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Abstract—Five new lignans, machilin A [(2S,3R)-2,3-dimethyl-1,4-dipiperonyl-butane], machilin B [(28,35)-2,3-
dihydro-7-methoxy-3-methyl-2-piperonyl-5-trans-(3-hydroxy-1-propenyl)benzofuran], machilin C, D [erythro- and
threo-2-(2-methoxy-4-trans-propenylphenoxy)-1-(4-hydroxy-3-methoxyphenyl)propan-1-ol], machilin E (erythro-1-
acetoxy-2-[2-methoxy-4-trans-(3-hydroxy-1-propenyl)phenoxy]-1-piperonylpropane) were isolated from the bark of

Machilus thunbergii and their structures were charact

INTRODUCTION

The bark and root of Machilus thunbergii Sieb. et Zucc.
have been used as in traditional Chinese medicine [1].
Several alkaloids have been isolated from the root [2].
However, no study of the chemical constituents of the
bark has been carried out. In this paper, we report five new
lignans, machilin A, B, C, D and E in addition to the
known compounds, meso-dihydroguaiaretic acid [3] and
licarin A and B [4].
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RESULTS AND DISCUSSION

The bark of Machilus thunbergii was extracted with
MeOH. From the CHCl;-soluble portion of the MeOH
extract, compounds 1-8 were obtained by column chro-
matography. Machilin A (1), C,,H,,0,, was obtained as
colourless needles. The IR, EI-MS, 'HNMR and
13C NMR spectral data of 1 indicated the planar structure
of 1 was the same as that of austrobailignan 5 [5].
Compound 1, however, showed no optical activity. In
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order to elucidate the absolute configuration, 1 was
halogenated with phosphorus pentachloride, and hydro-
lysed into the catechol (1a) [6], which was identified as
nordihydroguaiaretic acid by direct GC comparison and
mixed melting point with an authentic sample. Thus, 1 has
the 2§ and 3R configuration (meso-form).

Machilin B (2), C,oH,,0,, was obtained as colourless
oil. The presence of a hydroxyl group was indicated by the
peak at 3500 cm ™! in the IR spectrum. The 'H NMR
spectrum of 2 was similar to that of licarin B, belonging to
the benzofuran type of neolignan, except for the signals of
a propenyl group of 2 which appeared at 46.56 (H-7'),
4623 (H-8) and 64.30 (H-9). The signals of the meth-
ylene group (6 4.71, 2H, m) due to H-9' in the monoacetate
2a were shifted further downfield than those of 2 in the
'H NMR spectrum. These data indicated that the hydro-
xyl group is attached to the C-9' position. Thus, 2 is 2,3-
dihydro-7-methoxy-3-methyl-2-piperonyl-5-trans-(3-hy-
droxy-1-propenyl)benzofuran. The relative configuration
of 2 was deduced from the chemical shift of H-7 (6 5.11)
and H-9 (6 1.38) [7]. The absolute configuration of 2 was
determined as 2S and 3S by comparing the specific
rotation of 2 ([«]Z’ — 40.1) with the previously reported
licarin B ([a]3} —44.0).

Machilin C (3), C,,H,,05, was obtained as colourless
oil. In the IR spectrum, the presence of hydroxyl group(s)
was indicated by the peak at 3500 cm ~*. On acetylation, 3
afforded a diacetate (3a), the ' H NMR spectrum of which
showed a change in the chemical shift of one proton from
64.82to 6 5.93 indicating the presence of a hydroxyl group
bearing the methine carbon. Furthermore, a decoupling
experiment  indicated the presence of a
CH;-CH-CH(OH)- group. The above results and
"HNMR spectral data placed 3 in the group of g-
aryloxyarylpropane type neolignans [8], and the
structure of 3 was determined as 2-(2-methoxy-4-
trans-propenylphenoxy)-1-(4-hydroxy-3-methoxyphenyl)
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propan-i-ol by the !*C NMR spectrum. Comparison of
the values of the chemical shift and the coupling constant
of H-7 and H-8 with reported values indicated that 3
belongs to the erythro series [9].

Machilin D (4), C,,H,,05, was obtained as colourless
oil. By the IR, EI-MS, '"HNMR and '*C NMR spectra,
the planar structure of 4 was the same as that of 3.
However, the coupling constant and chemical shift of H-7
and H-8 and the value of the specific rotation of 4 differed
from those of 3. Thus, 4 is the threo-diasteroisomer of 3
91

Machilin E (8), C,,H,,0,, was obtained as yellowish
oil. The EI-MS showed a molecular ion peak at m/z 400.
The 'H NMR spectral data suggested that the structure of
§ was close to that of 3. The 'H NMR spectrum also
showed the presence of an acetoxyl group, a meth-
ylenedioxyl group and a -CH=CH-CH,0OH group. The
value of the chemical shift of H-7 (6 5.83) of § was similar
to that of 3a (6 5.93), which indicated that the acetoxyl
group is attached to the C-7 hydroxyl. Thus, § is I-
acetoxy- 2-[2-methoxy- 4-trans- (3-hydroxy-1-propenyl}
phenoxy]- 1-piperonylpropane. The small coupling con-
stant of H-7 (J = 4.1) indicated that S belongs to the
erythro series.

Machilin A-E have not been reported as naturally
occurring lignans. Compounds 6 (1.3 mg), 7 (25.5 mg)and
8 (0.79 mg) were identified as meso-dihydroguiaretic acid,
licarin A and B, respectively, by comparison of their
spectral data with the reported data [3, 4]. Compounds
6-8 have never been isolated from this plant before.

EXPERIMENTAL

The NMR spectra were measured at 400 MHz for 'H NMR
and 100 MHz for '*C NMR. The chemical shifts were given on
the 4 (ppm) scale with TMS as internal standard.

Table 1. '3C NMR chemical shifts (8) of lignans 1-8 100 MHz CDCl,

1 2 3 4 5
LY 1356 1 1342 1337 1320 1316
22 1080 2 1067 1089 1093 1079
33 1455 3 1475 1465 1466 1480
44 1475 4 1472 1448 1455 1485
55 1093 5 1081 1139 1141 1103
6,6 1217 6 1202 1199 1208 1195
7,7 394 7 93.5 824 842 938
8,8’ 390 8 457 736 78.5 782
99’ 161 9 180 134 17.1 154
OCH,0 1007 I’ 135 1319 1305 1301
2 1143 1094 1094 1086
3 1333 1456 1468 147
4 1460 1515 1508 1511
s 1437 1191 1188 1180
6 100 1190 1191 1211
7 1308 1305 1305 1311
8 1262 1250 1249 1271
9 638 183 184 638
OCH, 56.0 56.0 56.0 559

OCH, 56.0 56.0
OCH,0 101.1 101.1
AcC=0 170.1
AcMe 21.1




Lignans from Machilus thunbergii

Isolation. The air-dried bark of Machilus thunbergii (5 kg)
collected at Izu Peninsula in April, 1985, were extracted with hot
MecOH. The concd extract was partitioned between CHCI, and
H,0. The CHCI, layer was chromatographed on silica gel with
the n-hexane-EtOAc system.

Machilin A (1). Colourless needles. 1.7 g. mp 48-50°. [a]35 0°
(CHCly, ¢ = 0.4). IR vSH em~ 2 2900, 1605, 1503, 1495, 1450;
'HNMR é (CDCl,): 086(6H d,J = 6.7 Hz, H-9,9'), 1.76 2H, m,
H-8,8'), 2.29 (2H, dd, J = 13.4,9.3 Hz, H-7a,7°a), 2.74 (2H, dd, J
= 13.4,4.8 Hz, H-7b, 7'b), 5.90 (4H, 5, OCH,O x 2),6.51 (2H, dd,
J =18, 1.6 Hz, H-6,6'), 6.67 (2H, d,J = 1.6 Hz, H-2,2'), 6.76 (2H,
d, J = 7.8 Hz, H-5,5'); MS (m/z): 326 [M]*, 137, 77.

Cleavage of the methylenedioxyl group of 1. Compound 1
(100 mg) was dissolved in dried CH,Cl,, the solution was
refluxed in the presence of PCl (84.4 mg) at 60-70° for 3 hr, then
asmall amount of H,O was added to the reaction mixture and the
mixture was refluxed for 3 hr. The product was chromatographed
onsilica gel with CHCl;—Me,CO (3 : 1). 1a was obtained from the
most polar fraction. 1a: tan crystals. mp 173° (n-hexane, Me,CO).
'"HNMR & (acctone-d,). 0.81 (6H, d, J = 6.7 Hz, H-9,9"), 1.73
(2H,m, H-8,8'),2.20 (2H,dd, J = 13.4,9.4 Hz, H-7a,7'a), 2.68 (2H,
dd, J = 134,48 Hz, H-7b,7'b), 6.51 (2H,dd, J = 7.8, 1.6 Hz, H-
6,6'),6.68 (2H,d,J = 1.6 Hz, H-2,2'), 6.72 (2H, d, J = 7.8 Hz, H-
5,5'), MS (m/z): 302 (M]*, 123, 77.

Machilin B (2). Colourless oil. 22.3 mg. (a]}; —40.1 (CHCl,, ¢
= 0.11). 1R vEHCh em ~ 1: 3500, 2950, 1610, 1500, 1450, 'H NMR &
(CDCl,): 138 (3H d, J = 6.8 Hz, H-9), 3.41 (1H, m, H-8), 3.89
(3H, s, OCH,), 4.30 (2H, m, H-9), 5.11 (1H, d, J = 8.9 Hz, H-7),
594 (2H, s, OCH,0), 6.23 (1H, dt, J = 15.8, 6.0 Hz, H-8'), 6.56
(1H, m, H-7'), 6.80-6.90 (5H, m, Ar-H); MS (m/z): 340 [M] *, 259,
175, 135, 77. On acetylation with pyridine and Ac,CO, 2 afforded
amonoacetate (2a) IR vSHC'scm ~1: 2950, 1730, 1610, 1500, 1450;
'"HNMR §(CDCl;): 1.38 (3H, d, J = 6.8 Hz, H-9), 2.10 (3H, s,
OCOCH},), 3.42 (1H, m, H-8), 3.89(3H, s, OCH,), 4.71 2H, m, H-
9), 5.12 (1H,d, J = 8.9 Hz, H-7), 595 (2H, 5, OCH,0), 6.16 (1H,
dt, J = 15.7, 6.0 Hz, H-8), 6.60 (1H, m, H-7"), 6.80-6.90 (5H, m,
Ar-H); MS (my/z): 382 [M]*, 327, 182, 135.

Machilin C (3). Colourless onl 10.6 mg. {«]}; —16.5° (CHCl,,
¢ =027). IR vGHCs cm~1: 3550, 2950, 1610, 1520; 'HNMR ¢
(CDC;); 1. 17(3H d,J = 64 Hz, H-9),1.88 (3H,dd, J = 6.6, 1.6
Hz, H-9'), 3.88 (3H, s, OCH;), 3.89 (3H, s, OCH,),4.33 (1H, m, H-
8),4.82 (1H,d,J = 2.9 Hz, H-7),5.60 (1H, br, OH), 6.15 (1H, dq, J
= 15.6,6.6 Hz, H-8'),6.36 (1H, m, H-7'), 6.75-7.00 (6H, m, Ar-H);
MS (m/z). 344 [M]", 192, 164, 137. Diacetate (3a). IR vff,c"
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m "~ ': 2950, 1740, 1600, 1505; 'H NMR &(CDCl,). 1.30 (3H,d, J
= 6.4 Hz, H-9), 1.86 (3H, dd, J = 6.6, 1.7 Hz, H-9'), 2.12 (3H, s,
OCOCH;), 2.31 (3H, s, OCOCH,), 3.80 (3H, 5, OCH};), 3.83 (3H,
s, OCH3,), 4.53 (1H, m, H-8), 593 (1H, d, J = 4.2 Hz, H-7), 6.11
(1H,dq,J = 15.7,6.6 Hz, H-8),6.32 (1H, m, H-7'), 6.8-7.1 (6H, m,
Ar-H);, MS (m/z): 428 [M]", 265, 223, 164, 91.

Machilin D (4). Colourless oil. 3.5 mg. [a]}; 38.1° (CHCI;, ¢
=007). IR v§Hh em-1: 3550, 2900, 1590, 1490. 'H NMR
5(CDCl,): 1. 16 ¢ (3H d, J = 6.2 Hz, H-9), 1.87 (3H, dd, J = 6.6,
1.6 Hz, H-9'), 3.90 (3H, s, OCH}), 3.91 (3H, 5, OCH ), 4.08 (1H, m,
H-8),4.61 (1H,d,J = 8.4 Hz, H-7),5.60 (1H, br, OH), 6.14 (1H, dt,
J =156, 6.5 Hz, H-8)), 635 (1H, m, H-T'), 6.85-6.95 (6H, m,
Ar-H); MS (m/z): 344 [M]*, 191, 164, 91, 57.

Machilin E (5). Yellowish oil. 5.6 mg. [a]}; 29.2° (CHCI,, ¢
= 0.11) IR vSH em - 1: 3550, 2950, 1730, 1600, 1505, 'H NMR &
(CDCl,): 129 (3H d, J = 6.6 Hz, H-9), 2.09 (3H, s, OCOCH},),
3.83 (3H, s, OCH,), 4.30 (2H, m, H-9'), 4.54 (1H,m, H-8), 5.83 (1H,
d,J = 4.1 Hz, H-7), 590 (2H, s, OCH,0), 6.25 (1H, dt, J = 158,
6.0 Hz, H-8), 6.54 (1H, m, H-7), 6.82-6.98 (5H, m, Ar-H); MS
(m/z): 400 [M]*, 356, 329, 221, 180, 151, 91.
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