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The discovery, by Danishefsky and hia group, t that Lewis acids such as Z&l2 and BF5.OEt2 can 

induce the cyclocoadcnsation of l~xy-3-siloxybuta-1,3~enm and aldchydes to #ve 2,3dihydropymna. 

e.g. m-1. hae bad a notable impact on the synthesis of pyranoid ay~tems.~ Although cycloaddition products 

are considered to intervene in certain cases,3 the oppornkty to study such labile species became possible when 

it was found that they could be iaolatcd from reactiona catalyscd by adublc lanthanidc comptcxca.4 In a quest 

for stereopure 2Jdihydropyran4-onea such aa 1. the Yale workers prepared a series of dienes incorporating 

menthyl auxiliark and studied their reaction8 with henzaldehyde in the presmce of eurcpium( III) compkxea.~ 

The beat nzault was achieved using the diene ti and (+)-Et@+8 in hexanes at -20 l C; a 96~4 mixture of the 

ckcycloadducta 3a and 4a (arising from endo-cycloadditions) was produced, from which the major product 

was isolated in 60% yield after ctystallisation. Treatment of compound 3a with trifluoroact tic acid afforded 

the enantiopure dihyw 1. which served BB a precursor of ~gluccee.~ 

Having developed the dienw 5a7 and sbs and shown that they undergo endocycloadditiona in a 

stereoselective manner with cyclic dienophilea under thermal conditions, we were intensed in amassing their 

reactivity towards aromatic aldehydes. Baaed upon the known diaatereofacial selectivity of the dienes Sa and 

S towards electron-deficient alkencs7-9 and the established preference for aromatic aldehydes to undergo 

c&o-selective cycloadditione with l-oxy3-siloxybuta- 1 &Genes in the presence of europium(m) 

cunplexea.4~ we expected that cycloadducts of type 6 would predominate over their counterparts of typea 7-9. 

As well as laying the foundations for a new protocol for the elaboration of (l-l)-linked dimccharides, we 

envisaged that the technology would lead to the synthesis of antipodes of the dihydropyranone 1 and its 

relatives. We now report on 8ome of our findings. 
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-Iiminary atics indicated that the reactiona of the dier~ So and sb with bcnzaldehydc in the 

presence of ellropium(lu) cJclq?lc%a were very sluggish, a l3txsbfem that was remedied by tbc subtitution of p 

nitrobemaldchyde for benzaldehydc. Although the cyclo&ducts ariging from the reaction of the diene 5b with 

pnitrobeddehyde wtfre too =nsitivc to work with, tlu~~ produced in the mng reaction of the diezte 

a wez~ easily handled. Accordingly, the last-cited reaction was subjected to a detailed exaarinatian. 

The r~~tion of the dicne 58 with pnitrobeazal ckhydc in dichloromethane was conducted over a 24 

hotuperiaiiatheprteence of catalytic amounta (5 mol%) of (+)-Eu(hfch, (-)-Eu(hfch and Eu(fa3)3Y The 

first reaction gave rise largely to a 5545 mixture of the cir-cyclduct.9 (0 and $8 together with small 

amounts of cumpounds 7a and 9a I1 Mainly an 8o:lO:IO mixture of the cycloadductx 6q 7a and 8a WBS 

produad in the reaction invdving (-)-Eu(hfc)3; crystallisation of the mixture from diethyl ether-light 
petroleum provided the mjor cycloadduct 68_12 m-p. llG117 OC. [a]D d8 (c 0.33, CH$&), in 3996 yield. 

The reaction involving Eu(fodb aff& largely a 28;62: 10 mixtwc of the cycloadducta 6a, 7a a~@ 9r; 
crystallisation of the mixture from diethyl ether-light petroleum gave compound 7&12 m.p. 142-144 *C, [a]~ 

-41 (c 0.29, CH2CY2), in 34% yield. 

That compuunds da and 7r shared a common stereochemistry at the benzylic pas&ion was established 

by their conversion into the same dihydropyranonc, shown to ~~~WGSS the stereostru~turc 10. Thus, brief 

treatment of compound 6a with trifluoroacctic acid provided the dihydropyranooe 1012 (71% yield after 
chromatography), [a]D +58 (c 0.54, CH2Q1) {m.p. 110-l 11 ‘C aud [a]D +59 (c 0.39, C&Q) after 

cryatalfisation}. Similar treatment of compound 7r gave the dihydropyranonc 10 (87% yield after 

chromatography), [a]D +60 (c 0.43, CHzCli) {m.p. 11&l 11 “C and [a]D +62 (c 0.45, CH$‘ld after 

crystallisaticm}. The abeoiute stcrwchemiatry of compound 10 was provisionally assigned on the basis of its 
QexWnotatq b&&our {aqx~~und 1 is report& to 8how [a]D -%.3 (c 0.87, CHCl3)) and conformed by its 

conversion into (3S)-3-hy&oxy-3<pnitrophenyl)propanoic acid 1 I,12 m.p. 139-142 *C, [a]D -9.8 (c 0.5, 

MeOH), and the= into (3S)-3-hydroxy-3-phenyl propanoic acid 12,13 m.p. 11&l 17 *C (lit, 118-l 19 “C), 
[aID- (C 0.4, EtoH) nit-, -189 (c 2.3, EtCIH)], aa shown in Scheme 1. 

Clearly, the major cyclaadduct obtained in the reaction catalyscd by (-)-Eu(hfc)3 possessed the 

Whilst itwaaappetrlcntthat (-)-Eu(hfC)3 ~pwenteda %admP txtdyst&nd(+)-~c)3a*ti~"~4 

catalyst, it was suqxising to &tact a rignificant a.mQuat (-10%) 
cycle) using the former tiyst. Even m aurprisiag prirt &e 
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Tmhk 1. Outcome of cyclauldition reactions of the dieee ga with pnibobez~Idehyde in the prc~~ of 

Eu(fodh (2 mol’k). 

solvent Time 6aYXlkh” 6H78zk+h 

a2c12 24h 493957 -12 

(3w32 %h l&72:4: 10 &6:14 

CHCl3 28h 72: l&6:6 88z12 

CHCl3 118h &46&aa:8 92:8 

CC4 24l.I 87:4&trluze 92~8 

CC4 113 h 82:Ek:tract 91:9 

PhH 24h 83:6:&3 89zll 

PhH 52 11 79.11:5:5 9OzlO 

PhH 118h 6Ba3:7 9OIlO 

pbh4e 2.4h 7EKk3 lBL12 

PhMe 52 h 76: 126~6 88:12 

132 h 71: lR4:6 9O:lO 

It became apparent that the ratios of the cycloadducts 6az7az&9a changed with time. However, 

although the rate of change depended upon the solvent, being most rapid in dichlorunethane, the ratios of the 

cycloadduct pairs 6a+7=&+9a remain& constant at -90: 10 throughout the ma&on. In a control experiment. 

it was catabliahal that the cis-cycloadduct 6a underwent isomerisation in dichloromethane in the preaeace of 

Eu(fodh (2 mol%) to give, after 71 hours, a 14~86 mixture of canpounds 68 and 7a. 

It therefore appaus that the JZu(fod)s catalyscd reactions lead initially to 90: 10 mixtures of the cis- 

cycloadducts h and & and that the stereoselectivity is largely independent of solvent. Epimerisation of the 

cycloadducta 6a and &, induced by the catalyst, tJ+ea occurs to give their thermodynamically more stable 

kruu-counrcrperts 78 and 9a+15 the extent of cpimcrisation being dcpendent upon tk time of reaction and the 

nature of the solvent Presumably. the isomtisationa proceed by way of ion-pair-like intermediates, e.g. 13. as 

illustrated in Scheme 2 for the bed7a conversion. A similar situation probably prevails for the (-)-Eu(hfc)~ 

catalysed reaction. since when it was conducted in toluene for 24 hours only an 89:11 mixture of the cis- 

cycload&cts 6r and & was detected. 

On a pqarative scale, the use of Ek(fadh (2 mol%) in carbon tetrachloride (25 cm3) over 2A hour8 

proved very effective in transfcmning the dim Sa (1.5 mmd) and ~-III ‘trpbeaznldehyde (1.5 mmol) into the 

c&-cyclW ti; afkr crystallisaticm. the last-cited aqmuxl was obtain& in 80% yield 

The foregoing rasuhs am significant in a numbtrof respects. They show that the diene Sa exerts a 



6354 

useful degree of diastcfwfacid ackctivity towards pm 2robmzddchydc in a h&cm Dick-Alder ractim 

catalyd by mfodh.t6 Surprisingly. the mhiml catdyat perform8 at Iart a wdl as (-)-Eu(hfch. whid! 

mpmmtaa’matdd’catalyetwithrcspccttothcdicatSc Aswdlmpwidingapmctiultoutctotbcch- 

cydaaddm14whichrervesa6apnmtmroftbcdih~ 10.t7ancwptUocdfortbcayntlndof 

(1 +l)-linkcd dkec&uide3ttt is in hand_ Fitutly. the ability of Eu(fodh to catalyae the -78 isanerimtion 

isofnotcbccaueoftbefmgilityofthc lIsmlltlmdploduct 

A__ 
We thank tbc Isle of Man Oovetnmmt for the award of a twcatcb atudattuhip (to REL). 
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