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Abstract Diastereofacially selective hetero-Diels-Alder 

reaction of spiro (E or ~l-S-arylidene-l,3-dionane-4,6-diones 
and 2-methaxypropene was studled. The dihydrapyrans thus 

obtained were converted to optically active 6-arylated 6-0x0- 

hexanolc aclds. The diastereofaclal selectivity of the hetero- 

Diels-Alder reactions is explained by the sofa-conformation of 

the heterodienes which accepts the dienophlle at the convex a- 

side preferentially. 

Previously, we have shown that chlral spiro ( g  or Z)-5-arylmethylene-l,3-d1oxane- 
4,G-dlones ( A )  when treated wlth diazomethane give cyclapropanes as an almost 

slngle dlastereomer ( B I  and reasoned this remarkable diasterofacial selectivity 

(preferential attack at the isopropyl group-side) by the sofa-conformation of the 

diorane ring whose o face is more exposed. 3 

Hoping that this dlastereofaclal selectivity can be still preserved in Diels-Alder 

reactlan, we have been interested in the use of ( A )  as the heterodienes 5 0  as to 

broaden the scope of their use in asymmetric synthesis. In this paper, we describe 

the successful results. 
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It is already known that methylene Meldrum's acid can act as heterodiene in the 

intramolecular hetero-Diels-Alder As a model study for the inter- 

molecular reactions, three spiro 5-arylidene-l,3-dioxane-4,6-diones6 (la-lc) were 

synthesized and subjected to react with 2-rnethouypropene. All reactions proceeded 

within 20 min at 0 'C. Though the reaction proceeded quantitatively with complete 

regioselectivity to glve (21, the mixtures of endo and exo-adducts were formed. 

Hydrolysis of (2) (mixture of the endo- and exo-adducts) gave the ring-opened 

products (3). Refluxing of ( 3 )  in a mixture of concentrated hydrochloric acid and 

dioxane followed by decarboxylatlon (reflux in xylene) afforded the monocarboxylic 

acids (41, which were converted to the methyl esters (5) by diazomethane. In all 

cases, overall yields of (5) from (1) were above 80%. 
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Scheme 2 

The above model study has revealed three characteristics 3 ,  all of whlch flt 

the requirements of the use of (A) in asymmetric Diels-Alder reactions. 1 The 

heterodiene (A), like (11, is expected to be reactive enough to give the adduct 

even below room temperature [ a s  rep~rted,~ the isomerlzation between the E- and L- 
isomer of (A) ~n an aprotic nonpolar solvent is quite fast resulting equilibrated 

mixture within 1 h in dark at room temperature (25 O C I 1 .  2 )  Conve~sion of (1) to 

(5) can be carried out in a high overall yield (above 80%) without any purlfica- 

tion of the intermediate species (2-4). Diastereofac~al selectivity (convex-side 

preference) in the addition step can be evaluated by the enantiomeric excess (eel 

of the final product 1e.g. (511. And neither the endolexo ratio nor the 

regioselectivity with respect to the two carbonyl groups in the heterodiene (A) 

does affect the ee of the final product. 
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Based on the above facts, chiral dioxanediones3 [lE)-l6b) and lZ)-(6c)l were 

reacted wlth the vinyl ether in ethyl acetate at 3 0  'C (2 h).7 The methyl ester 

(5b) obtained from (5)-(6b) in 82% overall yield crystallized in the crude state 8 

with its Cali4 being -19.70' (benzene). Repeated recrystallizations (three tlrnes) 

of the crude ester gave the estert [mp 57-58 'C, [ a l g 4  -21.22' (c=2.01, benzene)] 

as an enantiomerically pure compound. Catalytic hydrogenation of the latter over 

palladium/charcoal afforded the dechlorinated estert [(5a): mp 47-48 'C, [ali4 - 

22.40' (c=2.00, benzene)]. The sign ( - 1  and magnitude 122.40'1, when compared with 

those of the authentic (E)-l+)-(5a),9 show that the ester i s  ( S ) - l - ) - l 5 a l .  Hence, 

the cycloaddition proceeded again from the convex a-side with diastereo excess of 

93%. The ester (5~)' derived from lZ)-(6cl in the same manner (overall yield 80%) 8 

showed a positive specific rotation value [oil, [c11i4 +14.40° Ic.2.20, benzene11 

Scheme 3 . Reagents and conditions : i , 2 - methoxypropene ( 3 mol. equiv. ) I AcOEt , -30 
OC. 2 h ; ii , concentrated HCI - dioxane ( 3 : 8 v i v )  , reflux. I h ; iii , xylene , reflux, 1.5 
h ; iv , diazomethane 1 ether, 0 "C ; v , H, I Pd - C in MeC02Na( 1.2 equiv. ) - methanol 

and its ee was estimated as 80% by 'H-nmr spectroscopy with the aid of a chiral 

shlft reagent.10 Though the absolute configuration of l5cl was not confirmed yet, 

it is reasonable to assume that the addition proceeds again wlth the convex-slde 

preference giving the lR)-ester. A positive sign of the speclfic rotatlon well 

supports this view. 

In conclusion, it has become evident that not only the lnterrnolecular hetero- 

Diels-Alder reactions described here is very useful for asymmetric synthesis but 

also use of the spiro chiral auxiliary'' offers an effective methodology for the 

preparation of enantiomerically pure compounds. 
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1 i (5al ir(CHC13), 1734, 1718 cm ; nmr(CDCljl, 6 2.0513H. s, acetyll, 2.47-2.98 

l4H, m, CHZ x 21, 3.58(3H, s, OMel, 3.51-3.95(1H, mi, 7.24(5H, s, ArHl. 

(5b) irICHCl3l, 1734, 1721 cm-'; nmr(CDC131, 6 2.00(3H, s ,  acetyll, 2.40- 

2.84(48, m, 2 x CH2), 3.51(3H, s, OMel, 3.60(1H, m, C3-HI, 7.14(4H, sl. 
1 

( 5 C )  irlCHCl 1, 1738, 1722 cm- ; nmr(CDC13), 6 2.10(3H, 5 ,  acetyll, 2.62-2.96 3 
(4H. rn, CH2 x 21, 3.60(3H, 5 ,  OMel, 3.84(1H, ml, 7.43 and 8.17(each ZH, d, j 

8.9 Hz, ArH). 

Received,  7 t h  May, 1990 


