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Half-sandwich cyclopentadienyl polyhydride derivatives of
the transition metals have recently been the subject of intensive
experimentdi® and theoreticdf ! investigations, especially
with regard to their high fluxionality and the choice between
classical and nonclassical formulations and the consequent
effects on physical properties and reactivity. The particular

(ring)MH3L, class of derivatives (ring= Cp or substituted
derivative; M= Mo or W; L = 2-electron neutral donor, e.g.

a tertiary phosphine ligand) has been known since 1979, when

Green reported the first synthesis of CpMsttppe)!? Single-

crystal diffraction studies have never been reported, but corre-
sponding trihalides adopt a pseudooctahedral structure (when
considering the Cp ring as accupying a single coordination
position) which, depending on the nature of the L ligands, can

either befac (1), e.g. CpMoCY[P(OCH,)3CEt],,!2 cis-mer(ll),
e.g. CpMoCY(L—L) (L—L = dppé* or dmpé?d), or trans-mer
(1), e.g. CpMoCi(PMePh).16 H-NMR studies have not

been helpful to elucidate the structure of these hydride com-

pounds: a single triplet resonance (dué’® coupling) for the
three hydride protons is observed forskGPr)MoH3(PMes),
down to—90°C.17 For neither of the geometrigs-1ll where
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Figure 1. A view of the Cp*MoHs(dppe) molecule. Carbon-bonded
hydrogen atoms are omitted for clarity. Selected bonding parameters
(CNT = Cp* center of gravity): Me-CNT, 2.006(5) A; Me-P (av),
2.368(12) A; Mo-H1, 1.65(5) A; Mo-H2, 1.57(5) A; Mo-H3, 1.55-

(5) A; CNT—Mo—H1, 107(2}; CNT—Mo—H2, 102(2}; CNT—Mo—

H3, 114(2}; CNT—Mo—P1, 140.3(1); CNT—Mo—P2, 132.6(1).

unreported Cp*Mo trihydride derivatives. We now report that,
in the solid state, the Cp*Mokdppe) compound adopts a novel
structure for the (ring)MkL , stoichiometry which is based on
the trigonal prism rather than the octahedron and the structure
of a protonation product, which suggests a likely path for the
fluxional process.

Compound Cp*MoH(dppe), 1, can be synthesized in 63%
yields from Cp*MoC} and LiAlH4 in THF in the presence of
dppe!® Compoundl has NMR properties similar to the other
previously reported trihydride derivatives, showing a single
hydride resonance (triplelpy = 42 Hz) atd —5.27 and a single
31P{1H} resonance ad 91.8, which do not decoalesce upon
cooling to—80°C. Thus, hydride-scrambling processes are still
too rapid for this compound to afford structural information by
IH-NMR spectroscopy.

The single-crystal X-ray structure Gf° is shown in Figure

X = H nor any other conceivable geometry, would a single 1. The position of the three hydrides was directly located from
hydride resonance be expected in the slow-exchange limit. Sincethe difference Fourier synthesis and refined without contraints.

increasing the steric bulk has the effect of slowing down

fluxional processes (e.g. see the low-temperatteNMR
properties of Cp*MoH(PMg3'®), we explored previously
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The geometry cannot be based on the pseudooctahedron (cf.
I—111). Rather, it can be idealized to a pseudotrigonal prism
with the center of the Cp* ligand and two hydride ligands
defining one triangular face and the dppe and the third hydride
ligand defining the opposite triangular face, as illustrated
schematically inlV. For a regular trigonal prism, identical
CNT—Mo—P angles should be observed. Such angles are quite
close at 132.6(2)and 140.3(1)indicating a small twist toward

(19) Cp*MoClL (734 mg, 1.97 mmol) and dppe (783 mg, 1.97 mmol) in
THF (60 mL) were stirred with LiAIH (820 mg, 19.7 mmol) at room
temperature for 12 h. After addition of MeOH (ca. 5 mL), evaporation to
dryness, and extraction with heptane, 782 mg of crude product (63% yield)
was recovered as a yellevorange powder, which was recrystallized by
dissolving in heptane and cooling 680 °C. Single crystals were obtained
from a saturated warm heptane solution upon cooling to room temperature.
Anal. calcd for GgHaoMoP.: C, 68.35; H, 6.69. Found: C, 67.6; H, 7.0.
IH-NMR (C¢Dg, 0): 7.8-7.0 (m, 20H, Ph), 1.85 (m, 4H, Gl 1.83 (s,
15H, Cp*), —5.27 (t,Jpn = 42 Hz, 3H, MoH).

(20) Crystal data fol: monoclinic, space group2;/c, a= 10.5920(6)

A, b=129.010(2) A,c = 11.3044(9) A = 114.402(5), V = 3163.3(4)

A3, 7 =4,D,="1.328 g cm3, A(Mo Ka) = 0.71073 A u(Mo Ko) =
0.539 mnT?, F(000)= 1320,T = 153 K, R(F) = 0.0545wR(F?) = 0.1006

for 369 parameters and 4405 data wWih> 4o(F,). The structure solution

by direct methods and refinement by full-matrix least-squares and different
Fourier syntheses were carried out with programs contained in the
SHELXTL package. At convergence for the Cp*Mo(dppe) model with all
non-hydrogen atoms anisotropic, a difference Fourier map showed the
position of the three Mo-bonded hydrogen atoms. These atoms were allowed
to refine freely kyzU), converging to chemically reasonable positions. A
final difference Fourier map was featureless Wittp| < 0.42 e A3,
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an octahedral geometry, whereas the angles should be very
different from each other in a structure of tyfle or much
smaller in a structure of typke In addition, the Mo atom is
displaced significantly from the plane defined by CNT and the
two P atoms (by 0.283 A), one hydride ligand being located on
one side of such plane and the other two hydride ligands being
located on the other side.

The average MeP distance of 2.368(12) A is far shorter
than those in the isoelectronic CpMa@ppe);* which is of Figure 2. A view of the [Cp*MoH(MeCNY(dppe)} cation for
type Il (axial, 2.521(2) A; equatorial, 2.688(4) A). If these compound2. Carbon-bonded hydrogen atoms are omitted for clarity.
distances are regulated mostly by steric interactions, the Selected bonding parameters (CNTCp* center of gravity): Me-
replacement of three Cl with three H is more important than CNT, 1.998(7) A; Mo-P1, 2.541(2) A; Me-P2, 2.554(2) A; Me-
the replacement of the Cp with Cp*. The less electronegative H1, 1.69(6) A; Mo-N51, 2.137(6) A; Me-N61, 2.122(6) A; CNF
H ligands could also have the effect of expanding the metal Mo—H1, 100(2f; CNT—Mo—N51, 103.1(2); CNT—Mo—N61,
orbitals and favoring stronger MeP covalent interactions. The  104.8(2}; CNT—Mo—P1, 159.5(2), CNT-Mo—P2, 121.6(2).

Mo—H distances average 1.59(5) A, which compares with 1.52-
(4) A for (CsMesEt)MoHs(PMes).2: The distance between H2 ~ Scheme 1

and H3 of 1.71 A is much longer than the longest separation Cp* cp*
reported for a “dihydrogen” ligand, e.g. 1.357(7) A for ReH H, -,,N!o/ H, |¢HQH
[P(p-tolyl)3]2,22 thus1 can be considered as a classical trihydride . H” \rp T HiMo—H, =—= e
complex. T‘:p / R) ‘LL

There are no previous examples of (ring)Mtompounds Ha—,MOch .
with a geometry based on the trigonal prism. Fésgstems, By \ |Cp Ccp*
the octahedral geometry should be electronically favored because H‘Mo‘}:ib —_ _Nl oHe
the sixo bonds formed by the s, p, and d, @®t) orbitals are P S
augmented by the two MeCp  bonds that use thegand d, (/P P

set, while the two metal electrons would reside in thedbitals distortion which compresses the P1 donor against the hydride
which can engage in MeC_pé ba_lck bonding. Itis then likely ligand (Pt-Mo—H1 = 59(2F). The CNT-Mo—P angles are
that the pseudotrigonal prismatic structure Ias enforced by jy'this case quite different from each other [104.8e)d 159.5-
steric requirements. . (2)°], and the Mo atoms lie essentially in the plane defined by
d_ﬁl?rqtonatlfon ?]fl with dHBF“"OEtZ Im MeCNI, fol#owed*'\sl)yH the two P atoms and CNT (deviation 0.033 A).

! ucs:|0n do ether, prch ucehs single crystals of [hc.:p or- On the basis of these two structures, it is possible to propose
(MezsN)Z(. ppe)liBRl2 (2). The NMR properties of this com- 5 mechanism of scrambling of the hydride positions in (ring)-
plexz®indicate a pseudooctahedral structure, which is confirmed MoHsL, complexes as illustrated in the Scheme 1, which can

by t‘f’m IX r?ﬁ' sttructtural _detfetrmlgatlaﬂ tgsee Elgyrte 42){” be viewed as a special case of a Bailar twist. We shall next
Ea,: icu ar{h eCs ruc ‘ére IS Ot Ypl , WIth the Seric Interaclion — geek solid state structural information of less sterically hindered
etween the Cp* and equatorial PRJTOUPS causing a severe (inqyMoH,l , compounds, to determine whether the pseudooc-
(21) Shin, J. H.; Parkin, GPolyhedron1994 13, 1489-1493. tahedral or the pseudotrigonal prismatic structure is more favored
(22) Brammer, L.; Howard, J. A. K;; Johnson, O.; Koetzle, T. F.; Spencer, in general.
J. L.; Stringer, A. M.J. Chem. Soc., Chem. Commu®91, 241-243.
(23)H-NMR (8, CDsCN): 7.9-7.1 (m, 20H, Ph), 3.22.4 (m, 4H,
CHy), 1.82 (s, 15H, Cp*)~4.05 (dd,J " = 10 Hz; 3" = 84 Hz, 1H,
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(24) Crystal data foR: orthorhombic, space groupna2;, a = 22.245-
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and 2369 data withtF, > 40(F,). Calculations were carried out as for

compoundl. The hydrogen atom bonded to molybdenum was located
directly from a difference Fourier map and refined freely. A final difference
Fourier map was featureless withp| < 0.42 e A3, JA953408I
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