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The most stable oxidation state of manganese is 2+, and a
number of Mn!! complexes are now known. The majority of Mn!!
complexes exhibit certain unique electronic properties due to a
high-spin d° configuration.! One important class of such species
is the sandwiched 7-complex manganocene, (7°-CsHs),Mn; the
methyl and pentamethyl derivatives of the manganocene (5°-
C;H,(Me)],Mn and (5°-CsMes),Mn, are also known.2* How-
ever, most of the reported manganacarborane complexes are
half-sandwiched closo species with Mn(R;P),(CO);_, (R = alkyl
or aryl group; x = 0, 1, or 2) occupying a vertex of either an
icosahedron or its lower homologues.® The only known sand-
wiched manganacarboranes to date have been the anionic species
[4,4-Mn'(1,6-C,B,oH,,),)* and Mn!V complexes of the formula
[Mn(CB,gH,,),]%", for which no crystal structures have been
reported.®’ We report herein the synthesis and X-ray crystal
structure of a zwitterionic manganese sandwich complex {[Li*-
(THF)][Li*(TMEDA)],}{commo-Mn;[2,3-(SiMe;),-2,3-
C,B,H,]}* (1). To the best of our knowledge, compound 1
represents the first sandwiched mixed-valence, and trinuclear
“butterfly” cluster complex of any organometallic system known
to date.

Treatment of the double salt Na*(THF)Li*[2,3-(SiMe,),-
2,3-C,B,H,]* (2)® with anhydrous MnCl, in a molar ratio of 2:1
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Figure 1. Thermal ellipsoid diagram of selected cage atoms that form
a “butterfly” cluster of 1 drawn at the 40% probability level. Pertinent
distances (A), angles, and dihedral angles (deg): Mn(1)-Mn(2), 2.682
(2); Mn(2)-Mn(2a), 3.283 (2); Mn(1)-C(1), 2.155 (10); Mn(1)-C(2),
2.170 (10); Mn(1)-B(3), 2.163 (12); Mn(1)-B(4), 2.249 (11); Mn-
(1)-B(5), 2.183 (11); Mn(1)—(C,B; centroid 1), 1.708; Mn(2)-B(3),
2.445 (12); Mn(2)-B(4), 2.518 (11); Mn(2a)-B(4), 2.436 (12); Mn-
(2a)-B(5), 2.371 (12); Mn(2)-C(21), 2.679 (10); Mn(2)-C(22), 2.582
(10); Mn(2)-B(23), 2.393 (13); Mn(2)-B(24), 2.398 (11); Mn(2)-B(25),
2.507 (11); Mn(2)—(C,B; centroid 2), 2.125; Li(1)-B(24), 2.462 (15);
Li(1)-B(25), 2.333 (13); Li(1)-0O(40), 1.894 (25); Li(2)-B(23), 2.237
(23); Li(2)-B(24), 2.273 (25); Li(2)-N(50), 2.065 (27); Li(2)-N(51),
2.044 (22); Mn(2)-Mn(1)-Mn(2a), 75.5 (1); centroid 1{C(1) to B-
(5)]-Mn(1)—centroid 1a[C(1a) to B(5a)], 177.6; Mn(2)-Mn(1)—centroid
1, 90.5; Mn(2)-Mn(1)—centroid 1a, 87.6; Mn(1)-Mn(2)-centroid 2[C-
(21) to B(25)], 174.9; plane 1[Mn(2), Mn(1), Mn(2a)]-plane 2[C(1) to
B(5)], 2.4; plane 1-plane 2a, 2.4; plane 2-plane 2a, 1.7; plane 1-plane
3[C(21) to B(25)], 86.8; plane 2—plane 3, 87.4; plane 2a—plane 3, 88.8;
plane 3-plane 3a, 69.0.

in dry tetrahydrofuran (THF) produced the closo-carborane
1,2-(SiMe;),-1,2-C,B,H, (3)? and a waxy solid that is a mixture
of product (1) and the precursor (2) as shown in eq 1. This solid
was then dissolved in a solution mixture of hexane, THF, and
N,N-tetramethylethylenediamine (TMEDA) to isolate fairly air
stable, dark red crystals of 1 in 93% yield.1?

9Na*(THF)Li*[2,3-(SiMe,),C,B,H > (2) +

1. THF, 0°C, 1 h,and 25°C, 24h __

6MnCl, 2 becone] THE/TMEDA 3LiCl + 9NaCl +

2{[Li*(THF)][Li*(TMEDA)],}-

{commo-Mn;[2,3-(SiMe3),-2,3-C,B . H, )P (1) +
closo-1,2-(SiMey),1,2-C,B,H, (3) (1)

The paramagnetism of 1 precluded obtaining useful NMR data.
However, the IR spectrum!! indicated the presence of a hetero-
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carborane complex, and the microanalytical data suggested its
molecular formula as C,gH,5sN4OB,¢SisLi;Mn;.!! The crystal
structure (see Figure 1) reveals that complex 1 has a 2-fold
symmetry in which the rotation axis, parallel to b, passes through
the atoms Mn(1), Li(1), and O(40) and bisects the angle Mn-
(2)-Mn(1)-Mn(2a) (plane 1).12 Although the three Mn atoms
form a central plane with the Mn-Mn distance of 2.682 (2) A,
the Mn(2)-Mn(2a) distance of 3.283 (2) A and the Mn(2)-
Mn(1)-Mn(2a) angle of 75.5 (1)° indicate that no direct bonding
exists between the two terminal Mn atoms. However, the central
manganese atom [Mn(1)] adopts an essentially n’-bonding posture
with respect to each of the C,B; faces (plane 2), with the metal
to cage distances ranging from 2.155 to 2.249 A, which are sig-
nificantly shorter than the Mn—7°-carbon distance of 2.42 A in
the high-spin, polymeric, zigzag structure of Mn(CsH;),** and
slightly longer than those found in the low-spin, monomeric
structure of Mn(CsMej),.*®

The “butterfly” geometry of 1 is primarily due to bondings of
the terminal manganese atoms to two adjacent borons of each of
the central carborane ligands [Mn(2 or 2a)-B = 2.37-2.52 A]
as well as to the planar pentagonal faces (plane 3) of the terminal
carborane ligands [Mn(2 or 2a)-Cnt(2) = 2.125 A], each of which
makes dihedral angles of 86.8° and 87.4° to the planes formed
by the three Mn atoms and the C(1), C(2), B(3), B(4), and B(5)
atoms of the central ligands, respectively (see Figure 1). Thus,
compound 1 distinguishes itself from other structurally charac-
terized trinuclear w-complex cluster systems such as (n°-
CsHy)3Mny(u3-NO)(up-NO) 3,12 [(n°-CsHs)sMos(w3-S) (-S)3] 4
and [{(C,ByHj)(4-methylisonicotinate)};Cus(u-H)s),!* all of which
are based on an equilateral triangle of metal atoms. The bridging
of two terminal carborane ligands by the Li*(THF) moiety and
bonding of each of the Li*(TMEDA) groups to two adjacent
borons of the respective cages form a zwitterionic cluster of 1 (see
Figure S1, supplementary material). Since each carborane ligand
bears a 2- charge and three Li* cations are present, the total
formal oxidation states of three Mn atoms in 1 would be 5+.
Because of a 2-fold symmetry, mentioned above,!? it is expected
that the two terminal Mn atoms would be identical and, therefore,
would formally be in an oxidation state of either 2+ or 1+.
Accordingly, the oxidation state of 1+ or 3+ could be assigned
to the central metal Mn(1). In order to obtain more information
regarding the oxidation states of the metals, magnetic measure-
ments on a powdered sample of 1 were undertaken.

The magnetic susceptibility of 1 was measured in the tem-
perature range 15-300 K using the Faraday method.! The room
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temperature effective magnetic moment of 8.3 up for 1 is sig-
nificantly less than the calculated spin-only value of 9.7 ug for
the high-spin Mn(II)terminal—Mn(I)cen!ral_Mn(II)lermina] trimer
system. Therefore, it is most likely that cluster 1 consists of a
trimer in which the central Mn could be formally in a 3+ oxidation
state and bonded to two terminal Mn(I) atoms. The shorter
Mn(1)-C,B, cent(1) distance (1.708 A) when compared to that
of Mn(2)~C,B,; cent(2) (2.125 A) strongly supports the assignment
that 1 is a high-spin complex of the Mn(I)-Mn(IIT)-Mn(I) trimer
system. Nevertheless, the magnetic moment decreases mono-
tonically with decreasing temperature and reaches 6.2 ug at 15
K, indicating that a significant antiferromagnetic coupling exists
between central Mn(1) and terminal Mn(2 or 2a) atoms. A
significantly long distance of 3.283 (2) A between the two terminal
manganese atoms rules out the possibility of a direct coupling
between Mn(2) and Mn(2a). There was no signal in the X-band
EPR spectrum of 1 at room temperature.

The low-temperature EPR spectral measurements and theo-
retical expressions for the antiferromagnetic interactions of 1 are
in progress. Investigations of the reaction chemistry of the
zwitterionic 1 and other related sandwich cluster complexes are
also currently underway in our laboratories.
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Adamantylideneadamantane (Ad=Ad) is unique among
presently investigated olefins in that its structure absolutely im-
pedes the progress of Br, addition beyond the stage of bromonium
ion (I) formation.? In halogenated hydrocarbons, an equilibrium
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