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Abstract - High-pressure reactions of l-methoxy-3-trialkylsilyloxybuta-
~1,3-dienes (1, 2) with butyl glyoxylate (3) and isolation of the pri-
mary cycloadduct 5 as well as its simple chemical transformations are

described.

(4+2)Cycloaddition of l-methoxybuta-1,3-diene to alkyl glyoxylates as dienophiles affords,
under thermal conditions, corresponding esters of 2-methoxy-5,6-dihydro-2H-pyran-6-carboxylic
acid which are important synthons in total synthesis of monosaccharides.1 Since the thermal
reaction conditions do not provide high yields with various non-activated dienophiles and in
addition because the decomposition of the cycloadducts, we decided to apply the high-pressure
technique for the synthesis of Diels-Alder adducts.2

Several recent papers3 have shown examples of the use of Danishefsky’s diene (1) in ther-
mal or Eu(fod)3 catalyzed (4+2)cycloadditions to various carbonyl compounds. However, due to
3-trimethylsilyloxy function, the primary cycloadducts were very unstable under these condi-
tions. These facts as well as the synthetic importance of the reactions shown in Scheme 1,
prompted us to design a convenient preparative route to this type of 2-methoxy-5,6-dihydro-

-2H-pyran derivatives.4
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The source of the instability of diastereoisomeric adducts 4a and 4b emanates from the
labile trimethylsilyl protecting group and we have overcome the problem using two different
approaches. The first method is to use a more stable trialkylsilyl protecting group,6 e.g.
tert-butyldimethylsilyl instead of trimethylsilyl group, and the second approach is to run the
reaction under mild temperature conditions and high pressure. The preliminary results of our
studies are presented in Table I.

Table 1. The reactions of dienes 1 or 2 with butyl glyoxylate (3)

Diene Reaction conditions Adduct Yield Diastereoisomeric ratio
Z ba:z4b
1l benzene, reflux, 1 atm, 20 h 4at+4b 40 1:1
1 ethyl ether, RT, 10 kbar, 24 h  4a+4b 80 5:1
2  benzene, reflux, 1 atm, 15 h Sa+5b 30 4:1
2 ethyl ether, RT, 10 kbar, 24 h  5a+5b 85 10:1
2 ethyl ether, RT, 1 atm, Sa+5b 75 7:3

1% Eu(fod)3, 48 h

Thermal (4+2) cycloaddition in benzene of both dienes 1 and 2 to dienophile 3 afforded
poor yields and low diastereoselectivity in product formation. Much better results were obtai-
ned by performing reactions at room temperature, under high pressure, and in ethyl ether. More-
over, the adducts 5a and 5b are stable enough to be isolated using flash chromatography. On
the other hand, Ru(fod) ; catalysis also provides a facile reaction between 2 and 3 under at-
mospheric pressure and ambient temperature and the cis:trans ratio is 7:3. Interestingly, a
similar reaction but under high pressure and without catalyst,gives the cis:trans ratio of 10:1.

In view of relatively facile synthesis of our cycloadducts, we then studied the removal
reactions for the tert-butyldimethylsilyl protecting group and to retain the stereoselectivi-
ty found in the Diels-Alder reaction (Scheme 2).

The treatment of 5a and 5b with trifluoroacetic acid according to Danishefsky’s procedu—
re® affords the ketone 6. However, when this mixture is treated with zinc bromide in wet tet-
rahydrofuran, the unsaturated ketone 7 is formed. A more interesting method for removal of
the tert -butyldimethylsilyl protecting group is the hydrogenation of 5a + Sb in the presence
of palladium-on-charcoal followed by methanolysis, In the first step, the double bond is ste-
reoselectively hydrogenated, and in the second one, the protecting group is cleaved to afford
a mixture of compounds 8a and §29 in the same ratio as the starting diastereoisomeric mixture
of 5a and 5b. The stereochemical course of the double bond hydrogenation is strictly control-
led by the configuration of the methoxy group at position 2 in the dihydropyran ring. This
hydrogenolysisreaction provides a ready access to 2,4—dideoxysugars.10

The high-pressure reaction reported in the present Communication offers a stereocontrol-
led synthesis of relatively unstable silyloxyderivatives of the 5,6-dihydro-2H-pyran system

which have considerable potential applications in the synthesis of natural products.
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