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B&desbeingbiomim&malelsfor ~~P_450,thcre~~~beu#df~efficieat~~sofr 

variety of important organic molecules.2TnnriIion metal amlplexa for alkane epoxidation St&ii so far 

largely include porphyrin type ligands. 3 Among the non-porphyrin system#. the cationic manganese 

complexes of bir Schiff base (Mn(II&Salen complex) developed by Kochi et. al.5 are iome of the most 
. lIhucm&g exaalples. 

Reagents and catalysts immobilized on polymer supports offer several practical advantagesP.7 

Retention of the catalytic activity along with ease of optzatioa and tecycling tender polymer bound transition 

metal catalysts attractive with dual advantage of hoanqeneousand beterogeaeous catalysts.* Recently, 

polymr bound metal porphyrins have been found to be efklent catalysts for epoxidation of akenes.9 Thus, 

design of well defined polymeric MI@) -Salen complex as recyclable and efficknt catalyst for alkae 

epoxidation appears to be an interesting approach to develop a new geoeration of synthetically important 

catalysts, We disclose here the Erst example of a well d&ted polymer bound Mn(II&Salen complex as a 

highly eftkient and selective catalyst fa tile epoxidation of several cis and tmns olefins. 

Design of the desired metalamplexing polymuic catalyst involves the syntheds of the appropriate 

vinyl monom~ bearing Salen (1) and Mn(IU)-Sdea fimctionali@ (2) and its subsequent polymhadon with 

appqwiate crooi-linking agent Viiyl axmomer b&ring Schiff base [N,N’- bii2-hydroxy, 5-vinyphenyl) 

mthyleneKuamhcy- (vinyls8len) (1) was obdined by reacting S-vinyl sakyud&ydeto 
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with 1.2dkminocyclohexane. Reaction of 1 with Ma (OAch.Hfl in the presence of excess LiCl M the 

metal complexing monomer 2 in good yield. 11 Free radical polymezixation of 2 with ethylene glycol 

dimethacrylate (EGDMA) (at a molar ratio of 5:95 for 2: EGDMA) in toluenc gave the dcsii w 

polymer 3x. This polymar ;slsqs gro@ and wctnctd with refluxjng qjtaaol in o&z q mtqwe any soluble 

contaminants a&l-was sibquattly &ie&g constant weight. The praitiad polymer was tested for its catalytic 

cf&icncy. The epoxidation reactions of o&ins wcte carried out at 25oc in acetoniuile using polymer 3a as the 

catalyst in the presence of excess of iodosyf benxcw (PhIO) as the tent&al oxidant. The rate of epoxidadon 

using this polymeric catalyst is @tiyely slow, but ’ pmcccds steadily . It takes amund 32 hrs to reach the 

degree conversion comparble with the ‘knogencous system (see Table 1). In homogeneous epoxidation 

reaction of ohms using soluble Mn(III)-Salea complex, epoxidation was completed within 1 h.5 Slow reaction 

rate is commonly observed in hetcrcogencous reactions mediated by insoluble polymers. where reagent 

diffusion to the catalytic site is the rate determining process. t* In the present case. poor solubility of PhIO in 

acctonitrilc and uoc of insoluble macqorous polymeric catalyst renders the system triphasic(solid/solMquid). 

FmnomMd~~oftheYateof epoxidationwasobs&ved+velldwlng~ oMalyUuskg less 

polar solvents~ and encapsulation of the Mn(IlI>Salcn inside xcolite cavity.13 With this polymer& mctal- 

complex which bamly swells (~3%) in mnitrik high conversion of the okflns to epoxid~ testifies to the 

ready~cy.afthecrtrlyticsittrtoth,~~Av~tyofrlkenerwera~~mnrtonnsd~ 

dreircarsrpoadingdpruridwmdtherwulathutokdaedrrss~inT~le1. 

Table 1' Ejnxkbh of Maent Alkcncs by Iodcaylbcnzu= Catalyxnd by. Myma Suppaned 

Mn(IIl)-salul complex (3aP. 

Enay Alkene %yiCldofepoxidc %yieldofsidepmductsb catalyst 
(cone in mmol) 

1 styram (1.92) 82 10 (PhcHO) 27 

2 (E)-#-methyl styr&1.0) 90 trrrce 22 

3 trMMtilbenc (1.46) 57 _-__ 14 

4 indcne (2.15) 51 --- 18 

5 2,3cyclohexcne kctal(l.75) 62 ____ 11 

Examination of the data in Table 1 reveals that selectivity and product yields with this polymeric 

Mn(IlI)-Salcn complex is comparable and sometimes better than the corresponding soluble complex~ and 

he- systems based on Zcolitc encapsulated l@t(III)-Salcn complex.t3 Thus, epoxidation of styrcne 

gave losb bctichyde as byproduct aloog with 82% yield of the epoxidc. In contmst no significant side 

products were detected with@)-&methyl styrene and.rro+ stilbenc, unlike the homogwus system whae 

8% ofthc conesponding ca@onyl compounds wue fotmai as side product&~ This rcfl+s the superior 
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specificity of the catalyst after its immobilixation on the polymer support. Moreover, polymer 

-~rppeprto~~synadnnfartho~aeleclivityd~famrtion 

oftbedcsidoxidalh producL 

Illadato4?p&nke rcauial-forepoxidreioo,r8~~crndymraITicdout 

using 5tyml0.u tbo sub&ate. Pigure la sltowr the fosmubm of 8poxMes as- time - using 

polymcr38. Fromtbefigureitapperrsthattherucdarirrdifhrsiolrcontrolledptoceu,wberese#dyud 

sustaincddiffusionof thetuminal4danttotbsmct8lsitetoformo xa-g-stto rpecicr fogowed by 

oxy~asnrfacotherllreaedoublebondolrerplroeto~tbederired~: 

Altcmatively the metal+nnplexing polymer was “tained by pmpa&on of rmcmporouo vinyl-Salcn 

containiigcopolymt!rfmmmnnomer IandECJD~ anditssubsequentmcmMion.Tltisptoccssalrocnsbled 

qluuuitative loading of Mtto to this ply-i pfodwhg flyalex 3b. Aft& caxeful puritlcation of this mctalatai 

polymer 3b (by exhaustive extraction of all the ndn-compiexing manga&e ions), it was utilii for 

cpoxidation of styrcnc. F@utulb shows the fotmation of styrcne oxide at vatious time in&n&. With minor 

variations,thecualytice&ciencyof~modifiedpdymer3bfactyreneepoxidrtioniscompanbletothuof 

thcpolymer3a. Thisrevcalswy accessibility andthercactivityoftheSchiffbascmoicticsinthcpolymer 

murix.closenrembl;loceofthe~aobtrintdwitbbothdrepolymenfacrtalydrrukroutthe~of 

any unsp&fi&ly bound metal ions. These results suggest that it would be possible to introduce a variety of 

metaliwto8ginnpolymaboundschlff~without~gthecrtrlyticefIicieacyudsclectivity. 

We have also examined the reuse of these polymer bound catalysts and found that atleast for five 

cycles of operation for cpoxidation of stymnc. the catalytic efficiency remained virtually unaffected and 

styret& oxide was isolated in comparable yield. 

High tutnover number, selective oxidation to a desired product and multiple recycling arc a few salient 

fcaturcs of thii new generation of hctcrogcnixed homogeneous catalysts. Chii polymeric mctal-complexing 

catalysts for asymmetric epoxidation of slkcnest4 am obvious extension of our research programme. Currently 

efforts arc dimctcd towards rcalixing these goals. 
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