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From the liverwort Scapania bolanderi eight kinds o f diterpenoids have been isolated together
with two kinds o f sesquiterpenoids, and seven of them have been identified as the verruconsane
and neoverrucosane diterpenoids with 3,6,6,5-tetracyclic carbon framework.

Introduction
Liverworts (H epaticae) form a special group consi
dered to be an early stage in the evolution of terrest
rial plants, and produce terpenoids and/or aromatic
com pounds characteristic to the species as their m a
jor lipophilic constituents. During the last two de
cades many types of sesquiterpenoids have been ob
tained from the liverworts and most of the liverwort
sesquiterpenoids are the enantiom eric forms corres
ponding to antipodes of those from higher plants
[1—5]. H ow ever, few investigations have been con
ducted on diterpenoids of the liverworts: about twen
ty kinds of diterpenoids with acyclic [3, 6], labdane
[7—9], pim arane [10], kaurane [11 —15], clerodane
[16], and dolabellane [17, 18] frameworks have been
isolated from several liverworts. All of these carbon
skeletons are known in other kinds of organisms. In
general, the diterpenoids, distributed widely in
plants, are classified by difference of the initial step
in biogenetical cyclization of geranylgeranyl py
rophosphate: the first group is formed by a protoninitiated reaction at the double bond of the distal
unit, in a m anner similar to those for triterpenoids
and steroids. A lternative path of diterpenoid biosyn
thesis has a similarity to that observed in sesquiter
penoids.
Recently, several diterpenoids consisting of the
new carbon skeletons, sacculatane [19—21], ver
rucosane [22—25], and neoverrucosane [26], have
been isolated from the liverworts. In continuing our
study on the diterpenoid constituents of liverworts,
using as the diagnostic components to chemotax
onomy of the liverworts, we here isolated eight kinds
of diterpenoids including two new compounds from
* Reprint requests to Dr. A . Matsuo.
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the leafy liverwort Scapania bolanderi Aust. belong
ing to the Scapaniaceae of the Jungerm anniales. The
structures of these diterpenoids were assigned on the
basis of the following spectral evidence as ( —)-2/3hydroxyverrucosane (1), ( —)-5/3-hydroxyneoverrucosane (2), ( —)-2/3,9a-dihydroxyverrucosane (3),
( —)-2/?-hydroxy-9-oxoverrucosane
(4),
( —)-9aacetoxy-2/3-hydroxyverrucosane
(5),
( —)-2/3acetoxy-lla-hydroxyverrucosane (6), and ( —)2/?,9a-dihydroxyverrucos-13-ene (7), consisting of
the tetracyclic verrucosane or neoverrucosane skele
ton, except for ( —)-methyl-13-hydroxycleroda-3,14diene-18-carboxylate (8) [27].

Results and Discussion
The liverwort, Scapania bolanderi, was digested
with m ethanol and a neutral portion was separated
by usual m anner from the extract. Retention times of
the gas chrom atogram suggested that it was mainly
consisted of several kinds of diterpenoids as well as a
few kinds of sesquiterpenoids (see Fig. 1). This was
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Fig. 1. Gas chromatogram of the neutral part from M eO H
extract o f Scapania bolanderi, Column: SE-30 (2% on
Chrom osorb A W ), Programming at 3 °C/min from 130 °C
to 270 °C.
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subjected to column chrom atography and prepara
tive TLC using silica gel to isolate each com pound in
pure state. Two sesquiterpenoids (peak 1 and 3) ob
tained from a less polar fraction were identified by
spectroscopic evidence as /3-gymnomitrene and
cuparene [3], the most common sesquiterpenoids in
liverworts. From a more polar fraction the two diterpene alcohols (peak 5 and 6) were first isolated. The
spectroscopic properties of these two compounds re
vealed that they were tetracyclic diterpenoids having
a cyclopropane ring as well as a secondary hydroxy
group, an isopropyl group, and three tertiary
methyls. These cyclopropyl alcohols were, respec
tively, converted by ring expansion reaction with
acid into the known homoallylic alcohol, ( + )-5/3-hydroxyhom overrucosane (9) [24, 26]. The structures
and absolute configurations were confirmed by coin
cidence of both of the physical constants and spec
troscopic data with those of ( —)-2/3-hydroxyverrucosane (1) and ( —)-5/3-hydroxyneoverrucosane
(2), respectively [24, 26]. The peak 7 was constituted
by two compounds which were isolated as the diol (3)
and the keto-alcohol (4). On oxidation of the form er
(3) with Jones reagent the latter (4) was produced in
a higher yield. Acetylation of the diol (3) gave the
acetoxyalcohol (5) corresponding to peak 8 of the gas
chrom atogram . Physical constants and spectral data
of these three com pounds w ere, respectively, coinci
dent with those of ( —)-2/3,9a-dihydroxyverrucosane
(3), ( —)-2/3-hydroxy-9-oxoverrucosane (4), and ( —)9a-acetoxy-2/3-hydroxyverrucosane (5) [24], A n
o ther acetoxy-alcohol (peak 9) was identified by the
same methods to be ( —)-2/3-acetoxy-lla-hydroxyverrucosane (6) which was one of the three known
verrucosanoids with acetoxy-alcohol moiety [23—25].
We furtherm ore isolated a new diterpene diol (7)
(peak 11) whose spectroscopic features resem bled to
those of the m ajor diterpenoid 2/3,9a-dihydroxyverrucosane (3). Its N M R spectrum showed the charac
teristic signals assigned to the two carbinyl protons of
2 a (d 3.82, d, J = 10.0 Hz) and 9/3 (d 3.62, t, / =
2.5 Hz) on verrucosane skeleton. Since the molecu
lar weight was two less than that of the diterpene diol
(3) but no signals of vinyl protons appeared on the
NM R spectrum , this com pound was deduced to have
a tetrasubstituted double bond on C 13—C 14 or
Cj —C 14 of 2/3,9a-dihydroxyverrucosane (3). The
NMR spectrum gave the 2 a-proton signal (d 3.82, d,
J = 10.0 Hz) coupling with 1/3-hydrogen and the
mass spectrum was very similar to that of the known
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triol, 2/3,9a,13/3-trihydroxyverrucosane (10) [25].
Accordingly, the structure was proposed to be
2/3,9a-dihydroxyverrucos-13-ene (7). The spectral
features of the last compound (8) (peak 10) was dif
ferent from those of verrucosanoids. The spectra
suggested a clerodane structure containing an a,ß-
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unsaturated methyl ester, a vinyl group, a tertiary
hydroxy, three tertiary methyls, and a secondary
methyl. The structure of this minor diterpenoid was
deduced to be methyl 13-hydroxycleroda-3,14-diene18-carboxylate (8) by comparison of the spectral
properties with those of dimethyl kolavate (11) and
kolavelool (12) which had been isolated from the
higher plant Hardwicka pinnata [28, 29],
The 3,6,6,5-tetracyclic verrucosane and neoverrucosane frameworks m entioned above might be
biosynthesized by cyclization reaction of the 11,5bicyclic dolabellane carbon skeleton, the diter
penoids with which had been obtained from not only
liverworts [17, 18] but also marine invertebrates [30].
It is chemotaxonomically interesting that the m ajor
constituents of this liverwort are consisted of the di
terpenoids, though many species of the genus
Scapania, such as S. aequiloba, S. ampliata, S.
aspera, S. nemorea, S. parvitexta, S. stephanii, S.
subalpina, and S. undulata, contain mainly sesquiterpenoids [31, 32]. In addition, occurrence of the ver
rucosane diterpenoids is very rare in nature; they
have been first isolated from the liverwort Mylia ver
rucosa and now, as the second case, have been iso
lated from the liverwort which is classified in a sepa
rate family from the first liverwort [33].
Experim ental
Melting points are uncorrected. Optical rotations
were taken on an autom atic polarim eter in CHC13
solutions at room tem perature. IR Spectra were re
corded on a grating spectrom eter for CHC13 solu
tions and NM R spectra were determ ined at 60 MHz
for CDC13 solutions with TMS as the internal stand
ard. Mass spectra were obtained at 70 eV. GLC was
carried out on an apparatus with a flame-ionization
detector in connection with a separation column
(0.3x200 cm) packed with SE-30 (2% ) on
Chromosorb AW (60—80 mesh). For column
chromatography M erk Kieselgel 60 was used and
M erk Kieselgel PF254 was used for TLC and p rep ara
tive TLC. Analytical plates were visualized under
UV light or were sprayed with 10% H 2S 0 4 in E tO H
and then heated at 100 °C for 10 min.
Material and its extraction
The liverwort, Scapania bolanderi, was collected in a
forest at Ashiyasu-m ura, Yam anashi-ken. The whole
plant (550 g), after washing with w ater and drying in
the shade for serveral days, was digested with M eO H
for a week at room tem perature. The solvent was
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distilled off under reduced pressure to afford a vis
cous brownish oil. A neutral part (3.1 g) was ob
tained by washing the extract with 5% N aO H solu
tion for removing an acid part.
Isolation o f the constituents
A gas chromatogram of the neutral part showed
three peaks of sesquiterpenoids and eight peaks of
diterpenoids. This neutral part was first chrom atog
raphed through a silica gel column to separate sever
al fractions. By a further combination of column
chromatography and preparative TLC using silica gel
the following eight diterpenoids as well as two ses
quiterpenoids were isolated from the fractions. The
physical and spectral properties of these compounds
isolated in pure state are listed below. ( —)-2/3-Hydroxyverrucosane (1) (peak 5): C2oH340 ;m .p .
7 6 .5 -7 8 °C; [a]D -58°; IR 3610, 3050, 1380, 1370,
1035, 1005, 950 cm“1; NM R (3 0.82 and 0.91 (each
3 H , d, J = 7.0), 0.75, 0.89, and 1.22 (each 3 H , s),
3.65 (1H , d, J = 9.5 Hz). (-)-5/?-H ydroxyneoverrucosane ( 2 ) (peak 6): C2oH340 ; m.p. 174—175 °C;
[a]D -1 0 °; IR 3270, 3060, 1380, 1373, 1045, 1022,
997 c m '1; NM R d 0.81 and 0.88 (each 3H , d, J =
5.5), 0.73, 0.82, and 1.17 (each 3H , s), 4.01 (1H ,
d.d, J = 7.0 and 4.5). (-)-2/?,9a-D ihydroxyverrucosane (3) (peak 7): C20H 34O 2; m.p. 153 —154 °C;
[a]D -7 2 °; IR 3525, 3400, 3060, 1385, 1375, 1170,
1030 cm-1; NMR <3 0.83 and 0.90 (each 3 H , d, J =
7.0), 0.77, 1.03, 1.20 (each 3H , s), 3 .4 -3 .8 (2H ,
complex). ( —)-2/3-Hydroxy-9-oxoverrucosane (4)
(peak 7); C20H 32O 2; m.p. 111-112 °C; [a]D -103°;
IR 3540, 3075, 1695, 1382, 1372, 1410, 1038 cm-1;
NM R d 0.81 and 0.91 (each 3H , d, J = 7.0), 0.88,
1.08, and 1.24 (each 3H , s), 1.88 and 2.48 (each 1H,
d, / = 15.0), 3.67 (1H , d, J = 8.5). ( —)-9a-A cetoxy2/?-hydroxyverrucosane (5) (peak 8); C22H 360 3; [a]D
-8 3 °; IR 3600, 3525, 3060, 1735, 1390, 1380,
1250 cm“ 1; NMR <3 0.86 and 0.91 (each 3H , d, / =
7.0), 0.87, 0.97, 1.22, and 2.00 (each 3 H , s), 3.55
(1H , d, J = 10.0), 4.75 (1H , t, J = 3.0). (~ )-2 ß Acetoxy-11 a-hydroxyverrucosane
(6)
(peak 9):
C22H 360 3; m.p. 203-204 °C; [a]D -103°; IR 3495,
3060, 1707, 1388, 1375, 1260, 1028 cm “1; NM R d
0.82 and 0.87 (each 3H , d, J = 6.0), 0.73, 0.95, 1.32,
and 2.07 (each 3H , s), 3.61 (1H , d, J = 5.0), 4.95
(1H , d, J = 9.0). ( —)-2/3,9a-Dihydroxyverrucos-13ene (7) (peak 11): C20H 32O 2; m.p. 169—170 °C; [a]D
-2 6 °; IR 3645, 3575, 3030, 1385, 1368, 1155,
1025 cm“1; NMR <5 0.93 and 0.97 (each 3H , d, J =
7.0), 1.03, 1.03, 1.23 (each 3H , s), 3.62 (1H , t, J =
2.5), 3.82 (1H , d, J = 10.0); MS m tz 304 (M T, 8% ),
286(9), 279(10), 268(8), 261(71), 243 (59), 225(9),
201(12), 175(23), 149(37), 119(27), 109(36),
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95(31), 81(39), 71(38), 55(41), 43(100). (-)-M ethyl13-hydroxycleroda-3,14-diene-18-carboxylate
(8)
(peak 10): Q 1H 34O 3; [a]D - 4 ° ; UV k (E tO H )
214 nm (e 6900); IR 3610, 3500, 1720, 1640, 1255,
995, 920 c m '1; NM R ö 0.73 (3H , d, J = 6.0), 0.79,
1.20, 1.23, and 3.64 (each 3H , s), 4.97 (1H , d.d, J =
10.0 and 2.0), 5.11 (1 H , d.d, J = 17.0 and 2.0), 5.83
(1H , d.d, J = 17.0 and 10.0), 6.40 (1H , t, J = 3.0);
MS m /z 334 (M +, 4% ), 316(19), 303(8), 301(13),
286(14), 273(9), 264(10), 248(8), 245(12), 235(40),
219(12), 203(42), 175(28), 153(19), 139(52), 119(49),
107(44), 95(40), 81(43), 69(34), 55(46), 43(100). ßG ym nom itrene (peak 1): C 15H 24(M" m lz 204, base
m /z 96); IR 1645, 1385, 1375, 885 cm “1; NMR (3 0.86,
0.91, and 1.04 (each 3H , s), 4.53 (2H , br.s).
C uparene (peak 3): C 15H 22(M + m /z 202, base m/z
132); IR 1520, 1385, 1375, 1365, 812 cm "1; NMR (3
0.57, 1.08, 1.25, and 2.29 (each 3H , s), 6.95 and 7.12
(each 2H , d, J = 8.0).
A cid treatment o f (—)-2ß-hydroxyverrucosane (1)
and (—)-5ß-hydroxyneoverrucosane (2)
The cyclopropyl alcohol (1) (20 mg) was dissolved
in acetone (5 ml) and heated with 0.5 N H 2S 0 4
(1 ml) under reflux for 4 h. The reaction mixture was
treated in a usual way to produce the known ( + )-5/3hydroxyhom overrucosane
(9), C 20H 34O; m .p.
152—153 °C; [a]D +20°, which was identified by
coincidence of the IR and NM R spectra with the
reported values. By the same procedure another cyc
lopropyl alcohol (2) was converted into (+)-5/3-hydroxyhom overrucosane (9).
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