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Abstract - Three novel lignans having unusual seco structure, peperomins A, B and C
were isolated from the fresh whole plant of Peperomia japonica Makino (Piperaceae).
The structures of peperomins A, B and C were established as I, IT and III, respectively,

on the basis of spectroscopic and crystallographic evidence.

Peperomia japonica Makino (Piperaceae) is a fleshy, perennial herb growing on wet rocks and trees
from low altitudes up te 1500 m in Taiwan.? The aqueous and alcoholic decoctions of the whole herbs
are used as a folk medicine for the treatment of malignant tumors.? Apiol, 2,4,5-trimethoxystyrene
and phytosterols had been previously isalated from a species of P. pellucidz,” but this species had
not been so far investigated from a chemical point of view. As part of our continuing phytochemical
study of the Formosan sntitumor plants, we here describe the isolation of three nowvel lignans
having unusual sece structure from this plant.

The methanol extract of the fresh whole herbs of P. japonica was fractionated on a charcoal column
by eluting with methanol, 30% chlaraform in methancl and chlorcform, sequentially. The concentrated
methanel fraction was partitioned with water-ethyl acetate. Thereafter, the ethyl acetate layer was
concentrated, dried in vacuo and chromatographed on a silica gel column with chloroform/methancl
(15:1) as an eluent to afford three new compounds designated as peperomins A, B and C.

Peperomin A (I), colorless prisms (from methanol-water), mp 143-145°C, [u]s7+20.6“ (c=0.136 in
CHC1,4), Cy.H,.05 (m/fz M found 414,1314, calecd 414.1315) showed ir absorption bands due to aromatic
Ting (1630, 1510 and 1480 cm™!) and a y-butyrolactone (1770 cm~!). The uv spectrum showed absorptiocn
maxima at 250 (log e=3.98), 277 (3.51) and 285sh (3.41) nm, which indicated the presence of substi-
tuted benzene chromophore. The ‘H-nmr spectrum (400 MHz, in CDCl,;) exhibited the characteristic
signals of two methylenedioxy groups attached on aromatic rings {6 5.94 and 5.93, each 2H, s), two
methoxy groups (& 3.90 and 3.88, each 3M, s), one secondary methyl group (& 0.95, 3H, d, J=7.2 Hz2)
and substituted aromatic Tings {§ 6.30-5.50, 4H, m). Moreover, signals at § 4.31 (iH, dd, J=9.5,
7.4 Hz) and § 3.81 (1H, dd, J4=9.5, 7.6 Hz) due to a methylene group of v-butyrolactone moiety, and

at & 3.58 (14, d, J=11.4 Hz, Ph,-CH-CH-, H-5), 2.85 (1H, m, -CH-CH-CH:D-, H-3) and & 2.35 (1H, m,
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-CH-CH-CHy, H-2) ascribed to three methine groups were observed. All assignments of '"H-nmr data were

supported by appropriate spin decoupling experiments. In agreement with these assignments, the 'JC-
nmr spectrum confirmed the presence of 22 carbons, and its chemical shifts are given in Table 1. In
the mass spectrum, characteristic fragments were observed at m/z 414 (M+), 315 and 285. The hase

peak at m/z 315 (M+—99) due to the loss of an a-methyl-y-butyrolactone moiety, resulted from benzy-

lic cleavage as shown in Scheme 1.
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I Ry +R2=CHs, R3+Ry=CH», m/z 414 (M) m/z 315
T Ri=Rz=Me, R3+Ru=CHz2, m/z 430 (M%) mfz 331
III  R;=Rz=R3=R.=Me, m/z 446 (M%) m/z 347

Scheme 1

It was clearly confirmed that peperomin A (I) contains a methyl group at C-2 position and a bis-(3',
4'-methylenedioxy-5'-methoxyphenyl)}methyl unit st C-3 position on a butyrolactone skeleton. However,
due to the flsxible nature of butyrolactene ring® and free ratation around the $-3/C-5 single bond,
spectroscopic arguments are not reliahle guides for the stereochemistry of these chiral centers.
Peperomin B (II), colorless prisms (from methanol-water), mp 143-145°C, [u]E7+28.9° (c=0.444 in
CHC1,), Cz5Hz2¢0e (mfz M found 430.1626, calcd 430.1627) showed following spectral data: uv M:SH:
244 (log £=3.99), 271 (3.41} and 285sh {3.23) nm; ir \ﬁgi: 1770, 1600, 1510 and 1465 em~!; 'H-nmr
(400 MHz, in CDCl:): 6 0.95 (3H, d, J=7.3 Hz, CHs, H-8), 2.35 (1H, m, H-2), 2.90 (H, m, H-3), 3.61
(1H, d, J=11.3 Hz, H-5), 3.83 (1H, dd, J=9.5, 7.9 Hz, H-4), 4.31 (1H, dd, J=9.5, 7.6 Hz, K-4), 3.80
(3H, s, OCHs), 3.91 (9H, s, OCHsx3), 5.94 (2H, s, OCHz0), 6.40-8.50 (44, m, H-2', 2", 6', 6"). The
L3 C-nmr spectrum confirmed the presence of 23 carbons and its chemical shifts are given in Table 1.
On account of the sbove data, peperomin B (II) showed the similar spectral properties as peperomin
A (I), except that two methoxy groups of II appeared instead of the one methylenedioxy of I. These
observations led to the formuiation of structure II, which was further supported by the presence of
a base pesk at m/z 331 in the mass spectrum corresponding to formation of a doubly benzylic cation
(Scheme 1).

Peperomin C (II1), colorless needles (from methanol), mp 158-160°C, [w]]'+42.7° (c=0.059 in CHC2:),

CauHsols (m/z M' found 445.1939, calcd 446,1940) showed following spectral data: uv Moot: 241sh
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(log e=4.019), 270 (3.30) and 280sh (3.12) mm; ir vg:i: 1775, 1800, 1515 and 1460 cn™'; ‘H-nmr (400

MHz, in CDC1;): & 0.95 (3H, d, J=7.2 Hz, H-B), 2.37 (1H, m, H-2), 2.8% (1H, m, H-3), 3.53 (1H, d,
J=11.3 Hz, H-5), 3.83 (1H, m, H-4), 4.31 (14, dd, J=9.5, 7.5 Hz, H-4), 3.85, 3.86, 3.92 (each &H, s,
0OCH;x8) and 6.49 (4H, s, aromatic). Peperomin { {III) showed the similar spectral properties as
peperamins A (I) and B (II) except that III possessed six methoxy groups and no methylenedioxy
group. The !3C-nmr spectrum confirmed the presence of 24 carbons and its chemical shifts are given
in Table 1. The mass spectrum showed the base peak at m/z 347 (M+-99), which resulted from benzylic
clsavage {Scheme 1). Therefore, the structure III was reasonably assigned tc peperomin C.

Final proof for the structure and stereochemistry of peperomin B (II) was obtained by X-ray crysta-
1lographic analysis. The crystal structure of peperomin B (II) was solved by direct methods. Blocks
least-squares refinement of atomic positional and thermal (anisotropic £, N, O; isotropic H) parame-
ters converged to R(F)=0.036 cver 2191 reflections [I>30(I)] ccllected on an Enraf-Nonius CAD-4 four
angles automated diffractometer under room temperature [MGKu radistion, graphite menochromator,
A=0.7107 A, w/28 scan, EGmax=60°]. A1l hydrogen atoms were located from Fourier difference syntheses
map. Crystal data: CpaHz.0s, M=430.46, monoclinic system, space group P2;, a=11.044(1), b=8.500(2},

c=11.696(2) ﬁ, $=112.39(1)°, 2=2, V=1135(2) ﬁs, D =0.7585 g cm”?. A computer perspective drawing

calc
of peperomin B (II} is shown in Figure 1.

The cd spectra of peperomins A (I), B (II) and C (III} showed the positive Cotton effect at 275
([0]+11290), 277 ([0]+5816) and 270 ([0]+4460) rm, and the negative effect around 245-253 nm,® indi-
cating I, IT and III to have the 2s5,35-, 25,35,55- and 25,35- configurations,’ respectively.

In coriclusion, the chemical structures incivding abselute configurations of peperomins A, B and C
were established as (25,35)2-methyl-3-[bis(3',4'-methylenedioxy-5'-methoxyphenyl)methyljbutyralac-
tone (I), (25,35,55)2-methyl-3-[5-(3',4',5'-trimethoxyphenyl)-5-(3",4"-methylenedioxy-5"-methoxyphe-
nyl)methyllbutyrolactone (II) and (25,35)2-methyl-3-[bis(3',4',5'-trimethoxyphenyl)methyl]butyrolac-
tone (III), respectively.

Peperomins A, B and C are rare examples of the naturally occurring secolignans.® Biogenetically, the

occurrence of these secolignans in plant is quite significant.

OMe

MeD. MeO

MeO Med MeQ

— 413 —




Table 1. '3C-Nmr Chemical Shifts and Assignments g:)

for Peperomins A (I), B (II) and C (IIT). (ppm) C‘) ff

c I 1 111 Q i zd
X & .

1 179.15 179.23 179.22 ‘é C;'T/ R

2 46.90 46.99 47.17 A ~N. oy L

3 40.04 40.08 40.17 O;Q: }’:}:-‘O\\* O] p

4 70.10 70.14 70.23 R@ENPNY) Ry

5 55.86 56.07 56.50 7~ \\()/

6 15.63 15.70 15.76 Q’

1 135.81 135.82 136.77 (

1" 135.81 133.95 136.77 i

2! 100.86 104,47 104.422) !

an 100.86 100.8C 1045487 (e

3 148.97 153.05 153.10 Z Q

3 148.97 149.08 153.10 i

4 136.39 137.34 137.21 a d

4" 136.39 136.87 137.21 ) e

5! 143.12 153.05 153.10 /(_\}Q p

5 143.12 143.25 153.10 Y HQ/ /

g 107.47 104.47 104.42%) Ok~ L A

g 107.47 107.63 104.54%) = b,/d

0CH,0 101.11(x2)  101.19

OCH; 56.50(x2) 56.07{x2) 56.12 (x4)

fCH: 56.78 60.69 (x2)

0OCH: 60.64

Solvent: CDCl;. a) Assignments may be reversed. Figure 1. Perspective View of Peperomin B (II).
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