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Abstract—Five new neolignans, machilin-F [2-(4-hydroxy-3-methoxyphenyl)-3,4-dimethyl-5-piperonyltetrahydro-
furan], machilin-G [2~(3,4-dimethoxyphenyl)-3,4-dimethyl-5-piperonyltetrahydrofuran], machilin-H [2-(4-hydroxy-

3,5-dimethoxyphenyl)-3,4-dimethyl-5-(4-hydroxy-3-methoxyphenyl)tetrahydrofuran],

machilin-1  [2,5-bis-(4-hy-

droxy-3-methoxyphenyl)-3,4-dimethyltetrahydrofuran], (—)-nectandrin-A and the known compound, nectandrin-B
were isolated from the bark of Machilus thunbergii and their structure were determined.

INTRODUCTION

In a previous paper [1], we reported the isolation of the
neolignans, machilin-A-E, from the bark of Machilus
thunbergii Sieb. et Zucc. The methanol extract of the bark
of this palnt was further investigated and 2,5-diaryl-3,4-
dimethyltetrahydrofuran type neolignans, machilin-F-I,
were isolated we now report their structures elucidated by
means of spectral analysis.

RESULTS AND DISCUSSION

Machilin-F (1) was obtained as a colourless oil. In the
EI-mass spectrum, a molecular ion peak was observed at
m/z 342. The 'H NMR and IR spectra indicated that 1
was a diastereomer of austrobailignan-7 [2] and chica-
nine [3] belonging to the 2,5-diaryl-3,4-dimethyl-
tetrahydrofuran type of neolignans.

The chemical shifts of H-2 (64.44), H-5 (4.46) and 3,4-Me
(1.01) in the 'H NMR spectrum indicated each methyl
group to be situated in a trans-relation to the vicinal aryl
group [4, 5]. The configuration of 1 was thus concluded to
be either the all trans form or the meso form and the
chemical shifts of H-3 and H-4 (62.19) indicated the 3,4-
cis-relationship [6]. Furthermore, compound 1 showed
no Cotton effect (200-350 nm), but known compounds of
the all trans-configuration did so in circular dichroism
[7]. Thus, the configuration for the structure of 1 was
found to be the meso-configuration with the 3-Me and 4-
Me groups situated in a cis-relationship to each other.
From these data, the structure of 1 is thus shown to be
(2R*, 3R*, 45* 5R*)-2-(4-hydroxy-3-methoxyphenyl)-
3,4-dimethyl-5-piperonyltetrahydrofuran.

Compounds 2-5 were each obtained as a colourless oil.
From the 'H and '3C NMR spectral data, these com-
pounds may also possibly be derivatives of the 2,5-diaryl-
3,4-dimethyltetrahydrofuran type of neolignan. Their
relative configurations were shown to be the same as that
of 1 by the 'HNMR, specific rotation and circular
dichroism data.

Machilin-G (2) showed a molecular ion peak at m/z 356
in the EI-mass spectrum, and its IR spectrum showed no
absorption band for a hydroxyl group. The above data

and 'H NMR spectrum indicated 2 to be (2R*, 3R*, 4S*,
5R*)-2-(3,4-dimethoxyphenyl)-3,4-dimethyl-5-piperonyl-
tetrahydrofuran, a diasteromer of calopiptin [6, 8].

Compounds 3 and 4 were identified as nectandrin-B
and an enantiomer of nectandrin-A, respectively, by
comparison with data in the literature [9].

Machilin-H (5) showed absorption band(s) of hydroxyl
group(s) in its IR spectrum. A molecular ion peak was
noted at m/z 374 in the EI-mass spectrum. The 'H NMR
and !*C NMR spectra indicated the structure of 5 to
possibly be (2R*, 3R* 6 4S*, S5R*)-2-(4-hydroxy-3,5-
dimethoxyphenyl)-3,4-dimethyl-5-(4-hydroxy-3-methoxy-
phenyl) tetrahydrofuran.

Machilin-I (6) was obtained as a colourless oil. From
the IR, 'H NMR and El-mass spectral data, it was
concluded to be a diasterecomer of nectandrin-B. The
signals of methine (65.45) and methyl groups (0.61) due to
H-2 and 3-Me, respectively, of this compound shifted
further downfield and upfield than those of 1 by the
anisotropic effect of the aromatic group at C-2 [4, 5]. The
methyl group at C-3 thus appears to be in a cis-
relationship to the aromatic group at C-2. By measuring
the NOE-correlated 2D NMR spectrum of 6, the cis-
configuration between the methyl groups at C-3 and C-4
was established. The relative configuration of this com-
pound may thus be represented as (25*, 3R*, 4S*, 5R¥*)-
2,5-bis-(4-hydroxy-3-methoxyphenyl)-3,4-dimethyltetra-
hydrofuran.

Compounds 1, 2, 4-6 have not been reported pre-
viously as naturally occurring lignans.

EXPERIMENTAL

NMR spectra were measured at 400 MHz for 'H NMR and
100 MHz for *3C NMR. Chemical shifts were given on the (ppm)
scale with TMS as the internal standard. Details of the extraction
and isolation are described in the previous paper [1].

Machilin-G (2). Colourless oil, 15.3 mg;[a]3* 10.8° (CHCI,;
c040); IRvEHCsecm™': 3540, 2930, 1710, 1450, 1230,
UV A5 nm (log ¢): 282 (3.63), 231 (3.93), 208 (4.24); 'H NMR
(CDCl,): 6 1.01 (6H, d, J = 6.7 Hz, 3,4-Me), 2.29 (2H, m, H-3,4),
444 (1H,d, J=6.3,Hz, H-2 or 5), 446 (1H,d, J = 6.7 Hz, H-2 or
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5), 3.90 (3H, s, ~OMe), 5.95 (2H, 5, OCH,0), 6.76-6.97 (6H, m,
aromatic protons), MS (m/z): 342 [M]", 190, 175, 145.

Machilin-G (2): Colourless oil, 15.3 mg; [«]3* 3.9° (CHCl;;
¢0.30); IR vS%% cm=1: 2960, 1595, 1518, 1263; UV AE%H nm
(log &): 282 (4.19), 217 (4.45); "H NMR (CDCl,): $1.02 3H, d, J
=6.7Hz, 3 or 4-Me), 1.03 (3H, d, J=6.7 Hz, 3 or 4-Me), 2.30
(2H, m, H-3,4), 3.88 (3H, 5, OMe), 3.90 (3H, 5, OMe), 4.46 (IH, d,
J=69 Hz, H-2 or §), 447 (1H, d, J = 6.9 Hz, H-2 or 5), 5.95 (2H,
5, OCH,0), 6.80-6.99 (6H, m, Ar-H); MS (m/z): 356 [M]*, 340,
206, 190, 175, 145.

Nectandrin-B (3). Colourless oil, 448 mg; [«]2¥ 0° (CHCl;;
0.40)

(—)-Nectandrin-A (4). Colourless oil, 80 mg; [«]2> —8.9°
(CHCl;; ¢0.40); IR vSHCem™1: 3550, 2950, 1605, 1250;
UV AE%H 1 (log &) 279 (3.92), 230 (4.30), 210 (4.35); "H NMR
(CDCl,). 61.05 (3H, d, J=6.7Hz, 3 or 4-Me), 1.04 3H, 4, J
=6.7 Hz, 3 pr 4-Me), 2.30 (2H, m, H-3,4), 3.90 (9H, 5, OMe), 4.50
(1H,d,J=6.2Hz,H-20or5),4.51(1H,d,J =6.2 Hz, H-2 or 5), 5.55
(1H, br, OH), 6.80-7.00 (6H, m, Ar-H), MS (m/z): 358 [M]", 216,
192, 145.

Machilin-H (5). Colourless oil, 7.3 mg; [«]3> 8.8° (CHCl;;
c0.37); IR v€HCecm~1: 3540, 2930, 1610, 1510, 1460, 1210;
UV ZEH nm (log e): 279 (3.91), 216 (4.38); 'H NMR (CDCl,):
41.05 (6H, d, J=6.8 Hz, 3, 4-Me), 2.35 (2H, m, H-3,4), 3.90 (9H,
5, OMe), 449 (1H, d, J = 5.3 Hz, H-2 or 5),4.50 (1H, d, J = 5.3 Hz,
H-2 or 5), 5.47 (1H, br, OH), 5.58 (1H, br, OH), 6.65 (2H, 5, Ar-H),
6.91—6.96 (3H, m Ar-H); MS (m/z): 374 [M]*, 222, 192, 145.

Machilin-I (6). Colourless oil, 2.6 mg; [«]3* —93.0° (CHCl;;
c0.13); IR v cm=1: 3500, 2920, 1500, 1450, 1260, 1200;
UV nm (log ¢): 280 (3.85), 210 (4.24); 'H NMR (CDCL,): $0.61
(3H,d,J = 7.0 Hz, 3-Me), 1.00(3H, d, J = 6.4 Hz, 4-Me), 2.44 2H,
m, H-34), 3.8 (3H, s, OMe), 391 (3H, 5, OMe), 4.64 (1H, d, J
=9.2 Hz, H-5), 545 (1H, d, J=4.4 Hz, H-2), 5.52 (1H, br, OH),
5.56 (1H, br, OH), 6.79-6.95 (6H, m, Ar-H); MS (m/z): 344 [M]",
271, 192, 145, 124.
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R R R R R
1 OCH,0 OMe OH H
2 OCH,0 OMe OMe H
3 oOMe OH OMe OH H
4 OMe OH OMe OMe H
§ OMe OH OMe OH OMe

Table 1. '3C NMR chemical shifts (§) of compounds 1-6

100 MHz CDCl,
1 2 3 4 5 6

I 1340 1347 1342 1348 1331 1327
2 1079 108.0 109.2 1098 1032 108.8
¥ 146.5 1490 1465 1489 1469 146.7
4 145.1 1485 1450 1483 1340 1444
5 1141 1111 1141 1111 1469 1144
6 1199 118.6 1193 1185 1032 1189
2 873" 874 873 872* 872 848
3 444> 445 443  442°  445° 476
4 445° 445 443 443> 440° 435
5 87.4* 874 873 873* 875" 858
1” 1362 1362 1342 1341 1340 1351
2" 106.8 1068 1092 109.1 1090 1084
37 1477 1478 146.5 1465 146.5 1463
4" 1469 1470 1450 1450 1450 1451
5" 109.0 1098 1141 1141 1140 1141
6" 1193 1199 1193 1192 1200 1193
3-Me 128 128" 129 128 132 9.4
4-Me 128  129* 129 129« 128 119
OMe 559 560 558 557 559 560
OMe 559 558 559 563  56.0
OMe 55.7 56.3
OCH,0O 1009 1009

a.b.c Agsignments are interchangable.

Acknowledgements—We express our thanks to Mr Hiromasa
Izumi of the Botanic Garden of this College for supplying the
Machilus thunbergii. Thanks are due to the staff of the Central
Analytical Center of this College for making the spectral
measurements.



636

REFERENCES

1. Shimomura, H., Sashida, Y. and Oohara, M. (1987) Phyto-
chemistry 26, 1513.

2. Murphy, S. T., Ritchie, E. and Taylar, W. C. (1975) Aust. J.
Chem. 28, 81.

3. Liuy, J-S., Huang, M-F. and Gao, Y-L.(1981) Can. J. Chem. 59,
1680.

4. Crossley, N. S. and Djerassi, C. (1962) J. Chem. Soc. 1459.

5. King, F. E. and Wilson, J. G. (1964) J. Chem. Soc. 4011.

Short Reports

6. Riggs, N. V. and Stevens, J. D. (1962) Aust. J. Chem. 15, 305.

7. Yasuda, I. Uehara, S., Hamano, T., Takano, I, Seto, T.,
Akiyama, K., Takeya, K. and Itokawa, H. (1985) Abstract
papers of the 32th Annual Meeting of the Pharmaceutical
Society of Japan p. 30.

8. McAlpine, J. B, Riggs, N. V. and Gordon, P. G. (1968) Aust. J.
Chem. 21, 2095,

9. Le Quesne, P. W, Larrahando, J. E. and Raffauf, R. F.(1980) J.
Nat. Prod. 43, 353.

Phytochemistry, Vol. 27, No. 2, pp. 636-638, 1988.
Printed in Great Britain.

0031-9422/88 $3.00 +0.00
© 1988 Pergamon Journals Ltd.

CLEOMISCOSIN D, A COUMARINO-LIGNAN FROM SEEDS OF CLEOME
VISCOSA

SANDEEP KUMAR, ANIL B. RAY, CHOHACHI KONNO,* YOSHITERU OSHIMA * and HIROSHI HIKINO*

Department of Medicinal Chemistry, I. M. S., Banaras Hindu University, Varanasi 221005, India; * Pharmaceutical Institute, Tohoku
University, Aoba-Yama, Sendai 980, Japan

(Received 17 June 1987)

Key Word Index—Cleome viscosa; Capparidaceae; cleomiscosin D; coumarino-lignan.

Abstract—Cleomiscosin D, a minor coumarino-lignan of the seeds of Cleome viscosa, has been proved to be regioisomer
of cleomiscosin C. A method of degradation of coumarino-lignans for the identification of the coumarin moiety has

been developed.

INTRODUCTION

Cleomiscosins A (1) and B (2), isolated from the seeds of
Cleome viscosa Linné and fully characterized from com-
prehensive spectral analysis and some chemical reactions,
constitute the first regioisomeric pair of coumarino-
lignans in which a coumarin moiety is linked with a
phenylpropanoid unit through a dioxane bridge [1-3].
The correctness of these structures were later verified by
Merlini and co-workers who achieved their synthesis by
oxidative coupling of fraxetin with conifery! alcohol [4].
We subsequently reported the isolation of a third coumar-
ino-lignan, cleomiscosin C (3) from this source [3] and
showed it to be identical with aquillochin [5] for which
two alternative structures were proposed. Further in-
vestigation on this plant material led us toisolate a known
coumarin and a new coumarinolignan, cleomiscosin D.
The characterization of these two compounds and a
method of cleaving the dioxane bridge of cleomiscosins
for identification of coumarin moieties will be discussed in
the present paper.

RESULTS AND DISCUSSION

A coumarin, C,(HsO5 (MS m/z 208, M™), was re-
cognized to be oxygenated at its 6, 7 and 8-positions from

its UV, IR spectra together with its "H NMR signals for
two coumarin hydrogens [66.17 and 7.74 (1H each, d,
J=9.5Hz)], a lone aromatic hydrogen (66.61) and a
methoxyl grouping (6 3.88). Irradiation of the methoxyl
signal at §3.88 showed an observable NOE of the isolated
signal at §6.61 which in turn showed long range coupling
with the coumarin H-4 signal at §7.74. The observation
clearly revealed it to be fraxetin [4].

Cleomiscosin D (4), C,,H,,0, (MS, m/z 416, M ™),
responded to tests for phenol. The UV and IR data of
cleomiscosin D were essentially identical with those of
cleomiscosin C (3), an isomer of cleomiscosin D. The
BCNMR spectrum of cleomiscosin D disclosed the
presence of eight aliphatic carbons (Me-O x 3, -CH,-O
x 1, > CH-0 x 2, -CH=CH- x 1), 12 aromatic carbons
(CHx 3, Cx2, C-Ox7)and one carbonyl-like cleomis-
cosin C. Cleomiscosin D gave a diacetate (4a), C,sH,,0,
(MS, m/z 500, M ™).

The "H NMR spectrum of cleomiscosin D in pyridine-
ds showed signals for three methoxyl groupings (63.77,
3.77 and 3.82), two coumarin hydrogens (66.41 and 7.73),
an isolated aromatic hydrogen (56.74) and four aliphatic
hydrogens on carbons carrying oxygen functions (53.96,
4.30, 4.57 and 5.55). Significant amounts of NOE were
observed between the isolated signal at §6.74 and a
methoxyl signal at 3.82, between the isolated signal at 6.74



