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Smmmry: The use of the Pd(dba)2/dpe catalytic system in allylic alkylatmn 

allows so&m dimethyl mlonate to react mth allylic acetates at room tezTpe- 

rature. Accordmg to this procedure, a novel synthesis of allylic substituted 

cyclopentatienes is described through the use of cyclopentadienide anion as a 

nucleophilc. 

The palladium-catalyzed reaction of allylic acetates with carhanrons, carried out 

the presence of a phosphme ligand, is a y& rietlud for carton-carton Lund formationI. 

ln 

Applications to the synthesis of natural products' and to asyrmetric synthesis have been 

reported. The mtramleculer version of thus reaction allows a cyclizatmn intc mcrolide 

skeletons4. The reactions are usually performed at THF reflux tenperatze with Pd(PPh3)4 as 

a catalyst (1 to lo%), and a relatively high mount of phosphme as additional ligand (phos- 

@me to palladium ratio up to 20). 

We muld like to report a rmdification of the reaction allowing a decrease m the rezc- 

tion twrature and the quantity of phosphine ligands required by replacemAt of the fairly 
-t , 5 

unstable Pd(PPh3)4 complex for the stable, easy to handle Pd(0) co@ex Pd(dba)2 . With this 

complex, only small quantities (1 mole per mle of complex) of the chelating phosphme ligand 

dpa ~bis(diphenylphosphino)-&_hane? are required to run the reaction at room temperature; the 

heavy diphosphme is easily removed from the reactlou products (Kuqelrohr distillation). 

R ,2 

h I 
OA c + f&J_ 

RI 
~ti~,r.t.,40hr 

R3 
anion 

RI, R2, 5= see Tables 

In a typical procedure, 500 mg (2.6 rml) carveyl acetate, IO.3 mcj (26 ~1) bis(diphe- 

nylphosphino)-ethane, and 14.8 mg bis(d&enzylideneacetone)-palladium6 in 5 ml of dry T'HF 

ere stirred for 10 min. A solution of the SC&~ salt of dmethyl rmlonate m 10 ml of dry 

'I'll!?, generated from 660 mg (5.0 ml) din-ethyl malonate and 140 mg (3.0 ml) sodium hydride 

(50% mineral 011 dispersion) was then added at once and the resultant mixture stirred for 48 

hr atrccmwrature. The reactionmxtme was partitioned between ether andwater, and the 

aqueous layer extracted mth additional ether. Cmnbmed ethereal extracts z+ere dried over 

wso, , and evaporation of the solvent 111 vacua left am 011 which was stitted to Kugelrohr 

-------- 

k dba stands for dihenzylideneacetone 
4437 
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distillation to give 570 mg 183%) of the pure (glc) substitution product ( bp 0.5 rrmHq 

125-13O'C). 

In the Table 1 are collected the results obtained in the alkylation of .sm allylic 

acetates with scdiumdiz&hylmalonate in TW. 

As the previous procedure8, our experimental conditions promote an overall retention of 

stermtiistry of the substitution of the acetate group by scxLum dxrethyl mslonate, as exem- 

pllfied by exzm@e 3 where cis carveyl acetate leads to the cis addition cvund. Alkylation 

of the geranyl and neryl acetates UI our conditions preserves too the lntwity of the stereo- 

chemistry of the allylic double tend. While Trost's procedure predcanrnantly afforded from ne- 

ryl acetate the branched alkylated vund (67%), our catalytx system prmtes mainly ter- 

minal cwund (76%). Moreover, alkylation of geranyl acetate shows a higher reglos~cificity, 

leadrng to almxt exclusively (95%) terminal attack of the allylic rooiety (ccanpared to a pre- 

vious 85:15 ratio of terrrunal to branched products). 

The palladium-catalyzed reaction of scdium dirristhyl ~1onat.e anion onto ally1 acetates, 

usmcj Pd(dba)2/dpe as a catalytic system offers advantages over the currently used UT to now 

Pd(PPh3)4/'PPh3 system It allows reaction to proceed at room ter+xature, significant impro- 

vements in the regioselectivity and convenient wxk-up due to the easy removal of the small 

amxnt of r-red phosphrne llgands. Up to now, suitable nucleophiles used in allylic 

alkylation were restricted to malonates, sulfonyl , sulfinylacetates, and diphenylsulfone 

anionsl. 

We now report that the mild reaction conditions described alrave allow the use of the 

cyclopentadrenyl anion as a nucleophile, leadrng to allylic cyclopenta&enes from allylic 

acetates (Table 2). 

Table 2 

Synthesis of allylic substituted ~~cl~pentadienes~ 

Substrata Prc&xtb Tszlated b.p./Torr 1 
ENMR (CC1 4, 90 MHZ) &(pxP) 

yield(%) ("C) 

40.0 
6.45-5.851m,3H),5.60(~,2H). 

55/0.3 
3.lO(m,l4),2.80(~,24) ,2.10-1.35(m,6H) 

6.35-6.05(m,3H) ,5_5O(m,lH) ,4.70(s,2H) 

2.90(s,14),2.7S(m,2H),2.15-1.95 

(m 11H) ---__~,__,-----_-__,--_-___-___----__~--~-~~~~-~-_-_,~,-~~~~____-,---- 

140/1.5 
6.45-5.8O(m,3H), 5.55(s,lH) 

3.15-2.70(m,3H), 2.05-0.70(m,15H) 

6.40-5_85(m,3H), 5.20(m,lH) 

80/0.1 3.10-2.70(m,4H), 2.40-1.95(m,6H) 

1.20(s,3H), 0.75(~,3H) 

a) Sirular procedure as Table 1. -b) New vends have been fully characterized by spectra 

and elemental ComFosition, C * 0.4%, H f 0.2%. @ = 1,3_cyclopenta&ene substituted on 1 
20 or(and) 2 positions by the allylic group. - c) (nfD - 31.5' (hexane; c = 6.7). 



The experiments were carried out as described stove, marely replacrng the sodium dime- 

thy1 rralonate aruon by a cyclopenta&enide solution generated from 396 ~(6.0 mrrol) freshly 

distilled cyclopenta&ene and 214 mg (4.0 mool) mum hydride ( as 50% mineral or1 disper- 

sion) . From carJey1 acetate (2.6 -ml), Kugelrohr distillation (lOO*C/O.l rrm Hq) of the crude 

product gave 353 mg (69%) of the pure (glc) carveyl o~clooentadrene. 

Reaction from piperitenyl acetate,oonductcd from a cls/tr,ms mrxture afforded a cis/ 

trans mixture of cyclopentadienes, that could not ba separated_ Myrtenyl acetate led to a 

chemically and optically pure myrtenyl cyclopentadiene. 

The use of cyclopentadienide anion as a nucleophile constitutes a new route to substi- 

tuted allylic cyclopntadienes and especially &ural ones.Ch-Lral qclooenta&enes9 are now 

r-red for the preparation of chiral complexes 
10 

to be used in asymuW=ric catalyzed 

reactionsll. 

Further investigations are now in progress to prepare new ch;Lral cyclopentadienes and 

to broaden the scope of the palladium-catalyzed allylic aLkylaLion Lhrough the search for 

new classes of reacting nucleophles. 
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