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Abstract—Umbelliferone, 13 lignans and an unusual compound 2-(3,4-methylenedioxyphenyl)propane-1,3-diol, were
isolated from the leaves of Juniperus chinensis. The lignans include meso-secoisolariciresinol, 3,4-methylenedioxy-3',4'-
dimethoxylignan-9'.9-olide, hibalactone, isohibalactone, 7-oxohinokinin, 7-hydroxyhinokinin, 7-acetyloxyhinokinin,
(+)-xanthoxylol, dihydrodehydrodiconiferyl alcohol, 3-methoxy-8,4-oxyneoligna-3',4,7,9,9-pentol and three new
compounds, viz., (85)-3-methoxy-8,4-oxyneoligna-3,4,9,9'-tetraol, (75,85)-3-methoxy-3’,7-epoxy-8,4'-oxyneoligna-

4,9,9'-triol and the corresponding (7R,8S)-isomer.

INTRODUCTION

Juniperus chinensis, is a common ornamental tree [1].
There is only one previous report regarding the isolation
of hinokiflavone and kayaflavone from the leaves [2, 3].
We investigated further the chemical constituents of these
leaves and report herein on their lignan components.

RESULTS AND DISCUSSION

The acetone-soluble part of the leaves of J. chinensis
was extracted with ethyl acetate and the extract subjected
to chromatography to give compounds 1-15. The most
abundant component, 1, was identified as umbelliferone
by comparison with an authentic sample [4]. The exact
mass [M]* at m/z 196.073 revealed a molecular fomula of
C,0H,,0, for 2. The '3CNMR spectrum indicated six
aromatic carbons, a methylenedioxy at 4101 (t), a methine
at 549 (d) and a signal at 465 (t) equivalent to two
oxymethylene protons (-CH,0O-). Along with the ana-
lysis of its 'HNMR spectrum, 2 is assigned as 2-(3,4-
methylenedioxyphenyl)propane-1,3-diol. The branched
skeleton of 2 is unique compared with the 1-phenylpropyl
subunit commonly found in lignans.

The molecular symmetry of 3 (C,oH,,04), [M]™" at
mfz 362, is characterized by its 3CNMR spectrum,
which exhibited only 10 signals. By comparison of the IR
and 'HNMR spectra with the literature, the structure
was determined to be either secoisolariciresinol {5] or its
meso-form. Since compound 3 is optically inactive, it is
assigned as meso-secoisolariciresinol [6]. Compound 4
showed an IR absorption at 1766 cm ™! attributable to a
y-lactone. The mass spectrum shows a parent peak at m/z
370 and two fragments at m/z 151 (base peak) and 135
derived, respectively, from the dimethoxybenzyl and
methylenedioxybenzy! units. Compound 4 (C,,H,,0) is
assigned as 3,4-methylenedioxy-3',4'-dimethoxylignan-
9'9-olide [7, 8]. Since two C-9’ protons are non-equival-
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ent, showing at 63.88 (dd, J =9.2,4.9 Hz) and at 4.10 (dd,
J=9.2, 6.7 Hz), the lignan lactone 4 should have the
trans-configuration [8]. Compound § (C,,H,O¢), mp
147°, was readily recognised as hibalactone by com-
parison with an authentic sample [9]. Compound 6,
[M]* at m/z 352, was identified as an isomer of 5,
isohibalactone [10, 11]. Compound 6 having a Z-config-
uration displayed the H-7 resonance at a higher field of
06.57, while the corresponding resonance of its E-isomer
§ appeared at 67.44 due to the deshielding effect of the
neighbouring carbonyl group. Compound 7 (C,,H,¢0),
mp 109.5°, was identified as 7-oxohinokinin, a lignan we
first isolated from Calocedrus formosana [12]. Compound
8 (C,oH,30,), mp 124.5-126°, and compound 9
(C,,H,0s), mp 121.5-122.5°, are assigned as 7-hydroxy-
hinokinin [13] and 7-acetyloxyhinokinin [14], respect-
ively, based on comparison of the IR, mass and NMR
spectra with the literature. The structures of 8, also
known as sventenin, and 9 are further proved by chemical
correlations. The ketone 7 was selectively reduced with
Zn(BH,), to give an exclusive product of the alcohol 8,
which was subsequently subjected to acetylation (Ac,O,
pyridine) to afford the derivative 9. The reduction is
believed to occur with the 1,3-dicarbonyl groups chela-
ting to a Zn2* ion, followed by hydride attack at the less
hindered a-face [15, 16]. Thus, 8 and 9 should have the
7S-configurations with the hydroxy and acetoxy groups
on the B-faces.

The 'H NMR spectrum of 10 showed a methoxy signal
at 63.83 (s), a methylenedioxy signal at 55.92 (s), six
aromatic protons at §6.7-6.9, and two oxybenzyl protons
(ArCHOR) at 64.38 (d, J=7.2 Hz) and 4.79 (d, J = 5.2 Hz).
The molecular formula C,,H,,Og is inferred from the
parent peak at m/z 356 and the moieties of ArCO and
ArCH,, where Ar represents a hydroxymethoxybenzene
or a methylenedioxy group, are indicated by four intense
peaks at m/z 151, 149, 137 and 135. The '*CNMR
spectrum of 10 further supported its structure as either
xanthoxylol [17] or the C-7,7 epimer, pluviatiol [18].
Compound 10 had mp 140-142°, close to that of xanthox-
ylol (mp 140.5-141,5°) but different from that of pluviatiol
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{mp 161.5-162.5°). The "HNMR spectra of 10 and its
acetate derivative reveal that the position of H-7 is
unchanged (64.82, d, /=5 Hz) but the H-7 of the acetate
is shifted to a lower field (4.45) compared with that of 10
(at 64.38, d, J =7 Hz). The structure of 10 is thus assigned
as (75*,7 R* 85*,8'S*)-4'-hydroxy-3"-methoxy-3,4-methy-
lenedioxy-7,9":7' 9-diepoxylignane. However, 10 showed
a positive [o]p, rather than the laevorotatory xanthoxylol
isolated from Xanthoxyllum piperitum [17]. The absolute
configuration remains unknown.

Compound 11 was identified as the well-known neo-
lignan, dihydrodehydodiconiferyl alcohol [19, 20], by
comparison with an authentic sample ([2], IR, mass
spectrum, 'H and '*CNMR). The trans-configuration
has been determined [21] and the coupling constant
between H-7 and H-8 is 6.4 Hz. Compounds 12-15 were
also shown to be neolignans by spectral evidence. Com-
pound 12 {(C,,H,,0,) was identified as 3-methoxy-8,4-
oxyneoligna-3',4,7,9,9-pentol [22]. The oxybenzyl pro-
ton (H-7) appeared at 4.97 as a doublet with a relatively
small coupling constant (J, 3=4.6 Hz), indicating the
erythro form. The exact mass of the [M]™" at m/z 348.158
leads to a molecular formula C,;H,,0¢ for 13. It was
identified as 3-methoxy-8,4-oxyneoligna-3'4,9,9'-tetraol,
a mono-deoxy derivative of 12, based on spectral com-
parison [23]. Compounds 14 and 18 are shown to be the
trans and cis isomers {C;,H,,04) of a benzodioxane
neolignan, 3-methoxy-3',7-epoxy-8,4-oxyneoligna-4,9,9'"-
triol. The coupling constant between H-7 and H-8 in
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the trans-isomer 14 is larger (8.0 Hz) than that in the
cis-isomer 15 (J,,=2.7Hz). Treatment of 3-(34-
dihydroxyphenyl)propan-1-ol and 3-(4-hydroxy-3-meth-
oxyphenyl)prop-2-en-1-ol with Ag,O for 16 hr in tetrahy-
drofuran gave a major oxidative coupling product identi-
cal to 14. This experiment supports the regio- and
stereostructure of 14 [24, 25). The CD spectra of com-
pounds 13-15 all showed positive signs for maxima at
228, 249 and 245 nm, indicating that they have the 8S-
configuration according to the study of related benzo-
dioxane system [26]. Thus, compounds 12-15 are dedu-
ced to have the (7R.85)-, (85)-, (75.85)- and (7R85}
configurations, respectively.

EXPERIMENTAL

Plant material. Leaves of J. chinensis L. var, kaizuka Hort. were
collected from plants growing in the surroundings of the Depart-
ment of Chemistry, National Taiwan University. A voucher
specimen is deposited in the herbarium of our university. Leaves
{1.83 kg) were soaked in Me,CO (7 1) for one week. The Me,CO
ext was concd to give 90 g of a residue, which was dil. with H,O
and extd x 3 with EtOAc. The combined EtOAc exts were concd
to give an oil (25.5 g), which was absorbed on 31 g of silica gel
and then chromatographed on a column packed wtih 250 g of
silica gel. By elution with gradients of hexane, EtOAc and
Me,CO, compounds 6 {12 mg), 7 (63 mg), 9(15 mg), 10 (24 mg), 8
(18 mg), 4 (12 mg), 5 (1.5 g), 2 (45 mg), 14 (26 mg), 15 20 mg), 13
(20 mg), 12 30 mg), 3 (8 mg), 11 (25mg) and 1 (2.3 g) were
obtained in ascending order of polarity.

Compound 1. Mp 229-230°. Compound 3. [«]3® 0° (CHCly;
c0.7). "3 CNMR (Me,CO-d) 635.8 (1), 44.4 (d), 55.8 (g), 61.0 (1),
113.0 (d), 1151 (d), 122.1 (d), 133.3 (s5), 1451 (s), 147.8 (s).
Compound4 {a]3% —25° (CHClj; ¢ 0.1). Compound 8. Mp 147°.
[a]2® —25° (Me,CO; ¢ 28} Compound 6. Mp 145-146°, [a]2®
—155° (CHCly; ¢ 0.85). Compound 7. Mp 109.5°. [a]3® +10°
(CHCl,; ¢ 0.82). Compound 8. Mp 124.5-126°. [a]3> —43°
{CHCl;; ¢ 0.44). 13CNMR (CDCl3} 8362 (¢, C-7), 394 (4, C-8),
52.8 (d, C-8), 71.8 {t, C-9), 72.7 {d, C-7), 100.9 {z), 101.1 {1}, 105.7
{d), 108.0(d, 2 C), 108.6(d), 118.3(d), 121.5(d), 131.5(s), 135.0(3),
146.1 (s}, 146.8 (s), 147.6 (s), 147.7 (s), 178.4 (s). Compound 9. Mp
121.5-122.5°. [a]3% —29° (CHCl;; ¢ 0.1). *3CNMR (CDCly)
8209 (9), 37 5 (1), 39.3 (d), 50 9 {d. C-8), 72.0 (1), 73.5 (d), 101.0 (1),
101.3 (), 105.8 (d), 108.2 (d), 108.4 (d), 108.6 (d), 118.6 (d), 121.6(d),
131.1 (s), 131.2 (5), 146.3 (s), 147.4 (5), 147.8 (s), 148.0 (5), 169.0 (s),
175.8 (s). Compound 10. Mp 140-142°. [a]35 +122° (CHCl;;
¢ 5.8). 1> CNMR (CDCl,;) 650.1 (d, C-8), 54.5 (d, C-8), 55.9 (g),
69.6 (t, C-9), 70.9 (t, C-9), 82.0 (d, C-7), 87.7 (d, C-7), 100.9 (1),
106.4 (d), 108.1 (d), 108.6 (d), 114.2(d), 118.7(d), 119.2(d), 132.3(s),
133.0(s), 145.3(s), 146.6(s), 146.7 (5}, 147.6 (s). Acetate of 10, [«]2°
+84.4° (CHCl;; ¢0.5). Compound 11. [« 3° — 18° (MeOH; ¢ 0.6).
13C NMR (MeOH-d,} 832.9(r), 35.8 (1), 55.4(d, C-8), 56.3 (¢}, 56.7
(g), 62.2 (¢, C-9), 65.0 (r, C-9), 89.0 4, C-7), 1106 (d), 114.1 (d),
116.3(d), 117.9(d), 119.8 (d), 129.9 (s}, 134.3(s), 136.8 (s), 145.1 (5},
147.5(s), 148.2 (s), 149.3 (s). Compound 12. [«]33 +11.7°(Me,CO;
¢ 3.0). BCNMR (CDCL,) 632.1 (¢, C-7), 35.3 (1, C-8), 56.2 (q),
61.6 (t, C-9), 61.8 (t, C-9), 73.7 (d, C-7), 87.9 (d, C-8), 111.3 (d),
115.3 (d), 117.0 {d), 119.9 (d), 120.4 (d), 120.8 (d), 133.3 (5), 138.8 (s),
145.2 (s), 146.7 (s), 148.0 (s), 149.8 (s).

243.4-methylenedioxyphenyl)Propane-1,3-diol (2). Oily solid.
IR va& em ™ 3356 (OH), 1602, 1481, 933, *H NMR (CDCl,):
82.91 (1 H, m), 3.54 (2H, br s, OH), 3.7-3.9 (4H), 5.88 (2H. 5), 6.62
(1H, dd, J=179, 1.5Hz), 6.68 (1H,d, J=15Hz), 672 (1H, d, J
=7.9 Hz). *3C NMR (75 MHz): 6493 (4, C-2), 65.4 {t, C-1, 3),
100.9 ¢, OCH,0), 108.2(d), 108.4 (d), 121.1{d, C-6"),133.2 (s, C-1),
146.4 (s), 147.7 (s). EIMS (70 eV) m/z (%) 196 [M1"* (100), 165
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(95), 148 (71), 135(92), 121 (13), 107 (96), 89 (14), 79 (96), 77 (64).
Exact mass [M]* for C,,H;,0, requires 196.0736; Found
196.0727.

(85)-3-Methoxy-8,4-oxyneocligna-3' 4,99 -tetracl  (13). Oil,
[«]3® +0.11° (MeOH; ¢ 1.7). IR v* cm ™! 3399, 1600, 1510,
1272, 1034, UVMOH nm: 278 (¢ 8213), 217 (¢ 21576). CD
(MeOH): [6]3965 —210, [0];70 O, [6]237.5 +3663. 'HNMR
(Me,CO-dg): 51.76 (m, two H-87), 2.55 (t, J=7.7 Hz, two H-7),
2.90 (dd, J=13.7, 7.1 Hz, H-7T), 299 (dd, J=13.7, 6.1 Hz, H-7),
3.54(t, J=6.4 Hz, two H-9), 3.63 (dd, J=11.5, 6.4 Hz, H-9), 3.72
(dd, J=11.5, 3.3 Hz, H-9), 3.78 (s, OMe), 4.20 (m, H-8), 6.55 (dd, J
=81, 2.1 Hz, H-6), 6.69 (d, J = 2.1 Hz, H-2), 6.71 (d, J=8.1 Hz,
H-5),6.74(d, J =8.1 Hz, H-5), 6.80 (br d, 7 =8.1 Hz, H-6), 6.89 (br
5, H-2), 1*C NMR (Me,CO-d,): 31.9(t,C-7), 35.2 (t, C-8", 37.4 (¢,
C-7),55.9(g, OCH,), 61.5(t, C-9),63.4 (¢, C-9), 84.5(d, C-8), 113.6
(d, C-2), 1154 (d, C-5), 116.5(d, C-2), 118.8 (2, C-6), 119.7 (d, C-6"),
122.5(d, C-57, 129.7 (), 138.0(s), 144.6 (s), 146.0(s), 147.9 (s), 149.2
(s). EIMS (70 eV) m/z (%) 348 [M]* (8), 181 (13), 167 (18), 137
(100). Exact mass [M]* for C,,H,,0, requires 348.1573; Found
348.1578.

(78,88)-3-Methoxy-3',7-epoxy-8,4'-oxynecligna-4,9,9 -triol
(14). Oil, {a]3° +0.34° (MeOH; ¢ 1.4). IR v2% cm ™ %; 3395, 2935,
1590, 1500, 1271, 1124, 1034. UV AMOH nm: 277 (5 19 174), 227 (e
33753). CD (McOH}: [0]53; 2196, [0]30,— 1845, [61160.5
+4359,{6],55 +210, [0],.5.5 +4270. EIMS (70 eV) m/z (%) 346
[M1* (37),328(18), 180(53), 179 (30), 162 (53), 152(26), 137(100),
124 (57). '"HNMR (Me,CO-dg): §1.77 (2H, m), 2.58 (2H, 1, J
=74 Hz),3.55(2H, t, J =6.5 Hz), 3.47 (br d, J =12 Hz, H-9), 3.69
(br d, J =12 Hz, H-9),.3.85 (3H, 5), 4.04 (ddd, J = 8.0, 2.6, 2.4 Hz,
H-8),492(d, J =80 Hz, H-7),6.69 (dd, J=8.1, 1.9 Hz, H-6"), 6.72
(d, J=1.9 Hz, H-2), 6.79 (4, 7=8.1 Hz, H-5'), 6.86 (d, /= 8.1 Hz,
H-5), 693 (dd, J=8.1, 1.8 Hz, H-6), 7.09 (d, J=1.8 Hz, H-2).
*C NMR (Me,CO-dg): 632.0 (¢, C-7), 35.6(t, C-8"), 56.3 (g}, 61.7
(1, C-9), 619 (1, C-9), 77.1 (4, C-7), 194 (d, C-8), 1119 (4, C-2),
115.7 (d, C-5), 117.3 (4, C-5), 117.5 (d, C-2"), 121.5 {4, C-6), 122.0
(d, C-6'), 129.4 (s), 136.1 (s), 142.6 (5), 144.6 (s), 147.9 (s), 148.5 (s).
Exact mass [M3* for C,;H,,0¢ requires 346.1416; Found
346.1408.

(7R,85)-3-Methoxy-3',7-epoxy-8,4"-oxyneoligna-4,9,9' -triol
(15). Ol, [a]3* —2.6° (MeOH; ¢ 1.7). IR v™2 ¢m™!: 3389, 2933,
1699, 1587, 1499, 1268, 1157, 1122, 1035. UV AMOH nm: 280
(e 7319), 227 (¢ 15703). CD (MeOH): [0]5;+.s— 1761, [1203.5
—107,[0] 39y 5+450,[8],55.5 +281, [6],45+417. EIMS (70 eV)
mfz (%) 346 [M]* (40), 328 (18), 269 (4), 241 (5), 237 (5), 209 (3),
180 (37), 179 (23), 162 (68), 152 (24), 137 (100), 124 (69). '"H NMR
(Me,CO-dg): 61.78 (2 H, m), 2.60 (2 H, 1, ] = 7.4 Hz), 3.55 (2 H, 1, J
=6.5 Hz), 3.43 (2H, m, H-9), 3.78 (3H, s), 4.46 (ddd, /=178, 2.8,
2.6 Hz, H-8), 5.24 (d, J = 2.8 Hz, H-7), 6.71 (dd, J =8.1, 1.9 Hz, H-
6, 6.77 (d, J=19 Hz, H-2), 6.79 (d, J=8.1 Hz, H-5), 6.84 (d, J
=8.1 Hz, H-5), 6.88 (dd, J=8.1, 1.8 Hz, H-6), 7.23 (4, J = 1.8 Hz,
H-2): "3 C NMR (Me,CO-dg): §32.0(,C-7),35.5(t, C-8", 56.2(g),
59.7 (¢, C-9'), 61.7(t, C-9), 76.5 (d, C-7), 78.4 (d, C-8), 111.1 (d, C-2),
115.7 (d, C-5), 117.6 (d, C-5"), 117.8 (d, C-2'), 120.2 (d, C-6), 122.2
(d. C-6), 129.1 (s), 136.6 (s), 141.2 (5), 144.1 (s), 147.4 (s}, 148.3 (s).
Exact mass [M]* for C,,H,,04 requires 346.1416; Found
346.1396.
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