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STEREOSELECTIVE ALDOL REACTION OF A LITHIUM a-VINYL ENOLATE TO a-ALKOXY ALDEHYDES
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Stereoselective synthesis of the 4,5-syn, 5,6-anti adducts (14
and 16) on the aldol condensation of the Z(0)-lithium enolate, derived
from the E-enone (2), to a-alkoxy aldehydes (12 and 13) was proved via
the successive intramolecular Diels-Alder reaction.
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Recently, there has been much investigation of the chemistry of the addition
of enolates to aldehydes for the total synthesis of macrolide antibiotics and other

1)

polyoxygenated natural products. However the aldol reaction of the enolates
derived from enones has not been well examined. In the course of our synthetic
study, finding the exclusive formation of the Z(0)-lithium a~vinyl enolate led us
to investigate its addition to aldehydes and o-alkoxy aldehydes. Here we wish to
report a high diastereoselectivity in the above reaction: the stereochemistry of
the latter adducts was established via the successive intramolecular Diels-Alder
reaction.

The hydroxy methylene (%)2) was converted into the enones (2 and 3) as a single
stereoisomer according to the usual method. Treatment of £ and 3 with lithium
hexamethyldisilazide at -78°C in tetrahydrofuran followed by trimethylsilyl chloride

3)

gave homogeneously the corresponding dienes (4 and 3) (82 and 60%, respectively).

The Diels-Alder reaction of » with maleic anhydride at room temperature produced the

3) (79%) . sSince the lH—NMR spectrum of Q was similar to that

bicyclic compound (%)
4)

of 7 as reported by Danishefsky, the relative stereochemistry was assigned as

formulated. Thus the geometry of 4 and 5 turned out to be E, Z.
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The Z(0)-enolate formed under the same conditions as above was condensed with
benzaldehyde for several seconds giving a mixture of §3) and 23) (93%) in the ratio
of 8 : 1. Erythro and threo isomers were easily distinguished by “H-NMR spectral

analysis.s)

The preferential formation of the former confirmed the above assign-
ment of geometry.

Next we investigated the aldol reaction with a-alkoxy aldehyde and the determi-
nation of stereochemistry after conversion of the adducts into cyclic compounds via
the intramolecular Diels-Alder reaction. The a-alkoxy aldehyde (%é and 13) were
prepared as follows. Condensation of l-cyanobenzocyclobutene (10) ) with acrolein
followed by decyanation furnished the allylic alcohol (l1l) (46%) as a mixture of
diastereoisomers at the chiral center on the benzocyclobutene ring. The aldehyde
(%%) was synthesized by methylation followed by Lemieux oxidation, while;% by methoxy-
ethoxymethylation followed by ozonolysis.

The enolate was condensed with 12 at -78°C to afford a mixture of adducts
(66%), separable into two components (l4A and 14B), which seem to be mainly two
diastereoisomers at the Cl position of benzocyclobutene, since intramolecular Diels-
Alder reaction of both compounds gave the same octahydrophenanthrene. Therefore
the above mixture was converted into the hexahydrophenanthrene (2Q). Namely after
protection as trimethylsilyl ether (65%), heating 15 at 230°C for 45 min in o-
dichlorobenzene in a sealed tube produced 18 (50%) as a single stereoisomer.
Oxidation of 18 with m-chloroperbenzoic acid followed by syn-elimination formed %Q.3)
The cis-ring juncture of 20 was determined on the basis of the long range coupling

(J = 1 Hz) between C and C,-hydrogens. This result is reflected in the favored

4b 9
conformation of one endo-modes (%%). The exo-modes would not be favored, because
of serious interaction between the aromatic ring and the Cz—methyl. The relative
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configurationon ring C was determined by the coupling constants in the lH—NMR

spectrum. Furthermore, the a-orientation of the C7—methyl was confirmed by NOE

with the Cg—hydrogen.7) Therefore the stereochemistry of the above aldol product

(14) proved to be the 4,5-syn, 5,6-anti.S’°)

Addition of 2 to 13 (76%), followed by silylation of 16°) afforded 17 (78%).
Successive cyclization of %Z furnished %%3) (87%), which was transformed into %%3)
having the same configuration as above. Thus it was made clear that aldehydes (12
and 13) possessing different types of alkoxy groups produced diastereoselectively

the products of the anti-Cram's cyclic (coordination) model.g’lo)
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