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Polymer-supported Chiral Lewis Acids as Asymmetric Catalysts
for Diels-Alder Reactions of Methacrolein with Cyclopentadiene
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Abstract: Insoluble polymer-supported chiral Lewis acids were prepared from
monobromoborane or borane with crosslinked polymers having a chiral moiety such as an amino
alcohol, diol, or N-sulfonylamino acid. These polymers were used as chiral catalysts for Diels-
Alder reactions of methacrolein with cyclopentadiene to give optically active cycloadduct.

The asymmetric Diels-Alder reaction using chiral Lewis acid catalysts has been the subject of intensive
research in recent years.!  Vanous chiral Lewis acids have been prepared from Lewis acids including
aluminum, titanium or boron atoms modified by chiral ligands such as amino alcohol, 2 diol,3 binaphthols,# N-
sulfonylamino acid,5 bis-sulfonamide® and a-hydroxy acid.” On the other hand, polymers containing pendant
chirality are finding a number of interesting applications in organic chemistry. The use of polymers as chiral
auxiliaries in asymmetric induction reactions offers interesting properties as the chiral polymers may have some
unique advantages over their low-molecular-weight counterparts.  For example, the polymers, being insoluble,
offer a well documented punfication advantage; the polymers can be recycled repeatedly, and the polymers may
provide a unique microenvironment for the reactions, which in favorable cases may result in enhanced
stereoselectivities.  In a continuing effort to prepare cffective polymeric catalysts for asymmetric
transformations, new polymeric chiral 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 o report the
preliminary results of the asymmetric reaction obtained by the use of these chiral polymeric catalysts denved
from the suitable combinations of boron based Lews acids and the chiral polymers containing several types of
chiral moieties such as amino alcohol, diol and N-sulfonylamino acid.
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The chiral polymers used in this study were casily prepared using suspension polymerization techniques
in water. The chiral polymers 192 and 419 were prepared by copolymerization of the corresponding chiral
monomer with styrene and divinylbenzene (DVB) as crosslinking agent.  The chiral polymers 2 and 3 were
obtained by copolymenization of styrenc with the chiral monomers having two polymerizable vinylbenzyl

groups which also act as crosslinking agent.I1 Insolublc swellable polymers were obtained in high yicld
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without DVB in these cases. Treatment of these potymers having chiral bifunctional moietics with boranc
gave the polymenc Lews acids, presumed 10 be metallacycles, which were used for the Diels-Alder reaction of

cyclopentadiene with methacrolern.
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In a previous paper, we described that the polymenic chiral oxazaborolidines denved from amino alcohol

)

polymers 1 and 2 with borane werc very effective catalysts for the asymmetric reduction of ketones, oximes
and 1mines.%:11.12 These polymers unfortunately did not catalyze the Diels-Alder reaction and no desired
cycloadduct was obtained.  On the other hand, the reaction proceeded smoothly 1n the presence of polymeric
catalyst generated in situ from monobromoboranc and 1 or 2. The corresponding cycloadduct was oblained
at -78°C in this case in high chemical yield and high exo/endo ratio (Table I, entry 1,2).  However, although
1 and 2 are quite effective chiral auxiliaries 1n some asymmetnic reactions including reductions!3 and
alkylations, 122 the polymenc catalysts derived from monobromoborane offered low level of asymmetric
induction in the Dicls-Alder reactton.  Chiral diols derived from tartaric acid have been also reported as
efficient ligand of the catalyst for Dicls-Alder reacuons,!# whercas the chiral Lewis acid generated from
monobromoborane and the polymeric analog 3 gave only low enantioselectivity (entry 3).  Several examples
of this asymmetnc Diels-Alder reactton using insoluble polymeric chiral catalyst are shown 1n Table 1.
Helmchen's investigation™b of chiral Lewis acids prepared by reacting sulfonamides of ($)-valine with
boranc for Diels-Alder reactions prompted us to prepare the polymernic version of the catalyst. By using
polymenc Lewis acid catalyst prepared from 4 and monobromoborane the Diels-Alder adduct was obtained 1n

99% yield with almost perfect cxo sclectivity and the optical yield of the exo form was improved to 44% ee.



Polymer-supported chiral Lewis acids 525

Polymeric catalyst generated from 4 and borane also catalyzed the reaction efficiently to afford the adduct in
57%ce, which is higher enantioselectivity than that obtained using Helmchen's soluble catalyst in
dichloromethane. The effect of solvent used on enantioselectivity was reported to be important in this
reaction.58 Addition of donor solvent such as THF resulted in higher enantioselectivity. All of the Diels-Alder
reacuons gave predominantly the adduct having R configuration determincd by the sign of optical rotation.!3
The use of insoluble polymeric catalysts facilitates greatly the separation of the chiral 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 scveral times without any loss of enantioselectivity.

Table I  Asymmetric Diels-Alder Reaction of Cyclopentadiene
with Methacrolein Using Polymeric Catalyst®

[("]D

Entry Polymer Borane Solvent Yield?% endolexo” % ee?
(c 5.0, EtOH)
1 1 BH,Br  CH,Cl, 9% 8:92 16 -3.73
2 2 BH,Br  CH,Cl, 98 4:96 25 583
3 3 BH,Br CH,Cl, 88 11:89 17 -3.96
4 4  BH,Br CH,Cl, % <1:9 44 - 1031
5 4 BH; CH,Cl, 95 <1:99 57 -13.29
6 4 BH, CH,Cl,/THF 89 <1:99 65 - 1508
7 4 BH; CH,CL,/THF 93 <1:99 65 - 15.14

Al reactions were carried out in the presence of 15 mol% polymeric boron catalyst. ®Isolated
yields. “Determined by 'H NMR. “The optical purity of the exo isomer was calculated by the
observed optical rotation on the basis of the rotation reported by Koga.!® Determined o be R
configuration based on the optical rotaton. “Recycled polymer was used.

The following expcriment is typical: To a stirred suspension of 0.94g (0.75 mmol) of polymer-
supported N-sulfonylated valinc 4 (0.8 mmol/g) in 10 ml of THF under nitrogen atmospherc was added 0.75
mmol of BHyDMS (1 M solution in dichloromethane) at 0 °C.  Afier stirring for 2 hours at room temperaturc
methacrolein (5 mmol) and cyclopentadiene (7.5 mmol) were successively introduced at -78°C.  The mixture
was stirred aL -78°C for 2 hours, and then quenched with sodium hydrogen carbonate.  After removal of the
polymer by filtration usual workup gave the desired Diels-Alder adduct.

Further investigations on scope and limitation of this catalytic asymmetric Diels- Alder reaction as well as
application of the polymenc catalysts to continuous [low system are now in progress.

This work was supported by a Grant-in-Aids for Scientific Rescarch (No. 05234215) from the Ministry
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