,

CH), 3.31 (s, 2 H, CH), 3.49* (s br, 2 H, CH),

3.66* (s, 1 H, CH)
3.43 (s, 2 H, CH)

~2.74 (br, 1 H, B-H-B), 2.81, 3.12
(sx 2,2 H, CH)

17.2 (AXX', PMe,N = 389),
17.1 (AXX', PMe,N = 349)
144,17 142.9 (br,
CNCMe3), 59.0, 58.9,*
58.8* (CNCMeg3), 55.3,*
50.4,* 46.7, 40.8,* 36.1,
35.4* (CH), 30.4,* 30.3,*
30.2 (CNQVie)
197.0 (br, CO), 172.0 (q br,
BCO, Jsc = 85), 44.0 (CH)
171.7 (q br, BCOJsc = 84),
57.5 (q br, CHJgc = 43),
46.6 (q br, CHJsc = 32)

-16.5(2B)

19.0* (1 B, B-H — Co, Jus = 79), 13.0* (1 B,
B—H — Co,Jus = 89), 12.3 (2 B, B-H — Co,
Jve = 89),—2.2 (2 B),—4.1 (2 B),—6.8 (2 B),
—9.4 (2 B),~12.3 (2 B),—13.7* (1 B), —14.6*
(1B), —15.4* (1 B),—19.5 (2 B),—20.4 (2 B),
—22.2 (2 B),—27.5* (1 B)

—4.1(1B),—11.1 (2B),—15.7 (2B),—17.1 (1 B),
—18.6 (2 B),—23.9 (1 B, BCO)

—0.1(2B),—14.2 (1 B),—17.3 (1 B),—18.4 (1 B),
—19.5 (1 B),—24.1 (1 B,B—H—B, Jus = 40, 147),
—30.5 (1 B, BCO),~31.5 (1 B)

aChemical shifts in ppm, coupling constants in hertz, measurements i@IC& room temperature. Peaks marked with an asterisk are due to
a minor isomer (see text).Resonances for terminal BH protons occur as broad unresolved signals in thedraage-2 to 3.°¢Hydrogen-1
decoupled, chemical shifts are positive to high frequency of SiMidydrogen-1 decoupled, chemical shifts are positive to high frequency of
BFs-EtO (external). B-H — Co, BCO, andB—H—B assignments are made from fully coupléB spectra. Many peaks due to minor isomers
may be masked by peaks due to the major counterpart; only distinct peaks due to minor isomers afé'®pted. NMR: 6 4.1 (br), with a weak
resonance at 7.4 attributed to an isomer, see teX¥P{*H} NMR: ¢ 5.2 (br).9 Insufficient resolution prevents full analysis of coupling constants;
N = |Jax + Jax’|. " A second similar resonance should be observed for the minor isomer, but is presumably hidden by peak due to corresponding

nucleus in the major isomer.

bonds involve boron atoms, B(13) and B(23), respectively. The agostic BBH — Co linkages inla are very common
These atoms lie in the-sites with respect to the carbons in the structural features for dimetal complexes in which a metal atom

M in an icosahedratlose3,1,2-MGBg framework forms an
exopolyhedral bond to another metal cerite€lear evidence

for the presence of the hydrogen atoms H(13) and H(23jrin
came from the NMR spectra, discussed later, but these atoms
were located and refined in the analysis of the diffraction data.

pentagonal CBBB faces of thenido-C,Bg fragments ligating
the cobalt atoms. We therefore designtdeas theo,a-isomer.
Each cobalt atom ia carries a CO group, which is terminally
bound (Ce-C—0O average angle= 177.8). Thus the dimetal
species is electronically saturated since it has 34 valence
electrons with each B¢H;1; cage formally contributing six
electrons to the system and the carbonyl ligands four electrons.
The Co-Co separation [2.503(2) A] is similar to those found
in many polynuclear cobalt comple»esnd may be compared
with the Co-Co bond distances in the two isomers of }Go
CO)Y u-B1gHg(SEb)2} (CO)] [average 2.489(2) A] and in
[WCo(uz-CPh)(CO)(#°-7,8-Mex-7,8-GBgHg)] [2.502(3) A]7

(5) Raithby, P. R. InTransition Metal ClustersJohnson, B. F. G., Ed.;
Wiley: Chichester, 1980; Chapter 2.

(6) Schubert, D. M.; Knobler, C. B.; Wegner P. A.; Hawthorne, MJF.
Am. Chem. Sod 988 110, 5219.

(7) Baumann, F.-E.; Howard, J. A. K.; Musgrove, R. J.; Sherwood, P.;
Stone, F. G. AJ. Chem. Soc., Dalton Tran$988 1891.

(8) (a) Stone, F. G. AAdv. Organomet. Cheml99Q 31, 53. (b) Brew,
S. A,; Stone, F. G. AAdv. Organomet. Chem1993 35, 135. (c)
Jelliss, P. A.; Stone, F. G. Al. Organomet. Cherml.995 500, 307.
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observed inla. The disposition of the carbon atoms in both
the cages ofla is anti to the carbonyl groups. While it is
ostensibly possible to generate isomers by disposing these
carbon atomsynto the carbonyl ligands in one or both cages,
there is no structural precedent for this in our work or in similar
dimeric metallacarborane structures whege-Bl — M contacts
are formed®

Successive chromatographic procedures yielded solutions of
sufficiently purela and 1b to be able to record accurate IR
and NMR measurements for both complexes, and the data are
listed in Tables 1 and 2, respectively. The IR spectruriaf
shows two strongrma{CO) peaks at 2086 and 2066 tinThe
HB{H} NMR spectrum revealed a pattern of nine singlet
Figure 1. Molecular structure of ther,avisomer [Co(CO(;-7.8- signals (each integrating to two boron nuclei) consistent with

C:BgH11)2] (18) showing the crystallographic atom-labeling scheme. two identical cages |_n a molecule with aX@? momcu'm
Thermal ellipsoids are shown at the 40% probability level. Only the Symmetry, as found in the X-ray structure, with tlg axis

agostic hydrogen atoms are shown for clarity. lying perpendicular to the CeCo bond. One of the signals (
15.4) becomes a doublet in the fully coupled spectrum, with a
Chart 1 diminishedJys coupling of 92 Hz, indicative of an agostic-B1

— Co system. Though this coupling lies at the high end of the
range expected for BH — M groups8® the presence of the

L equivalent B-H — Co hydrogen atoms was confirmed by the
above-discussed X-ray results and also by the NMR
spectrum, with the appearance of a broad quartét-ai1.45
(Jgn = 92 Hz). The latter spectrum also showed two cage CH

_—
e
&),

‘0///

%\\;\ ,,/"1?/ resonances at 3.38 and 3.65, in accordance with the structure
@AY and symmetry of the molecule. TH&{'H} NMR spectrum

revealed, as expected, one resonance due to the CO nuélei at
L v L L 196.0, but only one broad peak due to the CH carbon nuglei (

ta co  ©o ;: gg Sge on 43.1), which must be due to partial overlap of two signals.
i: gﬁB . zx;ffh % PMePh CO ) The IR spectrum of completb was almost identical with
U

4 CNBu'  CNBU that of 1a, with strongvma{CO) absorptions at 2088 and 2070
cml. The complete lack of molecular symmetry manifests

N itself in the 1B{*H} NMR spectrum as a collection of 17
T O=—=0 . . . .
¢/ Y.y VI distinguishable signals (one peak being due to fortuitous overlap
M__,.QM of two resonances). Two of these signals24.7 and 16.6)
“‘i“[i/ were, as determined by deduction from the fully coupled

spectrum, due to inequivalent-B41 — Co boron nuclei, with

Cl Jus coupling constants of 79 and 91 Hz, respectively. Cor-

PhMe,P respondingly, in théH NMR spectrum, two broad quartets were
3 observed at —12.98 (g = 79 Hz) and—11.39 (sy = 91

Hz). As expected, all four CH nuclei gave rise to separate

resonancesy(3.55, 3.62, 3.75, and 3.96) and this was also the

/"\ AN
‘('7.’7"_?.67’ & = B case in the'3C{'H} NMR spectrum ¢ 58.3, 55.3, 43.8, and
l@%@é . M’XQX‘X{ 37.5). In this latter spectrum, two resonances are seen for the
NJZ o SN A inequivalent CO ligands at 195.8 and 193.5. There is little
(co) H doubt from these spectroscopic data thlats theo,S-isomer,
& % 6 where one of the cages involves @g-81 — Co linkage and
where the cage carbon atoms in tieesystem almost certainly
5 lie anti to the carbonyl groups.

® cH OB 8 It should be noted that, even allowing for some flexibility of

) . the molecules in solution in the form of a partial rotation or
As expected, the atoms B(13) and B(23) unsymmetrically bridge “wiggling” about the Ce-Co bond, the overall molecular

the Co-Co bo.nd [Co(1)B(13)= 2.049(7) A and Co(t}B(23) symmetry and, therefore, the number of signals expected in the
= 2.138(8) A; Co(2)-B(13) = 2.134(8) A and Co(2)B(23) NMR spectra oflaand1b remains the same. Complete rotation
= 2.056(7) A]. The cobalt atoms, the midpoints of the cage oyt the Co-Co bond could only be facilitated by breaking

C—C connectivities, and CO ligands do not all lie in a plane, the B=H — Co contacts. and this was indeed observed to be
but adopt a more twisted configuration, as revealed by the-C(1) happening, but at a very slow rate. If a solution of paee

Co(1)-Co(2)-C(2) dihedral angle of 56°1 This is reminiscent  \yas |eft to stir in CHCI, at room temperature, then the
of the crystal structure of the complex PCO)(17>-2,7-Mey- formation of1b was monitored over a period of 2418 h, until
2,7-GBoHg)],° which contains two Ni(CO)®>-2,7-Me2,7- an equilibrium ratio of 5:2 Ya1b) was achieved. Solutions
C2BgHo) units linked by a long Nk-Ni connectivity and two
agostic B-H — Ni groups in a very similar manner to that

(10) (a) Baker, R. T.; King, R. E.; Knobler, C. B.; O'Con, C. A.; Hawthorne,
M. F.J. Am. Chem. Sod978 100, 8266. (b) Behnken, P. E.; Marder,
(9) Carr, C.; Mullica, D. F.; Sappenfield, E. L.; Stone, F. G.|Aorg. T. B.; Baker, R. T.; Knobler, C. B.; Thomson, M. R.; Hawthorne, M.
Chem 1994 33, 1666. F.J. Am. Chem. Sod.985 107, 932.
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Table 3. Selected Internuclear Distances (A) and Angles (deg) fop(0D)(175-7,8-G:BoH11)2] o,0-Isomer (L&) with Estimated Standard
Deviations in Parentheses

Co(1)-C(1) 1.784(7) Co(1)C(12) 2.031(6) Co(BB(13) 2.049(7) Co(1yC(11) 2.090(6)
Co(1)-B(14) 2.109(7) Co(1yB(15) 2.112(7) Co(1yB(23) 2.138(8) Co(1yCo(2) 2.503(2)
Co(2)-C(2) 1.779(7) Co(2yC(22) 2.053(6) Co(2)B(23) 2.056(7) Co(2)C(21) 2.082(7)
Co(2)-B(25) 2.097(7) Co(2¥B(24) 2.101(7) Co(2yB(13) 2.134(8) C(1y0(1) 1.137(8)
C(2)-0(2) 1.124(9) Co(1H(23) 1.66(6) Co(2yH(13) 1.58(8) B(13)H(13) 0.88(8)
B(23)-H(23) 1.04(6)
C(1)-Co(1)-C(12) 163.5(3) C(1yCo(1)-B(13) 138.5(3) C(12)Co(1)-B(13) 49.4(3)
C(1)-Co(1)-C(11) 117.4(3) C(12)Co(1)-C(11) 46.1(3) B(13)Co(1)-C(11) 83.8(3)
C(1)-Co(1)-B(14) 93.4(3) C(12)Co(1)-B(14) 84.4(3) B(13)-Co(1)-B(14) 51.6(3)
C(11)-Co(1)-B(14) 83.3(3) C(1)}Co(1)-B(15) 84.0(3) C(12)Co(1)-B(15) 82.0(3)
B(13)—Co(1)-B(15) 87.4(3) C(11) Co(1)-B(15) 47.2(3) B(14) Co(1)-B(15) 50.6(3)
C(1)-Co(1)-B(23) 93.6(3) C(12) Co(1)-B(23) 99.4(3) B(13)Co(1)-B(23) 98.1(3)
C(11)-Co(1)-B(23) 130.4(3) B(14) Co(1)-B(23) 135.4(3) B(15) Co(1)-B(23) 173.9(3)
C(1)-Co(1)-Co(2) 106.7(2) C(12)Co(1)-Co(2) 89.3(2) B(13) Co(1)-Co(2) 54.8(2)
C(11)-Co(1)-Co(2) 134.6(2) B(14}Co(1)-Co(2) 84.0(2) B(15)Co(1)-Co(2) 134.2(2)
B(23)-Co(1)-Co(2) 51.9(2) C(2)Co(2)-C(22) 163.4(3) C(2)Co(2)-B(23) 139.5(4)
C(22)-Co(2)-B(23) 49.9(3) C(2)-Co(2)-C(21) 117.8(3) C(22)Co(2)-C(21) 45.7(3)
B(23)-Co(2)-C(21) 83.4(3) C(2)Co(2)-B(25) 84.4(3) C(22) Co(2)-B(25) 82.5(3)
B(23)-Co(2)-B(25) 87.6(3) C(21) Co(2)-B(25) 47.5(3) C(2)-Co(2)-B(24) 94.4(3)
C(22)-Co(2)-B(24) 85.3(3) B(23)-Co(2)-B(24) 51.5(3) C(213 Co(2)-B(24) 83.8(3)
B(25)—Co(2)-B(24) 51.1(3) C(2)Co(2)-B(13) 93.1(3) C(22) Co(2)-B(13) 98.8(3)
B(23)-Co(2)-B(13) 98.1(3) C(21)-Co(2)-B(13) 130.0(3) B(25) Co(2)-B(13) 173.7(3)
B(24)-Co(2)-B(13) 135.0(3) C(2)Co(2)-Co(1) 107.1(3) C(22)Co(2)-Co(1) 89.4(2)
B(23)-Co(2)-Co(1) 54.9(2) C(21Co(2)-Co(1) 134.1(2) B(25) Co(2)-Co(1) 134.6(2)
B(24)—Co(2)-Co(1) 83.8(2) B(13)Co(2)-Co(1) 51.7(2) O(1) C(1)-Co(1) 177.2(7)
0(2)-C(2)-Co(2) 178.4(8)

containing an initially high proportion atb took slightly less
time to equilibrate €12 h). There are in theory a maximum
of six isomers ofl which could form!% but no others, in
particular g3,5-isomer, were observed, either after the workup
of the original preparation or after the solutions were stirred at
room temperature and above.

Such interconversion betweeR BH — M and Bs—H — M
systems has been observed in spectroscopic studies on solutions
of the complex [WIr{-CCsHsMe-4)(COL(PPh)(17°-7,8-Mex-
7,8-GBgHg)].11 In this case an equilibrium exists between three
isomers, one where tltoso3,1,2-WGBg core utilizes a boron

atom in theo.-site in the C®BB coordinating face of the cage
to form a B-H — Ir bond, a second isomer using a boron in
the -position, and a third isomer where no-Bl — Ir group Figure 2. Molecular structure of the,,8-isomer [Ca(CO)(PMePh)-
is present. The intermediacy of the latter is believed to provide (7>7,8-GBeH11)2] (28) showing the crystallographic atom-labeling
the route between the other two, since in this isomersthe scheme. Thermal ellipsoids are shown at the 40% probability level.
7,8-Me-7,8-G:BgHs cage can rotate to allow either, BH or Only the agostic hydrogen atoms are shown for clarity.
Bs—H bonds to come into position for bonding to iridium. It is
this kind of interconversion that, as will be discussed later, can
have a significant influence on the reactivity pattern of the
compoundsl.

As mentioned abovelb was not obtained entirely free of
1a, and thus crystals for an X-ray diffraction study were no

thus forming a B—H — Co bond, while the other bridge
employs the boron atom B(24), hence forming a8 — Co
bond. This mode of unsymmetrical exopolyhedrallB vertex
bridge-bonding by tway>-7,8-GBgHi1 groups across a metal

t metal bond has been previously seen in the dirhodium complex
obtained. However, treatment of mixtures enrichedbrwith [Rha(PPh)2(17°7,8-CoBoH11)2]. 1° In both the latter rhodium

1 equiv of PMePh gave isomers of formulation [€0)(PMe- complex and in2a the carbon atoms in the-cage systems
Ph)(7°-7,8-G:BoH11)z] (2). Crystals of the major isomeg4) occupy the usual positiorenti to the carbonyl and phosphine
suitable for X-ray analysis were obtained after careful chroma- 9roUPs, respectively. The €&o bond in2a[2.5480(9) Alis

tography and recrystallization, thus allowing establishment of Slightly longer than that iria but within the customary range
its molecular structure. of such distances.Several complexes with CGePMePh groups

The molecular structure is shown in Figure 2, and selected have been studied by X-ray crystallography, and the Bbond
bond distances and angles are listed in Table 4. Apart from distances are in the range 2.174242 A2 The Co-P bond
the replacement of a CO ligand by a P& molecule, the  ©f 2.269(1) A in2ais somewhat longer.
structure of2a is similar to that ofla. It differs, however, in

the disposition of the two BH — Co groups. Whereas iba (12) (a) Werner, H.; Xiaolan, L.; Nauberg, O.Organometallicsl992 %

; ; i ; 432. (b) Moldes, I.; Ros, J. R.; Mathieu, R.; Solans, X.; Font-Bardi
bﬂlgrou'os involve boron atoms in thesites in the two M. J. Organomet. Chen1992 423 65. (¢) Zhou, Z.; Jablonski, C:;
CCBBB rings, in2aone linkage involves the boron atom B(13), Brisdon, J.Organometallics1994 13, 781. (d) Braunstein, P.; Rase

J.; Toussaint, D.; #skeldanen, S; Ahlgren, M.; Pakkanen, T. A.;

Pursiainen, J.; Toupet, L.; Grandjean, Organometallics1994 13,

(11) Jeffery, J. C.; Ruiz, M. A.; Sherwood, P.; Stone, F. GJAChem. 2472. (e) Caffyn, A. J. M.; Martin, A.; Mays, M. J.; Raithby, P. R,;
Soc., Dalton Trans1989 1845. Solan, G. A.J. Chem. Soc., Dalton Tran£994 609.
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Table 4. Selected Internuclear Distances (A) and Angles (deg) fop(00)(PMePh)(;5-7,8-GBgH11):] a.,B-Isomer @a) with Estimated
Standard Deviations in Parentheses

Co(1)-C(1) 1.783(5) Co(1yC(12) 2.020(4) Co(1yB(13) 2.046(5) Co(:yC(11) 2.102(4)
Co(1)-B(15) 2.121(5) Co(1yB(14) 2.126(5) Co(%)yB(24) 2.161(5) Co(1yCo(2) 2.5480(9)
Co(2)-B(24) 2.075(5) Co(2yC(21) 2.075(4) Co(2yB(23) 2.101(5) Co(2yB(25) 2.102(5)
Co(2)-C(22) 2.105(4) Co(2)yB(13) 2.159(5) Co(2yP(2) 2.2691(14) C(Ho(1) 1.132(5)
P(1)y-C(31) 1.809(5) P(HC(41) 1.821(5) P(1yC(51) 1.826(4) C(51)yC(56) 1.380(6)
C(51)-C(52) 1.407(6) C(52)C(53) 1.383(7) C(53)C(54) 1.387(8) C(54)yC(55) 1.375(8)
C(55)-C(56) 1.378(7) Co(yH(2) 1.59(4) Co(2yH(1) 1.58(4) B(13)H(1) 1.23(4)
B(24)—H(2) 1.24(4)

C(1)-Co(1)-C(12) 164.4(2) C(1yCo(1)-B(13) 139.4(2) C(13Co(1)-C(11) 118.7(2)
C(1)-Co(1)-B(15) 86.7(2) C(1¥Co(1)-B(14) 96.0(2) C(1¥Co(1)-B(24) 97.1(2)
C(1)-Co(1)-Co(2) 106.3(2) C(12)Co(1)-Co(2) 89.26(12) B(13)Co(1)-Co(2) 54.75(14)
C(11)-Co(1)-Co(2) 134.43(13) B(15YCo(1)-Co(2) 135.52(14) B(14YCo(1)-Co(2) 84.58(14)
B(24)—Co(1)-Co(2) 51.48(13) B(24)Co(2)-C(21) 82.9(2) B(24) Co(2)-P(1) 148.24(14)
C(21)-Co(2)-P(1) 89.10(13) B(23}Co(2)-P(1) 156.79(14) B(25YCo(2)-P(1) 101.45(14)
C(22)-Co(2)-P(1) 112.38(12) B(13)Co(2)-P(1) 96.33(14) B(24)Co(2)-Co(1) 54.59(13)
C(21)-Co(2)-Co(1) 130.00(12) B(23)YCo(2)-Co(1) 89.51(14) B(25YCo(2)-Co(1) 82.75(13)
C(22)-Co(2)-Co(1) 134.51(12) B(13)Co(2)-Co(1) 50.70(13) P(BCo(2)-Co(1) 112.62(4)
C(12)-B(13)—-Co(1) 63.8(2) B(18)-B(13)-Co(1) 120.0(3) B(17B(13)-Co(1) 117.1(3)
B(14)-B(13)-Co(1) 66.8(2) C(12)B(13)-Co(2) 111.2(3) B(18)B(13)-Co(2) 145.6(3)
B(17)-B(13)-Co(2) 145.1(3) B(14¥B(13)-Co(2) 105.8(3) Co(BB(13)-Co(2) 74.5(2)
B(29)-B(24)—Co(2) 118.7(3) B(28)B(24)—Co(2) 118.3(3) B(25)B(24)—Co(2) 65.1(2)
B(23)-B(24)-Co(2) 65.0(2) B(29)-B(24)—Co(1) 140.9(3) B(28YB(24)-Co(1) 150.1(3)
B(25)—B(24)—Co(1) 101.8(3) B(23)B(24)—Co(1) 111.4(3) Co(2)B(24)—Co(1) 73.9(2)
O(1)-C(1)-Co(1) 177.9(4) C(3BP(1)-Co(2) 114.8(2) C(4BP(1)-Co(2) 120.0(2)
C(51)-P(1)-Co(2) 111.90(14)

The IR and NMR spectroscopic data f@rmay now be it would make no difference to which Co atom the PMk

addressed. The IR spectrum revealed, as expected, one CQigand is attached. In both of these we suggest that the carbon
absorption at 2056 cm for 2a, with a small but discernible  atoms in thea-cage ligands lieanti to the carbonyl and
peak at 2028 cm arising from a minor isomer. ThEB{!H} phosphine ligands, as has been consistently observi) #a,
NMR spectrum (Table 2) showed the expected number of peaksand previous structural studi&®. Unfortunately we can only
for the major produc®a, with resonances of note in the fully — speculate, as the NMR spectra &is and 2c would likely be
coupled spectrum at 18.1 and 14.9J4s = 79 and 85 Hz, very similar due to both complexes lacking in any kind of
respectively), due to the inequivalentBi — Co boron nuclei. symmetry, and our studies have not allowed us to discriminate
In addition, two weak signals arising from the minor isomer between the two. Of course, in the reaction of BRte with
were seen at 14.3 and 10.6 with only the higher field resonance 1@ where numerous products are formed, Kgittand2c could
showing a discernibléyg coupling (82 Hz). Peaks due to the be present, and we cannot rule out the formation of species
minor isomer, apart from in th&P{1H} NMR spectrum, were ~ Where theo-system cage carbon atoms ageto the carbonyl
not observed elsewhere because of its low concentration. Thisahd phosphine ligands.
latter spectrum was simple, displaying one large singleRéor Unlike the compound4 NMR spectroscopic studies @a
at 0 4.1, with a much weaker resonanceyat.4 for the minor showed no tendency for it to equilibrate with its minor isomer(s)
isomer. ThetH NMR spectrum shows two resonances due to in solution, and indeed, traces of the minor isomer detected in
the B—-H — Co protons at —15.01 and—10.47 withJgy = the original preparation could be completely removed. There-
79 and 85 Hz, respectively. There were two doublet resonancesfore Bus—H — Co interconversion does not appear to be a
for the diastereotopic PMe groups {.62 and 1.76, both with significant process with the monosubstituted phosphine com-
Jen = 10 Hz) and four peaks for the CH protonsZ.25, 2.33,  Plexes2.
3.57, and 3.88), in accordance with the lack of molecular In an attempt to substitute the remaining CO ligand®2&
symmetry. Thel3C{H} NMR spectrum revealed a single reaction oflb with PMePh was repeated employing 2 equiv
resonance due to the CO group 198.0), and the remaining  Of the phosphine in CkCl,. However, only2awas recovered
signals are in agreement with the established structure. from this reaction in any quantity, and no disubstituted product

Although the experimental procedure for the synthesigaof ~ could be isolated. When the reaction was repeated ipQGH
from 1b produced small amounts<(L0%) of a minor isomer, with a55-fo|d excess of PMEH, then the CO”.“F"eX [Co_CI(PMe
2awas clearly the major product. The proportion of the minor Ph)(y _'7’8'C2|_39H11)] (3) was formed. While there is a fairly
isomer was somewhat variable and depended on the chromato-ex;[ens've famlly, of compouncés known ?f t”he rtzpe [@C5R5)'.
graphic procedure. Curiously, if the synthesis was attempted (’7, '7;,8f:ZBgHgR 2)] and [Cog>-CoBsHoR'R")o] (R: H, Me;

. ; : . . R, R" = H, alkyl, aryl, halide, 2e donor ligandsn =0, 1)13
using purela, an intractable mixture a2a, the minor isomer, - -

.. very few mononuclear cobaltacarborane species containing other
and other compounds was produced. The nature of this minor. L :
. ) . . o inorganic ligands coordinated to the cobalt have been reported.
isomer is uncertain, and we rule out multiple substitution by

PMePh to give a complex with no CO ligands, as will be For this reason and because the presence of the chloride ligand

. . . . ; was not ascertained from the original NMR measurements,
discussed momentarily, particularly as this species appears to,

. - single crystals of compoun8 were obtained and subjected to
d'Spl?’B’l? co ban?té2028lcrﬁ) mh_thhe IR slpec_tlgtllm. ;Lwob . X-ray analysis. The molecular structure is shown in Figure 3,
possibiities present themselves, which are plausible on the basiS, , ‘se|ected bond distances and angles are listed in Table 5.
of the work discussed so far. The first is agg-isomer @b)
with the same C"’?geBH — Co configuration as i2a, but Wlth (13) Grimes, R. IlComprehensie Organometallic Chemistry;lAbel, E.
the PMePh carried by the other Co atom. The second is an W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press: Oxford,
o,o-isomer @c), similar tolain its cage arrangements, where U.K., 1995; Vol. 1 (Housecroft, C. E., Ed.), Chapter 9.
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Table 5. Selected Internuclear Distances (A) and Angles (deg) for [CoCl¢gPRIg#5-7,8-GBgH11)] (3) with Estimated Standard Deviations
in Parentheses

Co-C(1) 2.077(5) Co-C(2) 2.092(5) Co-B(3) 2.157(6) Co-B(4) 2.192(5)
Co-B(5) 2.136(6) Co-CI(1) 2.202(1) Co-P(1) 2.271(2) Co-P(2) 2.262(2)
P(1)-C(11) 1.820(5) P(1)-C(12) 1.817(5) P(1)-C(13) 1.821(5) P(2)-C(21) 1.818(5)
P(2)-C(22) 1.820(5) P(2)-C(23) 1.824(5)
C(1)-Co-C(2) 45.5(2) C(1)-Co-B(3) 80.4(2) C(2)-Co-B(3) 46.2(2)
C(1)-Co-B(4) 81.9(2) C(2)-Co-B(4) 81.2(2) B(3)-Co-B(4) 49.9(2)
C(1)-Co-B(5) 47.7(2) C(2)-Co-B(5) 80.5(2) B(3)-Co-B(5) 83.8(2)
B(4)-Co-B(5) 49.0(2) C(1)-Co-CI(1) 95.4(1) C(2)-Co-CI(1) 86.9(1)
B(3)-Co-CI(1) 115.9(2) B(4)-Co-CI(1) 165.7(2) B(5)-Co-CI(1) 136.7(2)
C(1)-Co-P(1) 99.7(2) C(2)-Co-P(1) 143.6(1) B(3)-Co-P(1) 157.9(2)
B(4)-Co-P(1) 108.1(2) B(5)-Co-P(1) 80.3(2) CI(1)-Co-P(1) 86.2(1)
C(1)-Co-P(2) 160.7(1) C(2)-Co-P(2) 115.7(1) B(3)-Co-P(2) 81.5(2)
B(4)-Co-P(2) 91.3(2) B(5)-Co-P(2) 136.1(2) CI(1)-Co-P(2) 86.6(1)
P(1)-Co-P(2) 99.5(1) Co-P(1)-C(11) 120.3(2) Co-P(1)-C(12) 116.0(2)
C(11)-P(1)-C(12) 101.0(2) Co-P(1)-C(13) 111.5(2) C(11)-P(1)-C(13) 99.8(2)
C(12)-P(1)-C(13) 106.2(2) Co-P(2)-C(21) 112.9(2) Co-P(2)-C(22) 119.1(2)
C(21)-P(2)-C(22) 101.7(3) Co-P(2)-C(23) 117.5(2) C(21)-P(2)-C(23) 101.8(2)
C(22)-P(2)-C(23) 101.2(2)
Scheme 1
1b 3
PMePh CHf:ooCr e CH,Cl or CCly

Figure 3. Molecular structure of [CoCI(PM@h)(#°-7,8-GBgH11)]
(3) showing the crystallographic atom-labeling scheme. Thermal

ellipsoids are shown at the 40% probability level. Hydrogen atoms are produces an equilibrium mixture (Scheme 1) of a 34e
omitted for clarity.

diamagnetic CpspeciesA and a mononuclear 17€Cd' moiety
— B. The latter then readily abstracts a chlorine atom from the
The cobalt is ligated in an® fashion by the CBBB face of ~ solvent to give the produ@. If the reaction of PMgPh with
the cage [Ce-C(1) = 2.077(5) A, Ce-C(2) = 2.092(5) A, Ce- 1bis repeated in THF, an extremely air-sensitive yellow-brown
B(3)=2.157(6) A, Co-B(4) = 2.192(5) A, Ce-B(5) = 2.136- solution is produced. AP{'H} NMR spectrum in THFds of
(6) A]. The Co-P bond lengths ir8 (average 2.267 A) are  the oily product from this reaction shows a very broad resonance

A B

similar to the Ce-P distance observed in compléa [2.269- atd ca. —37 (v, = 1953 Hz) with a weaker less broad peak
(1) A] and are again perceptibly longer than those in the other at 6 ca. 35 ¢12 = 641 Hz) in 4:1 ratio, respectively. We
cobalt complexes containing Phh ligands? The Co-Cl tentatively attribute the smaller signal to diamagnetic complex

bond [2.292(1) A] is only slightly longer than the mean-€o A and the larger to paramagnetic spedesFurthermore, the
Cl distance of 2.260 A quoted for a range of six-coordinate 'B{*H} NMR spectrum is dominated by very broad peaks due
Co" complexeg? to complexB over a wide chemical shift rangé 1.2,—82.9,
The NMR spectroscopic data fBrare as expected and reflect —86.1, and—134.5), consistent with previously report&tB
the presence in the molecule of a mirror plane that includes the NMR spectra of paramagnetic cobaltacarborane compféxes.
cobalt and chlorine atoms and the midpoint of the-@ Smaller, sharper peaks also appear in t#B{'H} NMR
connectivity in the cage, with the PMRh ligands sitting  spectrum of the mixture at —7.8,—11.9,—12.9, and—20.1,
symmetrically on either side of this plane. Thus #g{H} which would be due to compleX. Because of the prevalence
NMR spectrum shows just one signalseb.2 for the equivalent  in the NMR spectra of peaks due to speck®sthe room
phosphorus nuclei, and théd NMR spectrum reveals one temperature equilibrium in THF (Scheme 1) clearly lies well
resonance for the cage CH protons &at3.49. The latter to the right. Variable temperatuféP{*H} NMR spectra of the
spectrum shows two virtual triplet signals for the PMe groups A—B mixture in THFdg were therefore measured down-t80
(6 1.52 and 1.91), as expected Gg molecular symmetry in °C. The spectrum at this temperature showed no resonance due

solution. to specieB, but a much stronger sharper peak was observed at
Of interest in the formation o8 is the origin of the chloride 0 35.3 (12 = 147 Hz) attributable to compleX. This result

ligand. It is almost certainly derived from the @El, solvent implies a reversal in the equilibrium position shown in Scheme

used, and examples where metallacarborane complexes have

abstracted chlorine atoms from @El, are documentetf:16We (15) Baker, R. T.; Delaney, M. S.; King, R. E.; Knobler, C. B.; Long, J.

believe that compountlb and an excess of PMh in solution A.; Marder, T. B, Paxson, T. E.; Teller, R. G.; Hawthorne, M.JF.

Am. Chem. Socl984 106, 2965.

(16) Jeffery, J. C.; Stone, F. G. A.; Topalogl. Polyhedron1993 12,
(14) Orpen, A. G.; Brammer, L.; Allen, F. H.; Kennard, O.; Watson, D. 319.

G.; Taylor, R.J. Chem. Soc., Dalton Tran$989 S1. (17) Wiersema, R. J.; Hawthorne, M. ..Am. Chem. S0d974 96, 761.
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Table 6. Crystallographic Data
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la 2a 3

formula GH2:B1sC 0,0, C13H33B1sC0,0OP GigH33BoCICoP
M, 438.68 548.80 503.1
T(K) 173 173 292
cryst syst monoclinic triclinic monoclinic
space group P2:/c P1 P2:/c
a(A) 15.842(7) 10.364(3) 11.8998(13)
b (A) 9.597(4) 12.073(3) 12.973(2)
c(A) 12.946(4) 12.251(3) 16.470(3)
o (deg) 103.901(12)
B (deg) 91.35(3) 111.342(12) 98.468(14)
y (deg) 104.563(11)
V (A3) 1967.7(13) 1284.9(6) 2514.9(7)
z 4 2 4
dearca (g CNT3) 1.481 1.418 1.329
#(Mo Ka) (mm?) 1.685 1.362 0.919
F(000) (e) 872 556 1040
cryst dimens (mm) 0.6& 0.20x 0.05 0.10x 0.10x 0.05 0.31x 0.16x 0.16
crystal color, shape brown plate brown prism purple parallelepiped
no. of reflcns measd 8665 4933 2633
no. of independent reflcns 3436 3504 2333
26 range (deg) 5.650.1 3.746.5 3.6-40.0
reflens limits

h —17to+18 —11to+9 Oto+11

k —8to+11 —6to+13 0to+12

| —15t0+15 —13to+13 —15to+15
refinement method full-matrix least-squares full-matrix least-squares full-matrix least-squares

on all F? data on allF? data on observedr data&

final residuals

WR, = 0.176 (R, = 0.065§

WR, = 0.096 (R, = 0.044)

R=0.356 R = 0.400}

weighting factors a=0.0468;0=12.3838 a=0.0000;b = 3.836% g=0.000F
goodness of fit 1.175 1.226 1.83
final electron density diff features 1.03,-0.82 0.36-0.31 0.80,-0.28

(max/min) (e A3)

21948 observed reflections used in refinement With> 40(F,). ® Structure was refined oF,? using all data:wR, = [S[W(Fo? — FA?3/
SW(F?)?Y2wherew ! = [03(Fo?) + a(P)? + bP] andP = [max(F,0) + 2F2)/3. ¢ The value in parentheses is given for comparison with refinements
based orf, with a typical threshold of, > 40(F,) andR; = S ||Fo| — [Fll/S |Fol andw = [063(Fo) + gFA. ‘R = Y||Fo| — |Fcll/3|Fol, R =
SWY2||Fo| — |Fell/3WH2F,|. € Weighting scheme of the form where ! = [04(F,) + gF.4, where ¢*(F,) is the variance irF, due to counting
statistics;g was chosen so as to minimize variation3im(|F,| — |F¢|)? with |Fo|.

1, as one would expect since the process is a simple homolyticspectrum were as expected based @3 anolecular symmetry
bond fission/formation reaction. If a few drops of GGire for 4aand no symmetry fodb. The3C{!H} NMR spectrum
added to the THF solution oA and B, the color turns clearly revealed a broad resonance due toGR&8ut nuclei in
immediately purple and compourlis formed, identified by daato 142.9. This chemical shift is somewhat lower than that
its NMR spectra. observed for the ligating isocyanide carbon atoms of the

Reaction of eithettaor 1bin CH,Cl, with 2 equiv of CNBU complex [Co(CNBU)g],*8 which displays three signalé £29.0,
at room temperature, followed by column chromatography, 182.0,and 177.7) in a toluergsolution at-90°C. However,
produced the complex [GECNBW)(55-7,8-G:BgH11)7] (4) in the chemical shift observed fdais fairly similar in magnitude
reasonable yield. While the IR spectrum of a petroleum ether t0 the analogous peaks in tR&C{'H} NMR spectra of the
solution of4 showed only two strong, broagh.(NC) bands at  complexes [M(CNBY2(7>-7,8-Me>7,8-GBeHo)] (M = Ni, 0
2190 and 2180 cri, it was evident from NMR spectroscopy = 137.1; M= Pt, 6 = 127.7)? The minor isome#b shows
that the compound existed as an inseparable mixture of two ©ne peak due to @\NBu' nucleus ab 144.1; again it is believed
isomers,4a and4b. On the basis of NMR measurements of thata second peak may be hidden by the stronger signal due to
this and other complexes discussed herein, we can confidently4a All the remaining signals observed are in agreement with
assign the major compone#é as thea,a-isomer, akin tola, the proposed structures fda and4b. It is assumed that the

and4b as theo.,3-complex, analogous tbb. Furthermoreda carbon atoms in the-cage systems idaand4b lie anti to the
and4b exist in CHCI, solution in equilibrium in a 3:1 ratio, ~ CNBU ligands, similar to that found fataand2a Of course,

respectively. only structural analysis by X-ray diffraction could prove this
In a fully coupled!!8 NMR spectrum, a doublet peak at beyond doubt, but it was not possible to obtain X-ray quality

12.3 (s = 89 Hz) corresponds to the equivalentB — Co  Crystals of either isomer of.
boron‘]':]iclei in4a,)with tW(F)) smaller peaki al 19.0 and 13.0 That the reaction between eitlaor 1b and CNBUproduces

(Jue = 79 and 89 Hz, respectively) due to inequivalenttd a mixture of the isomeréf at t'he'ir equili.brium ratio within 1 h

— Co borons indb. All of the peaks expected fota were of th(_a start of the reaction is interesting, when one c_onS|ders
accounted for in this spectrum, the remaining signals being that_ It was found _that sol_utlons dia or_1b only a;talned
attributable to isome#b. Two of the three quartet resonances dullibrium proportions at times 12 h. This observation may

expected for the BH — Co protons in the isomer mixture were provide some |n3|ght into the reaction me(.:h'a'msm. lt IS
observed in théH NMR spectrum. These occur at—11.54 proposed that formation @f progresses through initial associa-

(Jsn = 89 Hz) ford4aand atd —13.72 sy = 79 Hz) for4b, - ] ] ]
the other resonance fdb probably being masked by the strong (18) Vc\,irwé?glﬁ'i;f JGr ?,SQ;,(’}"V'VAE,‘?"%?@H%%;)C“."’ ugﬁ{énMﬁaT#;Qgé' T
signal due to4a. The remaining signals in théH NMR 80.
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Scheme 2
1a (a.0) or 10 (0,B) 4 (a0 + af) /U\/\)\W j\/\
RN S, s
170 57 46

—

ppm

CNBU!

(a) (b)

Figure 4. 3C{H} NMR spectrum showing the principal peaks for
the nido-carboranes: (a) quartet av 171.7 due to the BCO carbon
nucleus, (b) signals at 57.5 and 46.6 due to cage CH carbon nuclei.

possible to obtaib in sufficient purity to procure an adequate
microanalysis, chiefly because it is formed as an oily solid with
unavoidable contamination by very small amounts @&f
However, a positive-ion EI mass spectrum was obtained and
this clearly shows a parent molecular ion peakn&t 275 and
peaks due to molecular ions resulting from consecutive loss of

tive steps (Scheme 2). This would involve addition of one or three CQ liganas at 2_47’ 219, and 190, respectively. i

both equivalents of CNBuo 1a or 1b to give molecules like Thenidocarborané is a new member of the well-established

C andD, respectively, and would involve a lifting of the-B4 family of charge-compensated species of formulatito-n-

— Co contacts. Bands for CO groups appearing and thenL-7,8-CeBoHi1 (n = 9 or 10, L = NE&, NMePh, NGHs,
diminishing in the IR spectrum in the range 262837 cnt? NCsHsCOMe-4, NMeCOMe, THF, NCMe)?2 In these
could correspond to such intermediate species. An opportunity Molecules a neutral donor molecule L has replaced hydridg (H

is thus provided for both cages to rotate freely and interconvert ©N @ boron vertex in the open pentagonal face of the cage. Such
the B,—H and B;—H bonds used in the formation of the agostic SPecies have been described as asymmetricq) or symmetric

B—H — Co contacts. Upon loss of CO, the complexesre (n = 10) according to the site occupied by the donor molecule
generated in their thermodynamically stable ratio. in the facel®2! The location of the proton in the face of the

symmetric cage systems apparently does not lower the sym-
metry, probably because in solution there is rapid exchange
between the two possible,B-Bs(L) bridge sites. The function

of a CO molecule as a donor into a carborane cage is
comparatively rare, but has been observed before in the related
nido-icosahedral carboramedo-n-CO-7-NMe-7-CBygH10 (N =

8 or 9)22 In this molecule the CO ligand could be bound to
either ano- or af3-site in the CRB face of the cage. A band in
the IR spectrum o6 at the relatively high frequency of 2152
cmtis in accord with the presence of the BCO group and is
similar to that observed for compourtd On the basis of its
NMR spectra (Table 2), compousds assigned an asymmetric
structure with the CO group attached to a boron atom in the

A variable temperaturé'B{1H} NMR experiment was
conducted on a toluergy-solution of4, measuring the spectra
at temperatures up to 90C to observe the effect on the
equilibrium between isomeda and4b. Only minimal change
was observed when compared with room temperaturegQGD
solutions, there being a slight adjustment in the equilibrium
position, with the peaks due to each isomer remaining as distinct
as those recorded at ambient temperatures.

The compounds [Co(CQ();°-10-CO-7,8-GBgH10)] (5) and
nido-9-CO-7,8-GBgH11 (6) were minor products of the reaction
between [Cg(CO)g] andnido-7,8-GBgHi3. Both species were
never observed other than in poor yield, which is disappointing
becauses is isolobal with the well-known reagent [Co(CR) —
(17°-CsHs)]. The cage ligand ir5 is zwitterionic and formally  q-site in the C®BB ring. The asymmetry is reflected in the
contributes five electrons to the metal. Such charge-compen-appearance of two resonances 281 and 3.12 in théH NMR
sated metallacarboranes are well-knowf. The appearance  spectrum for the cage CH protons. There is also a broad signal
of only one resonance in théd NMR spectrum of5 for the at o —2.74 that may be ascribed to teedeB—H—B group.
cage CH protons 3.43) is indicative of the structure shown, The 1'B{!H} NMR spectrum is also indicative of asymmetry
with the CO group at thg-site in the EB ring ligating the displaying eight peaks, With.the relative if‘tens"y of one
metal atom. The observation in th&{H} NMR spectrum reson_anced( —0.1) corresponding to the fortuitous overlap of
of six signals (1:2:2:1:2:1) is also in accord with a symmetrical :\;v\?ezligatlﬁét Imgor;?ktlg{flsfg lgyrz(:#gilrdeaNynR IZ?ZCJLUFQUS
cage st.ructu.re. The peak @t—23.9 is assigneq to thg BCO may be assignedp o the B(iO group Th’@{?H} NMR
grgﬁ]%fggci\l%%ftgge?gﬁiﬂgea;i::jh/:s tShpee?gusrB (l,tc;ﬁ;nnf |2ts 3556 spectrum was particularly informative, anq the principal peaks
cm! may be attributed to the BCO group, with strong bands are shown in Figure 4. In accordance with lack of symmetry
at 2040 and 1990 cm arising from the cobalt carbonyl ligands. n ﬂ:e. molecufleih two rgsonlgncsssarehobserve(i flcl)r the clagg CH
The carbonyl carbon nuclei are clearly visible in ##€{1H} nuclei, one of these signalé 67.5) showing a fully resolve

11lp_1 i
NMR spectrum, with a broad singlet 4t197.0 and a broad IeEs;s rzgo(lz\?éjdplclgi (?ifn430;-| Czaagczi It—|hze 0&12?2123?.?31:3?0:;?; are
quartet ab 172.0, the latter showing’88—"*C coupling of 85 broad and weak I?’:mdg since- both tﬁese carbgn atom[')s are each
Hz, allowing it to be assigned to the BCO group. It was not ’

bonded to three inequivalent boron atoms in the polyhedral cage
framework, the nature of this coupling is unclear. Possibly the

(19) (a) Wong E. H. S.; Hawthorne, M. horg. Chem.1978 17, 2863.

(bj King, R. E.; Miller, S. B.; Knobler, C. B.. Hawthorne, M. Forg. couplings are all of a very similar magnitude, especially so for
Chem 1983 22, 3548. (c) Kang, H. C.; Lee, S. S.; Knobler, C. B.; the quartet ab 57.5. Most important, though, is the observation
Hawthorne, M. F.Inorg. Chem.1991, 30, 2024. (d) Chizhevsky, I. of a quartet atd 171.7 Jgc = 84 Hz) for the BCO carbon

T.; Pisareva, |. V.; Petrovskii, P. V.; Bregadze, V. |.; Yanovsky, A.

I.; Struchkov, Yu T.; Knobler, C. B.; Hawthorne, M. Fhorg. Chem.

1993 32, 3393. (21) Young, D. C.; Howe, D. V.; Hawthorne, M. B. Am. Chem. Soc
(20) (a) Mullica, D. F.; Sappenfield, E. L.; Stone, F. G. A.; Woollam, S. 1969 91, 859.

F. Organometallics1994 13, 157. (b) Ganez-Saso, M.; Mullica, D. (22) Khan, S. A.; Morris, J. H.; Siddiqui, S. Chem. Soc., Dalton Trans

F.; Sappenfield, E. L.; Stone, F. G. Rolyhedron1996 15, 793. 199Q 2053.
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nucleus, which is very similar to that seen for the BCO group Table 7. Atomic Positional Parameters (Fractional Coordinates

in compounds. 10% and Equivalent Isotropic Displacement Parameters xAL0%)
Itis strongly believed that compourtderives from a cobalt [0 the Atoms ofla
species [Co(CQ}#°-9-CO-7,8-GBgH10)] similar to complexs. atom X y z Ueqp
This complex may then have decomposed, ejecting compound co(1) 3302(1) 756(1) 6460(1) 27(1)
6 possibly during chromatographic workup or even before. We  Co(2) 1737(1) 987(1) 6628(1) 28(1)
have frequently found that unstable cobaltacarborane species C(1) 3471(4) —479(8) 5456(6) 41(2)
can produce free cages among the decomposition products, 8(%) iggg(g) _112521‘7(6% 4;25’(()5% 653é2%
though this is the first time a CO ligand from a transition metal OEZ)) 1043% 1857E8% 4635§53 77523
moiety has been trgnsferred direct!y to aBg cage system. c(11) 4346(4) 1899(7) 6999(5) 35(1)
Attempts to synthesize compoufidising a more logical route C(12) 3466(4) 2271(7) 7542(5) 33(1)
based on previous methods used to prepare compounds of the B(13) 2669(5) 2594(7) 6666(5) 28(1)
type nido-n-L-7,8-C,;BgH1; have so far been unsuccessful. Sggg iigig iggg% 2471(2)3% 228
; B(16) 4260(5) 3500(8) 7587(6) 38(2)
Conclusions B(17) 3194(5) 3940(7)  7368(6) 35(2)
The isomersl are as far as we are aware the first cobalta-  B(18) 2998(5) 4096(8) 6012(5) 34(2)
carborane carbonyl complexes to be isolated since an early report 28%) z%gg)) ggggg)) 2‘3{857’22)) ;%%
of the emggence of the unstable salt [l_\lM@o(CO}z(n5-7,8- B(111) 3973(5) 4646(8) 6573(5) 39(2)
C,BgH11)].2% Although not structurally similar, the compounds c(21) 885(5) 388(8) 7744(5) 43(2)
1 are isolobal with the cylopentadienylnickel carbonyl (¢ C(22) 1853(4) 331(7) 8134(5) 32(1)
CO)2(775-C5_I—|5)2]. The reactions betweef and PMePh or ggig i?gig _—1?%((2)) gg;((gg 33’%((%
CNBU, which afford the specie, 3, and4, indicate that the B(25) 723(5) 418(9) 6600(6) 2002
speciesl will serve as useful precursors to other complexes in B(26) 1128(6) —672(9) 8767(6) 47(2)
which aC|QSO3,l,2-COQBg cage system is bonded via_ cobalt B(27) 2136(6) —1315(8) 8465(6) 38(2)
to other ligands. Although the charge-compensatgdo- B(28) 2057(5) —2280(8) 7294(6) 38(2)
carboranes was only obtained in low yield, its existence is of B(29) 974(5) —2186(8) 6864(6) 39(2)
interest in the context of the rarity shown by CO as a donor  B(210) 408(6)  —1181(9) 7789(7) 48(2)
group to boron. B(211) 1227(6) —2355(9) 8208(6) 46(2)
aEquivalent isotropicU defined as one-third of the trace of the
Experimental Section orthogonalizedJ; tensor.

General Considerations. Solvents were freshly distilled from . o .
appropriate drying agents prior to use. Petroleum ether refers to thatmater"leh e_ach fractloln and r_epeat the Crystalllzatlons. Even this
fraction of boiling point 46-60°C. Al reactions were performed under  Procedure failed fob which persisted as an oily product.
an atmosphere of dry nitrogen using Schlenk line techniques. Chro-  Synthesis of [Ce(CO)(PMe;Ph)(;>7,8-C:BsH11)2]. Compoundlb
matography columns (ca. 15 cm in length and ca. 3 cm in diameter) (0-20 g, 0.46 mmol) in CkCl> (20 mL) was treated dropwise with
were packed with silica gel (Aldrich, 7230 mesh). Celite pads used PMe&Ph (654L, 0.46 mmol), and the mixture was stirred for 6 h.

for filtration were ca. 4 cm thick. The reagenito-7,8-G:BoH:5s was Solvent was reduced in volume in vacuo to ca. 5 mL and the solution

prepared using a modified literature met#6dThe NMR measurements ~ chromatographed at30 °C. Elution with CHCl—petroleum ether

were recorded in CELl, at the following frequenciesiH at 360.13 (1:1) removed a red-brown band, from which solvent was removed in

MHz, 33C{*H} at 90.6 MHz,'B{H} at 115.3 MHz, and'P{*H} at vacuo. The residue was crystallized from £H—petroleum ether

145.8 MHz. (1:8, 10 mL) to yield [Ca(CO)(PMePh)5-7,8-G:BsH1:)] (23) (0.13
Reaction between [Ce(CO)g] and nido-7,8-CBgH1s. (i) A 500 9).

mL jacketed round-bottom flask fitted with a 500 mL dropping funnel Synthesis of [CoCl(PMePh),(55-7,8-C,BgH11)]. A solution of1b

and a nitrogen bubbler was charged with a,CH (150 mL) solution (0.18 g, 0.41 mmol) in CkCl, (10 mL) was treated with PMEh (0.30

of [Coy(CO)g] (2.00 g, 5.85 mmol) and cooled to°C. A solution of mL, 2.11 mmol) dropwise and the mixture stirred at room temperature
nido-7,8-GBgHi3 (1.60 g, 11.90 mmol) in CkCl, (250 mL) was for 3d. Solvent was removed in vacuo, and the residue was dissolved
syringed into the dropping funnel and then added dropwise (€8. 2  in CH.Cl, (5 mL) and chromatographed at30 °C. Elution with a

s™Y). The mixture was slowly warmed to room temperature and stirred CH,Cl,—petroleum ether mixture (2:3) removed a purple band. Solvent
for 24 h. After filtration through a Celite pad, the volume of the solvent was removed in vacuo, and crystallization of the product from-CH
was reduced in vacuo to ca. 8 mL and the solution chromatographed Cl,—petroleum ether (1:5, 12 mL) gave purple microcrystals of
at—30°C. Elution with petroleum ether yielded initially a dark brown  [CoCI(PMe&Ph)(1°-7,8-GBgH11)] (3) (0.26 g).

fraction containinglb. A second dark brown band containitig was Synthesis of [Co(CNBU!)(55-7,8-C:BgH11)2]. Compoundla (or
next removed using a GRl,—petroleum ether (1:9) mixture. Further  1p) (0.20 g, 0.46 mmol) was dissolved in @&, (20 mL), and CNBH
elution with CHCl,—light petroleum ether (2:3) gave a light brown (110 4L, 0.97 mmol) was added dropwise. The mixture was stirred
band of5. Finally, a pale brown band containifigwas eluted using for 1 h, after which the solution was reduced in volume in vacuo to ca.
CH.Cl,—petroleum ether (1:1). Solvent was removed from each 5 L and chromatographed at30 °C. Elution with CHCl,—
fraction separately, and the complexes isolated by crystallizations from petroleum ether (1:1) afforded a brown fraction. Removal of solvent

CH.Cl,—petroleum ether or petroleum ether as follows: J@®),- in vacuo and crystallization of the residue from £Hp—petroleum
(7°-7,8-GBgH11)7] (1a) (0.51 g) from CHCl,—petroleum ether (1:9, ether (1:8, 10 mL) gave [GECNBW)a(37>-7,8-GBsH11)2] (4) (0.16 g
10 mL); [Co(COY(y"7,8-GBaH1)2] (1b) (0.25 g) from CHCl—  from 1a, 013 g fromb),

petroleum ether (1:9, 10 mL); [Co(C&}°-10-CO-7,8-GBgH10)] (5)
(0.13 g) from CHCI,—petroleum ether (1:9, 10 mL) &t78 °C; nido-
9-CO-7,8-GBgH11 (6) (0.10 g) from petroleum ether (5 mL) at78
°C. To achieve microanalytical purity, it was necessary to rechro-

Crystal Structure Determinations and Refinements. Crystals of
1a, 23, and3 were grown by diffusion of petroleum ether into &,
solutions of the complexes. Low-temperature data sets were collected
for 1aand2awith the crystals mounted on a glass fiber. A crystal of
3awas mounted in a glass capillary with data collection carried out at
(23) Hawthorne, M. F.; Ruhle, H. Wnorg. Chem.1969 8, 176.

(24) (a) Hlatky, G. G.; Crowther, D. Jnorg. Synth.jn press. (b) Young, an ambient temperature. .
D. A. T.: Wiersma, R. J.; Hawthorne, M. B. Am. Chem. Sod.971, Data forlaand2awere collected on a Siemens SMART CCD area-

93, 5687. detector three-circle diffractometer using MaxKX-radiation, 1 =
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Table 8. Atomic Positional Parameters (Fractional Coordinates Table 9. Atomic Positional Parameters (Fractional Coordinates

10%) and Equivalent Isotropic Displacement Parametefs XAL(?) 10%) and Equivalent Isotropic Displacement Parameters XAL(?)

for the Atoms of2a for the Atoms of3
atom X y z Ueqy atom X y z Ueqgp
Co(1) 2764(1) 2693(1) 838(1) 17(1) Co 2439(1) 1810(1) 959(1) 28(1)
Co(2) 4614(1) 2295(1) 2594(1) 16(1) Cc@) 1643(4) 454(3) 1231(3) 36(2)
Cc(11) 1477(5) 3793(4) 780(4) 22(1) C(2) 2471(4) 285(4) 550(3) 37(2)
C(12) 2230(5) 3628(4) 2102(4) 21(1) B(3) 3783(5) 726(4) 849(4) 37(2)
B(13) 4139(6) 3942(5) 2632(5) 20(1) B(4) 3785(5) 1215(5) 1894(3) 37(2)
B(14) 4555(6) 4387(5) 1465(5) 22(1) B(5) 2355(5) 1025(4) 2088(3) 36(2)
B(15) 2744(6) 4207(5) 252(5) 23(1) B(6) 2082(5) —791(5) 1059(4) 47(2)
B(16) 1720(6) 4873(5) 2102(5) 26(1) B(7) 3481(5) —614(5) 839(4) 44(2)
B(17) 3418(6) 4978(5) 3300(5) 23(1) B(8) 4307(5) —52(5) 1705(3) 42(2)
B(18) 4885(6) 5525(5) 2898(5) 23(1) B(9) 3403(5) 125(5) 2460(4) 44(2)
B(19) 4041(6) 5694(5) 1401(5) 24(1) B(10) 2034(5) —330(5) 2056(4) 45(2)
B(110) 2103(6) 5293(5) 958(5) 27(1) B(11) 3260(5) —991(5) 1836(4) 49(2)
B(111) 3416(6) 6091(5) 2570(5) 26(1) CI(1) 1224(1) 2149(1) —225(1) 42(1)
C(21) 4913(5) 670(4) 2651(4) 21(1) P(1) 1401(1) 2967(1) 1570(1) 31(1)
C(22) 4412(5) 1217(4) 3686(4) 18(1) C(11) 800(4) 4095(4) 1009(3) 44(2)
B(23) 2902(5) 1568(5) 3053(5) 19(1) C(12) 2115(4) 3558(4) 2506(3) 49(2)
B(24) 2418(5) 1114(4) 1390(4) 17(1) C(13) 108(4) 2387(3) 1832(3) 31(2)
B(25) 3814(5) 562(4) 1175(5) 20(1) C(14) —93(5) 2266(4) 2642(3) 43(2)
B(26) 4082(6) —325(5) 3233(5) 22(1) C(15) —1096(5) 1823(4) 2804(3) 52(2)
B(27) 2751(6) 233(5) 3449(5) 23(1) C(16) —1906(5) 1492(4) 2179(4) 56(3)
B(28) 1453(6) 134(5) 1960(5) 21(1) Cc(@7) —1714(4) 1605(4) 1380(3) 48(2)
B(29) 2011(5) —502(4) 799(5) 18(1) C(18) —723(4) 2043(4) 1206(3) 41(2)
B(210) 3652(6) —767(5) 1613(5) 21(1) P(2) 3670(1) 2899(1) 476(1) 34(1)
B(211) 2184(6) —1044(5) 2058(5) 22(1) C(21) 3875(5) 2609(4) —572(3) 52(2)
C@1) 2873(5) 1979(4) —562(4) 24(1) C(22) 5127(4) 2966(4) 995(4) 52(2)
0o(1) 2915(4) 1542(3) —1470(3) 38(1) C(23) 3290(4) 4262(4) 401(3) 34(2)
P(1) 6996(1) 3101(1) 2887(1) 19(1) C(24) 3678(4) 4926(4) 1040(3) 41(2)
C(31) 7228(5) 2713(5) 1467(4) 31(1) C(25) 3389(5) 5963(4) 983(4) 55(3)
C(41) 8038(5) 4756(4) 3652(4) 27(1) C(26) 2721(5) 6336(5) 291(4) 58(3)
C(51) 8238(5) 2551(4) 3915(4) 22(1) C(27) 2354(4) 5698(5) —343(4) 51(2)
C(52) 8421(5) 2837(4) 5158(4) 26(1) C(28) 2623(4) 4658(4) —289(3) 41(2)
gggig 1?)?2%((?) igzg((g)) gggg@) ig(é% a Equivalent isotropicU defined as one-third of the trace of the
C(55) 9966(6) 1527(5) 4388(6) 45(2) orthogonalizedJ; tensor.
C(56) 9019(5) 1890(5) 3555(5) 33(1)

an empirical absorption correcti&rbased on nine high-angie scans
was carried out. The structure was solved by direct methods, which
located most of the non-hydrogen atoms, and successive Fourier
difference syntheses were used to locate all remaining non-hydrogen
atoms. Refinement was by full-matrix least squaref osing Siemens
SHELXTL-PC version 4.2>¢with anisotropic thermal parameters for
all non-hydrogen atoms. Methyl and phenyl hydrogen atoms were
included in calculated positions €64 0.96 A) and constrained to ride
on their parent carbon atoms with fixed isotropic thermal parameters
(Uiso = 0.08 22). Terminal B-H hydrogen atoms were also included
in calculated positions (BH 1.10 A, Ui, = 0.06 A9.27 All calculations
were performed on a VAX station. Atomic scattering factors were
taken from the usual souréé.

Final atomic positional parameters for non-hydrogen atoms with
equivalent isotropic thermal parameters for complekas2a, and3
are listed in Tables 7, 8, and 9, respectively.

aEquivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

0.71073 A. For three settings @f, narrow data “frames” were
collected for 0.8 increments inw. In both cases 1321 frames of data
were collected affording rather more than a hemisphere of data. The
substantial redundancy in data allows empirical absorption corrections
to be applied using multiple measurements of equivalent reflections.
Crystals of2awere very small, and data frames were collected for 60
s per frame giving an overall data collection time of 26 h. Forla

data frames were collected for 20 s per frame. The data frames were
integrated using SAINT2and the structures were solved by conven-
tional direct methods. The structures were refined by full-matrix least
squares on alF? data using Siemens SHELXTL version 583and

with anisotropic thermal parameters for all non-hydrogen atoms. For
both 1a and 2a the agostic B-H — Co protons were located from
final electron density difference syntheses, and their positions were  Acknowledgment. We thank the Robert A. Welch Founda-
refined. All other hydrogen atoms were included in calculated positions jon for support (Grants AA-1201 and 0668).

and allowed to ride on the parent boron or carbon atoms with isotropic

thermal parameterdSs, = 1.2 x Uiso equiv Of the parent atom except Supporting Information Available: Complete tables of atom
for Me protons wherdJiso = 1.5 x Uisoequy). All calculations were parameters, bond lengths and angles, and anisotropic thermal parameters
carried out on Silicon Graphics Iris, Indigo, or Indy computers. for 1a, 2a, and3 (36 pages). Ordering information is given on any

The data set for3 was collected on an Enraf-Nonius CAD4-F  current masthead page.
automated diffractometer operating in the-26 scan mode, using
graphite-monochromated Mod<X-radiation. Data were collected at
various scan speeds of 0:58.17 min~! in w with a scan range of
1.15 + 0.34 tand. No significant variations were observed in the (26) Enraf-Nonius Vax Structure Determination Packageraf-Nonius:
intensities of the monitored check reflections1@6). All observed Delft, The Netherlands, 1989.

o . . (27) Sherwood, P. BHGEN, a program for the calculation of idealized
data were corrected for Lorentz and polarization effects, after which H-atom positions for aido-icosahedral carborane cage; University

of Bristol, 1986.
(25) (a) SAINT; (b) SHELXTL, version 5.03; (c) SHELXTL-PC, version  (28) International Tables for X-ray CrystallographiKynoch Press: Bir-
4.1; Siemens X-ray Instruments, Madison, WI. mingham, U.K., 1974; Vol. 4.
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