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PIPERMETHYSTINE, A NOVEL PYRIDONE ALKALOID
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Abstract—A sew akaloid, pipermeth
S-acetoxy-3,6-dihydro- 1-(3-phen

ystise, isolasted from the leaves of Piper methysticom is shown to be
yipropenoyl)-2(1H)-pyridose (1) by PMR, CMR and mass spectrometry and by its

coaversion to phenylpropanoic acid and S-acetoxy-$,6-dihydro-2(1H)-pyridone (5).

The tropical shrub Piper methysticum Forst,
(Piperaceae) is widely cultivated in the South Pacific for
its roots and stems, which are used in folk medicine and
intheceremonialmdsochldrink.knovnuhn.hvn,

‘awa, and yanqona.' The plant coatains a series of a-
pyrooes, which have been shown to possess phar-
macological activity with anticoavulsive, antiepileptic,
hmmncmdloalmmdm”

Despite carlier reports’ that alkaloids were present in
themot&nmunﬁmsupwomweducm

tests, attempts to isolate alkaloids were unsuccessful
until 1970, when the amides N-cinnamoylpyrrolidine
(0.002%) and N-(m-methoxycinnamoyl)pyrrolidine
(OM)MMedmthﬂedﬁwawhmhc
extract. Howeva,areponthnthea-pymmwillpvc
immediate positive “alkaloid” reactions with Dragen-
Msmccntumuthathcwhacolwmponm
may have been misleading.’ In the present work we
reporttbelsohnon:ndmucmﬂduammnouohhe
npovel amide alkaloid, pipermethystine (1), a major
constituent (0.17%) of the leaves of Piper methysticum.

Freshly collected leaves of P. methysticum were dried
and extracted with ethyl acetate. Fractionation of the
extract by tic yielded pipermethystine (1) as an oil,
bomogeneousbyﬂcanddc.uweﬂuawiuol
a-pyrooes.® 1 was lost on column chromatography on
alumina and showed decomposition of tic oa freshly
activated alumina. It was also present as a minor
compooent in the roots and stems on gic analysis.

The MS of 1 contained a molecular ion at m/e 287,
CiwHsNO,, and a strong fragment ion at mje 227,
CiH3NO;, suggesting the presence of an acetoxyl
group. The IR spectrum of 1 contained bands at 3070,
3035 (ArH), 1740 (C=O ester), 1700 and 1650 (C=O amide)
and 1630 (C=C) cm™'.

The UV spectrum, Am.. 210, 243 nm, indicated the
presence of a conjugated system. The PMR spectrum
was unchanged on the addition of D;O and contained
signals for an acetyl group (8 2.06, 3H, s) and an aroma-
tic ring (8 7.2, SH, bs). A series of coupled signals were
assigned to the pyridone ring, C-3H (8 6.15, d, Jy.=
10 Hz slightly broadened by long range coupling), C4H
(8684,ddd, J14=10,J 5= S, Jos= 1 Hz), C-5H (8 5.42,
Q, Jas = Jso= S Hz), C-6H; (AB system 8 3.86,dd, Jan =
15 J,‘-SHI lnd432,ddd.lu-15 13‘-5 J“
1 Hz). The chemical shifts and were similar to
those of C-2H (8 6.21, d, J», = 10 Hz), C-3H (8 7.08, dd,
J23=10, J, =55 Hz), and C4H (8 533, dd, J5.=5.5,
Jos=3Hz) in the acetyl-3-lactone, aspertine (2)” and to

(i

C-3H (8 6.03, d, J25 = 10 Hz) and C4H (8 6.9, m) in the

conﬂmedbydoublemuﬁmonnsmppm(c-smm
the signals at 3.86 and 4.32ppm collapsed to an AB
quartet (Jas = 1S Hz) and the signal at 6.77 ppm collsp-
sed to a doublet (J = 10 Hz). Liradiation at 4.30 ppm
(C-6H) caused a partial collapse of the signal at 5.30 ppm
(C-SH). The remaining signals in the spectrum appeared
as an A;B, system and were assigned to C-8H, (8 3.01,
slightly broadened) and C-9H. (8 3.38), similar to the
-CH/CHr system in 3-pheaylpropancic acid, (8 2.80,
4H, A;B: multiplet). The long-range coupling between
C-4H and one of the C-6 protoas suggests that these two
protons are in a coplanar W-configuration.

An attempt to coafirm the relationships between the
protons using Eu(fod), shift reagent was unsuccessful as
the interaction of 1 with the reagent was non-specific and
there were 00 clear differences ia contact shifts.

The CMR spectrum (Table 1) was in agreement with
the proposed structure. It contained signals for three
carboayl groups at 163.8, 169.9 and 175.3 ppm, an acetyl
methyl at 20.8 ppm, (qQ) and an oxygenated methine C-$
at 634 (d) ppm. The C-8 (40.9, t) and C-9 (30.9 ppm, 1)
signals were similar to those of C-2 (35.5) and C-3
(30.5 ppm) in 3-pheaylpropancic acid.” The remaining
methylene group corresponded to C-6 (45.1 ppm, t) and
there was a group of olefinic and aromatic carbon signals
between 126.1 and 140.9 ppm.

Hydrogenation of 1 over Pd/C gave the dihydro-
derivative 4 as an oil. The UV spectrum contained oaly
the aromatic band at 213 am. The IR spectrum contained
bands at 1740 and 1690cm™' for the ester and amide
groups but lacked the olefinic band at 1630 cm™' present
in the spectrum of 1. The PMR spectrum contained the
signals for the acetyt (5§ 2.03 5) and aromatic groups (8
723 3). The C-5H signal appeared at § 5.25m and no
olefinic signals were present. The remaining protons
were present as a complex series of multiplets 3.7-
1.9 ppm.

On standing for some months at room temperature 1
partially decomposed to give a mixture of compounds,
which could be separated oa tic on silica gel. If 1 was
chromatograpbed by tic on activated alumina a similar
degradation occurred. The two principal products were
isolated and ideatified as 3-phenytpropanoic acid and the
dihydropyridone S, m.p. 130-131.5, C;H,NO,. The UV
spectrum of S, An.. 207, 41 nm (loge 4.10, 3.30) was
similar to that of $,6-dihydro-2(1H)-pyridone, An,. 204,
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Table 1. CMR spectrum of pipermethystine (1)

& ppm (relative to TMS) Splitting®

20.3 q DHy-Ce0
30.9 t c-9
40.9 t c-8
45.1 t c-6
65,4 d c-s
126,1 d
127.6 d
CsC and
128.4 d
Ar CeoC
128.8 d
140.2 d
140.9 s c-1°
163.8 s Ce0
169.9 s Ce0
175.3 . Ce0

8 Prom off-resonane decoupling study

240nm (loge 392, 3.08." The IR spectrum
bands for a secondary amide, (3420 NH and |
cm™'), an ester (1732 ¢cm™'"), and an olefinic
(1615cm™?).

The PMR spectrum contained a signal for an
group (8 2.10 ) and series of coupled signals assi

B

M° 287 (C,¢H/NOJ?T
~

tHRMS measurements.

~

Scheme |. MS fragmestation of 1.



Pipermetbystine, a sovel pyridose alkaloid from Piper methysticum 9

C-3H (8 6.13, dd, J3.= 10, J5 = 2Hz) C4H (6.66, dd,
J3a=10, Jos=5Hz), C-5H (5.38, q, Jos=Jss=SHz),
C-6H; (2H, 3.70, m) similar to those in the spectrum of 1.
The C-3H signal was appareatly coupled across the
carboayl group to the NH group (8 6.42, bs). The
assignments were confirmed by double irradiation stu-
dies. Irradiation at 6.12ppm collapsed the signal at
6.66 ppm to a doublet, at 6.66 ppm collapsed 6.13 and
$.38 ppm o multipiets, at 3.70 ppen collapsed 5.38 ppm to
a multiplet, and at 5.38ppm collapsed the signal at
3.70 ppm.

The MS of 1 (Scheme 1) contained an unexpected ion
at m/e 131, GH-O, and a corresponding M*-131 ion at
m/e 156, which were absent from the spectrum of 4. The
fragmentation appears to correspond to cleavage of the
amide -CO-N bond with double hydrogen transfer to the
pyridooe ring, to give (Ph-CH-C=C=0)* or (Ph-
CH=CH-C=0) *.

Amide alkaloids are typical constituents of members
of the Piperaceae family, most of the compounds known
bana based on piperidine, pyrrolidine, or isobutyl-

amine.' 1 and 3 are both unusual in also containing a
mondwbonylmpresenlumimidcsyml,
which poteatially could undergo ready elimination to a
pyridooe, appears to be the first report of a S-acyl-5,6-
dihydro-2<(1H)-pyridone structure either naturally oc-
curring or synthetic.

Although 1 is also present in small amounts in the
stems and roots of P. methysticum, its instability oa
standing or on alumina chromatography probebly
explains why it has not previously been isolated. Most of
the earlier studies used roots or the commercially
available P. methysticum, which is exported as dried
ground roots or stems and contains no leaves.

EXPERIMENTAL

M.ps were measured oa a Kofler block, UV specta were
measured oa a Unicam SP 800 spectrometer and IR spectra oo a
Perkin Elmer 177 spectrometer. PMR spectra were determined
oa Perkin Elmer R 10 and R 32 spectrometers ia CDCh soln.
CMR spectra were measured oa a JEOL FX-60 spectrometer in
CDC, soin. GLC was carried owt oo a Perkin Elmer F1)
chromatograph with a FID. detector, camier gas N,
(0 mimin"'), on a 3% OV-101 on Gas Chrom Q giass cotamn
RmxImm) at 215°. MS were recorded oo A.El. MSH0 aad
MS902 spectrometers and microanalysis was carmied out at the
University of Betfast.

Isolation of pipermethystine (1). Dried leaves of Piper methys-
ticum Forst. (18g) collected in Suva, Fiji were extracted with
EtOAc in a Soxhlet extractor to give a gum (282 g) oa evapors-
tion of the solvent. The gum was dissolved in EtOAc and fikered
through silica gel. The cluate was fractioasted by tic on silica gel
GFze (BtOAc:light petroleum, 1:1). A major UV absorbiag
bend, R, 0.55 was cluted to give a greenish od (178 mg). The od
was purified by tic on silica gel and then on deactivated alumina
to give as a colouriess oil, bomogeoeous by tic aad gic, piper-
methystine (1, 128 mg, 0.17% yield), gic R, 84 min, An.. 210,
43 0m, ¥ e (film) 3070, 3035 (ArH), 2940, 1740 (C=O ester), 1700

aad 1650 (C=O amide), 1630 (C=C) 825, 70, M3, (mowo sub.
Al ca™', r...(Clﬂ;) 1732 (C=O estex), 1687 (b, C=O amide),
1630 (C=C) c™', Vaae (OCL4 3070, 3015, 2930, 1740 (C=O ester),
1695 (C=O amide), 1630 (w) cm”' MS mje (M°) 287.1157 (%)
(CanNOA roquires: m/e mllﬂ). 270642 () (CieH1NO;

gic R 95 min, Aqes 214 0m, roy. (Him), 3050, 3060, 3030, 2930,
2060, 1740 (C=O ester), 1650 (C=O amide), 1600 (w), 750, 703,
(ArH) e ™', MS m/e (M*) 289 (1%), 178 (9), 150 (36), 104 (62), 97
(45), 91 (100), 43 (43).
mmaaamtaum-rum-

(og ¢ 4.10, 3.30), v, (Nujol) 3180, 1727, 1650, 161Scm ™", Va
(CHCY) 3429, 1732, 1680, 161 cmn™', MS m/e (M°) 155 (1%), 126
%), lll(l).”@‘).“m.ﬂ(‘lm C, 5435; H, 5.7, N,
9.13. C;HaNO; requires: C, 54.19; H, 5.85; N, 9.03%).
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