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Our recent research efforts toward the synthesis of ¢-bonded
heterodicarboranes of heavier main group elements, initially
prompted by the paucity of recent work on the g-coordination
dicarborane chemistry? and the recent demonstration of the use
of [10-endo-(AuPPh;)-7,8-nido-C,BsHyMe,]- anion? as a car-
boranecagetransfer reagent,2S led to the observation of o-bonded
group 14 heterodicarboranes [10-MPh3-10-u-H-7,8-nido-C,By-
Hio]- (M = Ge(IV),Sn(1V)).6 Inanattempt to expand the class
of o-bonded metallacaboranes, a new type of dimeric o-bonded
dicarborane complex of Ag(I) ion has beensynthesized. Reported
herein is a brief account of the synthesis and characterization of
dimeric argentacarboranes [9,9’-§{Ag(EPh;),},-4,9,4",9"-(u-H),-
7,8,7",8’-nido-(C,BsHy0)2] (E = As, 1; Sb, 2).

A reaction mixture generated by stirring AgBr and a 2-fold
amount of EPh; (E = As, 0.67 mmol; E = Sb, 1.00 mmol) in 15
mL of CH,Cl, for 1 h was added to a slurry of TI,C,ByH;; in
10 mL of CH,Cl,;. The overall stoichiometric ratio of 1:2:1 was
adopted for the reactants. After 12 h of additional stirring, the
mixture was filtered and the concentrated filtrate was treated
with n-heptane. The off-white crystalline solids were collected
and recrystallized from CH,Cl,—n-heptane, yielding analytically
pure’ products 1 and 2 in yields of 14 and 12%, respectively.
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Various spectroscopic data’ for these compounds indicate that
they are structurally similar.

The molecular structure of 2,8 displayed in Figure 1, reveals
that two cationic Ag(SbPh;), fragments are incorporated into
two anionic nido-C,ByH, cage via two types of closed and open
Ag-H-B bridge bonds, showing that two enantiomeric (Ph;-
Sb),AgC,BsH,; units dimerize about a crystallographic center
of symmetry via a pair of rather weak open Ag-H-B bridge
bonds stemming from terminal B-H bonds in the lower pentagonal
belts of carborane cages. The Ag—H’ distance of 2.57 A for open
bridge bonds in 2 can be compared to other Ag-H values in
[PPthgCZBgHu]z (219 A),9 AgCBllH12'26H6 (197 A)’IO
[(CB]1H12)AgIT(PPh3)2(CO)Cl] (190A),” and [closo-exo-4,8-
{(u-H),Ag(PPh;)}-3-(PPh;)-3,1,2-CuC,BsHs] (2.28, 2.34 A).12
For a given (Ph;Sb),AgC,BsH,; fragment, the [Ag(SbPhj),]*
unit interacts with an asymmetric boron atom in the open C,B;
plane of the nido-C,B, cage via a o-Ag—B9 bond [2.451(6) A]
and a Ag—-H9-B9 bridge bond with a Ag-H distance of 2.15(3)
A. ThelR spectra for 1and 2,” measured under reduced pressure
to avoid any interference owing to the asymmetrical stretching
(2350 cm™!) of CO,, show weak bands at 2332 and 2322 cm-!,
respectively, indicating the presence of Ag-H-B bridge inter-
actions in both compounds.

A sectional view of 2 given in Figure 2 clearly reveals the endo
nature of the 12th H atom in a B-H-B bridge as well as a rather
unusual steric role for the [Ag(SbPh;),] moiety. Taken alone,
the [7,8-C,B9H, ;] anionic fragment in 2 adopts an asymmetric
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Figure 1. Molecular structure of (9,9~ Ag(SbPhs)z}r4,9,4",9"-(u-H)a-
7.8,7,8/-nido-(CyBsHg)1] (2) and the atom-numbering scheme. All
hydrogen atoms except the bridging hydrides bave been omitted for clarity.
Dimensions: Ag-Sbhl = 2.711(1) A&, Ag-Sb2 = 2.679(1) A, Ag-RBY =
2.451(6) A, Ag-H9 =2.152(33) A, Ag-H4’ = 2.558 A, CT-C8 = 1.538-
(M A, B10-Hbr = 1.127(50) A, B11-Hbr = 1.389(65) A, (B~Biociar)
® 1.827 A, (B—Criaw) = 1.617 A; Sbl-Ag-Sb2 = 118.5(<1)°, Sbi-
Ag-B9 = 112.4(2)°, Sb2-Ag -B9 = 126.4(2).

Figure 2. Projection of the AgSb; fragment of 2 onto the open C;B;
pentagonal plane.

bridge position of the B13-B11 connectivity as a site for the 12th
H atom whereas the non-ligating parent anion in [H(dmso),]-
[7,8-C,B4H;,]!3 contains the 12th H atom predominantly bound
terminally to B(10). The Ag{SbPh,), group is bound to the
carborane cage in an intermediate fashion between endo and
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Figure3. Wigwag fluxional process of the monomeric (Ph3E),ARCiBsH 12
(E = Ag, Sb) units in solution.

exo, suggesting that the silver jon interacts with the cage
agostically to form a closed Ag-H-B bridge. Among the
geometric parameters for Ag(SbPh;),, the Ag-Sb bond distance
of 2.678(1) 2nd 2.711(1) A are compatibte with other observed
distances between ¢coinage metals and group 1S elements.!4)
The Sb—Ag-Sb angle of 118.5(1)° is quite acute compared to
values for As-Ag—As and P~-Ag-P.14

Upon dissolution, the dimeric argentacarboranes 1 and 2
dissociate into monomeric (Ph,E),AgCiBsHy; (3, E = Ag, Sb)
units which then display fluxionality. The molecular structure
of 2 in Figure 1 suggests the presence of nine, in principle,
distinguishable boron atoms and two magnetically inequivalent
carboranyl C-H protons in each argentacarborane. The 96.3-
MHz UB{'H} NMR spectra’ of 1 and 2 consist of six and five
distinct resonances with 2:2:1:2:1:1 and 2:3:2:]1:] relative ratios,
respectively, going from downfield to upfield, indicating the C,
symmetry nature of the C,B; cage in solution. The observations
of one carboranyl CH proton signal in the low temperzature (203
K) 'H NMR spectra’ are also supportive of the same solution
symmetry nature of 1and 2. The foregoing solution spectroscopic
properties can be ascribed to a kind of wigwag fluxional motion,
suggested in Figure 3, of monomeric 3 generated by dissociation
of 1and2. A similar wigwag process has been previously observed
in [closo-exo-4,8-f( u-H),Cu(PPhy)}-3-(PPhj)-3,1,2-CuC,BoH]. 16

The relatively low yield for the formation of 1 and 2 may imply
a rather complicated nature of the reaction system AgBr /2EPh,/
T1LC,BsH,; (E = A3, Sb). WithE=Panda 2:1:1 reactant ratio,
the formation of a charge-compensated carborane [nido-9-PPhs-
7,8-C;ByH | ] has been observed,!” indicating that the route to 1
and 2 might compete with the formation of EPh; (E = As, Sb)
derivative of the dicarbollide anion. The reaction system of AgBr/
EPh;/T1,C,BsH,, (E = As, Sb) with varying relative stoichio-
metric ratios is under investigation.
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