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"NATURAL PRODUCTS FROM THE HEPATICAE"

Malcolm S. Buchanan

SUMMARY

This thesis consists of eight chapters, the first of which is a General
Introduction dealing with the nature of secondary metabolites and the terpenoid
and aromatic constituents of the Hepaticae (liverworts). This is followed by a
discussion of the results of investigations into the chemical constituents of Herbertus
aduncus and H. borealis (Chapter 2). From the former species six herbertane
sesquiterpenoids were isolated (two of which are new natural products) and the
structures determined mainly using H and BCNMR spectroscopy. Studies of the
fatty acid components of the triglycerides and cycloartenol esters of the species are
also discussed. The chemical constituents of H. aduncus collected from four
different sites and one collection of H. borealis are compared using 'H NMR and
GLC techniques.

Chapter 3 deals with the constituents of Anastrophyllum donnianum. Six
new sphenolobane diterpenoids were isolated and their structures determined by
spectroscopic methods. The constituents of this species, collected from three
different sites, are contrasted using GLC and GCMS procedures. The structure
of a bicyclogermacrane sesquiterpenoid is also discussed.

The metabolites of Porella platyphylla form the subject matter of Chapter 4.
Seven methoxylated pinguisanes and a new sacculatane diterpenoid were isolated

from one sample of this species while another sample yielded two new pinguisanes.



Their structures were assigned using H and 1%C NMR spectroscopy.

Chapter S describes the structural elucidation of nine new ent-kaurane
diterpenoids and two new gymnomitrane derivatives from Jungermannia truncata.
Three known ent-kauranes, a pimarane and a halimane were also isolated.

The major part of Chapter 6 is concerned with the structural determination
of a cadinane endoperoxide from Bazzania tricrenata using spectroscopic methods
which included highfield (600 MHz) 'H and phase-sensitive DQF-COSY
experiments. The calamenane sesquiterpenoid constituents of this liverwort are
also discussed.

The next chapter (Chapter 7) contains a discussion of the structural
elucidation of a spirovetivane sesquiterpenoid from Lepidozia reptans.

The final chapter (Chapter 8) describes the structural elucidation of two
monoterpene hydroperoxides from Jungermannia obovata. The monoterpene and

sesquiterpene hydrocarbon constituents of this liverwort are also discussed.



CHAPTER 1



A D HEMISTRY

Natural product chemistry is one of the oldest branches of the chemical
sciences, its origin dating back to the first decades of the 19th century, or even
earlier. After almost 200 years of study, this discipline is still vibrant and evolving,
with a wide diversity of natural products being found in the extracts obtained from
natural sources. This is illustrative of the array of enzymes involved in the
synthesis of a fascinating variety of structures from terrestrial and marine sources.
The main reasons for the continuing interests include the challenges offered by the
detection, isolation and purification procedures, by the permanently improving
methods of structure elucidation, and by the complexities of the biogenetic
pathways leading to these compounds. However the most important reason for
studying natural product chemistry resides in the biological activity found in some
natural products. Natural products from marine, fungal, bacterial, amphibian and
insect sources as well as lower and higher plants, have been investigated.

The advent of sophisticated chromatographic techniques, highfield multi-
dimensional NMR spectroscopy and new ionization procedures in mass
spectroscopy, coupled with X-ray analysis and molecular force-field calculations,
have markedly enhanced the isolation and structure elucidation of substantially
more complex and diverse natural products. These new techniques have also
made possible the isolation of compounds which are present in extremely small
amounts.

Many of the medicinal, pharmacological and other biological agents used in
the world are either natural products themselves, are derivatives of them, or are

modified templates of natural products. Thus there is an enormous potential for



the future development of natural products from the marine and terrestrial
environments to produce key biological agents for the future benefit of mankind
from renewable resources.

Natural products fall into two categories - primary and secondary
metabolites - though the border between the two classes is vague in places. The
former are organic compounds which are characteristic of all living systems and
include carbohydrates, lipids, amino acids, peptides, proteins, nucleosides,
nucleotides and nucleic acids. On the other hand secondary metabolites include
phenols, quinones, terpenes, alkaloids, and the various pigments which organisms
produce. There remains the fundamental and often unresolved problem of the
biological function of secondary metabolites in the organism which produces them.
Organisms evolve through changes (mutations) in their genetic make up and these
may be positive, negative or neutral. When the change leads to a metabolite with
a useful biological function the pathway will be retained and emphasized. Natural
selection would be expected to remove biosynthetic pathways leading to products
with no useful function. Natural products have been shown to be involved in
ecological interactions with many of them being used as defence substances, feeding

deterrents, sex-attractants etc.

TERPENOID BIOSYNTHESIS

Since the beginning of natural product chemistry, the biogenetic origin of
the terpenoids has been the focus of intense interest. From his work which began
in 1884, Wallach proposed that the structures of not only the monoterpenes, but

other terpene compounds also, can be built from isoprene units (2-methylbuta-1,3-



diene)(1). This concept has come to be known as the Isoprene Rule. It was not
until the 1920s and the work of Ruzicka? that the validity of this rule for many
compounds was established. The Isoprene Rule states that the carbon skeleton of
the terpenes is composed of isoprene units (1) linked in a regular "head to tail"
arrangement or in an irregular arrangement. However, further research unearthed
compounds which did not conform to this mode of formation and eventually to
overcome this, the Biogenetic Isoprene Rule? was conceived. This included the
"abnormal" terpenoids and rationalised their formation as proceeding via
mechanistically feasible shifts and rearrangements (collectively known as
migrations) of the "regular” polyisoprenoids. In some cases more than one route
is possible and stereochemical and energetic considerations suggest which one is
more likely3.

It is now firmly established that the fundamental biogenetic unit is acetic
acid (2) in the form of acetyl coenzyme A (3), which by condensation reactions
gives rise to 3(R)-mevalonic acid (MVA) (4), the immediate precursor of the iso-
prene unit (1) (Scheme 1)3. The active form of the isoprene unit, isopentenyl
pyrophosphate (IPP) (5) and its isomer, dimethylallyl pyrophosphate (DMAPP) (6),
condense to form geranyl pyrophosphate (GPP) (7) (Scheme 2), the precursor of
monoterpenoids, which can subsequently condense with additional IPP (5) to give
farnesyl pyrophosphate (FPP) (8) and geranyl geranyl pyrophosphate (GGPP) (9),
which are the acyclic precursors of the sesquiterpenoids and diterpenoids
respectively. The acyclic precursor of the triterpenoids is squalene (10), usually
as its 2,3-epoxide, and is derived from two farnesyl units joined "head to head".

This pathway to the acyclic precursors is stereospecific and controlled by enzymes.
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The acyclic precursors GPP (7), trans-FPP (8) and all trans-GGPP (9) are
converted into the parent terpenoid skeleton by isomerase-cyclase enzymess's.

These enzymes catalyse a multistep process with complete regio- and stereo-
chemical control being maintained at each step. = This control is due to the
specificity of the three-dimensional arrangement of the active site of the enzyme
which will bind specific substrates in a conformation so that there is good orbital
overlap for subsequent reaction. For example Scheme 3 gives the mechanistic
representations of the cyclizations of GGPP (9) to the pyrophosphate esters of the
antipodal bicyclic labdadienyl pyrophosphates (11 and 12) through the
appropriately-folded pseudo-two-chair conformations of GGPP (9) 1 This leads
to the 5a,108 configuration (11) or 58,10a configuration (12) of the AB ring
junction. The initial carbocation may undergo additional cyclizations,
rearrangements, alkyl shifts and hydride shifts prior to deprotonation to an olefin

or nucleophile capture 35

The reactive cationic intermediates are produced ready
for reaction by the presence of a divalent cation enzyme co-factor such as Mg2+
or Mn?* which neutralises the negative charge of the pyrophosphate. They are
stabilized during the enzymatic transformations by ion pairing with pyrophosphate
anion and other counter ions. The products of many cyclases are olefins since
termination can be achieved by pyrophosphate anion assisted deprotonation leading
to elimination. The large number of terpenoid derivatives arises by regio- and
stereospecific secondary enzymatic transformations (oxidations, reductions,
hydrations, isomerizations, conjugations). It is worth mentioning that the

formation of the same terpenoid skeleton in different species may not follow the

same biosynthetic pathways.
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EPATICAE

The bryophytes are taxonomically placed between the algae and the
pteridophytes (ferns etc) in the plant kingdom, there being approximately 20,000
species in the world 6 They are morphologically divided into three classes, Musci
(mosses, 14,000 species), Hepaticae (liverworts, 6,000 species) and Anthocerotae
(hornworts, 300 species). Of these the most interesting chemically are the
liverworts, due to the presence of oil bodies in their cells. Hornworts and mosses
do not contain oil bodies. = The liverworts, a group of primitive plants, are
considered as an early stage of the evolution of terrestrial green plants.  They
may have leaves (leafy liverworts) or lack leaves (thalloid liverworts) and have a
unique life cycle 7 Liverworts prefer wet, humus-rich habitats, such as damp rocks
and logs, the forest floor, swamps or marshes, or beside streams and pools. Their
great dependence on a moist environment is linked to two characteristics : they
have flagellated sperm cells, which must swim to the egg cells in the archegonia;
and most lack vascular tissues and hence the means for efficient long distance
internal transport of fluids.

The chemistry of the liverworts was neglected for a very long time and it is
only during the last twenty years that research in this area has developed. Recent
progress in analytical methods makes it easier to isolate pure compounds from
liverworts and to determine the chemical structures of minute samples. Results
have shown that liverworts contain a surprising range6 of chemical structures and
form a remarkable source of new natural products, some with interesting biological
activity. It is the special cell organelles, the oil bodies which are a characteristic

feature of the liverworts, which store these natural products 67  These oil bodies



elaborate mainly terpenoids and lipophilic aromatics as their major chemical
constituents. The oil bodies show great variation in shape, size and number per
cell”. The two most important types are the segmented oil body [Figure 1, A and
B (x 6000)] and the homogeneous oil body [Figure 1, C and D (x 20000)]. Homo-
geneous oil bodies are made up of one lipid droplet surrounded by a membrane,
whereas segmented oil bodies have several to numerous droplets bound within the
membrane. The outer membrane is a (double) unit membrane whereas individual
droplets are surrounded by a half membrane and are embedded in a protein
matrix. In dried specimens the oil bodies disintegrate and the chemical
constituents are easily extracted with organic solvents.

In the wild it is often very hard to collect liverworts in sufficient amounts for
chemical research, because of the small size of the plant and its tendency to grow
intermingled with other liverworts or mosses. In some cases the amount of plant
material collected is only just sufficient to isolate and elucidate the structures of the
main compounds. Likewise it is often not possible to obtain sufficient plant
material for biological tests. Sufficient plant material can sometimes be obtained
by growing liverwort cultures in vitro 8 These in vitro cultures may provide the only
solution to the problem of obtaining sufficient amounts of biologically active
compounds, particularly when synthesis proves impossible or uneconomical.

7. the

The liverworts are morphologically divided into two subclasses
Jungermanniidae and the Marchantiidae and these are further divided into seven
main orders : Sphaerocarples, Monocleales, Marchantiales (Marchantiidae);

Takakiales, Calobryales, Jungermanniales and Metzgeriales (Jungermanniidae).

The Jungermanniales (leafy liverworts) are the largest order within the class
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Hepaticae and contain about 75-80% of all species. The nomenclature for British
liverworts followed in this thesis is that used by Smith®. Many liverwort species
have very wide distributions with some species occurring in more than one
continent. Within the subclass Jungermanniidae the oil bodies occur in green
photosynthetic cells whereas in the subclass Marchantiidae they are restricted to
special ‘oil cells’ lacking chlorophyll. In some groups of liverworts the oil bodies
are absent.

The first chemical investigation of liverworts was carried out by Miiller in
19051 who reported the presence of sesquiterpenoids in the oil bodies. It was not
until 1956 that the chemical constituents of liverworts were further investigated.
Fujita et al!! identified sesquiterpene hydrocarbons in the essential oil of Bazzania
pompeana.

The chemosystematic aspect of the study of the chemical constituents of
liverworts is also of interest. = The secondary metabolites of a plant are
characteristic of its genetic material and so consideration of these should lead to
a taxonomic classification. = Plant species which produce similar chemical
constituents may have similar biosynthetic pathways and thus similar genes which
encode the enzymes. However secondary metabolites may also depend on the
stage of development of a plant species and on environmental factors and these
complicate the issue of chemotaxonomy. Liverwort chemosystematics are studied
in several laboratories 1%

In the following review of liverwort consitituents only the most significant

compounds and those with most relevance to this thesis are discussed. For a more

comprehensive discussion on liverwort metabolites the reader is directed towards



the following reviews : Markham and Porter 12 concerning bryophyte chemistry
prior to 1978; Asakawa® who has produced a comprehensive review of the
terpenoids, aromatics and lipids of liverworts prior to 1981; Huneck 13 who has
reviewed all liverwort metabolites prior to 1981; Bryophytes : Their Chemistry and

Chemical Taxonomy4 from 1981 to 1989.

MONOTERPENOIDS

Monoterpenoids have been isolated from the fragrant oils of many plants
and are important in the perfumery and flavour industries. Monoterpenoids are
also found in many marine organisms, where they are generally halogenated, and
as insect pheromones and defence secretions. Relatively few reports of the
occurrence of monoterpenoids in the liverworts have appeared and those that have
been published are based mainly on their detection by GC or GCMSS,  This is due
to the fact that they are mainly hydrocarbons and generally occur as complex
mixtures with sesquiterpene hydrocarbons which are difficult to separate. The first
report on the monoterpene composition of a liverwort was by Svensson 15in 1974
who reported on the monoterpene hydrocarbons from the essential oils of
Jungermannia cordifolia and J. obovata. Among the monoterpenes which were
identified by GCMS, camphene (13) dominates in J. cordifolia while terpinolene
(14) and limonene (15) are the main components of J. obovata which has a very
characteristic carrot aroma. The interesting homomonoterpenoid alcohol, (-)-2-
methylisoborneol (16), is responsible for the "mossy" odour of Lophocolea
heterophylla 16

Both enantiomers of monoterpenoids occur in higher plants, often as a
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racemic mixture, but some species synthesize only one of the two isomers 17 The
isolation of (-)-limonene (15) from Conocephalum conicum1® and (+)-limonene
(ent-15) from J. exsertifolia 19 shows that both enantiomers occur in liverworts.

However the absolute configuration of many liverwort monoterpenes remains
undetermined. The new and highly sensitive technique of two dimensional gas
chromatography (2DGC) should enable progress in this area. It has been used in
an analysis of the enantiomeric composition of monoterpene hydrocarbons from the

20

liverwort Conocephalum conicum“*. The results reveal that most monoterpenoids

have high optical purity with the exception of B-phellandrene (17) (38% ee).

E TE ID

The first isolation of terpenoids from a liverwort, apart from the aromatic
compounds, 1,4-dimethylazulene (18) and 4-methyl-1-methoxycarbonylazulene (19),
and an indene, 3,7-dimethyl-5-methoxycarbonylindene (20) from the blue oil bodies
of Calypogeia trichomanis®1™3, were the sesquiterpenoids (-)-drimenol (21) from
Bazzania trilobata® and (-)-longifolene (22) and (-)-longiborneol (23) from
Scapania undulata 2,

It is interesting that often the absolute configuration of liverwort
sesquiterpenoids is opposite to those found in higher evolutionary plants but the
same as compounds encountered in lower evolutionary organisms such as the
Fungi?‘6 and Coelenterates (marine invertebrates or their algal symbionts) 27 This
phenomenon was first published in 1967 with the report25 that S. undulata contains

(-)-longifolene (22) and (-)-longiborneol (23), the enantiomers of those found in

higher plants. More interestingly Frullania tamarisci ssp. obscura produces (-)-



frullanolide (24) with the ‘normal’ 78 configuration while the morphologically
similar F. dilatata elaborates the enantiomeric (+ )-frullanolide (ent-24)28’29. In
general F. dilatata biosynthesizes ent-sesquiterpenoids while F. tamarisci ssp.
obscura produces compounds belonging to the ‘normal’ series?830  There are,
however, several exceptions to this trend such as drimanes and guaianes which have
only the ‘normal’ configuration and the eudesmanes and germacranes which have
representatives in both the ‘normal’ and ent-series.

The sesquiterpenoids are the most widely distributed of the liverwort
metabolites and most sesquiterpenoid skeletons are the same as those found in
higher plants. However there are a number of skeletal types that remain unique
to the liverworts : gymnomitrane (25), 5,10-cycloaromadendrane (26), 1,10-
secoaromadendrane (27), 2,3-secoaromadendrane (28), chiloscyphane (29),

pinguisane (30), vitrane (31), myltaylane (32) and cyclomyltaylane (33).

Herbertanes

The herbertanes (34) have an unusual carbon skeleton which is similar to
the cuparanes (35) the difference being that the cyclohexane ring of cuparane has
a 3-methyl group whereas in herbertane it has a 4-methyl group. These two
skeletal types are examples of the rare occurrence of aromatic sesquiterpenoids in
Nature. Cuparene (36), the first compound of this skeletal type to be reported,
was isolated from the liverwort Bazzania pompeana in 197131 In 1975 its absolute

d3? as S-(-)-cuparene (36) (wrongly described as R in

configuration was establishe
the paper), the enantiomer of that found in higher plants. It has since been

discovered that both antipodes of cuparane sesquiterpenoids occur in liverworts.

10
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Jungermannia rosulans elaborates several ‘normal’ cuparane sesquiterpenoids
including R-(+)-cuparene (ent-36)33 (wrongly assigned as S in the paper). The
herbertanes, which are called isocuparanes by Asakawa34 form a small group of
sesquiterpenoids found largely in liverworts. They have also been found in the
Fungi35.

The first compound in this series (-)-herbertene (37) was isolated in 1981
from the leafy liverwort Herbertus aduncus®®. Other compounds of this type of
molecule are (-)-o-herbertenol (38), (-)-8-herbertenol (39), (-)-o-formylherbertenol
(40), (-)-herbertenediol (41) and (-)-herbertenolide (42) from H. aduncus3*373%and
H. subdentatus> These herbertane-type sesquiterpenoids provide another
example of the stereospecificity in liverwort sesquiterpenoid biosynthesis since they
have the same absolute configuration as the ent-cuparanes 3239 The enantiomeric
form of the herbertanes is not known. Some of them show antifungal properties 39
depressing the growth of certain plant pathogenic fungi. Herbertanes have now
also been detected in the Mastigophora diclados, M. woodsii®®*3 and Herbertus
acanthelius* species of liverwort.

The discovery of (-)-herbertene (37) raised some interesting biosynthetic
questions since this novel carbon skeleton does not follow the Isoprene Rule. The
herbertane skeleton (34) may be formed by 1,2-methyl migration of the ent-
cuparane skeleton (35) which is formed by stereospecific cyclization of cis-FPP (43)
(Scheme 4)14

Asakawa’s group have now isolated four novel herbertane type dimers and

a new herbertane monomer, (-)-herbertene-2,3-diol (44) from the liverwort

Mastigophora diclados***. These dimeric herbertanes are believed to be produced

11



via phenoxy radicals formed by one electron oxidation of (-)-herbertenediol (41)
which is a co-metabolite in the plant. These herbertane dimers and some of the

43,45

monomers exhibit neurotrophic properties The dimers have now been

detected in Herbertus species46. Mastigophora species are regarded as being
chemically almost identical to Herbertus species*! because both generally produce
unique herbertane-type sesquiterpenoids and herbertane dimers. Based on their
morphology the Herbertaceae and the Mastigophoreacea are considered to be

4047 and the above chemical evidence

primitive families in the Jungermanniales
shows that the species in both these families elaborate a narrow range of terpene

skeletons. This is a primitive character*® and so supports the morphological data.

Gymnomitranes

Gymnomitranes (barbatanes)(25) were first isolated from the liverwort
Gymnomitrion obtusum* which produces gymnomitrol (45), the main constituent,
and several other gymnomitranes. The sesquiterpene hydrocarbons gymnomitrene
(= B-barbatene = B-gymnomitrene = B-pompene)(46) and isogymnomitrene (= a-
barbatene = o-gymnomitrene = a-pompene)(47) are widespread in the

liverworts 13

The biosynthetic route to the gymnomitrane skeleton is believed to
involve cyclisation of cis-FPP (43) leading via a cuparane intermediate to B-
bazzanene (48), a diastereoisomer of trichodiene. Cyclisation of 48 affords the
gymnomitrane skeleton (25) (Scheme 5) 650,51 The most recent examples of this
skeleton to be reported include (-)-gymnomitr-3(15)-en-12-ol (49), (-)-gymnomitr-
3(15)-en-12-al (50) and (-)-gymnomitr-3(15)-en-12-oic acid (51) from the liverwort

Marsupella emarginata var patensSZ. The major constituent of the liverwort

12
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Reboulia hemisphaerica was found to be (+)-gymnomitr-3(15)-en-4a-ol (52) 3 A
later investigation54 of cultures on the same species resulted in the isolation of 38-

hydroxygymnomitran-4-one (53), together with compound 52.

Pinguisanes

The first representative of the pinguisane (30) type of sesquiterpene is the
ketone, pinguisone (54), which was isolated from the liverwort Aneura pinguis and
reported in 1969 by Benesova et al 33, It was soon followed by deoxopinguisone
(55) from Ptilidium ciliare>®. The pinguisane skeleton is unique and difficult to
rationalise simply in terms of the Isoprene Rule. No satisfactory biosynthetic route
to this skeleton has yet been proposed.

Pinguisanes are widely distributed in liverworts and occur in the
Lejeuneaceae, Porellaceae, Ptilidiaceae, Lepidolaecnaceae of the Jungermanniales
and Aneuraceae of the Metzgeriales®. Recently investigation of Frullanoides
densifolia and Trocholejeunea sandvicensis® has provided several new pinguisane
derivatives.  F. densifolia produced two new rearranged pinguisane sesqui-
terpenoids, spirodensifolin A (56) and spirodensifolin B (57), together with a new
pinguisane-type alcohol, isonaviculol (58). Other previously known pinguisanes,
also found in this liverwort, include naviculol (59), the geometrical isomer of 58,

which has already been reported from Porella navicularis>".

The stereochemistry
of the epoxide ring in compound 56 was established by X-ray crystallographic
analysis since NOE difference results were ambiguous. Among the pinguisanes

isolated from T. sandvicensis is the new compound furanopinguisanol (60).

13
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Spirovetivanes

The spirovetivanes (vetispiranes) (61) are found in vetiver 0il® and also
occur as phytoalexins in infected potatoes 61 This skeleton is derived from the
eudesmane skeleton (62) 62 by a rearrangement (Scheme 6). Although there have
been several reports of this skeleton in higher plants their only occurrence in
liverworts to date is in the morphologically similar Scapania maxima and S.
robusta®®%, Wu and Lee identified the major sesquiterpene hydrocarbon as being

63,64
)

o-spirovetivene (63 and subsequently detected B-spirovetivene (64) as a minor

constituent

Bicyclogermacranes

Bicyclogermacranes, which are also found in higher plants 65.66 . have a cis-
fused cyclopropane ring junction.  (-)-Bicyclogermacra-1(10),4-diene (65) is
widespread in liverworts and is an important biosynthetic intermediate for a

number of sesquiterpenoids including those of the aromadendrane and maaliane-

type .

(-)-Bicyclogermacra-1(10),4-diene (65) belongs to the ent-series since its
sign of rotation is opposite to that of the same compound in the peel oil of Citrus

species 6 Few other representatives of this type have been reported in liverworts.

These are ent-38-acetoxybicyclogermacra-1(10),4-diene (66) which occurs in the
extracts of Plagiochila yokogurensis, Pedinophyllum truncatum and Scapania
ampliata®and most recently bicyclogermacra-1(10),4-dien-13-al (67) which has been

isolated from Conocephalum conicum®’. The stereoisomeric lepidozanes, which

68

are found in marine organisms - as well as liverworts, have a trans-fused ring

junction. This type of skeleton was first discovered in a liverwort by Matsuo et

14
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al% 7% who isolated (-)-lepidozenal (68) from Lepidozia vitrea. This liverwort also
produced (-)-isobicyclogermacra-1(10),4-dien-15-al (69) 70,71 3 double bond isomer

)7%72 with an unusual

of the bicyclogermacradiene skeleton, and (+)-vitrenal (70
spiro-skeleton unique to the liverworts. All three of these sesquiterpenoids have
the ent-configuration. The only other example of the lepidozane skeleton in
liverworts is (-)-lepidozen-5-ol (71) which was isolated from Trocholejeunea

sandvicensis

DITERPENOIDS

Only certain genera of the liverworts produce diterpenoids and the
sacculatane (72) and verrucosane (73) (and its modified skeletons) types remain
unique to the liverworts. Most of the diterpenoids found in liverworts have
representatives from both the ‘normal’ and ent-series as in higher plants and only
the kauranes (74) belong exclusively to the ent-series. The first diterpenoid to be
isolated from liverworts was the ent-kaurane, ent-(-)-168-hydroxykaurane (75),
which was reported in Anthelia julacea and A. juratzkana by Huneck and Vevle in

19707, It shows plant growth inhibitory activity.

S nes

The sacculatane skeleton (72), being unique to the liverworts, has created
interest from a biogenetic point of view and is most likely to be derived from
GGPP by a cyclization mechanism similar to that of the drimanes (Scheme 7) "
The first report of this skeletal type was in the liverwort Trichocoleopsis sacculata

from which sacculatal (76) and isosacculatal (77) were isolated by Asakawa and
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Takemoto’*, Sacculatal (76) is a pungent substance whereas isosacculatal (77), the
C-9 epimer of 76 is not®  This variation of pungency was also observed for
polygodial (78), a drimane-type sesquiterpene found in several Porella species of
liverwort, and its C-9 epimer. The structural feature responsible for this intense
pungency is the dial system. Total synthesis of sacculatal (76)7° revealed that it
has the ‘normal’ drimane absolute configuration. In addition to its pungency
sacculatal (76) shows tumour-promoting, antifeedant and piscicidal activity6.

The sacculatane-type diterpenoids have a widespread occurrence in
liverworts and have been found in Trichocoleopsis, Pellia, Porella and Makinoa
spccies6. The most recent representatives of this type are the two hemiacetals,
sacculaplagin (79) 76 and sacculaporellin (80) 77 isolated from the liverwort
Plagiochila acanthophylla and Porella perrottetiana respectively. Another
dialdehyde derivative, 8-hydroxy-9-hydroperrottetianal A (81) has been isolated

from Fossombronia pusilla78 and shows antibacterial activity.

Kauranes

The biogenesis of ent-labdane (82), ent-pimarane (83) and ent-kaurane (74)
type diterpenoids can be represented as in Scheme 3, by cyclization of all frans-
GGPP (9).

The kaurane skeleton is commonly found in Nature and most kauranoids
belong to the ent-series. The polymorphic liverwort Jungermannia infusca79 has
an intensely bitter taste which has been shown to be due to the presence of the
kaurene glycosides, infuscasides A-E [eg. 84 = infuscaside A]. This is the first

report of terpenoid glycosides in liverworts and although these have an intense
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