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Abstract—Symphyogynolide, a new labdane-type diterpene, has been isolated from the Venezuelan liverwort
Symphyogyna brasiliensis Nees. A new A'® oleanane-type triterpene ester, as well as the previously known rothin-A
acetate, a-cyclocostunolide and a farnesane-type lactone, have been isolated from some unidentified Venezuelan
liverworts (Frullania species) and their structures determined by spectroscopic techniques.

INTRODUCTION

We have recently reported on the isolation and charac-
terization of some interesting chemical constituents from
species of the liverwort genera Frullanoides [1, 2], Porella
[3, 4] and Marchantia [5] collected in South America.
There are many species of liverwort in South America
and they are interesting from the chemical point of view
[6-8]. Pallavicinia species have been extensively studied
and many sesquiterpenoids have been isolated [9-13].
However, most compounds so far isolated are limited to
sesquiterpenoids [9-12]. We have investigated the chem-
ical constituents of the liverwort Symphyogyna brasilien-
sis, which belongs to the subfamily Pallavicinia, and
found a diterpenoid, named symphyogynolide (1), which
is the second example of a diterpenoid from this family.
Two unidentified Frullania species yielded a new A'®
oleanane-type triterpene ester (2) and the previously
known bibenzyl (3) [14, 15], a-cyclocostunolide (4) [16],
rothin-A acetate (5) [17], hinesene (6) [18], and ent-cyc-
locolorenone (7) [16]. A farnesane-type lactone was iso-
lated as a natural product for the first time, although it
was known previously as a synthetic intermediate
[19-22].

RESULTS AND DISCUSSION

The ether extract of S. brasiliensis was purified by
a combination of Sephadex LH-20 and silica gel CC as
well as preparative TLC to afford compound 1; it exhib-
ited a molecular ion peak at m/z 334 and the molecular
formula C;H;,0, was determined by HRMS. Since the
3CNMR spectrum showed 20 peaks, it had to be
a diterpene. Five methyls, one of which showed a triplet 8
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in the '"HNMR spectrum, were rather congested in
CDCl;, but they were well separated in C¢Dy (Table 1).
Thus, the analysis was carried out using C¢Ds as solvent.
The IR spectrum indicated the presence of a lactone
(1780 cm ') and a carbonyl (1700 cm ™~ !). The 2D NMR
spectra suggested the partial structures A-C shown in
Fig. 1. The HMBC spectrum was used to connect these
partial structures to construct a labdane skeleton (Table
2). The configuration was determined by the NOESY
spectrum (Fig. 2). From the above data symphyogynolide
(1) was established as a labdane-type diterpene keto-lac-
tone as depicted in the formula. However, the absolute
configuration was not determined.
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The ether extract of the unidentified Frullania species
(No. 3122) was separated by a combination of Sephadex
and silica gel CC and HPLC to afford a new triterpene (2)
as well as the previously known bibenzyl (3) [14, 15],
( + )-a-cyclocostunolide (4) [16], and rothin A acetate (5)
[17]. The extract of another unidentified Frullania spe-
cies (No. 3123) was similarly purified to afford 4, §,
hinesene (6) [ 18], ent-cyclocolorenone (7) [16] and a new
farnesane-type compound (8).

Compound 2 exhibited a molecular ion peak at m/z
470 in its mass spectrum and its molecular formula was
determined as C;,H5,03 by HRMS. The IR spectrum
showed absorptions at 3600 (hydroxyl) and 1720 (car-

Table 1. 'H and '*C NMR data for symphyogynolide (1)

H/C 400 MHz, CDCl, 600 MHz, C¢D,
la 1.77m 37.3 1.29m 37.1
18 192m — 1.54 ddd (13.6, 7.8, 3.6) —
20 2.60m 335 2.22ddd (16.3, 7.8, 3.6) 334
28  248dd(16.6, 7.2, 3.4) — 2.27ddd (16.3, 10.4, 7.8) —_
3 — 2159 — 213.5
4 — 474 — 47.0
5 1.51m 54.8 090 m 54.0
6a 1.75m 21.5 1.17m 21.3
6b 148m — 0.88 m —
Ta  1.56m 389 1.20m 399
78 198m - 1.59 m —
8 — 823 — 81.9
9 155d(9.3) 662  1.05d(9.4) 65.7
10 — 358 — 35.5
11 491dd (9.0, 7.2) 80.0 4.15dd (9.4, 7.3) 794
12 453dd (7.2, 3.7) 79.8 4.00dd (1.3, 4.0) 79.9
13 2.5Tm 48.6 2.49 ddd (9.0, 4.8, 4.0) 49.1
14da  196m 233 1.82m 23.5
14b 1.63m — 1.39m —
15 1.062 ¢ (7.3) 114 0.891¢ (7.3) 11.6
16 — 178.0 — 177.0
17 1.26 s 219 0.76 s 217
18 1.13s 26.8 099 s 26.8
19 1.056 s 209 0.84 s 20.8
20 1.07 s 15.1 0.54 s 149
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Fig.1. Partial structures of symphyogynolide (1).
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Fig. 2. NOEs detected for symphyogynolide (1).

Table 2. HMBC correlations for sym-
phyogynolide (1)

C Correlated protons

1 202820
21
301,2,18,19

4 18,19

5 1B.7B, 18,19, 20
7

8

9,17
6a, 78,9, 17
9 78,17,20
10 1B, 6a,9, 20, 11
1 912

12 9, 14a, 14b

13 14a, 14b, 15

14 12, 15

15 14a, 14b

16 11, 12, 14a, 14b

bonyl) cm " . These functional groups were further sup-
ported by the '*CNMR spectrum (676.2 and 177.3)
(Table 3). Eight methyls, 10 methylenes, five methines
and four quaternary carbons were revealed by the DEPT
spectra. It contained five carbocycles, because its degree
of unsaturation was seven and it had an olefin and
carbonyl group. From these results, compound 2 had to
be a pentacyclic triterpene methyl ester with one hy-
droxyl group. The 2D NMR spectra suggested that it was
an oleanane-type triterpene with an axial hydroxyl group
at C-3 and a methoxycarbonyl group at C-28 as shown
by the HMBC correlation (Table 4). The configuration
was determined from the NOESY spectrum (Fig. 3).
Compound 8, C,sH,,0,, displayed absorptions at
1780 and 1750 em ! in its IR spectrum. The *C NMR
spectrum exhibited 15 carbon signals and the '"H NMR
spectrum showed three olefinic protons and three olefinic
methyl groups. From these data structure 8, a compound
previously reported as a synthetic intermediate [19-22],
was formulated. Although 8 is a known compound, this is
the first report of its isolation from a natural source.

Table 3. '*C NMR data for 2

C é({ppm) C 4 (ppm)
1 33.6 16 336
2 25.4 17 482
3 76.2 18 1372
4 37.6 19 1325
5 492 20 32,0
6 18.1 21 336
7 44 22 33.6
8 408 23 28.2
9 509 24 221
10 374 25 16.4
11 208 26 159
12 260 27 150
13 412 28 1773
14 426 29 30.4
15 293 30 29.1
-OMe 519

Table 4. HMBC correlations for 2

H  Correlated carbons

3 1,2

19 13,17, 18
23 3,4,5,24
24 3,4,5,23
25 59,10
26 809 14
27 8,13, 14, 15

>

29 19, 20, 21, 30
30 19, 20, 21, 29

Fig. 3. NOEs detected for 2.

Symphyogyna has rarely been investigated so far, and
a diterpenoid has never been isolated. Wu [13] recently
reported a highly rearranged secolabdane lactone, pal-
lavicinin, from Pallavicinia subciliata [13], which is sim-
ilar to compound 1 to some extent. Isolation of com-
pound 1 suggests that these two species are related to
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each other taxonomically. To our regret, the Frullania sp.
have not been identified yet. However, our chemosyste-
matics investigations clearly indicate that they must be-
long to chemotype II (sesquiterpene—bibenzyl) [6]. The
oleanane-type triterpene has never been isolated from
liverworts before. Since this compound was isolated as
one of the major constituents, it is not from the soil or the
bark where the liverwort was collected.

EXPERIMENTAL

"H NMR: 400 or 600 MHz '3C NMR: 100 MHz (in
CDCl; soln, TMS as int. standard). CC: silica gel 60
(70-230 mesh, Merck) and Sephadex LH-20 (Pharmacia).
TLC: silica gel 60 F,s, plates (Merck).

Symphyogyna brasiliensis (99.4 g} was collected in the
area of IVIC, Caracas, Venezuela in April 1991. The
voucher specimen is deposited in the herbarium of
Tokushima Bunri University. After drying, the material
was ground and extracted with Et,0 to afford a crude
extract (650 mg). CC over Sephadex LH-20 (CHCl;-
MeOH, 1:1) afforded frs A, B and C. Fr. C was sepd by
silica gel CC followed by prep. TLC to yield sym-
phyogynolide (1) (14.6 mg).

Symphyogynolide (1). Oil; [«]p, + 38.3 (CHCly;
c1.391); HRMS m/z: Found 334.2118; C,0H;,0, re-
quires 334.2144; MS m/z (rel. int.) 334 [M]*, 319, 279
(100), 263, 181, 147, 109, 55, 43; IR v, (FT)em ™ !; 1780,
1700, 1460, 1380, 1240, CD: [6]= — 1066.7,
Ae = —0.323 (290 nm); 'H and '*CNMR: Table 1.

Unidentified Frullania species (No. 3122) (50 g)
was collected in the area of IVIC, Caracas, Venezuela in
April 1991. After drying, the material was ground and
extracted with Et,0 to afford to crude extract (1.4 g). CC
over Sephadex LH-20 (CHCl,-MeOH, 1:1) followed by
silica gel CC (hexane-EtOAc, gradient) afforded 6 frs. Fr.
2 was further sepd to give 3-methoxy-3'4'-methyl-
enedioxybibenzyl (3) [14, 15] (8.7 mg). From fr. 3, { + )-o-
cyclocostunolide (4) [16] (2.4 mg) was isolated by HPLC.
Fr. 4 was purified by recrystallization to afford methyl
3a-hydroxyolean-18-en-28-oate (2) (147.1 mg). Fr. 5 af-
forded rothin A acetate (5) [17] (6.9 mg) by silica gel CC
and HPLC.

The other unidentified Frullania species (No. 3123)
(55 g) was collected in the same area. After drying, the
material was ground and extracted with Et,O to afford
a crude extract (1.56 g). CC over Sephadex LH-20
(CHCL;-MeOH, 1:1) followed by silica gel CC
(hexane-EtOAc, gradient) afforded 4 frs. From fr. 1,
hinesene (6) (18] (18.1 mg) was isolated by prep. TLC. Fr.
2 was a-cyclocostunolide (4) (14.5 mg). HPLC separation
of fr. 3 afforded rothin A acetate (5) (27.1 mg) and ent-
cyclocolorenone (7) [16] (41.4 mg). Fr. 4 was further purifi-
ed by silica gel CC and HPLC and gave a new farnesane
type compound (8) (51.0 mg).

Methyl 3a-hydroxyolean-18-ene-28-oate (2). Mp
240-242° (hexane); [«]3® + 15.2 (CHCl;; ¢ 1.7); HRMS
(EI) m/z: Found 470.3747; C3,H;,05 requires 470.3760;
EI-MS m/z: 470 [M]", 452, 437, 411, 393, 341, 273, 262,
249, 203, 189 (base), 175, 161, 135, 119, 109, 95, 81, 69, 53,

43; IR vy, (FT) cm™': 3600, 1720, 1460, 1400, 1240;
"HNMR (400 MHz); §0.78 (3H, s), 0.83 (3H, s), 0.87 (3H,
5), 0.93 (3H, s), 0.96 (3H, s), 0.97 (3H, s), 0.98 (3H, s), 3.40
(1H, t, J =238, H-3), 3.68 (3H, s), and 5.11 (1H, s);
3C NMR: Table 3.

Farnesane-type compound (8). HRMS: m/z: Found
234.1617;, C;5H,,0, requires 234.1620; MS m/z 234
[M]*,219, 191, 166, 98 (100), 69, 41; IR v,,,,, (FT)cm ™ : 1780,
1750; "H NMR (400 MHz): 55.86 (1H, m), 5.09 (2H, m),
4.74 (2H, brs), 1.69 (3H, brs), 1.62 (3H, s), 1.61 (3H, s);
I3CNMR (100 MHz): §170.2, 137.6, 131.7, 124.0 (x 2),
1219, 115.6, 73.2, 39.6, 29.5, 28.7, 25.7 (x 2), 17.7, 16.2.
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