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Lewis acid complexation to carbonyl compounds is Imown to have a dmmatic effect on xeactivity and 

selectivity iu a variety of reactions.1 One mt development has been in the area of aqmmet& catalysis by 

chiral Lewis a15ds.~ There are two major variables that influence highly selective Lewis acid catalyzed 

reactionssuchastbeDiels-Aldermsction. TbefirstistheshrmgthoftbeLewisacid,whicl~mustuWchthe 

speciik functional group and the reaction at hand, and the second is the highly ordaed transition state 

assembly. WhilcthestrcngthdtheLcwisacidcanbcoonaollcdthtoughthcprapcrchoiocofchiralLigand,bre 

confamationandthetransition~assesnblyoftencannotbecoatrdlcdprrdictablywithcllnat~ 

Lewisacids.TbeapplicalionofchiralbimcMicLewisacidstothe _ .- Diels-Alderreauionprpmisesto 

offerexcellentamtmloverbothaftheseaqects. 

As part of the development of chiral Lewis acids, Lewis acid-carbohyl group interactions have ken 

under continued investigation. Equation 1 illustrates some of the m WhiChnctdtobCddE3d.FOT 

example, in a conjugated enon*Lewis acid complex, there are two nonbonded lone pair Lewis basic sites 

available fur cwrdination to Lewis acids. Solution NMR studies have shown that chelation to one of the 

nonbonded lone pairs of electrons by a Lewis acid affects the molecule distktly differently than if the Lewis 

acidisc~~~mtheothaMnbondedelectronpair.3 Rotomeasamundtbecoordinationsitecanalsoaffectthe 

rcactivityand~l~~~ofthereactiondependingonthe~~aFoundthe~acid. Theconfommticnof 

the dienophile (s-cis. s-rruns) is another factor which must be addressed. Simultaneous coordination of a 

uubonyl group by two Lewis acidic metal centQF is a potential way to imxease the eonal role played 

bytheLewisacidaswellasdoublyactivatethesubsuate.4~ Ina~tinvestigation,Wucsthasshownthatin 

an inuamokcular case, when the carbonyl gmup was tethemd by nvo aluminum Lewisacids;botbLewisacids 

coordinated simults.tkeously and symmetrically to the central ketone (Structme 1, Figure).6*7 Hine has repmred 

that the two hydroxyl groups of biphenylenediol can simultaneously hydrogen bond to a carbonyl group 

(srmcture 21.8 K&Y has also shown that biph~~~~i~~~edi~~ pmmotesDicls-Alder reactions. ouriIm3tigation 

intothisaTeafocusesanthepaoeivedabilityofabimtallic~LewioecideosimPlltaneouPly~~a 

carbonylgroup(Stfuctme3) apiayan~~rolcinooadinntingachiralligandaada~ylgroup 

(Strucmre 4) with each Lewis acidic metal center. This behavi~ should lessen the de- of confcamational 

ambiguity found in the Diels-Alder transition state snd eventually lead to the development of highly efkient 

asymmerlic catalysts for this bqKatant mulsfcmmaticm. 
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Figme 

Our initial investigation consisted of screening ligands and dicnophiler in the Diels-Alder reaction 

catalyzed by chiral Lewis acids derived from 1,8-naphthalenediylbis(dichloroborane), (~).to The following 

procedures were typical: The catalysts were prepared by adding a solution of the Lewis acid (5) in 

dichloromethane to a solution of the chlral ligand in dichlomtnethane at room tetnpemtute. The mixture was 

allowed to stir for 30 minutes and the solvent and HCl were removed under vacuum to give an oily solid which 

was used without further manipulations. To a solution of the above catalyst in dichlomttmthane at -78’C was 
added the dienophile dropwise followed by cyclopentadiene. The solution was stirred for sevemI hours at this 

temperature and after the usual work-up procedures, afforded the desired Dlels-Alder adducts. Table I 
fillmmarizcs the results obtained with various ligands in our semening with a- bmmoaemlein as the dienophlle 

and cyelopentadiene. In all cases, the catalysts were active as Uicated by the ma&on aempaatunS,tim.aad 

yields. Of the three amino acids we have screened, N-toluenesulfonylated tryptophan gave the highest 

enantiomerlc excess of the exe-adduct (entries 1-3) and of the two diols. R(+)-blmaphtbol gave 36% and 28% 

ee (entries 5 and 6) while R,R-hydrobenzoin gave a disappointing 0% ee (entxy 4). It is interesting to note that 

when ~JI equimolar amount of binaphthol to bidentate Lewis acid was utiked, 36% ee was obtained for (+> 

enantiomer while the use of two equivalents of binaphthol to Lewis acid produces the complimentary (-)- 

enantiorzr with an cc of 28%. The potential the&ore &s&s to select the dwircd emntiomer by controlling the 

equivalence of the same bituqMw1 l&and. 

We have screened further the tryptophanderived ligand with methacrolein sod acrolein dienophiles and 

have noted some interesting outcomes (entriesir- 11). In the case of methacmlein, with one or two equivalents 

of Iigand to Lewis acid, low ee’s were observed for the exe-isomers. However, only one enantiomer was 
observed for the endo isomer (entries 7 and 8). Also, the exo-endo ratio was not as high as expected from the 
literature precedent. This Lewis acid, in conjunction with mthacmlein at least, tends to be more selective for 

the et&-isomer as indicated by the high enantioselectivlty for the ettdtGsomer and low enautioseleetlvity for 

the exo-isomer. The selectivity for the endo isomer in the reaction of aemlein wlttt cyclopentadiene ~8s high 

and gave modexate enantiomeric excess (entries 9 and 10). Addition of 4A molecular sieves was detrimental to 

the enantioselectlvity (entry 11). 
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Bmly R Equival~tsa Ligand exo:aldc@ %cccxo:ulcw yickl(%)d 

1 Br 1.0 

2 Br 2.0 

3 Br 2.0 

4 Br 2.0 

5 Br 1.0 

6 Br 2.0 

7 

8 

9 

10 

11 

f=3 

a3 

H 

H 

H 

1.0 

2.0 

1.0 

2.0 

1.0 

NH FL TaH 

“rg TsHN H 

H 

+4AM!3 

92:8 44: - 84 

89Zll 8:- 83 

88:12 a- 98 

8om &- 83 

86~14 

80~20 

6337 

68~32 

6s 

892 

694 

36(+): - 

28(-): - 

24kloo 

24: 100 

-:62 

-:50 

-:o 

81 

81 

46 

50 

53 

60 

68 

aEqui~uofL~oD5. b.lhatioe~obhalbyin~ofths~~~HNMRresoarrre. 
c. ec’swenchcamedby(+)-Kumhshiftreagenr disdacdykAdsofDicls-Aldsad&as. 
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Ihesauctundthesu~-caedypt~~Lmodedcoadierdea-lrsmc~u~pw#lt 

time. lk-e is some evidence that 5 can simulmueously cootdi~te through buth metal centers to suongly 

Lewis basic carbony groups; however, it is not kuowtt’&&er this mode of coa&n&n plays an impcmant 

loleinthepmsentcase.” %“ * .i oftheprestlat&*systantorhcDiels-Aldcrrerrctioadlrtrtmpts 

to elucidate the act@ solution stmctum&theactivecatslystamcuneutlyiupmgmss. 
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