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Oxabicycloheptenes 1 and 2 are converted to 3,4,5-oxygenated cyclohexenes by stereocontrolled hydroxylations and 

epoxidations coupled with reverse-Michael cleavage of the oxabicyclo system. Three epimers of shikimic acid are synthesized 
by these methods. 
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On a transform6 les oxabicycloheptknes 1 et 2 en cyclohexknes oxygCnCs en positions-3,4,5 grke a des hydroxylations et 

des Cpoxydations stCrCocontrolCes couplees a une scission de type retro-Michael du systkme oxabicyclique. On a synthCiis6 
trois Cpim2res de I'acide shikimique par ces mCthodes. 

[Traduit par le journal] 

In a current paper ( I )  we report the general occurrence of 
some 5-endo-trig reversals of 7-oxabicyclo[2.2. llheptenes and 
provide a stereoelectronic rationale for the violations of Bald- 
win's Rules (2) observed in these cases. The reverse-Michael 
reactions (1, 3) of such compounds, coupled with standard 
epoxidations and hydroxylations, offer significant oppor- 
tunities for the generation of multi-oxygenated cyclohexenes 
with virtually complete control of stereochemistry. We illus- 
trate herein the application of these procedures to the efficient 
synthesis of some shikimic acids (4).* 

Oxabicycloheptenes 1 and 2, easily obtained from furan (5), 
were employed as starting materials. Conversion (1) of cyanide 
2 to cyclohexadiene 3 followed by osmylation (osmium 
tetroxide/pyridine) produced diol 4 with complete regio and 
stereoselectivity. There is little doubt that the bulky TBDMS 
group is responsible for directing hydroxylation from the lower 
face of the 3,4 double bond. The synthesis of (+) shikimic acid 
5 was then completed by the standard procedures of de- 
silylation (tetrabutylammonium fluoride/THF) and alkaline 
hydrolysis in 3 1% overall yield from 2. 

If the osmylation is conducted before the reverse-MichaeI 
fission, the stereochemistry of the cis-diol function thereby 
introduced is reversed and 5-epishikimic acid should result. 
Accordingly, bicyclo ester 1 was osmylated as before and the 
resulting exo-diols 6 converted to the acetonides 7. Reverse- 
Michael cleavage of the latter (LDA, THF, 0°C) provided the 
expected cyclohexenol 8 (86%). Hydrolysis of the acetonide 
(aqueous acetic acid, 16 h, 20°C) and saponification produced 
(+) 5-epishikimic acid 9 in 39% overall yield from 1. This 
epimer of shikimic acid has not been previously synthesized but 
its methyl ester (6) and a related triacetate 10 are known (7). 
Hydrolysis of the acetonide 8, as before, and acetylation con- 
firmed the identity ('Hmr) and stereochemistry of our product. 

Expoxidations of the double bond similarly timed can pro- 
duce the other two isomers to shikimic acid. Thus exo-epoxides 
11 obtained by MCPBA treatment of 1 reacted with LDA at 
-78°C to afford a 1 : 1 mixture of two products (86%). These 
were separated by distillation and identified as epoxy- 
cyclohexenol 12 (bp 1 10°C/0.05 Torr) and cyclopropane 13 
(bp 92- 100°C/0.05 Torr). The former has recently been con- 

H 0 , , , , , 3 q R 1  :ZmCO2Me 

HO''"' 

OTBDMS OR2 
1 (R = C02Me) 3 (R = CN) 4 (R' = CN, R' = TBDMS) 6 (R' = RZ = H) 
2 (R = CN) 15 (R = C0,Me) 5 (R' = C02H, R' = H) 7 (R' + R2 = CMe2) 

8 (R' = CO'Me, R' = R3 = CMe,, R" = H) 11 
9 (R' = CO'H, R '= RZ = R 4 =  H) 

10 (R' = CO,Me, R" RR' = R' = Ac) 
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'Shikimic acid and related metabolites have recently been the focus of much synthetic interest. For a review, see ref. 4a; for later work, see 

ref. 4b. 
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verted (8) into (+) methyl Cepishikimate. Epoxidation of the 
diene 15 (1) with MCPBA and CH2C12 (73%), followed by 
desilylation (tetrabutylammonium fluoride), provided a 7 :  1 
mixture (400 MHz 'Hmr) of 14 and 12. The former has recently 
been isolated and synthesised (9).j 

W e  are proceeding with our experiments to convert 14 into 
the all-trans 3-epishikimic acid and to employ these techniques 
in the synthesis of other shikimate related  metabolite^.^ 
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