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Abstract: Insoluble polymer-supported chiral lfwis acids were prepared from 

monobromoborane or borane with crosrlinked polymers having a chiral moiety such as an amitw 

alcohol, dial. or N-sulfonylamino acid. These polymers were used as chiral cutal.ysts for I)ieLv- 

Alak reactions of methacrolein with cyclopentadiene to give optically active cyckxuiduct. 

The asymmetric Diels-Alder reaction using chiral Lewis acid catalysts has teen thesubject of mtensive 

research in recent years1 Various chiral Lewis acids have been prepared from Lewis acids including 

aluminum, titanium or boron atoms modtfied by chiml ligands such as amino alcohol,* diol.3 binaphthols,‘t N- 

sulfonylamino acid,5 bs-sulfonamidee and a-hydroxy aad. 7 On the other hand, polymers containing pendant 

chirality are Curding a number of intcrcsting applicattons m organic chemistry. The use of polymers as chiral 

auxiliaries in asymmetric mductton reactions offers interesting properties as the chiral polymers may have some 

tnuque advantages over their low-molecular-weight counterparts. For example, the polymers, being insoluble, 

dfer a well documented punlicatton advantage; the polymers can be recycled repeatedly, and the polymers may 

provide a unique microenvtronment for the reactions, which in favorable cases may result in enhanced 

stcreoselectivities. In a continutng effort to prepare cffcctivc polymeric catalysts for asymmetric 

transformations,* new polymeric chit-al Lewis acids have been employed to explore the possibility of using 

them in the model Diels-Alder reaction of methacrolein with cyclopentadiene. We now wish to report the 

preliminary results of the asymmetric reaction obtained by the use of these chiral polymeric catalysts dcnvcd 

from the suitable combinations of boron based Lewis acids and the chiral polymers containing several types of 

chiral moieties such as ammo akohol, dial and N-sulfonylamino acid. 

The chiral polymers ustrl in thts study were easily prepared using suspension polymertzation techniques 

in waler. The chirdl polymers l9 and 4t” wcrc prepared by copolymerization of the corresponding chiral 

monomer with styrene and divinylbcnzcnc (DVB) as crosslinking agent. The chiral polymers 2 and 3 were 

ubtained by copolymerrzation of styrenc with the chiral monomers having two polymerirable vinylbcnzyl 

groups which also act as crosslinkmg agent. t J lnsolublc swcllable polvmers wcrc obtained in high yield 
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without DVB in these cases. Treatment of’ these polymers having chtral btfunctional motctics with borane 

gave the polymenc Lewis acids, presumed to bc mctallacycles, which were used for the Diels-Alder rcactton of 

cyclopentadiene with methacrolem. 

3 
H+-+H 

HO OH 

In a prcv~ous paper, WC described that the polymertc chtral osalaboroltdincs derrvcd from armno alcohol 

polymers 1 and 2 with borane were very effectrve catalysts for the asymmetrtc reduction of ketones, oxtmcs 

and tmtncs.9.t 1.12 These polymers unfortunately dtd not catalyze the Dicls-Alder rcactton and no destrcd 

cycloadduct was obtained. On the other hand, the reactton proceeded smoothly m the presence of polymeric 

catalyst gcncratcd tn situ from monobromoboranc and I or 2. The corresponding cycloadducr was obtained 

at -7%C in thus case In high chemt~l yield and high cxokndo mtto (Table I. entry I, 2). I lowcvcr. although 

I and 2 are quite cffccttvc chiral auxiliartes In some asymmctrtc reacttons tncludtng reducttonst3 and 

alkylattons,t*a the polymenc catalysts derived from monobromoborane offcrrd low Irv~cl of asymmetric 

induction in the Dicls-Alder rcactton. Chtral diols derived from tartaric acid have been also reported as 

cfflcicnt ltgand of the catalyst for Dick-Alder rcacttons, t-) whereas the chttal Irvvis acid generated from 

monobromoboranc and the polymeric analog 3 gave only low cnanttosclecttvtty (entry 3). Scvetal examples 

of this asymmetnc Diels-Alder reaction using insoluble polymeric chtml catalyst arc shovvn tn Table I. 

Hclmchcn’s tnvcstigatior&b of choral LLWIS acids prepared by reacting sulfonamides of (.Y)-valinc with 

boranc for Dicls-Alder reactions prompted us to prepare the polymeric versron of’ the catalyst. By using 

polymcnc Lewis acid catalyst prepared from 4 and monobromoboranc the Dtcls-Alder adduct was obtamcd in 

99% yteld with almost perfect cxv sclccuvtty and the optical ymld of the exe lorm wa.s imprwcd to 44% ec. 
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Polymeric catalyst generated from 4 and borane also catalyzed the reaction efficiently to afford the adduct in 

.57Sce, which is htgher enanttoselectivity than that obtained using Helmchen’s soluble catalyst in 

dichloromethane. The effect of solvent used on enantioselcctivity was reported to be important in this 

reactionS Addition of donor solvent such as THF resulted in higher enantioselectivity. All of the Diels-Aldet 

reacttons gave predominantly the adduct having R conftguration determined by the stgn of optical rotatlon.*5 

The use of insoluble polymeric catalysts facilitates greatly the separahon of the chit-al adduct which is obtained 

in solution from the solid catalyst The chiral polymer was recovered quantitatively by simple filtration and 

could be reused at least for several times wIthout any lass of enanticselectivity. 

Table I Asymmetric Diels-Alder Reaction of Cyclopentadiene 
with Mcthecrolein Using Polymeric Catalyst” 

Entry Polymer Borane .Solvcnt Yteld! S endolexo’ %J eed 
blI> 

(c 5.0, EtOH) 

1 I BH,Br CH,Cl, 96 8:92 I6 - 3.73 

2 2 BH*Br CH,CI, % 41% 25 - 5.83 

3 3 BH2Br CH,CI, 88 I1 :89 17 - 3.96 

4 4 BH,Br CH,CI, 99 <1:99 44 - 10.31 

5 4 BH3 CHzClz 95 <1:99 s7 - 13.29 

6 4 BH3 CH,CI,ITHF 89 <I 199 65 - 15.08 

T 4 BH, CH,CI,ITHF 93 <1:99 6.5 - 15.14 

“All reactions were carried out in the presence of I5 mol% polymeric boron catalyst. b lsolatcd 

yields. ‘Deternutted by ‘H NMR. “The optical purity of the exo iscwner was calculated by the 

observed optical rotation on the basis ol the rotauon reported by Koga.” Dete.muned to be R 
configuration based on the optical rotahon. ‘Recycled polymer was used. 

The following erpcriment is typical: To a stirred suspension of 0.94g (0.75 mmol) of polymer- 

supported N-sulfonylated valinc 4 (0.8 mmol/g) In IO ml of THF under nitrogen atmosphere was added 0.75 

mmol of BHTDMS (I M solution in dtchloromethane) at 0 ‘C. After stirring for 2 hours at rmrn tempcraturc 

methacrolcin (5 mmol) and cyclopentadiene (7.5 mmol) were successively mtroduccd at -78°C. The mixture 

was stirred at -78°C for 2 hours, and then quenched wtth so&urn hydrogen carbonate. After removal of lhc 

polymer by ftltration usual workup gave the desired Diels-Alder adduct. 

Further investigations on scope and limitation of thts calalyuc asymmetric Diels-Alder reaction as well as 

application of the polymcnc catalysts to continuous flow system are now in progress. 

This work was supported by a Grant-m-Aids for Scientific Rcscarch (No. 05234215) from the Mmistry 

of Education. Science and Culture. Japan. 
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