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A Short Enantioselective Synthesis of Pipecolic Acid.
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Abstract: A simple enantioselective route to pipecolic acid is described. The key step involves
the Sharpless asymmetric epoxidation of an N-protected aminoheptenol which spontaneously
cyclises to a piperidine derivative on deprotection.

Although regioselective ring-opening of chiral epoxy alcohols by nucleophiles,! specifically ammonia
and amines,2 has been used in the synthesis of chiral acyclic amino acids,3 as far as we are aware the
intramolecular version of this process leading to chiral heterocyclic amino acids has not been explored.
Enantiopure cyclic amino acids are compounds of considerable biochemical and pharmaceutical interest. We
disclose in this communication the asymmetric synthesis of pipecolic acid* 1 as an illustration of this simple
intramolecular route from epoxy alcohols to cyclic amino acids which should be capable of extension to a
wide range of natural and unnatural amino acids.

The starting material in the synthesis was the readily available and inexpensive ethyl 5-bromovalerate
(Scheme 1). Reduction with DIBAL-H at -78°C followed by a Wittig oletination yielded o,B-unsaturated
ester 2 in very good overall yield.
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Scheme 1. a: DIBAL-H, PhCH3, -78°C, 1h, 90%. b: Ph3P=CHCO2Et, CH,Cl?, rt, 12h, 82%. c: DIBAL-H,
PhCH3, 0°C, 2h, 86%. d: PhthNK, DMF, A, 1.5h, 82%. e: Ti(OiPr)4, (+)-DIPT, tBuOOH, CH2Cl3, -40°C,
78%. f: NHPNH2, EtOH, rt, 3 days, quant. g: BnOCOCI, K2CO3, THF, H20, 12h, 85%.h: RuCl3, NalO4,
HO/ CH3CN/ CCLa4, 1t, 2h, 52%.
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Reduction of 2 to the allylic alcohol 3 was achieved with DIBAL-H at 20°C in 86% yield. The
necessary nitrogen atom was introduced by nucleophilic substitution of the bromide in 3 with potassium
phthalimide in DMF to furnish 4 in 82% yield.

Sharpless epoxidations of 4 at -40°C produced the (-)-epoxy alcohol 59 in high yield (78%) and
enantiomeric excess (>95%)7 using (+)-DIPT as the chiral auxiliary. When 5 was treated with hydrazine in
ethanol (0.2M) at 20°C for 3 days to bring about deprotection of the amine function, intramolecular
nucleophilic opening of the epoxide occurred spontaneously and amino diol 68 was formed in quantitative
yield. To complete the synthesis, 6 was N-protected with benzyl chloroformate to afford (+)-710 and
oxidative cleavage® of the diol with RuCls/ NalO4 in CH3CN:CCL4:H20 at 20°C afforded (R)-N-Cbz-
pipecolic acid 111 in 52% yield and >95% ee and identical with a sample prepared from authentic (R)-
pipecolic acid.
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