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We have recently developed palladium and rhodium complexes of amphiphilic polystyrene-

poly(ethylene glycol) (PS-PEG) resin-supported phosphine ligands (Figure 1) which promote

various catalytic transformations smoothly in water under heterogeneous conditions.  The

palladium-catalyzed π-allylic substitution, carbonylation, Heck reaction, Suzuki-Miyaura coupling,

Sonogashira coupling, cycloisomerization, and rhodium-catalyzed alkyne-cyclotrimerization,

hydroformylation, and Michael addition are representatives where the advantages of both aqueous-

and heterogeneous-switching were combined in one system to achieve high level of chemical

greenness.  

A fully environmentally benign multi-step asymmetric organic synthesis of a hydrindane

framework was achieved in water under mild conditions with recyclable polymeric catalysts to

represent what may be considered an ideal chemical process.  Here we report the development of

fully environmentally benign heterogeneous aquacatalytic multi-step asymmetric organic synthesis.

Asymmetric synthesis of the hydrindane (3aR,7aS)-4 was achieved in water with recyclable

catalysts.  The racemic cyclohexenyl ester rac-1 reacted with diethyl malonate in water with a PS-

PEG resin-supported chiral imidazoindole phosphine-Pd complex A (10 mol%) to give 90% ee of 2.

The polymeric chiral palladium complex was reused three times without any loss of
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Figure 1.  A typical structures of PS-PEG resin (left top) and the polymer-supported phosphines (A and B),
and a SEM image of PS-PEG resin beads (right).



stereoselectivity.  Propargylation of the cyclohexenylmalonate 2 was performed with PS-PEG-

immobilized PTC base B to give a quantitative yield of the 1,6-enyne (S)-3.   The enyne (S)-3

underwent cycloisomerization with the amphiphilic polymeric palladium C to afford hydrindane

(3aR,7aS)-4 in 94% yield.
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