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Abslmel: The title compwnds react to give mainly a 9: 1 mixture of the aldels 14 aad 15 in THF in the presence of 
B%.aE$, a 6: 1 mixtare of the cycloaddacts 16 aad 17 in THF ia the presence of ZaCl2, aad a 1:3 a&are of the 

cycloaddacts 16 and 17 in tolaene in the presence of Ea(fod& 

As a consequence of the pioneering studies of Danishefsky and his group,’ 2-aryl-23-dihydropyran-4 
ones of type 1 and their relatives have emerged as versatile species in the elaboration of pymnoid systems. To 
date, two tactics have been developed for the synthesis of enantioenriched versions of such compounds starting 
from 1-oxy-3-siloxybuta-1,3-dienes and aryl aldehydes. The use of a diene bearing a chiral auxiliary attached 
to the 1-oxy group has been employed by Danishefsky2 and by ourselves.3 Thus, the Yale workers showed 
that the diene 2 reacted with benzaldehyde in the presence of (+)-Eu(hfc)s4 to give largely the cis-cycloadduct 
3, which was transformed by the action of trifluoroacetic acid into the enantiopure dihydropyranone la. We 
recently reported that the diene 4 reacted with pnitrobenzaldehyde in the presence of Eu(fod)$ to afford 
mainly the cis-cycloadduct 5, which was converted into the enantiopure dihydropyranone 6. The use of chiraf 
Lewis acids to promote the cyclocondensation of 1-oxy-3-siloxybuta-1,3-dienes and aromatic aldehydes has 
been developed by Danishefsky, 2*6 Y amamoto,7 Corey,* Togni9 and Faller; lo in the case of the synthesis of 
compound la, an e.e. of 95% represents the best recorded result.7 
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Hawng shown that the 9.3.4.h.tetra-O-acet~l-BI)-glucopyranosyl auxthary conferred a high degree of 

factal reactivity on the olefimc double bond of compound 7 tn Diels-Alder reactions,” we decoded to examine 
the behaviour of the aromatic aldehyde 8 towards Damshclsky’s dicne 9. As well as providing further insights 
regardtng the auxiliary’s stereodtrecting role wtth respect to a “remote” reactive site, we hoped that the 
mvesttgation would lead to new technology for the syntheses of drhydropyranones of type 1 and/or their 
anttpodes. We now) report on some of our llndtnga. 

11 

Compound 8, m.p 137-138 “C (ht., l2 141 Y’). [a]~) -36.5 ((, 2.8, Me2CO) [lit.,t2 -37.0 (MezCO)], 

prepared (53% yield after chromatography and crystalltsatton) by a literature prccedure,t2 underwent reaction 
with the diene 9 in THFt” tn the presence of BFJ.OEt2 (1 mol equtv.) over 2 h to give, after a trifluoroacetic 
acid vvork-up, a 9: I mtxturc of the dihydropyranoncs 10 and 11; crystallisation of the mixture (from CH2Cl2- 
Et20) provided the major dthydropyranone 10.tl,ts m p. 193-194 “C, [tr]n -59 (c 0.27, CH$12), in 70% 

yteld. 

That the major dthydropyranonc possessed the stcrcostructurc 10 was established by tts degradation to 
l.-mahc acid 12, which was charactensed as Its dibenlylamtde 13, m.p. 150-151 “C, [a]D-32.3 (~0.26, 

MeOH) [an authentic sample, prepared from I.-mahc actd by a hteraturc method,16 showed: m.p. 153-154 “C, 
(a]~-33.5 (c 0.25, MeOH)]. as shown tn Scheme I 

i) OfiOAc (24 h) * 
ii)30% H&(12 h) 

10 

Scheme 1 

When the rcactton of the aldchyde 8 and the dtene 9 was repeated without the ttifluoroacettc acid work- 
up, the product comprised mainly a mixture 01’ compounds IO, 11, 14 and 15, which was separated into two 
fractions by rapid silica-gel chromatography. The manor fractton (21% yield) comprised a 9: 1 mixture of the 

dihydropyranones 10 and 11 whereas the major fraction (4x% yteld) consisted of a 9: 1 mixture of compounds 
14 and 15. After crystallisatton, the last-cited matcrtal, m.p. 58-60 “C, [a]~ +72 (I’ 0.26, CH2Cl2), 

(which showed no change m 1t.s diastereomenc ratto) underwent reactton wtth tnfluoroacetic acid to give a 9: 1 
mixture of the dihyropyranones 10 and 11 in almost quantttattve yteld. Evidently, the aldols 14 and 15 are the 
major products of the reaction of the aldehyde 8 with the dtene 9 in THF m the presence of BF$OEt2 and these 
undergo a cyclocondensatton to give the dihydropyranones 10 and 11 in the presence of trifluoroacetic acid. 
Danishefsky has isolated analogous tntermedtates from related reacttonst’ 
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The use of other L~H IS acids to promote the rcactlon of. the aldehyde 8 with the dlene 9 was briefly 
examined. Whereas TiCI4 and MgBr;? were unsatlsfactoq, SnCljm THF was similar in behaviour to 

BF3.0Et2 in THF. Mamly a 6: I mixture of the cycloadducts 16 and 1718 was produced from the reaction 
involvmg ZnClj (1 mol equlc.) In THF; treatment of the mixture with trifluoroacetic acid resulted in the 
formation of a correspondmg ratio of the dihydropyranones 10 and 11. In the presence of Eu(fod)J (5 mol%) 

in toluenc, mainly a I:3 mixture of the cycloadducts 16 and 17tg resulted, which was quantitatively 

transformed by the actmn of tnfluoroacetic acid into a slmllar ratio of the dihydropyranones 10 and 11. After 
chromatography and crystalhsatron (from CH2Cl+ght petroleum), compound 11,14,I9m.p. 172-173 “C, [U]D 
+25 (c 0.2 1, CHzClz), was Isolated m 41% overall ruzld. 

The aforeclted results arc of interest In a number of respects. They show that the 2,3,4,6-tetra-o-acetyl- 
Bl>glucopyranosyl auxlllary can confer a useful level of diastereofaclal reactivity on the formyl group of a 2- 

oxybcnz,aldehyde In aldol-like and hetero DIeIs-Alder reactions, providing notable examples of 1,5- 
asymmetric mductlons. Clearly, the ongms of the stereomductlons warrant further investigation. The results 

also illustrate a ne\\ protocol for the assembly of 7-arvl-2,3-dihydropyran-4-ones-a class of compounds of _ 

established synthetic versatility. The specific examples reported-compounds 10 and 11-are novel 
disaccharide relatives, In which an O-glycopyranosldc umt and a pyranone unit (which may be regarded as 
either a I- or a 5-avlpqranosc prototype) are juxtaposed on an aromatlc scaffold. 
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