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Ever since the discovery of 1,2-dicarba-closo-dodecabor-
ane(12), the chemistry of this exceptionally stable carborane
and its 1,7- and 1,12-isomers has aroused considerable
interest. Although C-functionalization had readily been
accomplished from the beginning,[1] and more recently the
complete substitution at all boron positions has been ach-
ieved,[2] the selective synthesis of B-substituted derivatives
proved to be rather difficult.[3] We have recently reported
on the synthesis of the 16 e rhodium complex
[Cp*Rh{S2C2(B10H10)}] (1),[4] and suggested that this species
may be promising for further transformations owing to its
electron deficiency at the rhodium center, the reactivity of the
rhodium ± sulfur bonds, and the potential activation of BÿH

should then only differ slightly. For P3 as a ªseparatedº m3-P
ligand, a much stronger low-field shift would be expected than
the observed value of d� 501.6.[2] The coupling constant of
ÿ190.7 Hz must also be considered as further support for a
P2ÿP3 bond (2.456(3) � in the s,s,p,p ligand P2O); this value
is comparable to that found in 5 (ca. 180 Hz)[8] as well as in
compounds in which the cyclo-P5 ligand is additionally side-on
coordinated (d(PÿP)� 2.35 �, J(P,P)�ÿ 200 Hz).[2]

The Co3FeP5 framework can also be formally derived from
the molecular structure of the complex [{Cp*Co}3(m-h2 :h2 :-
P2)(m3-h1:h2 :h1-P2)2] (6),[11a] by replacement of the m-h2:h2-P2

ligand by a {Cp*FeP(O)} fragment and by oxidation of one of
the m3-h1:h2 :h1-P2 ligands to P2O. This could then form the m4-
h1:h2 :h2 :h1-P2O ligand of 3 by additional side-on coordination
of the Cp*Fe fragment.

Stable N2O complexes are rare. A linear, terminal N2O
ligand has been proposed in complexes of the type [Ru-
(NH3)5(N2O)]X2 (X�Br, I, BF4, PF6), which can be stored at
ÿ5 8C.[13] No details can be given as yet about the formation of
3 from 2 by the extension of the cluster skeleton by a Cp''Co
fragment.

Experimental Section

3 : [{Cp*Fe}{Cp''Co}2(P4)(P)] (2)[2] (180 mg, 0.22 mmol) was dissolved in
dichloromethane (40 mL) and stirred for 1 min at room temperature in air
(open reaction vessel) (longer exposure to air results in complete
decomposition) and then stirred in a closed reaction vessel for 18 h
(monitored by 31P NMR spectroscopy). After removal of the solvent, the
brown residue was dissolved in dichloromethane (ca. 5 mL), treated with
silylated silica gel (ca. 2 g) and dried under an oil pump vacuum until a
pouring consistency was obtained. Column chromatography (column: 8�
1.0 cm, silylated silica gel, petroleum ether, water cooled; petroleum ether/
diethyl ether (2/1)) yielded 3 (52 mg; 22% relative to 2) as a dark brown
fraction. The large amount of brown residue retained on the column
material could not be eluted by any common solvent.
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bonds of the carborane cage[5] at sites close to the rhodium
atom. In this context, we have studied the reaction of 1 with
acetylene methyl carboxylate 2 and acetylene dimethyl
dicarboxylate 3 (Scheme 1).

Scheme 1. Reaction of 1 to give 4 and 5.

In the case of 2, the B(3)/(6)-disubstituted 16 e complex 4
was isolated and characterized.[6] In contrast, the reaction of 1
with 3 gave the 18 e complex 5 as the sole product.[7] In a
rhodium-catalyzed reaction, a CpRh-dithiolene complex,
formed as an intermediate, also reacts with 3, to give the
adduct analogous to 5.[8] Recently, the 16 e complex
[CpCo{S2C2(B10H10)}], comparable with 1, has been report-
ed.[9] The reactions of this CpCo complex with 3 and terminal
alkynes have afforded adducts (with molecular structures
similar to 5), which ± like 5 ± do not undergo further re-
arrangements. Thus, the molecular structure of 5 is suggested
to be typical of an intermediate which remained undetected in
the reaction of 1 with the monosubstituted acetylene 2.

The molecular structures of 4[10] and 5[10] are shown in
Figure 1 and Figure 2, respectively. A planar rhodadithiolene
five-membered ring is present in 4, as expected for a 16 e
species.[9, 11, 12] This electron count is also in agreement with
the magnetic deshielding of the 103Rh nucleus (d(103Rh)�
�1210� 5, close to that of 1 with d(103Rh)��1165� 5).[4]

The structure of 5 indicates that an addition of 3 to one of the
RhÿS bonds has taken place to give a four-membered ring
containing a C�C bond, a RhÿC s bond, and a coordinative
S!Rh bond.

The Z configuration at the C�C bonds in 4 rules out the
possibility that 4 has been formed by way of direct 1,2-
hydroboration. We therefore suggest an alternative mecha-
nism briefly outlined in Scheme 2. Complex 5 (Scheme 1) is
apparently a type of 18 e complex which is frequently formed
when an alkyne is added to a MÿS bond in metalladithio-

Figure 1. ORTEP plot of the molecular structure of 4. Selected bond
lengths [pm] and angles [8]: Rh(1)ÿZ 178.2, Rh(1)ÿS(1) 227.94(10),
Rh(1)ÿS(2) 227.31(10), S(1)ÿC(1) 178.3(4), S(2)ÿC(1) 178.2(4),
C(1)ÿC(2) 164.3(5), B(3)ÿC(3) 157.1(6), B(6)ÿC(7) 155.8(6), C(3)ÿC(4)
131.7(5), C(7)ÿC(8) 133.8(6); S(1)Rh(1)S(2) 92.42(4), S(1)Rh(1)S(2)/
S(1)C(1)C(2)S(2) 179.1, B(3)C(3)C(4)/C(3)C(4)C(5) 5.2, B(6)C(7)C(8)/
C(7)C(8)C(9) 1.6.

Figure 2. ORTEP plot of the molecular structure of 5. Selected bond
lengths [pm] and angles [8]: RhÿZ 183.8, RhÿS(1) 239.66(9), RhÿS(2)
238.04(9), RhÿC(4) 202.2(4), S(1)ÿC(1) 180.6(3), S(2)ÿC(2) 177.7(4),
S(1)ÿC(3) 178.8(3), C(1)ÿC(2) 167.8(5), C(3)ÿC(4) 133.5(5); S(1)RhS(2)
87.88(3); S(1)RhC(4) 67.93(10), S(1)C(3)C(4) 104.8(2), S(1)RhS(2)/
S(1)C(1)C(2) 154.3, S(1)RhC(4)/S(1)C(3)C(4) 170.5

lenes.[8, 9] Therefore, it can be safely assumed that complex 7
(analogous to 5 in Scheme 1), generated by rearrangement of
the h2-alkyne complex 6, is an intermediate in the reaction of 1
with 2 (Scheme 2). An equilibrium between the 18 e complex
7 and its 16 e isomer 8 (formed by opening of the coordinative
S!Rh bond), enables the rhodium atom to approach the
sites of either B(3)ÿH or B(6)ÿH with the result of BÿH
activation.[5] These agostic interactions are the prerequisite
for hydride transfer from the boron atom to the rhodium atom
accompanied by formation of a RhÿB bond in 9,[5, 13] and
further transfer of the hydride from rhodium to the adjacent
olefinic carbon atom in 10.[13] The next step includes cleavage
of the RhÿB bond and formation of the boron-substituted
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Scheme 2. Proposed mechanism for the reaction of 1 with 2 to give 4.

carborane 11 as a 16 e complex. Repetition of the whole
sequence starting from 11 leads to the B(3)/B(6)-disubstituted
final product 4.

In conclusion, addition of an alkyne to a 16 e rhodium
complex, followed by insertion into the flexible RhÿS bond,
starts a fascinating interplay between 16 e and 18 e complexes
and makes use of all reactive sites. In the present example this
provides a straightforward route to a selectively B(3)/B(6)-
disubstituted ortho-carborane.
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