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Recently, the syntheses of biologically active! 2,6-
disubstituted piperidine alkaloids have attracted signifi-
cant interest.? For the syntheses of these piperidine
alkaloids, 6-alkoxypipecolates and 5,6-dehydropipecolates
serve as versatile key intermediates and find a variety
of applications in the syntheses of izidine alkaloids.?
6-Alkoxypipecolates can be synthesized through anodic
oxidation* and 5,6-dehydropipecolates can be obtained
from 2-alkoxypipecolates via dealkoxylation under acidic
conditions.> We report here the new and convenient
syntheses of 6-alkoxypipecolates, 5,6-didehydropipeco-
lates, and their derivatives from allylglycinates through
extremely regioselective intramolecular cyclohydrocar-
bonylation.®

The intramolecular cyclohydrocarbonylation of methyl
2-t-Boc-amino-4-pentenocate (1a) in the presence of Rh-
(acac)(CO); (1.0 mol %) and BIPHEPHOS" (2 mol %) at
65 °C and 4 atm of CO/H; (1/1) for 16 h in ethanol gave
1-¢-Boc-6-ethoxypipecolate (2a) in quantitative yield (eq
1). In the same manner, 1-t-Boc-6-methoxypipecolate
(3a) and 1-(methoxycarbonyl)-6-methoxypipecolate (3b)
were obtained in quantitative yield when the reactions
were run in methanol. It is noteworthy that the reaction
of 1 catalyzed by conventional hydroformylation cata-
lysts, e.g., HRh(CO)(PPh3);-20 PPhs, Rh(acac)(CO),—
PPh;, and Rh(acac)(CO);—PCys;, at 70 °C and 6—20 atm
of CO/H; (1:1), gave a ca. 1:1 mixture of regioisomers,
i.e., 6-hydroxypipecolate 4 and 4-methyl-5-hydroxypro-
linate 5.
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The nucleophilic substitution of the ethoxy group at
C-6 of 2a with a n-BuCu—BF; complex® proceeded with
excellent diastereoselectivity (>92% de), giving trans-1-
t-Boc-6-n-butylpipecolate (trans-8a) in 80% isolated yield
(100% de) after chromatography on silica gel (Scheme 1),
viz., the nucleophilic attack on the acyliminium ion
generated in situ takes place almost exclusively anti to
the ester group at C-2. Because of Al? strain, trans-6
undergoes facile epimerization at C-2, giving the ther-
modynamically more favorable cis-8 in 72% isolated yield
(100% de) (>90% yield by NMR) upon reaction with
LiHMDS in THF (Scheme 1).3* The cyclohydrocarbony-
lation of enantiopure (S)-1a followed by the reaction with
n-BuCu—BF; complex gave enantiopure trans-6a and cis-
6a with excellent diastereomeric purity. The enantio-
meric integrity of the starting enantiopure (S)-1a has
been maintained during the catalytic reaction (vide infra)
as well as during the alkylation at C-6 on the basis of
chiral HPLC analyses of racemic and enantiopure trans-
6a and cis-6a.°

The cyclohydrocarbonylation of 2-(alkoxycarbonyl)-4-
pentenoates 1 is very sensitive to the nature of solvent
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used. For example, the use of aprotic solvents in this
reaction led to the exclusive formation of 1-(alkoxycar-
bonyl)-5,6-didehydropipecolate 7 in excellent yield (eq 2),
i.e., the formation of 2 or 3 was not observed at all.
Polarity of the aprotic solvent, however, does not influ-
ence the course of the reaction since the reactions in
toluene, hexane, methylene chloride, chloroform, tetrahy-
drofuran, and ethyl acetate all gave 7 exclusively with
only minor differences in the yield. The reaction with
enantiopure (S)-1b gave enantiopure 7b, which was
determined by chiral HPLC. Thus, it is proven that no
racemization takes place during this catalytic process.
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It has been shown that didehydropipecolates can be
obtained by treatment of 1-(alkoxycarbonyl)-6-methoxy-
pipecolates with p-toluenesulfonic acid.!® In contrast
with this, the present process gives didehydropipecolate
7 under neutral conditions. It is of interest to note that
the direct formation of 7b from 1b is unique to BIPHEP-
HOS-Rh catalyst, and it does not occur on using Rh
catalysts with phosphine ligands such as triphenylphos-
phine, tricyclohexylphosphine, and 1,4-bis(diphenylphos-
phinojbutane, which give a mixture of 4b and 5b.

The reaction of 1b in ethanol under the standard
conditions, i.e., at 65 °C and 4 atm of CO/H; (1/1), is
exceptional in that no cyclization took place, giving a
simple hydroformylation product 8b with 100% linear
selectivity. The linear aldehyde 8b was readily cyclized
under weakly acidic conditions, i.e., 0.1 N hydrochloric
acid in ethanol and silica gel column, affording 2b and
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4b, respectively, in excellent yields (Scheme 2). The same
reaction pattern was, however, observed when methyl
2-(benzoylamino)-4-pentenoate (1¢)!! and methyl 2-(piv-
aloylamino)-4-pentenoate (1d) were employed as sub-
strates under the standard conditions in THF, which gave
8¢ (87% yield) and 8d (77% yield), respectively (Scheme
2). Treatment of 8¢ with 0.1 N hydrochloric acid in THF
gave 7c¢ in quantitative yields. Attempted transforma-
tion of 8¢ and 8d to 3¢ (or 2¢) and 3d (or 2d), respec-
tively, by treating with 0.1 N hydrochloric acid in
methanol (or ethanol) resulted in the formation of the
corresponding acetals, 9¢ and 9d.

On the basis of the observations described above, the
most plausible mechanism for the intramolecular cyclo-
hydrocarbonylation is proposed in Scheme 3. The reac-
tion is believed to proceed via linear aldehyde 8 followed
by cyclization to form 4, which eliminates a hydroxyl
group, generating an reactive acyliminium ion intermedi-
ate 10 (this is the only species not isolated), and 10 gives
either 5,6-dehydropiperidine 7 or 6-alkoxylpipecolate 2.

Further investigations on the applications of intramo-
lecular cyclohydrocarbonylation processes are actively
underway.
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