Tetrahedron Letters,Vol.30,No.42,pp 5751-5754,1989 0040-403%/89 $3.00 + .00
Printed in Great Britain Pergamon Press plc

Stereoselective A4-Pipecolic Acid Synthesis via Alkylation of a
Vinyl N-Boc-iminium Ion Derived from Baikiain

Gunnar J. Hanson"gnd Mark A. Russell
G.D. Searle & Co.
4901 Searle Parkway, Skokie, Illinois 60077

Summary: Stereoselective functionalization of Boc-(X)-Baikiain was demonstrated via seleno- and
iodolactonization to afford lactones 5. These were converted to enecarbamate T, which undergoes regio- and
stereoselective alkylation at C-6 upon treatment with organoaluminum reagents.

The stereoselective synthesis of substituted pipecolic acids! is a subject of much current investigation. As
part of a program to develop our own stereocontrolled pipecolic acid synthesis, a member of the chiral pool, o-
amino acid baikiain 1, was chosen as the starting material.2 We postulated that by using the carboxyl and olefinic
groups of baikiain in tandem trans¥ormations, a variety of heteroatomic arrays might be stereoselectively
constructed. Baikiain is a natural product extracted from hardwood,3 and has been relatively unexplored as a
chiral building block for nitrogen heterocycle synthesis. We began by showing, using literature precedent,? that
iodolactonization is a convenient regio- and stereoselective operation. Thus, synthetic {£)-baikiain hydrochloride
35, protected as the gasily removable N-r-butyloxycarbonyl (Boc) derivative 4, was iodolactonized® (I,, KI, H,O,
NaHCO3, rt) providing 5a as a crysialline substance (Scheme 1): mp 89-90°; IR(CHCl3): 1799, 1703 cmil;
60% yield. Alternatively, selenolactonization can be carried out (phenylselenenyl chloride, EisN, CHyCly, 0°) to
afford 5b: mp 88-89°; IR(CHCls): 1795, 1775 cm'}; 40% yield.
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Having readily introduced reactive functionality at C-4 and C-5, we realized that if a double bond were
introduced at the 5th position (as in 2), the carbon o- to nitrogen (C-6) could be alkylated in an SN2' fashion; this
operation would regenerate the baikiain functionality and permit a repeat of iodolactonization. Because initial
attempts at preparing the strained, labile lactones 2 were unpromising, ring-opened compounds were chosen for
further elaboration. Lactones 5 were subjected to methanolysis (5a: MeOH, rt, TFA; Sb: MeOH, cat. +-BuOK,
tt, Smin), followed by acetylation (AcyO, DMAP) to produce acetates 6a (mp 114.3-116°) and 6b (mp 106-
107°). Todoacetate 6a was smoothly eliminated (3eq 'DBU; DMF; 80-90°; 25min; argon atm.; 90% yield; suitable
for use without further purification) to provide the oily enecarbamate 7. 6b was also eliminated via selenoxide
formation (mCPBA, (¢ to rt) to provide 7: 67% yield after SiO; chromatography.
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Enecarbamates (N-carbalkoxyl-4-alkoxy-A3-8-piperidines) have been proposed as vinyl N-acyliminium
ion precursors that ar-alkylate with soft nucleophiles such as allylsilanes as shown by Kozikowski? and with
organozinc reagents as shown by Comins.® Because organoaluminum reagents react sequentially as Lewis acids
then as nucleophiles,” we were attracted by the possibility that these reagents might alkylate 7 via nucleophilic
addition to a vinyl N-Boc-iminium ion, By forming the organoaluminum reagent in situ from a Grignard reagent
and aluminum chloride, we envisioned the introduction of a wide variety of alkyl groups. In particular, benzy!
might be introduced (for which no "soft" form is available), thus effecting the addition of a hard nucleophile to a
vinyl acyliminium ion.

Enccarbamate 7 was treated !0 (Scheme 2) with an organo- Al-Mg reagent formed from aluminum chloride
and benzylmagnesium chloride to give predominantly the trans 6-benzyl-A%-pipecolate 9a (trans/cis ratiol! =
25:1; 92% combined isolated yield after $i0, chromatography). This trans mode of addition is opposite 1o the
cis addition reported® for the reaction of organozinc reagents with an encarbamate containing a 2-methyl
substituent in place of the 2-carbomerhoxy of 7. The mechanism of stereoselective trans addition may involve
initial complexation of a bulky Al-Mg species to the carbomethoxy group of 7, followed by generation of vinyl
Boc-iminium ion 8 (M = organometallic complex) with subscquent nucleophilic attack by benzyl from the least
hindered side. This view is consistent with the expected axial conformation of the -CO;Me in 8, as predicted by
AW3) strain theory.12 That steric effects are important is supported by an experiment in which enecarbamate 7
was added to a mixture of merhy/magnesium bromide and aluminum chloride (reagent formed from AlCl3-
MeMgBr (molar ratio = 1:3) as described, 10 CH,Cly, -15°, 20min) to give the cis a-alkylated product 9b as the
predominant diastereomer (cis/trans!! = >10:1; the 9b/epi-9b mixture was deblocked as described below to give
hydrochlorides 10b/epi-10b in 86% combined isolated yield); this stereochemical result is similar to that reported
in the literature.8 In the case of cis delivery (ie. when M is small), the reaction may proceed through an
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energetically more favorable "half-chair” transition state; in the trans case (when M is large), steric hindrance may
preclude this stereoelectronically favored attack. Enccarbamate 7 was also treated with trimethylaluminum (Seq
Al(Me)3, 10eq THF, CH;Clz, -15°, 50min) to give the cis product 9b (cis/trans ratioll = >10:1; after
deblocking, a mixture of hydrochlorides 10b/epi-10b was isolated in 87% combined yield).13
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Direct determination of the stereochemistry of 9a and 9b by 1H NMR was not possible,14 owing to the
presence of the 4,5-double bond and to rotational isomerism of the Boc group. Therefore 9a was converted by
treatment with FICI (6N in dioxane, rt, 30min) to crystalline hydrochloride 10a.15  The trans configuration of
10a, shown in the figure, was demonstrated by single crystal X-ray diffraction;16 in the crystal, this "aza-
cyclohexene" 10a assumes the conformation of the "half-chair” of cyclohexene,17 with the benzyl group
occupying a pseudo-axial position. The stercochcmistry of 9b was determined by conversion to hydrochloride
10b which, in conjunction with the above X-ray data, was shown by !H NMR to have the cis configuration.16

The stereoselective reaction sequences described above should prove valuable for the construction of
various substituted A3-pipecolic acids. The predominant zrans alkylation with the benzyl Al-Mg system offers a
useful alternative stereochemistry to the reported cis alkylations.8 It has not escaped our attention that the organo-
Al-Mg system may be used for the alpha alkylation of saturated cyclic or acyclic a-alkoxyacylamino
compounds.18 We are continuing to define the scope of nucleophilic additions to enecarbamate 7 and -
alkoxycarbamates.
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Figure. Structure of 10a as determined by X-ray crystallography.
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