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Oxidation of Tricarbonylmolybdacarborane. 1. First Examples of Oxomolybda(VI)carboranes
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The chemistry of transition metal oxo complexes has drawn

considerable interest due to its relevance to metal-centered

oxygen-transfer reactions in biological systémsetal-catalyzed
oxidation processes for industrial catalyd@nd the synthesis
of high oxidation state organometallizsSynthesis of oxometals
has been achieved by various meériscluding oxidative
decarbonylatiof¢->and hydrolysis followed by air oxidatict.3¢:6
In particular, cyclopentadienyl ligands, among others, have been
used very often as ancillary ligands because of their ability to
stabilize both low and high formal oxidation stat@sOn the
other hand, the dicarbollide anioniflo-7,8-GBgH11]%~, which
is isolobal with they5-cyclopentadienyl ligands, has not been
employed in synthesizing metal oxo complexes in spite of its
known ability to stabilize higher formal oxidation states in
metallacarborane complexésConsequently, a synthetic search
for oxometallacarboranes was undertaken. The work reported
herein includes stepwise oxidation off{CBoH11)Mo(CO)]2~
(1)8 to [(ﬂl-CngHll)M003]27 (3) and [(775-C289H11)02M0(,u-
O)M0O(17>C2BgH11)]*~ (4) via [(17>-C2BeH1)Mo(COX(SPh)|>~
(2) as well as the molecular structures of three oxidized products.
To a yellow solution ofl(NMey), (460 mg, 1.0 mmol) in
CH3CN was added 1 equiv of solid phenyl disulfide, resulting
in a prompt color change from yellow to dark red. The reaction
mixture was stirred for 12 h and filtered. The filtrate was treated
with an excess amount of THF, affording analytically pure dark
red microcrystalline2(NMey), in 48% yield?2 The molecular
structure of the anio@,'%shown in Figure 1, reveals a “four-
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Figure 1. Molecular structure of |{>-C;BgH11)Mo(CO)(SPh}]?>~ (2)
showing the atom-labeling scheme.

legged piano-stool” coordination geometry about the molybde-
num atom with two thiolates and two carbonyl groups consisting
of a cis square base. The symmetry of artoapproache€£s
with a plane containing Mo3, B6, B8, and B10 atoms as well
as bisecting the C1C2 bond. While the MeS bond distances
in 2 are similar to those found in the analogous cyclopentadienyl
complex [TIMo(SGFs)2(CO)(Cp)], the C-O distances (1.166-
(11), 1.235(10) A) in2 are slightly longer than those (1.116-
(21), 1.121(22) A) of the latte This is in good agreement
with the lower carbonyl stretching frequencies observedfor
compared to the Cp analog. In contrast to the arfiomith
zero formal oxidation state, the oxidized spe@esvhere Mo
is in the formal oxidation state af2, undergoes a well-behaved
oxidative decarbonylation reaction.

A dark red solution oR(NMey), (650 mg, 1.0 mmol) in Ckt
CN was treated with a 4-fold molar amount of iodosylbenzene.

(9) (a) Data for2(NMes)2: Anal. Calcd for GsHasN2BgOS,Mo: C,
44.28; H, 6.97; N, 4.30. Found. C, 44.02; H,7.32; N, 4.01. IR (KBr,
cm™Y): vgy = 2582, 2542, 2523, 2489, 24450 = 1896, 1793.1H
NMR (ppm, CQxCN): 3.10 (s, 24H, NMg), 3.18 (br, 2H, carbonyl
CH), 7.4-6.7 (m, 10H, phenyl)."1B{1H} NMR (ppm, C.xCN): 1.33,
—5.96,-11.23,—13.52,—16.89,—19.92 (1:2:1:2:2:1). (b) Data for
3(NMey)2: Anal. Calcd for GoHssN2BgOsMo: C, 28.29; H, 8.31;
N, 6.60. Found. C, 27.72; H, 8.26; N, 6.51. IR (KBr, th vgu
= 2570, 2536, 2516, 2497, 2472, 246Q—o = 897, 855. 'H NMR
(ppm, DMSO¢e): 1.54 (br, 2H, carboranyl CH), 3.10 (s, 24H, NMe
1B{1H} NMR (ppm, DMSO¢g): —12.98,—17.66,—18.82,—20.46,
—37.92 (2:3:1:2:1). (c) Data fa{PhsPp-xylyl-PPhs): Anal. Calcd
for CagHeoB180sP2M02: C, 49.47; H, 5.19. Found. C, 48.95; H, 5.03.
IR (KBr, cm™): vgy = 2560, 2535, 2528, 252000 = 927, 878;
VMo—o—Mo = 776. *H NMR (ppm, DMSOdgs): 2.87 (br, 4H,
carboranyl CH), 5.07 (d, 4H, CH| 6.75 (s, 4H, GHy), 7.9-7.5 (m,
30H, phenyl). B{*H} NMR (ppm, DMSOds): —2.22, —5.50,
—9.91,-13.73,—20.89 (1:2:2:3:1).

(10) (a) Crystallographic data f@NMegs)» THF: monoclinic,P112/b, a
=10.307(1) Ab=19.069(4) Ac=19.608(2) Ay = 95.67(1}, V
= 3835.0(10) &, Z = 4, R=0.0714. (b) Crystallographic data for
3(NMey)2: orthorhombicPna2;, a = 20.104(2) Ab = 7.0278(5) A,
c = 30.648(3) A,V = 4330.1(7) B, Z = 4, R = 0.0881. (c)
Crystallographic data fod-(PhsP-xylyl-PPhs): triclinic, P1, a =
10.059(2) Ab = 10.701(2) A.c = 13.3998(14) Ap. = 103.880(10),
B =96.61(2),y = 100.84(2}, V= 1355.8(3) B, Z=1,R=0.0285.
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W. A. W. A; Davidson, J. L.; Lindsell, W. E.; MaCullough, K. J.;
Muir, K. W. J. Chem Soc, Dalton Trans 1989 991.
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Figure 2. (a) Molecular structure of {{:-C,BgH11)M0O;3]%~ (3) showing
the atom-labeling scheme. (b) Projection of the Md@gment of3
onto the open &B; pentagonal plane.

Figure 3. Molecular structure of jf>-C;BgH11)O:Mo(u-O)MoOy(1°-
C,BgH11)]?~ (4) showing the atom-labeling scheme.

The reaction mixture was stirred for 12 h, causing gradual
formation of a white precipitate, which was collected and
washed with cold CECN. The white solid was recrystallized
from DMF/CHsNO/Et,O, giving colorless crystals &(NMey),
in 45% yield® The use of the dicationic RR—p-xylyl —PPh
salt of2 in the above reaction system gave a yellow solid which
was collected and recrystallized from DMF/@E,, affording
yellow crystals of4(PhsP—p-xylyl —PPh) in 13% yield®¢

Shown in Figure 2a is the anionic molecular structure of one
of the two independer8[NMe,), molecules in the asymmetric
unit1% n the anion3, anende(MoOz) moiety interacts with
the unique boron atom of theido-C;Bg cage vai asc-Mo—
B(10) bond, providing ir the first example of an oxometal-
lacarborane as well as@abonded dicarborane complex of the
early transition metal series. Previous examples-bbnded
heterocarboranes are limited t@BgH;11°~ complexes of Al-
(1,2 M@Iv) (M = Si’2 Ge, and SH), and Ag(l)}> The
geometry about the molybdenum atom is slightly distorted
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tetrahedral with the large GIMo—B10 angle of 122.7(6) The
distorted molybdenum center is slipped by an average 1.544 A
toward the unigue boron atom B10 of the dicarbollide cage.
One oxo group which forms a longer M® bond (average
1.769 A) compared with other two oxo groups (average 1.706
A) in the MoO; moiety is situated on top of the,B; plane as
shown in Figure 2b. The variance of M® distances i3
reflects different extent af-donor ability of three oxo groups
and two oxo groups associated with the shorter\@obonds
may act as formal 4edonors, leading to;! behavior of the
dicarbollide anion.

In contrast to3, the structur®° of 4 revealsy® bonding of
the dicarbollide anion as illustrated in Figure 3. Ttleso
MoC;Bg cages in the dinuclear anioA are related by a
crystallographic inversion center lying at the bridging oxygen
atom. The Me=O and Mo—u-O bond distances are comparable
with those in analogous complexgsdp*Mo(O),} »(u-0O)]°%5¢
and [ (Me39N3)Mo(0)z} 2(u-0)]>" 16 where the multiple bond
character in the interaction between molybdenum and oxygen
atoms exists. The linear nature of oxo bridge in the arion
should provide efficient g—p, orbital overlap between the Mo
atoms and the bridging oxygen.

Thein situ 11B- and3C-NMR experiments indicate simul-
taneous conversion of compl@&xo 3 and4 with the formation
of phenyl disulfide. While the role of in the convenient
stepwise oxidation of to 3 and4 remains as speculation, it is
interesting to note that direct treatmentlofith iodosylbenzene
also provides3 in low yield along with other new products.
The nature of these and the reactivity studies3@&nd4 are
currently under investigation and will be the subject of future
reports.
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