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The SB-hydride elimination is a key step in many fundamental
organometallic reactions that involve interconversion of alkyl
and olefin ligands.! The commonly accepted, 4-electron-4-
center mechanism for this reaction? is strongly supported by
the observation of agostic interactions in many alkylmetal and
allylmetal complexes.> With (#3-allyl)palladium complexes,*
the elimination reaction is of special interest because it produces
conjugated dienes under mild conditions.>® For example, the
Pd(0)-catalyzed conversion of allylic acetates to dienes proceeds
in common organic solvents at ambient temperatures. Lack of
regiospecificity, howevey, limits the usefulness of this method
in synthesis.” Here we report that in the presence of stoichio-
metric amounts of 3,y-unsaturated organometallic reagents the
reaction becomes highly regiospecific. Evidence is provided
to support a 6-electron 6-center cyclic mechanism rather than
the above mentioned 4-electron-4-center pathway.

The reaction of linalyl acetate (1), geranyl acetate (2), and
neryl acetate (3) with catalytic amounts of Pd(PPhs), produces
acetic acid and a mixture of myrcene (4), (E)-ocimene (5), and
(Z)-ocimene (6) in a ratio of 74:13:13 (Scheme 1).8 Product
distribution is independent of substrate’s structure (either 1, 2,
or 3), solvent (dioxane, toluene, THF, chloroform), catalyst
concentration, and reaction time.” Only a minor dependence
on temperature is observed, with slightly higher proportions of
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Scheme 1

ocimenes appearing at higher teémperatures. It has been
proposed that a basel® could promote elimination by abstracting
a B-proton from the (allyl)palladium complex, 11112 Neverthe-
less, we found that neither reaction rate nor product distribution
is affected by amine bases,'® and in few cases the reaction is
even slightly inhibited. These observations suggest that all three
products originate from a unimolecular partitioning of a common
intermediate, i.e., an equilibrium mixture of syn- and anti-(3-
ally)PdL,* complexes (Ia and Ib).

We have long been. intrigued by the influence of S,y-
unsaturated organometallics on the elimination reaction.'* The
above described Pd(0)-catalyzed elimination of 1—3 was
therefore studied in the presence of allyltributylstannane, 7,
allenyltributylstannane, 8, and propargylzinc bromide, 9 (Table
1). With linalyl acetate, 1 (entries 1—4), the presence of these
organometallic reagents causes three significant changes: (a)
the elimination reaction is accelerated by 5 times with 7 and
by more than 1000-fold with 9, (b) the proportions of 4 are
decreased (now 48%, rather than 75%), and (c) the ratio of 5:6
increases from 1:1 to approximately 1:2.5. Using excess 7 and
following the reactions by 'H NMR, we found that only 1 equiv
of the organostannane (with respect to 1) is consumed with
concomitant formation of 1 equiv of propene. Moreover, when
a pentadeuteriated linalyl acetate, 1a,!s is employed, 1 equiv of
3-deuteriopropene is produced along with acetoxytributylstan-
nane and a mixture of tetradeuteriated 4, 5, and 6 (eq 1). The
kinetic isotope effect (ku/kp = 2.6 in the absence of 7; 2.2 in
its presence) indicates that cleavage of an allylic C—H bond
occurs in the rate-limiting step of both reactions.!6
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Table 1
entry substrate organometallic products (4:5:6)

1 1 74:13:13
2 1 (ally))SnBu; (7) 49:15:36
3 1 (propargyl)ZnBr (8) 48:14:38
4 1 (allenyl)SnBus; (9) 48:15:37
5 2 74:11:15
6 2 (ally)SnBu; 25:20:55
7 2 (propargyl)ZnBr 0:27:73
8 2 (allenyl)SnBus 0:25:75
9 3 74:16:10

10 3 (allyl)SnBu; 63:13:24

11 3 (propargyl)ZnBr 100:0:0

12 3 (allenyl)SnBus 100:0:0

2 All reactions were carried out in THF, with initial product
distribution being determined by GC after 30 min.>!* Each experiment
was repeated at least three times. Reactions with 7 and 8 were repeated
in CDCls, confirming the GC results by 'H NMR.
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A more pronounced effect is observed with substrates 2 and
3. In the presence of either 8 or 9 the elimination is very fast
and becomes highly regiospecific, with 2 producing only
ocimene (entries 7 and 8), while 3 affords exclusively myrcene
(entries 11 and 12). The same trends are also observed in the
presence of 7, but regiospecificity is incomplete, with 2
producing ocimene-enriched mixtures (entry 6) and 3 affording
myrcene-enriched mixtures (entry 10). Again, significant rate
enhancements are observed. For example, the reaction of 3 in
THEF is 6 times faster with 7 and 1600 times faster with 9.

At least three alternative mechanistic pathways could be
considered on the basis of the above described results (Scheme
2): (a) a unimolecular B-hydride elimination that occurs without
direct involvement of the organotin reagent, producing acetic
acid, which may later participate in a Pd-catalyzed protonolysis
of allylstannane; (b) transmetalation of an allylic or propargylic
unit to palladium!” followed by an intramolecular deprotonation
of the B-hydrogen via a cyclic, 6-electron 6-center transition
state; and (c) similar transmetalation followed by a regular
4-electron 4-center 3-hydride elimination and subsequent reduc-
tive elimination to produce propene.

Although 7 is stable in a mixture of chloroform—acetic acid,
it undergoes rapid protonolysis to produce propene and
acetoxytributylstannane upon addition of catalytic amounts of
Pd(PPh3)s. However, this Pd-catalyzed protonolysis is com-
pletely inhibited by excess Proton Sponge.!* Since the latter
has no effect on the Pd-catalyzed elimination of 1 we can rule
out mechanism a. Moreover, the Pd-catalyzed elimination of
1 is promoted by allyl- and allenylstannane, 7 and 8; but not
with phenyl-, benzyl-, and methylstannane. In fact, benzyl-
tributylstannane is an effective inhibitor of the elimination
reaction; thus ruling out mechanism ¢ and supporting mechanism
b, which involves a cyclic transition state, I1.18

Mechanism b may also account for the unique regiospeci-
ficity. The observed constant distribution of products in the
unpromoted reaction, independent of the substrate’s structure
(Table 1, entries 1, 5, and 9), implies that elimination is slower
than the equilibration of syn and anti complexes, Ia and Ib
(Scheme 1). Conversely, the very high regiospecificity observed
with 2 and 3 in the presence of 8 and 9 suggests that elimination
is now faster than the syn—anti equilibration. Moreover, product
distribution reflects changes in the reaction mechanism. Forma-
tion of § and 6 from 2 and formation of 4 from 3 implies that
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hydrogen is being abstracted selectively from the syn carbon.
This is exactly the opposite of what one would expect for a
normal S-hydride elimination, considering the exclusive agostic
interactions of the metal with hydrogens on the anti and not on
the syn carbon.® In the case of 2, for example, a rigid, square
planar coordination geometry of I could explain the preferential
abstraction of hydrogen on the syn rather the an#i carbon
producing § and 6. Furthermore, the kinetic preference to form
6 rather than 5 is consistent with IIa being sterically less
crowded than IIb.

lla R=H, R =alkyl
b R=alkyl, R'=H

Cyclic, 6-electron 6-center transition states, similar to the one
proposed here, are traditionally more widespread in the literature
of organic chemistry than of organometallic reactions.!*?° They
should, however, be considered more often in reaction mecha-
nisms across the entire periodical table.?!
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An alternative drawing of four arrows across seven atoms would engender
a highly unsaturated palladium species which seems unlikely to occur:
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