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Pipermethystine

A novel enantiodivergent approach to 5-hydroxy-5,6-dihydro-2(1H)-pyridones using a ring closing metathesis and a lipase-mediated kinetic
resolution as key steps is described and applied to the first synthesis of both enantiomers of pipermethystine.

The 2(1H)-pyridone ring system and the corresponding quinolizidiné?alkaloids with pharmaceutical activity. They
dihydro and tetrahydro derivatives possess structural featuresare also useful for the preparation of substituted piperidies,
found in a wide variety of naturally occurring alkaloldsd including polyhydroxylated piperidines (azasugé&rs).

novel synthetic biologically active moleculég.hese mol- There are few methods for preparing chiral nonracemic
ecules also have considerable potential in organic synthesiss-oxygenated 5,6-dihydro-2()-pyridones {, Figure 1)’
They are valuable intermediates for the preparation of

quinoline€ and isoquinolingderivatives and indolizidirfeand I
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protection of oxygen and nitrogen functionalities and the
introduction of the unsaturation at C*8The lack of general

done,4, in 80% yield (Scheme 1). Subsequent protection of
the secondary amido group with hydrocinnamoy! chloride

and efficient methods for the preparation of such systems isprovided the corresponding imidg in 94% vyield. The
exemplified by the fact that, despite its apparent simple corresponding allylic alcohdl was prepared by epoxidation
structure, no synthesis of the natural alkaloid pipermethystine of 5 with MCPBA (CH,Cls, rt, 91%) followed by treatment

(2, Figure 1) has been reported since its isolation in 2979.

of the resulting epoxides with a catalytic amount of

Pipermethystine is the major constituent of the leaves and aKOt-Bu (t-BuOH, room temperature, 99%). Interestingly,

minor constituent of the stems &fiper methysticungpip-

both steps can be achieved without chromatographic puri-

eraceae), a large shrub indigenous to the islands of the SoutHication. Compound is apparently base-sensitive since larger

Pacific (e.qg., Fiji). A ceremonial and social drink, known as
kava, is prepared from the roots and stems Riper
methysticunand used to induce relaxation. Surprisingly, only

amounts of base or longer reaction times resulted in partial
migration of the phenethylcarbonyl group from the nitrogen
to the oxygen. Standard base-promoted acetylatiorY of

two papers regarding the isolation and structure determinationafforded a complex mixture of products. However, acetyla-
of pipermethystine have been reported, but no further tion of 7 was achieved under acidic conditions p&g

information about its absolute configuration or biological
properties has been provided.
Associated with our interest in chiral, nonracemic pyridi-

TMSOTT (cat.), CHCl,, 0 °C, 98%}* to provide racemic
pipermethystine?, in almost quantitative yield without the
need of chromatographic purification (66% overall yield for

nylmolybdenum complexes as enantiomeric scaffolds for five steps).

heterocycle synthesidwe have investigated a novel enan-
tiodivergent route to enantiopure 5-hydroxy-5,6-dihydro-
2(1H)-pyridones starting from acyclid-allyl-3-butenamide
(3) (Scheme 1), which is easily prepared from commercially
available 3-butenoic acid and allylamitte.

Scheme 1
RUCI,(PCy3),CHPh
/\)J\ J/ (4 mol%) Q
CH,Cl (0.03M) N0
3 reflux, 12 h H
80% 4
a) n-BulLi
94% | THF,-78°C
b) Ph(CH,),COCI
o)
MCPBA Q
-
N” 0 CH,Cly, 1t N~ ~0

O)\A Ph 91% Oél\ﬂph
5

t-BuOH, rt
)
N™ ~0

ON Ph

6
KOt-Bu (cat)
99%

Ac,0, TMSOTT (cat)

CH,Cl,, 0°C N
98%

(¥)-pipermethystine (2)

The ring closing metathesis 8fusing a catalytic amount
of Grubbs’s ruthenium catalyst RuPCys),=CHPh (4 mol
%, CHyCl,, reflux)t® provided the 3,5-dihydro-2(1H)-pyri-
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M.; Suhara, Y.J. Am. Chem. S0d998,120, 3007.
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For the enantiodivergent preparation of either antipode of
the natural alkaloid in high enantiopurity, a lipase-catalyzed
enantioselective acetylation of racemic alcofeVas envis-
aged® Four commercially available lipasésvere screened
for activity and stereoselectivity in a transesterification with
vinyl acetate as acetylating reagent and toluene as solvent.
The results are shown in Table 1.

Table 1. Enantioselective Transesterification ef)7

AcO/\ toluene )\/\

4]'\/\Ph molecular sieves 71'\/\

Lipase

(R)-7 (S)-2

entry lipase time? vyield (%)° ee (%) vyield (%)° ee (%)°
1 R - - - - -
2 PS 55h 47 87 48 79
3 AK 15h 47 82 47 94
4 PPL 17h 46 88 47 >99.5
5 PPL 4d 47 >99.5 48 >99.5
6 PPL 11d 46 >99.5 47 >99.5

aTime for reaching 50% conversion (measured by NMRYyield of
pure product after chromatograptfyDetermined by chiral column HPLC.
d (£)-7 was recovered in 99% yield after 5 days.

All enzymes except for lipase R showed good activity
toward substrat@. Lipases AK and PS displayed a high

(7) (@) Lee, H. K.; Chun, J. S.; Pak, C. Betrahedron Lett2001,42,
3483. (b) Modyanova, L.; Azerad, Retrahedron Lett2000,41, 3865.
(c) Meyers, A. |.; Andres, C. J.; Resek, J. E.; Woodall, C. C.; McLaughlin,
M. A.; Lee, P. H.; Price, D. ATetrahedron1999, 8931. (d) Altenbach,
H.-J.; Himmeldirk, K. Tetrahedron: Asymmetr{995,6, 1077.

(8) Herdeis, CSynthesisl986, 232.

(9) Herdeis, C.; Kaschinski, C.; Karla, Retrahedron: Asymmet}996
7, 867.

(10) (a) Smith, RTetrahedron1979,35, 437. See also: (b) Smith, R.
Phytochemistry1983,22, 1055.

Org. Lett., Vol. 3, No. 21, 2001



activity but only moderate selectivities; 50% conversion

The absolute configuration of the enantiomerically pure

was reached after 1.5 and 5.5 h, respectively (Table 1, entriesalcohol R)-7 was determined by chemical correlation to the

2 and 3). In contrast, excellent enantioselectivity was
achieved using lipase PPL (entries-@). Lipase PPL (25

mg/mL) catalyzed in 17 h the enantioselective acetylation
of 7 by vinyl acetate (5.0 equiv) in toluene (0.05 M) at room

temperature. The presence in the reaction mixture of mo-

lecular sieves was essential to reach 50% convet8ibhe
resulting acetate (S)-&nd the unreacted alcohol (R)wére

readily separated by flash chromatography and obtained in

47% and 46% vyields, respectively. While (Ski2owed an
excellent enantiomeric purity (ee 99.5%)° (R)-7 was
obtained in only 88% e (entry 4). However, after 4 days

of reaction lipase PPL catalyzed the complete acetylation of

the (S)-enantiomer of without affecting (R)-7, providing
both (S)-2and (R)-7with ee > 99.5% (entry 5). As a
dramatic example of the specificity of lipase PPL &)«

as a substrate, no acetylation Bj{7 was detected even after
11 days of reaction (entry 6). This remarkable selectivity

and its associated high enantiomeric purity suggest that this
lipase-mediated resolution could be applied to a wide range

of 5-hydroxy-5,6-dihydro-2-pyridones.

The antipode (R)-2, was prepared wittD9.5% ee by
acetylation of R)-7 under the same conditions used previ-
ously for (£)-7. To date, this five-step approach constitutes
the first total synthesis of both enantiomers of pipermethys-

known 2-piperidone R)-92! tert-Butyldimethylsilyl ether
(R)-8was readily obtained by hydrogenation of the double
bond and protection of the hydroxyl group &)¢7. Finally,
N-deprotection ofR)-8 (K,COs, MeOH, room temperature)
afforded cleanly (R)-9n 95% vyield (Scheme 2).
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In summary, a highly efficient and stereodivergent meth-

tine, as well as the shortest synthesis of a 5-oxygenated 5,6-0dology based on ring closing metathesis and lipase-mediated

dihydro-2(HH)-pyridone. The catalytic nature of the two key

kinetic resolution has been described for the synthesis of

operations (ring closing metathesis and lipase-mediated5-hydroxy-5,6-dihydro-2#)-pyridones of high enantiopurity

resolution) lends the sequence to easy scale-up.
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(ee> 99.5%). This method has been applied to the synthesis
of both enantiomers of pipermethystine, each one obtained
in about 32% overall yield through a five-step sequence. The
process described herein should prove generally useful for
the enantiocontrolled construction of a variety of materials

derived from 5-hydroxy-5,6-dihydro-2(1H)-pyridones.
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