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A NEW SYNTHETIC ROUTE TO METHYL (-)-SHIKIMATE BY ASYMMETRIC
DIELS-ALDER REACTION OF (§)s-3-(2—PYRIDYLSULFINYL)ACRYLATE
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A T7-oxabicyclo[2.2.1]lheptene derivative (7a) that substituted
effectively for the synthesis of (-)-shikimic acid was prepared by an
asymmetric Diels-Alder reaction of (§)5—3—(2—pyridylsu1finy1)acrylate
(2) with 3,4-dibenzyloxyfuran (4). The bicyclic compound (7a) was
converted to methyl (-)-triacetylshikimate (14) via the endo-cis
dibenzyloxy derivative (11).
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A great variety of the secondary metabolites produced by plants and fungi
have provided a rich source of molecules for synthetic and mechanistic studies,
and much attention has been paid to the organic synthesis of these metabolites.
Of these, (-)=-shikimic acid (1) is now one of the key substances in biosynthesis

of naturally occurring aromatic and phenolic compounds.l)

Therefore, much informa-
tion has been accumulated on the total synthesis of this acid (l).z) However, there
is little information on its asymmetric synthesis; so far, there have been only
two reports, 1) asymmetric Diels-Alder (D-A) reaction of chiral a-hydroxy enone3)
and 2) asymmetric hydroxylation of chiral tricarbonyliron complex of dihydrobenzo-

ate.4)

In this research setting, we have developed a new method for diastereo-
selective synthesis of the 7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylate system
by the asymmetric D-A reaction of (§)S—3—(2-pyridylsu1finy1)acrylate (2) with furan
5)
(3).

the chiral synthesis of various kinds of natural polyoxygenated cyclohaxane

This novel asymmetric reaction provides us with a powerful tool for

derivatives. In this paper, we present the chiral synthesis of methyl (-)-shikim-~
ate using the following synthesis strategy: For the purpose of the stereoselective
introduction of the vicinal 3,4-diol function of shikimic acid to the 7-oxabicyclo-
[2.2.1}heptene system, we have chosen 3,4-dibenzyloxyfuran (4) as a diene to
form the adduct (7a), because the 5,6-double bond can be expected to be hydrogenat-
ed to give the desired endo-cis dibenzyloxy derivative (12). A ring opening
of 12 could give a triol corresponding to the absolute configuration of natural
(-)-shikimic acid.

The D-A reaction of (§)S-g with three equivalents of 3,4-dibenzyloxyfuran
(4) in the presence of diethylaluminum chloride at -20°C for 5 days gave the
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endo and exo cycloadducts (7) and (8) in 50% and 29% yields, respectively.

The configurations of 7 and 8 were assigned by comparing their NMR data with

5) 6)

those of the endo and exo adducts (5) and (6). The diastereoselectivity (d.e.)

was calculated to be no less than 92% for 7 and 94% for 8. The major endo adduct

(13)7) ([a]D +93.1°), which has a desired absolute configuration for the synthesis
of (-)-shikimic acid,g) was reduced with phosphorus tribromide in DMFg) to afford
the sulfide (9) ([a]l, -12.2°) in 84% yield. Treatment of 9 with lithium aluminum

hydride gave the primary alcohol (10) ([a]D -12.7°) in 95% yield. The reaction of
10 with Raney nickel (W-2) desulfenylated and hydrogenated the 5,6~double bond
to give the endo-cis dibenzyloxy derivative (11) ([a]D +55.4°) in 45% yield. The

alcohol (1l1) was oxidized with Jones reagent. The resulting carboxylic acid was

treated with diazomethane to give the methyl ester (12) ([a]D -2.1°) in 67% yield.

Ring opening of 12 by lithium hexamethyldisilazidelo) gave the unsaturated ester
(13) ([a]D -168.7°) in 56% yield. The dibenzyloxy derivative (13) was debenzylated
with trimethylsilyl chloride-sodium iodidell) and the resulting triol was acetylat-
ed to give mig?yl (-)-triacetylshikimate (14), colorless oil, [a]D -162.2° (¢=0.30,

MeOH), 1lit., [a]D -168° (c=0.9, MeOH),l3) in 53% yield. The spectral data (IR
and NMR) of the synthetic triacetate (14) were identical with those of the

authentic sample.

R R
2/ \S
o
H Py 3: R=H o o
H_2/—::00»»«:1 4: R=OBn R— msopv
S, - R COOMen R COOMen
o7 4. Et,AICI SOPy
(8),2 CHCh 5a,b: R=H 6a,b: R=H
7a,b: R=0Bn 8a,b: R=0Bn
y. 50% (d.e. 92%) y. 29% (d.e. 94%)
0 o o
a BnO b BnO c
78 —mp —_— ———-
BnO—ZQ\COOMen BHOZQ\-OH AD\‘OH
OBn
SPy SPy BnO
9 10 11
0 R20., COOR;
d e lﬁb\ ! .
————— e o
. \ o
OBn COOMe g,h R20
BnO OR;
12 1:Ry=R,=R;=H

13: R1=Me, R2=Bn, R3=H
14: Ry=Me, Ry,=Rj=Ac

Reagents and conditions: a, PBrs, DMF, 0°C; b, LAH, Et,0, rt; c, Raney Ni (W-2), EtOH, rt;

d, Jones reagent, acetone, rt; e, CH,N,, MeOH-Et,O; f, LIN(TMS),, THF, -78°C; g, TMSCI-
Nal, MeCN, rt; h, Ac,O-Py, rt.
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Thus, the method developed in the present studies proposes a new and powerful
strategy for the chiral synthesis of a series of the intermediates in the shikimic
acid pathway in their natural and artificial forms. Especially, the artificial
antipodes of the intermediates may play the role of regulators in this pathway.
Our further studies are now in progress on the chiral synthesis of (+)-shikimic
acid with the exo adduct (8a) as a starting material.
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