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Absiract: On treatment with Pd(PPh3)y4 allyl vinyl ether (1) undergoes a Pd(0) catalysed 1,3
oxygen to carbon allyl shift to afford c-allyl ketone (2). In the presence of both PA(PPh3)4 and base
the allyl viny! ether undergoes a Pd(0) catalysed tandem 1,3 allyl shift and intramolecular Heck
arylation to give the spiro indane (3). Mechanistic investigations suggest that the 1,3-allyl shift
proceeds via a -allyl palladium intermediate.

As part of an ongoing substance P antagonist programme we identified the spirc indane (1) as a key
synthetic intermediate!. In the course of the work leading to the preparation of this intermediate we
encountered some interesting palladium chemistry. We found that allyl vinyl ether (2) undergoes a
palladium(0) catalysed 1,3 oxygen to carbon allyl shift to afford o-allyl ketone (3) and that furthermore, in the
presence of base, the allyl enol ether (2) undergoes a novel palladium(C) catalysed tandem 1,3-allyl shift and
Heck arylation to afford the spiro-indane (1)
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Palladiom(IT) catalysis of [3,3]sigmatropic reaarangements (eqn. 1) is well documented?, whereas to our
knowledge palladium (0) catalysed [3,3] sigmatropic rearrangements are unknown. Palladium(0) will
however catalyse 1,3 allyl shifts3 but these rearrangements are non-concerted and do not show the
regiospecificity associated with genuine [3,3] sigmatropic rearrangements although their products are
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sometimes indistingunishable. Examples of palladium (0) catalysed 1,3 allyl shifts from oxygen to carbon (eqn.
1, X=0) seem to be particularly unusual as only isolated reports exist4.

X X
W/J —_— C/” Equation 1

Herein we report the paliadium (0) catalysed allylic 1,3 oxygen to carbon shift of enol ether (2) to afford
the a-allyl ketone (3). FurIlllermore we report that when the reaction is performed in the presence of base the
ketone (3), undergoes subsequent Heck arylation to afford the spiro-indane (1).

We had originally envisaged that the spiro-indane (1} could be assembled via an intramolecular Heck
arylation3 of the o-allyl k tone (3), which could in turn be prepared by alkylation of the corresponding ketone
(4). However, pmumably‘ due to steric effects arising from the presence of the g-bromine atom®, treatment
of the ketone (4) with allyﬂ bromide and sodium hydride in dimethylformamide afforded predominantly the O-
allylated product, enol ether (2). However as outlined above we found that the allyl enol ether (2) is readily
transformed into the spiro-indane (1).

On heating at reflux ij acetonitrile in the presence of 5mol% tetrakis(triphenylphosphine)palladium(0)
(Pd(PPh3)y) the allyl vinyl|ether (2) readily undergoes rearrangement to afford the a-allyl ketone (3) in 66%
yield?:8. If the allyl vinyl ether is heated at reflux in the presence of 5mol% Pd(PPhs); and triethylamine the
reaction does not halt afier| the rearrangement but the ¢-allyl ketone (3) undergoes subsequent Heck arylaticn
to afford the spiro-indane (1) in one pot in 53% overall yield®-19, This tandem process proceeds smoothly and
efficiently. The conversion of (2) through (3) to (1) is easily followed by thin layer chromatography and

indeed all three species car be simultaneously observed for a significant period.
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Whilst the rearrangement of the allyl ether (2) to afford the a-allyl ketone (3) satisfied our immediate
synthetic needs! we were keen to examine its mechanism. Whilst the transformation of (2) into (3) formally
represents a Claisen rearﬁangement we thought it unlikely the reaction was a genuine [3,3] sigmatroic
rearrangement as palladiuﬁl(o) catalysis of [3,3] sigmatropic rearrangements is unprecedented It is well
established!! that palladiuﬁn(O) treatment of allylic systems which bear a leaving group at the allylic carbon
genetates m-allyl palladium(II) species which are in turn trapped by nucleophiles. Indeed Trost et al* had
demonstrated that the palladium(0) catalysed 1,3 allylic shift of (5) to afford (6) proceeds via the formation of
a n-aliyl palladium intermegliate which is trapped by the o-carbon atom of the liberated enolate (eqn. 2). We
thus anticipated that palladiam(0) catalysed rearrangement of (2) could proceed via an analogous mechanism
in which a w-allyl palladiurﬁ species is trapped by the a-carbon of the enclate of ketone (4} (eqn. 3).
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Equation 2

Equation 3

However, whilst palladium(0) catalysed Claisen rearrangements are unknown, palladium(Il) catalysed
Claisen tearrangments have been reported!?-1? (e.g. eqn 412). Palladium(ll) is thought to co-ordinate
simulaneously to both the double bonds of the substrate to give a stabilized cationic cyclic transition state
(eqn. 4). As under the conditions of the rearrangement of (2) palladium(IL} could in principal be generated by
oxidative addition of palladium(0Q) into the aryl-bromine bond, the possibility of the rearrangement of (2) to
(3) representing a palladium(II) catalysed Claisen rearrangement could not be discounted.
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We endeavoured to distinguish between these two possible mechanisms of rearrangement via the crotyl
ether (7). If the palladium{II) mechanism were to operate (Scheme; path a) rearrangement of crotyl ether (7)
would afford the Claisen product {8) in which the terminal methy] group is transferred to the allylic carbon. In
contrast, if the rearrangement were to occur via the palladium{0) catalysed dissociative mechanism (scheme;
path b), one would anticipate that the intermediate m-allyl species would be trapped preferentially from its
least hindered end to afford predominantly (9) in which the methyl group remains at.the olefin terminus.

Alkylation of ketone (4} with crotyl bromide afforded the crotyl ether (7). Treatment of this compound
with Pd(PPh3), under the conditions described for the rearrangement of (2) afforded the ketone (9)
exclusively {as observed by IH NMR spectroscopy). Transfer of the methyl group from olefin terminus to
olefin terminus strongly suggests that the rearrangements of both (1) and (7) proceed via a x-allyl palladium
intermediate.

In summary, it has been found that allyt enol ether {2) undergoes a novel palladium(0) catalysed tandem
1,3 allyl shift and intramolecular Heck arylation reaction, and that it is highly probable that the 1,3 allyl shift
occurs via a r-allyl palladium intermediate. The tandem reaction is an interesting addition to the burgeoning
field of palladium catalysed tandem and cascade processesl4. Further investigations of both the rearrangement
and tandem reaction are in progress.
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