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Abstract—[MoH ,(dppe),] (1) (dppe = Ph,PCH,CH,PPh,) reacted photochemically with
allylic esters and carbonates, RCO,CH,CH—CH,, to give seven-coordinate hydrido-
carboxylato complexes, [MoH(O,CR)(dppe).] (2), together with H, and propene. When
the esters with bulky R or carbonates were employed, the yield of propene increased
significantly, while that of H, remained unchanged. The photoreactions of 1 with N-
substituted succinic imides were also investigated.

Transition metal-assisted selective activation of the
C—O bond in the unsaturated carboxylic esters and
carbonates has been studied in depth for the group
8 transition elements,’ with reference to their util-
ization to organic syntheses such as catalytic allyl
substitution reactions.? In contrast, there have been
few such studies with group 6 transition metals,? in
spite of the recent finding by Trost er al. of the
metal-dependent chemoselectivity of allylic alky-
lation.*

A yellow suspension of the molybdenum tetra-
hydride, [MoH(dppe),] (1) (dppe = Ph,PCH,
CH,PPh.,), in an excess of allyl acetate and benzene
as solvent, changed to a deep red solution after
irradiation with a 100 W high-pressure mercury
lamp ir vacuo at room temperature. Orange crys-
tals of [MoH(O,CCH,)(dppe),] (2)+ were isolated
from the solution (yield 45%) and the accompany-
ing formation of H, and propene, each in amount
corresponding to the yield of 2, was confirmed
by GLC. The reactions of 1 with other allylic esters
and carbonates proceeded similarly, affording
the corresponding carboxylato and carbonato
complexes, respectively [eq. (1)]. The formato
complex, 2 (R = H), has been prepared via a
different route starting from 1 and carbon dioxide.’

* Author to whom correspondence should be addressed.

T All new compounds including this complex which
were isolated in this study showed satisfactory results in
elementary analyses.

[MoH (dppe),]+ RCO,CH,CH—=CH, -,
1
[MoH(O,CR)(dppe.]
)
+H,+CH;CH=CH,
(R = H, Me, Et, Pr, Bu',
CH,=C(Me), Ph, MeO, EtO).

With the increased bulkiness of R, the yield of
propene in the reaction increased significantly,
whereas that of H, remained unchanged. Thus,
when R = Bu/, 1.01 mol/mol of 1 of propene was
evolved together with 0.67 mol of H,.

The C=C double bond of an allyl group was
found to affect the allyl-O bond cleavage, since the
C—Obond cleavage did not take place when propyl
acetate was employed as the substrate. Consider-
ing that 1 has been known to photochemically gen-
erate the coordinatively unsaturated intermediate
[MoH,(dppe),] (A in Scheme 1),° we can assume
that allyl acetate may coordinate to A through its
C=C bond to give B. Reactions of 1-methylprop-2-
enyl acetate and but-2-enyl acetate with 1 under
similar conditions, afforded 1-butene and trans-2-
butene, respectively, as major C, products. Absence
of the isomerized butenes suggests that the release
of olefins occurs directly from the hydrido-s-allyl
intermediate, C, without an intervening =-allyl
intermediate. The reductive elimination of alkene
from C yields 2 via a monodentate carboxylate, D.
The less stable carboxylate, 2, with bulkier R
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Scheme 1.

groups, may be attacked by H, present in the system
to regenerate A, making the reaction catalytic with
respect to the C—O cleavage. The proposed mech-
anism was supported by the fact that bubbling of
H, into the reaction system of 1 and allyl pivalate
raised the yield of propene to 2.67 mol/mol of 1,
suggesting the possible catalytic hydrogenolysis of
allylic esters.

Carboxylato and carbonato complexes, 2, were
moderately air-stable in the solid state and were
readily soluble in aromatic hydrocarbons to give
reddish-brown air-sensitive solutions. The IR of 2
(R = Me) showed the v(Mo—H) band at 1870 cm ™'
and v(CO,) of the bidentate carboxylato ligand at
1540 and 1450 cm~'. The 'H NMR spectra of 2
(R = Me) in benzene-d; at room temperature exhi-
bited a Mo—H signal at § —6.23 ppm as triplets of
triplets (A,M,X pattern), suggesting coupling of
the hydride with two pairs of magnetically inequi-
valent *'P nuclei, each consisting of two equivalent
3P (2J(HP) = 64.8 and 30.7 Hz, respectively). The
*IP{'H} NMR spectrum of 2 (R = Me) in xylene
at room temperature, which showed a pair of trip-
lets at 6 75.4 and 101.0 ppm (with reference to
external PPh;; 2J(PP) = 17.7 Hz), was consistent
with the 'H NMR results. The spectral charac-
teristics of the other carboxylato and carbonato
complexes were very similar to those found for the
acetato complex and suggest the pentagonal bipyr-
amidal coordination geometry of the seven-coor-
dinate complex, 2, at room temperature, which is
fluxional in the solution as revealed by the tem-
perature 'H and *'P{'H} NMR spectra.

The preliminary X-ray molecular structural
analysis of the single crystal of the carbonato com-
plex, 2 (R = OEt), shows that it possess essentially
the same geometry as in solution, although it is
considerably distorted from the pentagonal bi-
pyramidal framework.

Reaction of 1 with N-allyloxysuccinic imide in
benzene under irradiation resulted in the allyl-O
bond cleavage to give a hydrido—oxyimido complex,
3, together with propene and H, [eq. (2)]. Treatment

of 3 with CO released N-hydoroxysuccinic imide
with the accompanying formation of known
Mo(CO),(dppe),:

[MoH ,(dppe).]
(1)
+C(0)CH,CH,C(O)NOCH ,CH=CH , >
[MoH{ONC(O)CH,CH;C(0)}(dppe);]
3
+H,+CH,CH—CH,.
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