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Summary: A simple stepwise preparation of [MoCpaLg]™*
(L = CO, Cl, H) complexes from [MoCp(53-allyl)(CO)s]
is presented. The same type of procedure allows the
preparation of mixed-ring [MoCp(Ind)Lz]"* analogues.

Thereplacement of the cyclopentadienyl (Cp = #5-CsHj)
ligand by other 5% cyclic analogues (Cp’) has been a
successful means of controlling the stability, reactivity,
and several other physicochemical properties of many
organometallic complexes. The widespread use of the
permethylated cyclopentadienyl ligand (Cp*; #5-CsMes)
represents the most successful aspect of this strategy, which
has allowed the characterization of a host of complexes
and reaction intermediates often inaccessible to chemical
and/or spectroscopic studies in the case of the corre-
sponding Cp species. Indenyl (Ind = n5-CoH7) complexes
have long been known to display increased reactivity when
compared to their Cp analogues.!2 Quite recently, indenyl
(and fluorenyl) analogues of group 4 metallocenes were
used to introduce stereochemical control in the polym-
erization of olefins by Ti and Zr complexes, e.g.
M(Ind)2X2.1b

Reflecting the difficulties in the synthesis of the parent
metallocene complexes of group 6 metals, CpsMXs, for
which a simple alternative to the original report only
appeared very recently for CpeWCl,,2 very few ring-
substituted metallocene derivatives of these metals are
known and even the derivatives Cp*;MX; (M = Mo, W)
are difficult to prepare.?

The alternative synthetic approach described below uses
(Mo(Cp")(CO)qo(n*-diene)]* complexes to provide a high-
yield route to molybdenocene as well as differentially
substituted chiral and prochiral molybdenocene analogues,
namely the indenyl congeners [MoCp(Ind)Ls]"*.

Treatment of MoCp(n3-C3H;) (CO)2 (1) with HBF 4+ Et,0
in dichloromethane gives the labile complex [MoCp(CO)¢-
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(n?-C3Hg)FBF3] (2),* which rapidly reacts with dienes,
forming [MoCp(n4-diene)(CO);][BF4] (diene = CsH; (3a),
CsHMe; (3b), 1,3-C¢Hs (3¢)). Complex 3b is fluxional,
like its known analogues 3a and 3c.5#b The two inter-
converting isomers observed by low-temperature ' H NMR
correspond to the endo and exo conformations of the diene
relative to the CpMo(CO); fragment.5¢

Hydride abstraction from 3a with [PhzC]BF4 gives the
new molybdenocene dication [CpsMo(CO).}[BF4)2 (4) in
afashion similar to the formation of [MoCpz(dppe)1[PFsl;
from [CpMo(n*-CsHg)dppelPFe.6 The v(CO) stretching
vibrations of 4 are found at 2139 and 2108 cm™}, reflecting
weak back-donation from the [MoCp;]2+ fragment as seen
in the isoelectronic [Cp;Mo(CNMe);]2+.7 Alternatively,
the molybdenocene fragment may be generated from 3a
by daylight or 60-W tungsten bulb irradiation in CH,Cl,
solution to give [MoCposH(CO)]BF4.82 When a CH:Cly/
CHC]l;3 mixture is used as solvent, [MoCp2Cl1(CO)]BF4 (5)
is directly formed in high yield.8® Similar irradiation of
5 in refluxing NCMe forms [MoCp;CI(NCMe)1BF, (6),8¢
which gives MoCp2H; on reaction with LiAlH4 or NaBH,.
The overall yield of 6 from 2 is 80%, and the operations
may be performed in successive steps without intermediate
purifications other than filtrations and washings.?
[MoCpCp*X(CO)1* is not formed from 3b under similar
conditions.

Protonation of [Mo(Ind)(3-CsHs)(CO)s] (7)1 with
HBF4+Et;0 in CH;3Cls, followed by addition of NCMe,
gives [Mo(Ind)(CO)2(NCMe),]BF, (8) in very high yield.10b
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Reaction of 8 with cyclopentadiene gives [Mo(Ind)(n*
Cs;He)(CO)21BF, (9) as a temperature-sensitive yellow
crystalline complex.l! As expected, 9 has two intercon-
verting isomers (variable-temperature 'H NMR) and its
chemistry also follows that of 3a. Reaction with [Ph;C]-
BF,gives a yellow precipitate of [MoCp(Ind)(CO)21[BF ],
(10) with »(CO) vibrations (2129 and 2054 cm™!) similar
to those of 4. Attempted recrystallization from NCMe/
EtyO gives well-developed crystals of the substitution
product [MoCp(Ind)(NCMe)(CO)1[{BF 4], (11), which has
the crystal structure shown in Figure 1.12 According to
the observed bond angles and distances, which are similar
to the ones typically found for the pseudotetrahedral bent
molybdenocene complexes,” 11 is, to our knowledge, the
first structurally characterized indenyl-substituted deriv-
ative of group 6 metallocene complexes, the only other
known example being [Mn(n®-CsH4Pr)(3-CoH7) (N*Bu)].3d
A detailed discussion of the structural features will be
given together with the structure of the n® analogue 14.13

Irradiation of 9 in CH,Cly/CHCl3 gives a pink precipitate
of [MoCp(Ind)CI(CO)IBF, (12), which upon treatment
with LiCl gives [MoCp(Ind)Cly] (13) as a purple-gray
poorly soluble microcrystalline complex.!4

As depicted in Scheme 1, another entry into the
chemistry of the mixed [MoCp(Ind)] fragment is provided
by the treatment of 9 with NaH, in THF suspension, which
gives [MoCp(n3-CoH7)(CO).] (14). The 7® coordination
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monochromator: A(Mo Ka) = 71.073 pm, w scans, 2.0° < 8 < 25.0°.
During data collection no decay was observed. No correction for
absorption effects was applied, due to the small absorption coefficient
and the isotropic crystal size (edge dimensions 0.5 X 0.5 X 0.3 mm), and
no extinction effects were observed. From 3782 collected data 536 were
rejected (systematic absences; negative intensities). After merging (Rin
= 0.011) all 3027 unique data (I > 0.0) were used in the final refinement.
The structure was solved with direct methods and refined by full-matrix
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Figure 1. ORTEP diagram of 11. Selected bond lengths
(pm) and angles (deg): Mo—N = 211.9(2), Mo—-C = 202.5(3),
Mo—-C11 = 228.4(3), Mo—C12 = 227.3(3), Mo-C13 = 231.8(3),
Mo—C14 = 233.2(3), Mo—C15 = 232.0(3), Mo—-C21 = 226.4(3),
Mo—-C22 = 226.2(3), Mo—C23 = 229.2(3), Mo—C23a = 240.3-
(3), Mo—C27a = 243.8(3), Mo—C);1 = 197.8, Mo-C, 12 = 198.5;
N-Mo—C = 85.5(1), N-Mo—C11 = 106.0, N-Mo-C;12 = 109.8,
C-Mo-Cil = 105.7, C-Mo~Co:2 = 99.2, Cis1-Mo—Ci12 =
137.6, Mo-N-C1 = 177.0(2), Mo-C-0O = 178.4(3), N-Cl-C2
= 179.2(8). Cyo; denotes the perpendicular projection of the
heavy atom on the least-squares plane.
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of the indenyl ligand is confirmed by both TH NMR and
a crystal structure to be published separately.1316 The 53
coordination of the indenyl ligand is expected in order to
avoid a 20-electron EAN around the molybdenum, as
observed in the related complexes [W (93-CoH7) (73-CoHy)-
(CO).1'6 and [Mo(n5-CsH{Pr)(n3-CoH7) (N*Bu)1.3d 14 re-
acts neither with HCl/Et,O nor with Mel but is readily
oxidized to 10 by [PhsC]BF,.

We are currently attempting to extend this procedure
to the preparation of other substituted group 6 metal-
locenes [MCpCp’Ls]l (M = Mo, W; Cp’ = 75-fluorenyl,
Cp*, RCp, and other formal analogues of Cp) as well as
of their disubstituted congeners [M(Cp’)2L2]**+, having in
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V.G.; Struchkov, Yu. T.; Andrae, S. J. Organomet. Chem. 1978, 159, 189.
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mind the possibility of tuning the reactivity of the well-
studied MCp, fragment.
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