
Tctmhedron Leners. Vol. 35. No. 52. pp 97634766. 1994 
Eisevi~ Science Ud 

Prinwd in Great Britain 
~~39~4 $7.~.~ 

~~39{94)~2 119-8 

A NOVEL PALLA~I~M~O) CATALYSED TANDEM 1,3-ALLYL SHIFT AND HECK 

AR~ATlO~ 

Stephen P.Watson**, Graham R. Knox* and N&la M. IIeron* 

@Xaxo Reseazch and flint Lited, Ware, ~e~r~i~, SGl2 ODP, U.K. 
CDepartment of PuTe and Applied Chemistry, University of Strathclyde,295 Cathedral Sk& Glasgow, Gl IXL, U.K.. 

Atsstrsck Gn tag with ~~h3~4 ally1 vinyl ether (11 un&rgoes a Pd@} cata&.& 12 
oxygen to c&on ally1 shift to afford a-atlyl ketone 12). In tht presence of both Pd(PPh3)4 and base 
the ally1 vbyl ether undergoes a Pd{Oj catalysed tandem 1,3 ally1 shift and iWamti&ac He=& 
aryWion to give the Spiro indane (3). Mechanistic invealigations suggest that the 1,3allyl shift 
proceeds via a x-alIy1 palladium intermediate. 

As part of an ongoing substance P ~t~#~~ priorate we identity the Spiro indane (1) as a key 

synthetic intermediatel. In the course of the work leading to the preparation of this intermediite we 

encountered some interesting palladium chemistry. We found that ally1 vinyl ether (2) undergoes a 

palladium(O) catalysed 1,3 oxygen to carbon ally1 shift to afford a-ally1 ketone (3) and that tihermore, in the 

presence of base, the ally1 enol ether (2) undergoes a novel palladium(O) catalysed tandem 1,3-ally1 shift and 

Heck ~Iati~n to aff’rd the spas-in~e ( 1) 
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Pa&dium(II) catalysis of [3,3]sigmatropic reaarangements (eqn. 1) is wet1 documented*, whereas to our 

knowledge palladium (0) c&slysed [3,3] sigmatropic rearrangements are unknown. Palladium(O) will 

however catalyse I,3 aNyI shifts3 but these rearrangements are non-concerted and do not show the 

r~osp~ificity associated with genuine [3,3] ~i~trop~c r~~ngements although their products are 
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sometimes indistinguishable. Examples of palladium (0) catalysed 1,3 ally1 shifts from oxygen to carbon (eqn. 

1, X=0) seem to be partict&rly unusual as only isolated reports exista. 

,) 1: - c_.J Mx I Equation 1 

Herein we report the p 

7 

Iadium (0) catalysed allylic I,3 oxygen to carbon shift of enol ether (2) to afford 

the a-ally1 ketone (3). Fu hermore we report that when the reaction is performed in the presence of base the 

ketone (3), undergoes sub equent Heck arylation to afford the Spiro-indane (1). 

We had originally 

!/B 

en ’ aged that the Spiro-indane (1) could be assembted via an intramolecular Heck 

arylations of the &ally1 k one (3), which could in turn be prepared by alkylation of the corresponding ketone 

(43. However, presumably1 due to steric effects arising from the presence of the Q-bromine atom6, treatment 

of the ketone (4) with ally4 bromide and sodium hydride in dimethylformamide afforded predominantly the O- 

allylated product, en01 eth r (2). However as outlined above we found that the ally1 enol ether (2) is readily 

transformed into the Spiro ndane (1). 

1 

On heating at reflux i acetonitrile in the presence of Smol% tetrakis(triphenylphosphine)palladium(O) 

(Pd(FPh&) the ally1 vinyl ether (2) readily undergoes rearrangement to afford the a-ally1 ketone (3) in 66% 

yield7J. If the ally1 vinyl e her is heated at reflux in the presence of 5mol% Pd(PPh$q and triethylamine the 

reaction does not halt r&e the rearrangement but the a-ally1 ketone (3) undergoes subsequent Heck arylatian 

to afford the Spiro-indane 1) in one pot in 53% overall yield g.lo. This tandem process proceeds smoothly and 

eficiently. The of (2) through (3) to (1) is easily followed by thin layer chromatography and 

indeed all three species be simultaneously observed for a significant period. 

0 

(4) 

Whilst the rearrangeme@ of the ally1 ether (2) to afford the a-ally1 ketone (3) satisfied our immediate 

synthetic needs1 we were ic een to examine its mechanism. Whilst the transformation of (2) into (3) formally 

represents a Claisen rea 4 angement we thought it unlikely the reaction was a genuine [3,3] sigmatroic 

rearrangement as palladiub(0) catalysis of [3,3] sigmatropic rearrangements is unprecedented It is well 

establishedll that palladiu$(O) treatment of allylic systems which bear a leaving group at the allylic carbon 

generates x-ally1 palladiu (II) species which are in turn trapped by nucleophiles. Indeed Trost et al4 had 

demonstrated that the pall 

i 

iurn catalysed 1,3 allylic shift of (5) to afford (6) proceeds via the formation of 

a x-ally1 palladium interm iate which is trapped by the a-carbon atom of the liberated enolate (eqn. 2). We 

thus anticipated that palla ‘urn(O) catalysed rearrangement of (2) could proceed via an analogous mechanism 

in which a z-ally1 palladiud species is trapped by the a-carbon of the enolate of ketone (4) (eqn. 3). 
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Equation 2 

Equation 3 

However, whilst paUadium(0) catalysed Claisen rearrangements are unknown, palladium(II) catalysed 

Claisen rertrrangments have been reported W3 (e.g. eqn. 412). Palladium(iT) 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 re~~gement of (2) ~la~m~I} could in principal be generated by 

oxidative addition of palladium(O) into the a$-bromine bond, the possibility of the rearrangement of (2) to 

(3) representing a palladium(I1) catalysed Claisen rea~angement could not be discounted. 

~a_[~~]-~ Equation 4 

We endeavoured to distinguish between these two possible mechanisms of rearrangement via the crotyi 

ether (7). If the ~ll~ium(II) mechanism were to operate (Scheme; path a> rearrangement of crotyl ether (7) 

would af%ord the Claisen product (8) in which the terminal methyl group is transferred to the allylic carbon, In 

contrast, if the regiment were to occur via the palladiums} ca~alysecl dissociative rn~~srn (scheme; 

path b), one would anticipate that the intermediate K-ally1 species would be trapped preferentially frclm its 

least hindered end to afford predominantly (9) in which the methyl group remains at-the olefin terminus. 

Alkylation of ketdne (4> with crotyl bromide afforded the crotyl ether (7). Treatment of this compound 

with Pd(PPh& under the conditions described for the rearrangement of (2) afforded the ketone (9) 

exclusively (as observed by 1H UMR s~ctr#~py). Transfer of the methyl group f?rom olefin terminus to 

olefin terminus strongly suggests that the rearrangements of both (I> and (7) proceed via a ~~Ilyl palladium 

intermediate. 

In summary, it has been found that aftyt enol ether (2) undergoes a novel palladium(O) cataiysed tandem 

1,3 ally1 shift and intt’atmolecular Heck aviation reaction, and that it is highly probable that the 1,3 ally1 shift 

occurs via a IW&I p~l~diKrn intermediate. The tandem reaction is an interesting addition to the burgeoning 

field of palladium catalysed tandem and cascade processes 14. Further investigations of both the rearrangement 

and tandem reaction are in progress. 
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