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ABSTRACT

Pant materids obtained from different geogrgphicd locations including Africa, Ada and
Europe were investigated for their secondary metabolites usng the-state-of-the-art separation
and dructurd  ducidaion techniques comprisng andyticd and preparative Gas
Chromatography (GC), GC-Mass Spectrometry (MS), one-dimensond (1D) and two-
dimensond (2D) Nucler Magnetic Resonance (NMR) techniques. Many voldile
compounds, mainly mono- and sesquiterpenes and their derivatives could be identified. In
addition, a number of hitherto unknown compounds could be isolated and their Sructures
elucidated by extensve spectrd andyss. These include, a prenyl bisabolane type diterpene
(+)-axinyssene (11), and two furanolabdanediterpenes, preotostegindiol (12) and otostegindiol
(13) from Otostegia integrifolia collected in Ethiopia (Paper 1), two guaiane sesquiterpenes,
guaa-1(10),11-diene (4), and guaa-9,11-diene (15) from Peucedanum tauricum collected in
Poland (Paper 1V), four sesquiterpencids. chloranthdactone A (49), isogermafurenclide (50),
eudesma-4(15),7(11),9-trienr12-olide  (51), and 7a-hydroxyeudesm4-en-6-one (52) from
Chloranthus spicatus flower oil from Vietnam (Paper 1), a phthdide named isoligudtilide
(55) from Meum athamanticum from Germany (Paper V), two viscidane diterpenes and four
bisabolane sesguiterpenes 38-43) from Radula perrottetii of Japanese origin (Paper 111) and a
sequiterpene  hydrocarbon  with novel  skeleton, mdanene (56), from Melanoselinum
decipiens grown in Hamburg, Germany (Paper VI).



Introduction

1. Introduction

Secondary metabolites are chemica compounds derived from living organisms. The sudy of
naturd products involves isolaion in a pure form of these compounds and invedtigation of
their sructure, formation, use, and purpose in the organism. Secondary metabolites appear to
function primarily in defense agangt predators and pathogens and in providing reproductive
advantage as intraspecific and interspecific attractants. They may dso act to cresate
competitive advantage as poisons of rival species. Mogt natural products can be classfied into
a few groups only: acetogenins as wel as propanogenins, terpenoids, derivatives of
aminoacids, and aomatic compounds. Many plant terpencids are toxins and feeding
deterrents to herbivores or are attractants, and many possess pharmacologica  activity.
Phenolic compounds play important roles in plants. Tannins, lignans, flavonoids, and some
smple phenolic compounds serve as defenses againg herbivores and pathogens. Lignins
srengthen cdl wadls, and many flavonoid pigments are important attractants for pollinators
and seed dispersars. Some phenolic compounds have dleopathic activity and may adversdy
influence the growth of neighboring plants. Throughout evolution, plants have developed
defenses againgt herbivory and microbid attack and produced other natural products to foster
competitiveness. The better defended, more competitive plants have generated more progeny,
and so the capacity to produce and safely store such ecologicdly ussful metabolites has
become widdy established in the plant kingdom.[1].

The study of naturd products has had a number of rewards. It has led to the discovery of a
vaiey of useful drugs for the treetment of diverse alments and contributed to the
development of separation science and technology, spectroscopic methods of — structure
elucidation and synthetic methodologies that now make up the badcs of andyticd organic
chemidry.

One of the most important areas of application of natura products is in the trestment of
human and veterinary alments. Currently, at least 119 chemicad substances derived from 90
plant species can be consdered important drugs that are in use in one or more countries [2].
Although the use of naturd products as medicinal agents presumably predates the first
recorded higtory as the earliet humans used various, but specific plants to treat illness, the
treetment of diseases with pure pharmaceutical agents is a relatively modern phenomenon.
Neverthdess, the role of traditiond medicine in the discovery of potent chemicas is quite
crucid. Among some of the earliest successes in developing drugs from naturd products, one
can mention the isolation of the antimaarid agents such as the Cinchona tree dkdoids, pan
relievers such as the morphine akdoids as well as the development of aspirin. Quinine (1)

-0-
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(Fig. 1) origindly isolated from the bark of Cinchona trees, Cinchona succirubra, was one of
the principd antimaarid agents. Morphine @) the mgor dkaoid of Papaver somniferum was
firg isolated between 1803/06. It was widely used for pain rdief beginning in the 1830's, but
was dso recognized as addictive. The “Ebers papyrus’, the Egyptian pharmaceutica record,
indicates the use of willow leaves as an antipyretic agent [3]. Following on this knowledge,
chemigts began to isolate the compounds responsble for the remedy, and sdicin (3) was
isolated from the bark of the white willow, Salix alba, in 1825-26 [3]. It was subsequently
converted to sicylic acid (4) via hydrolyss and oxidation, and proved potent as an
antipyretic that was manufactured and used worldwide [3]. To overcome the severe
gadrointestina toxicity of sdicylic acid, it was converted into acetylsdicylic acid (ASA) (5)
via acetylation and started to be marketed under the trade name aspirin in 1899 [3]. Aspirin is
gtill the most widdly used andgesic and antipyretic drug in the world.

More recently, the vinca dkdoids, vinblagine (6) and vincridine (7) were isolated as
antineoplagtic agents from the Madagascan periwinkle, Catharanthus roseus, and
subsequently derivatized to vinorelbine and vindesine, the drugs that are currently in use for
cancer treatment [2]. Similarly, a potent antimalarid drug, a sesquiterpenoid endoperoxide,
named artemisnin (8) was isolated from Artemisia annua as a remedy agang the multidrug
resgant drans of Plasmodium, following on the long use of this plat maerid as an
antimadarid drug in the traditiond Chinese medicine. Using the basic dructure of atemidnin,
semisynthetic compounds were syntheszed with the am of optimizing the pharmacology of
the principd molecule leading to the identification of atemether (9) and dihydroartemisinin
(10) as potent antimalaria agents that are now in awidespread use around the world [2].

These few accounts underscore not only the potentia of natural products as a source of drugs
as wdl as the solid link between the folk medicine and drug devdopment but dso the
necessity of natural products research. Today, drugs derived from naturd products must be
pure and completely characterized compounds. Structures are ducidated primarily by
gpectroscopic techniques, and the eaboration of the stereochemistry is an important festure of

the characterizations.

2. Terpenes

Terpenes is the generic name of a group of natural products, structuraly based on isoprene
(isopentenyl) units. The term may adso refer to oxygen derivatives of these compounds that
are known as the terpenoids. The theory that provided the first conceptua framework for a
common dgructura relationship among the terpenes was first formulated by Walach in 1887
[4] efter carying out structurd investigations of severd terpenes. His theory dated that

-10-
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terpenes can be viewed as made up of one or more isoprene (2-methyl-1,3-diene) units joined
together in a head to tal manner. Wadlach's idea was further refined in the 1950 by Ruzickd's
formulations of the biogenetic isoprene rule [5], emphasizing mechanidic condderations of
terpene synthesisin terms of ectrophilic e ongations, cydizations and rearrangements.

H
HO %/C
N
H;CO N
—~
N
1

OH
COzH

OH

8 Rl,RZZO
9 R, =H, R, = OMe
10 R, =H, R, =OH

Fig.l: Some natural products of plant origin and their derivatives used as drugs.

2.1. Classifications of Terpenes

Terpenes are normdly classfied into groups based on the number of isoprene units from
which they are biogeneticaly derived. The higher terpenes are further subdivided in to severd
subclasses based on the particular type of skeletons they possess.

2.1.1. Hemiterpenes

These are terpenes made up of merely one isoprene unit. The best known hemiterpene is

isopreneitself. [6]

2.1.2. Monoterpenes

This class of terpenes contains two isoprene units. These are widely didributed in nature,
paticularly in essentid oils They are important in pefumery and flavor indudries. They ae
dso found in maine organisms. The biosynthetic pathways of the man dasses of
monoterpenes have been well studied. [7, 8]

-11-
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2.1.3. Sesquiterpenes

This cdass of terpenes contains three isoprene units. They are found in many living sysems
but paticularly in higher plaits[9,10] There is a vas number of sesquiterpenoid carbon
skeletons, which dl, however, arise from the common precursor, farnesyl pyrophosphate (Fig.
5), by various modes of cyclizations, followed in many cases by skdetd rearrangements[11,
12, 13, 14]

2.1.4. Diterpenes

These are terpenes that contain twenty carbon atoms in their basic skeletons, made from four
isoprene units. They are derived from geranylgeranyl pyrophosphate (Fig. 5). [11, 15, 16, 17]
They occur in dmogt dl plant families and belong to more than 20 major structura types.

2.1.5. Triterpenes

These are compounds containing thirty carbon atoms made from Sx isoprene units. They ae
believed to be derived from squaene which in turn is formed upon head to head coupling of
two sesquiterpenoid units. [18, 19] They may be tetracyclic or pentacyclic and best classfied
biogeneticdly. [20]

2.1.6. Tetraterpenes

Tetraterpenes are compounds based on eight isoprene units. They are formed by head to head
coupling of two geranylgeranyl pyrophosphate molecules. [21] Important among these are the

C4g carotenoids.

3. Terpenoid Biosynthesis

Terpenes ae manly biosynthessed from two precursors. isopentenyl diphosphate (IPP) and
dimethylalyl diphosphate (DMAPP). [22] At present, in addition to the mevaonate pathway,
a second pathway known as the non-mevaonae or the deoxyxylulose pathway has been
discovered. [23] It is now apparent that the mevaonate pathway formerly regarded as the
universd route to terpenoids and steroids is much less prominent in secondary metabolism

than the deoxyxylulose pathway. [24].

3.1. The Mevalonate Pathway
Initid observaions by Folkers, Tavormina and co-workers indicated that the isoprenoid
monomers are biosynthetically derived from mevaonate. [25, 26] Subsequent work by severa
scientists ducidated in detail the steps of the mevaonate pathway reviewed in Dewick; [23,
24]

-12-
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Assummarized in Fig. 2, the reaction conssts of the following steps.
A forma Clasen condensation type reection of two acetyl-CoA molecules yidds
acetoacetyl- CoA catalyzed by acetoacetyl-CoA thiolase.
An ddol condensation type addition of another acetyl-CoA molecule forms 3-hydroxy-3-
methylglutaryl-CoA(HMG-CoA) that is catalyzed by HMG-CoA synthase.
Subsequent reduction of the 3-hydroxy-3-methylglutaryl-CoA to (R)-mevadonic acid by
HMG-CoA reductase under the employment of NADPH molecules
Phosphorylation of the formed mevaonic acid to mevaonic acid-5-diphosphate catayzed
by meva onate and phosphomeva onate kinases.
Phosphorylation assisted decarboxylation yielding isopentenyl diphosphate (1PP).
Isomerization of |PP to dimethyldlyl diphosphate (DMAPP).

SEnz D OH
~ o Ry i, ﬁ
. ii
| CO,H
O ~ o SCoA °
SCoA
g 1 HM G-CoA
0 0
ii l NADPH
~. ,L0H ~. LOH ~_ ,OH
iv iii
~— ~~
Co,H ATP co,H NADPH /J/\‘COZH
PO HO 0
4 MV A 5-phosphate 3MVA 2 mevaldate
viaTe
‘\ OH .
i vii PPO
h — Ppo/\/g e \/\'/
CO,H ATP
PPO )
5 MVA 5-diphosphate 6 IPP 7 DMA PP
Fig.2:Key stepsin mevalonate pathway. Enzymes: i, acetoacetyl CoA thiolase
(AACT); ii, HM G-CoA synthase; iii, HM G-CoA reductase (HM GR); iv,
mevalonate kinase; v, phosphomevalonate kinase; vi, mevalonate
5-diphosphate decarboxylase; vii, IPP isomerase

3.2. The Deoxyxylulose Phosphate Pathway (Fig. 3)
A transketolase-like condensation between pyruvate and D-glycerddehyde 3-phosphate to
form 1-deoxy- D-xylulose 5-phophate (DXP).
Transformation of DXP into 2-C-methyl-D-erythritol 4-phosphate (MEP)
Converson of MEP into 4-diphosphocytidyl-2-C-methyl-D-erythritol (CDP-ME) in the
presence of CTP.

Converson of CDP-ME in to CDP-ME2P through phosphorylation.
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Trandformation of  4-diphosphocytidyl-2-C-methyl-D-erythritol  2-phosphate  into  2-C-
methyl-D-erythritol 2,4-cyclodiphosphate.
Intramolecular eiminations followed by reductions and dehydrations to form 1PP.

T H*

H
0 pyruvate o H_ OH
He Ll H Hac ]
\OzH s o~ \\‘/\o _ s oP
I
. R. " R OH

R — IND s S +N= s
;NAS )\H )__<\D})glyceraldehyde 3-pP —
)*<\\ .

opp hydroxy ethyl thiamine

thiamine diphosphate diphosphate

(0]
OH o X . OH
y )
OH OHOH OH

OH OH NADPH (0]
2-C-methyl-D-erythritol 4-P 1-d D Ll 5. p
(M EP) - eoxyiD)—(xg)u ose o-
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Figure 3: The deoxyxylulose phosphate pathway. Enzymes: i, 1-deoxyxylulose 5-phosphate synthase (DX P
synthase); ii, 1-deoxyxylulose 5-phosphate reductoisomerase (D XP reductoisomerase); iii,
4-diphosphocytidyl-2-C-methyl-D -erythritol synthase (CD P-M E synthase); iv,
4-diphosphocytidyl-2-C-methyl-D -erythritol kinase (CDP-ME kinase).

3.3 Isomerization of |PP to DMAPP

Dimethyldlyl diphosphate that serves as the immediate precursor for isoprenoid biosynthess
is formed from isopentenyl diphosohate through an  enzyme cadyzed 1,3-dlylic

rearrangement reaction (Fig. 4).
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Fig. 4. Enzyme catalysed isomerisation of IPP to DM APP

3.4. Prenyl Transferases

Dimethyldlyl diphosphate serves as the immediate precursor of the different families of
terpenoids. As shown in figure 5, it undergoes dongation by the sequentid addition of one,
two or three IPP molecules to form geranyl diphosphate (GPP), farnesyl diphosphate (FPP),
and geranylgeranyl diphosphate (GGPP), respectively. GPP is the 10 carbon precursor for
monoterpenes, FPP is the 15 carbon precursor for sesquiterpenes, and GGPP is the 20 carbon
precursor for diterpenes. A family of enzymes, known collectively as prenyltrandferases,
cadyze this dongation sequence. Specific prenyltransferases exist for the formation of GPP,
FPP, and GGPP. The reaction cadyzed by prenyltrandferases involves the initid ionization of
the dlylic diphosphate, DMAPP, to generate a delocdized alylic carbocation. This enzyme
bound cation attacks the double bond of IPP followed by deprotonation to generate the next
dlylic diphosphate homologue. As shown in figure 5, in the case of GPP synthase, the first
condensation product is released from the enzyme. In the case of FPP and GGPP synthases,
the resulting GPP undergoes further reaction with the addition of another IPP to generate FPP,
which is ether rdeased in the case of FPP synthase or which undergoes reection with a third
IPP to generate GGPP. [27]
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Figure 5. Biosynthesis of higher terpenes from IPP and DM APP

4. An Overview of the Analytical Methods

4.1. Chromatographic Methods

Chromatography is the method of choice in handling the problem of isolation of a compound
of interet from a complex natura mixture. Therefore, the chromatographic methods used
during the present work are briefly described.

4.1.1 Thin Layer Chromatography (TLC)

TLC involves the use of a particulate sorbant spread on an inert sheet of glass, plastic, or
metal as a dationary phase. The mobile phase is dlowed to travel up the plate carrying the
sample that was initidly spotted on the sorbant just above the solvent. Depending on the
nature of the dationary phase, the separation can be ether partition or adsorption
chromatography. The advantage of TLC is that the samples do not have to undergo the
extensve cleanup steps, and the ability to detect a wide range of compounds, usng reactive
soray reagents. Non destructive detection (fluorescent indicators in the plates, examination
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under a UV lamp) aso makes it possible for purified samples to be scraped off the plate and
be analyzed by other techniques,[28, 29, 30]

4.1.2 Column Chromatography (CC)

CC congdgs of a column of particulate materia such as dlica or dumina tha has a solvent
passed through it a amospheric, medium or low pressure. The separation can be liquid/solid
(adsorption) or liquidliquid (partition). The columns are usudly glass or plasic with snter
frits to hold the packing. Mogt systems rely on gravity to push the solvent through, but
medium pressure pumps are commonly usad in flash CC. The sample is dissolved in solvent
and gpplied to the front of the column (wet packing), or aternatively adsorbed on a coarse
dlica gd (dry packing). The solvent dutes the sample through the column, dlowing the
components to separate. Normally, the solvent is non polar and the surface polar, athough
there are a wide range of packings including chemicdly bound phase systems. Bonded phase
sysems usudly utilize partition mechaniams. The solvent is usudly changed stepwise, and
fractions are collected according to the separation required, with the duting products usudly
monitored by TLC. The technique is not efficent, with reatively large volumes of solvent
being used, and particle sze is condrained by the need to have a flow of severad mismin. The
advantage is that no expensive equipment is required, and the technique can be scaled up to

handle sample szes approaching gram amounts.[28, 29, 30]

4.1.3 High Pressure Liquid Chromatography (HPLC)

HPLC is a devdopment of column chromatography. To improve resolution, HPLC columns
are packed with smdl sized particles (3, 5, 10mm) with a narrow sze digribution. Fow rate
and column dimensions can be adjusted to minimize band broadening. The required pressures
are supplied by pumps that could withstand the involved chemicals. In addition to the normd
phase columns, (non polar solvent and polar surface such as slica), there are reverse phase
(RP) columns as wdl. The latter, normdly, involves the use of a polar solvent (water,
methanol, acetonitrile etc.) and a non polar surface. RP HPLC is the method of choice for
larger non volatile molecules. The commonly used detector (UV detector) in HPLC systems
not only places condraints on the solvents that can be used but dso is limited to absorbing
compounds. Refractive index detectors dthough considered "universa™ can not eesly be used
with solvent gradients. However, recently, the evaporative light-scattering detector has
emerged as a universal detector.[28, 29, 30]
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4.1.4 Gel Permeation Chromatography

Gd permestion chromatography (Size Excluson Chromatography) is based on the ability of
molecules to move through a column of gd that has pores of clearly defined dzes. The larger
molecules can not enter the pores, and therefore, they move fagter through the column and
dute firg. Sightly smdler molecules can enter some pores, and so take longer to eute, while
sndl molecules can be ddayed further. The advantage of the technique is smplicity, is
isocretic, and large molecules regpidly dute. However, the columns ae expensve and
sendtive to  contamination; consequently they are manly used in gpplications where
dternative separation techniques are not avalable, and samples ae farly cleean. The
commonly used gd in naturd products lab is sephadex LH-20 to separate chlorophyll from
compounds of interest, where usualy chlorophyll eutesfird. [28, 29, 30]

4.1.5 Gas Chromatography (GC)

GC is the use of a carrier gas to convey the sample in a vapor gate through a narrow column
made from usudly fused sglica tubes (0.1 to 0.3mm ID) that have refined dationary phase
films (0.1 to 5um) bound to the surface and cross linked to increase therma gability. The
column is inddled in an oven tha has temperature control, and the column can be dowly
heated up to 350-450 °C starting from ambient temperature to provide separation of a wide
range of compounds. The carier gas is usudly hydrogen or hdium under pressure, and the
eluting compounds can be detected severd ways, including flames (flame ionization detector),
by changes in propeties of the carier (therma conductivity detector), or by mass
spectrometry. The availability of "universd” detectors such as the FID and MS, makes GC the
gopropriste  tool in the invedigaion of essentid oils The avalability of modified
cyclodextrins as daionary phases made it possble to separate enatiomers, the determination
of enatiomeric ratios and absolute configurations. However, GC is redtricted to molecules (or
derivaives) tha are sufficiently stable and volatile to pass through the GC system intect at the
operating temperatures. [31, 32, 33].

4.1.6. Chromatographic solvent "polarity"

There are four mgor intermolecular interactions between sample and solvent molecules in
liquid chromatography, disperson, dipole, hydrogenbonding, and didectric. Disperson
interactions are the attraction between each par of adjacent molecules, and are stronger for
sample and solvent molecules with large refractive indices. Strong dipole interactions occur
when both sample and solvent have permanent dipole moments that are digned. Strong
hydrogen-bonding interactions occur between proton donors and proton acceptors. Diglectric
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interactions favor the dissolution of ionic molecules in polar solvents. The total interaction of
the solvent and sample is the sum of the four interactions. The tota interaction for a sample or
solvent molecule in dl four ways is known as the "polarity” of the molecule. Polar solvents
dissolve polar molecules and, for norma phase partition chromatography, solvent drength
increases with solvent polarity, whereas solvent srength decresses with increasing polarity in
reverse-phase systems. The subject is discussed in detail in Snyder and Kirkland. [30]

4.2. Extraction Techniques

4.2.1 Solvent Extraction

Solvent extraction is usualy used to recover a component from ether a solid or liquid. The
sample is contacted with a solvent that will dissolve the solutes of interest. Some extraction
techniques involve partition between two immiscible liquids, others involve ether continuous
extractions or batch extractions. During the present work, dried and pulverized plant materids
are soaked in an organic solvent to extract the secondary metabolites.

4.2.2 Hydrodistillation

This was the main method used for extraction of the andyzed essentid oils. The process is
carried out in a Clevenger type apparatus, where the material to be extracted is chopped, and
immersed in water, which is then boiled. During hydrodidtillation the essentid oil components
form an azeotropic mixture with water. The vapors of the volatile components are carried by
the steam to a condenser. Upon condensation, the droplets are continuoudy extracted by a ca.
1 mL HPLC grade hexane layer a the front of the recelver and separated by decantation. The
didillation period can take from 2 to 25 hr. The extraction period influences not only the
yield but dso the extract composition. The sample is exposed to temperatures close to 100°C,
which can lead to changes in 'thermolabilé components. Prolonged heating in contact with
water can lead to hydrolyss of egters, polymerization of adehydes, or decompostion (eg.
dehydration) of other components,[34]

4.3. Spectroscopic Techniques

4.3.1. Nuclear Magnetic Resonance Spectroscopy (NMR)

Spectroscopy is the study of the interaction of eectromagnetic radiation (EMR) with matter.
NMR spectroscopy is the study of interaction of radio frequency (RF) of the EMR with
unpaired nuclear spins in an externd magnetic fidd to extract Sructurd information about a
given sample. NMR spectroscopy is routingly used by chemists to study chemicd structure of
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ample molecules usng dmple one dimensond techniques (1D-NMR). Two-dimensond
techniques (2D-NMR) ae used to determine the structure of more complicated molecules.
[35]. The organic chemigt is principaly concerned with the study of carbon compounds. As a
consequence, hefshe is interested in 1D and 2D NMR involving protons (*H) and carbons
®0).

4.3.1.1. One Dimensional NMR

4.3.1.1.1. 1D-Proton NMR (*H-NMR)

Proton NMR is a plot of dgnds arisng from absorption of RF during an NMR experiment by
the different protons in a compound under study as a function of frequency (chemica shift).
The area under the plots provides information about the number of protons present in the
molecule, the postion of the dgnds (the chemicd hift) reveds information regarding the
chemicd and dectronic environment of the protons, and the splitting pettern  provides
information about the number of neighboring (vicind or gemind) protons. [36, 37, 38]. For
ingtance in Figure 6, proton NMR of a diterpene hydrocarbon, viscida-4,11(18),14-triene,
isolated from the liverwort Radula perrotteetii (Paper 111) is presented. The abscissa shows
the chemicd hift (d) vadues of the different type of protons and the ordinate shows the
intengties of the dgnas. The signas of protons atached to saturated carbon atoms such as
methyl, methylene as wdl as methine groups appear between d 0.8 and 24 ppm in the
spectrum. The mogt intense pesks arise from the methyl groups. The less intense pesks arise
from both the methylene as well as the methine groups. Further, the sgnds between d 4.8 and
5.1 ppm correspond to the olefinic methylene groups and the signas between d 5.2 and 5.4
are due to the olefinic methine groups. The detalled assgnment of the chemicd shift vaues

aregivein Paper II.

4.3.1.1.2. 1D-Carbon NMR (3*C-NMR)

Similar to proton NMR, cabon NMR is a plot of sgnds arisng from the different carbons as
a function of chemicd shift. The signds in *C-NMR experiments normdly appear as singlets
because of the decoupling of the attached protons. Different techniques of recording of the 1D
cabon NMR has been developed so that it is possble to differentiate between the various
types of carbons such as the primary, secondary, tertiary and quaternary from the 1D 3C-
NMR plot. The range of the chemica shift vaues differs between the *H (normaly 610) and
13C NMR (normdly 0-230) that arises from the two nucld having different numbers of
electrons around their corresponding nuclel as well as different eectronic configurations. [36,
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37, 38]. Figure 7 shows a proton decoupled *C-NMR of a furanolabdane diterpene isolated
from Otostegia integrifolia (Paper 1). Between d 15 and 45 ppm *3C signds aising from
saturated methyl, methylene, methine and quaternary carbons are seen. Between d 70 —80
ppm, besides the solvent (CDCk) pesks, signals arisng from saturated oxygenated groups are
seen. From around d 105- 145 ppm, dgnds aigng from olefinic as wdl as oxygenated

cabons such as olefinic methines, olefinic quaternaries and olefinic oxygenated carbons are

seen. The detailed assgnments are given in Paper 1.

(ppm)

Figure 7: “°C-NMR of otostegindiol isolated from Otostegia integrifolia
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4.3.1.2. Two dimensional NMR

Currently, the common 2D-NMR experiments that appear in papers concerned with structural
elucidation of natura poducts include the homonudear H, *H-COSY as well as NOESY and
the hetronuclear *H, **C-HMQC as well as HMBC.

4.3.1.2.12D H,*H-COSY (COrrelated Spectroscopy)

'H,1H-COSY is one of the most useful experiments. It is a plot that shows coupling among
neighboring protons involving 2J, J as well as 4J. It provides information on the connectivity
of the different groups within the molecule. [39, 40]. Figure 8 displays *H,'H-COSY of a
sesquiterpene hydrocarbon, guaia-1(10),11-diene isolated from Peucedanum tauricum fruits
(Paper V). On both axes are shown the *H-NMR of the compound. By drawing a straight line
from any of the dark spots to each axis, one can see which protons couple with one another,

and which are therefore attached to neighboring carbons.

4.3.1.2.2. 2D Nuclear Overhauser Enhancement SpectroscopY (NOESY)

2D NOESY is a homonuclear corrdaion via dipolar coupling; dipolar coupling may be due to
NOE or chemica exchange. It is one of the most useful techniques as it dlows to corrdate
nude through space (distance smadler than 5A) and enables the assignment of relative
configuration of subgtituents at chird centers. [39, 40]. Figure 9 shows the NOESY spectrum
of otostegindiol (Paper ). Smilar to the COSY, it is possble to see which protons ae nearer
to each other in gpace by drawing a straight line from any of the dark spots to each axis of the
plot.

4.3.1.2.3. HMQC (Heteronuclear Multiple Quantum Correlation)

The HMQC experiment provides correlation between protons and their atached heteronude
through the heteronuclear scdar coupling. This sequence is very sendtive as it is based on
proton detection ingtead of the detection of the least sendtive low gamma heteronuclel. The
basic idea behind this experiment is rdated to the echo difference technique which is used to
eiminate proton sgnas not coupled to the heteronucle. From this experiment important
information regarding the number and chemicd chifts of methyl, methylene and methine
groups can be extracted. [39, 40]. For instance, Figure 10 shows part of the HMQC spectrum
of vistida4,9,14-triene isolated from the livewort R perrotteetii. The abscissa of the
spectrum shows the proton sgnas, and the ordinate shows the carbon signals. The spots in the
spectrum indicate which protons sgnd is atached to which carbon and the nature of the
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sgnds, i.e whether the dgnd is due to a methyl, methylene or methine carbon. Since
guaternary carbons have no attached protons, they don't appear in HMQC plots.
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Figure 8. *H,"H-COSY of guaia-1(10),11-diene from Peucedanum tauricum fruits
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Figure 9. NOESY spectrum of otostegindiol isolated from Otostegia integrifolia leaves.
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4.3.1.2.4. HMBC (Heteronuclear Multiple Bond Correlation)

The HMBC experiment detects long range coupling between proton and carbon (two or three
bonds away) with great sendtivity. The experiment can be adjusted to detect rdatively large
coupling congtants (4-10 Hz) or smdler. This experiment in conjugation with *H, *H-COSY
endbles the ducidation of the skeleton of the compound under study. [39, 40]. Figure 11
shows the HMBC spectrum of viscida-4,11(18),14-triene. The detailed correations are
described in Paper 111.
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Figure 10. HMQC spectrum of viscida-4,9,14-triene from the liverwort Radula perrotteetii
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Figure 11. HMBC spectrum of viscida-4,11(18),14-triene from the liverwort R. perrottestii
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4.3.1.3. Other Spectoscopic methods

These include the infrared (IR) spectroscopy which offers information rdaing to the
functiond groups, and the ultraviolet (UV) spectroscopy which reveds information rdating to
the presence of Stes of unsaturaions in the sructure. These two methods are becoming less
important in dructure eucidation of naturd products due to the superiority of information
obtained from the NMR experiments with much less sample amounts.

4.3.1.4. Gas Chromatogr aphy/M ass Spectrometry (GC/MS)

In GC/MS a mixture of compounds to be andyzed is initidly injected into the GC where the
mixture is vaporized in a heated chamber (injector). The gas mixture travels through a GC
column carried by a carier gas, where the compounds become separated as they interact with
the dationary phase of the column. The separated compounds then immediatdy enter the
mass spectrometer that generates the mass spectrum of the individua compounds.

4.3.1.4.1. Mass Spectrometery (MS)

MS is an andyticd technique that involves generating charged paticdes (ions) from
molecules of the andyte. The generaed ions are andyzed to provide information about the
molecular weight of the compound and its chemica gructure. There are many types of mass
pectrometers and different sample introduction techniques which dlow a wide range of
samples to be andyzed. The widdy utilized practice of coupling Gas Chromatography (GC)
with Mass Spectrometry (MS) was routiney employed for the analyss of the compositions of
vaious essentia oils. All mass spectrometers consst of three diginct regions that can be

described asionizer, ion andyzer, and detector.

lonizer

In GC/MS, normaly the charged particles (ions) required for mass andyss are formed by
Electron Impact (El) ionization technique. The gas molecules duting from the GC ae
bombarded by a high energy dectron beam (70 e€V). An dectron which strikes a molecule
may impart enough energy to remove another dectron from that molecule thereby creating a
postively charged ion. El ionization usudly produces sngly charged ions contaning one
unpaired dectron. An aray of ionization methods different from El is available to meet the
needs of many types of chemicd andyss. A few ae liged here with a highlight of thar
usefulness, (Table 1).
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Table 1. The different sample ionization methods currently in use.

L : Sample .
lonization method Typicd Andytes Method Highlights
Introduction
Redaively amdl GCor Hard method versatile
Electron Impact (El)
voldile liquid/solid probe | provides tructure info
, o Rdativey smdl GCor Soft method molecular ion
Chemicd lonization (Cl) _ S
voldile liquid/solid probe | peak [M+H]"
Liqud ,
Elect (ES) Non-voldil Chromat h Soft method jonsoften
rospr on-voldile romatogr
Py _ oy multiply charged
or syringe
Fast Atom Bombardment _ Samplemixedin | Soft method but harder
Nonvoldile
(FAB) Viscous matrix than ESI or MALDI
Matrix Asssted Laser Peptides Proteins | Samplemixedin | Soft method very high
Desorption (MALDI) Nucleotides solid matrix mass
lon Analyzer

Molecular ions and fragment ions are accderated by manipulation of the charged particles

through the mass spectrometer. Uncharged molecules and fragments are pumped away. A
summary of some of the different types of mass andyzersis disolayed in Table 2.
Table 2. Some of the various mass andyzers and their system highlights.

Andyzer

Sydem Highlights

Quadrupole

Unit mass resolution, fast scan

Sector (Magnetic and/or Electrogtatic); double

focuang

High resolution, exact mass

Time-of-Hight (TOF)

Theoreticdly, no limitation for m/z
maximum, high throughput

lon Cyclotron Resonance (ICR)

Very high resolution, exact mass

The GC/MS employed during this work was a one with a sector andyzer having magnetic and

electric sector. The magnetic sector andyzes the momentum of the ions fnv = zeBr, or ry =
mv/zeB, where m denotes the mass, v velocity, z charge, e unit charge, B magnitude of the
magnetic fidd and ry, radius). That is only ions that travd a the right velocity (momentum)
can successfully follow the path (rm) through the sector. The eectric sector sdects ions
posessing a given energy vaue That is for a given dectrostatic sector, mv?/re = zeVe/d where
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Ve is the applied mtentia, d the distance between the plates and re the radius the ions follow
in the sector. For a given geometry, ro and d are fixed, therefore, the setting of Ve selects the
kinetic energy mv2/2.

As the ions move with the same velocity through both the magnetic and eectrogtatic sectors,
we can equate the vel ocities used for eectric and magnetic sectors which yield:

zeVd e

zeBry, =
m md

From this equation we can measure a mass spectrum by scanning the magnetic fidd, B, and/or
the dectrogtatic fidd, Ve.
= ed Bzrm2

Vefe

=)

Detector

There are many types of detectors, but most function by producing an eectronic sgna when
druck by an ion. Timing mechanisms which integrate those sgnds with the scanning voltages
dlow the insrument to report which nvz drikes the detector. The mass analyzer sorts the ions
according to mVz and the detector records the abundance of each myz. Regular cdibration of
the m/z scdeis performed to maintain accuracy in the instrumen.

4.3.1.4.2. Interpreting mass spectra

a. Molecular ion (M™): The mass spectrum of sedanonic acid lactone isolated from the
essentid oil of Meum athamanticum Jacg. is shown in Fig.12. G2H160," (the molecular ion)

and severd fragment ions agppear in this spectrum. The ordinate represents the reative
abundance of each ion. Assgnment of the reative abundance begins by assgning the most
abundant ion a relative abundance of 100% (CioH1:10;" in this spectrum, adso known as the
base peak). All other ions are shown as a percentage of that most abundant ion. If the
molecular ion gppears (as it does in this case), it will be the highest mass in an El spectrum
(except for isotope peaks). This pesk will represent the molecular weight of the compound
and correspond to the elementd compostion which is a key information in sructurd
elucidation problems. Its appearance depends on the stability of the compound. Double bonds,
cyclic structures and arométic rings dabilize the molecular ion and increase the probability of
its gppearance. [41].
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Figure 12. 70 eV mass spectrum of sedanonic acid lactone from Meum athamanticum Jacg.
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b. Fragmentation: Energy imparted by the eectron impact can cause the molecular ion to split
into fragment ions. In generd, bond cleavages may take place a s-bonds, or s-bonds next to
a hetro atom such as oxygen, or s-bonds dlylic to Stes of unsaturaions. In addition, cleavage
may teke place through rearrangement reactions such as the retro Diels-Alder and the
MacLafferty rearrangements. Wesker bonds tend to bresk eadsly, paticulaly next to
sructurd  festures that support the dability of the formed fragment ion through resonance
(aromatic compounds) and inductive effects as well as donation of lone pars of eectrons.
Functiond groups and overdl dructure determine how some portions of molecules will resst
fragmenting, while other portions will fragment essly. Some of these are shown for
sedanonic acid lactone in scheme 1 and in Fig. 14 for (+)-axinyssene.

allylic cleavage

/ H
< +
>/CH3

allylic cleavage

m/z163 o
the base peak

the molecular ion

M aclL afferty
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H /
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Scheme 1 Fragmentation pathways of sedanonic acid lactone
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c. Reference spectra: Mass spectra patterns are reproducible. The mass spectra of many
compounds have been published and can be used to identify unknowns. Computers generdly
contain spectrd libraries which can be searched for matches. During this work, a spectra
library generated under identicd experimentd conditions was routindy used to identify
known components.

d. Isotopes. Since isotopes occur in compounds andyzed by mass spectrometry in the same
abundances as they occur in nature, they can aid in peek identification.

5. Plant M aterials

Sx different plant species obtained from various geogrephica locations including Africa,
Asa and Europe were investigated. These were leaves of a herbaceous plant Otostegia
integrifolia Benth. (Lamiacese (Labiatag)) [42] collected in Ethiopia (Paper 1), flowers of the
herbaceous plant Chlorantus spicatus (Chloranthaceae) [43] from Vietnam (Peper 1), fruits of
an umbdliferous plant known as Peucedanum tauricum [44] collected in Poland (Paper I11),
aerid parts of the herbaceous plant Meum athamanticum (Apiaceae) from Germany (Paper
IV), the liverwort Radula perrottetii (Hepaticae) of Japanese origin (Paper V) and leaves of
the rare umbdlifer Melanoselinum decipiens [45] grown in Hamburg, Germany (Paper V1).

6. Experimental Aspects

Prior to the practicd andyss, a proper dudy of the botanica information, chemica
background, and ethnobotany (if available) of each of the investigated plants were carried out.
The isolaion of the compounds dated with extracting of the mixture of secondary
metabolites present in the plant materid. Air-dried or fresh plant materids were subjected to
gther hydrodidillation or solvent extraction. The former yidded a complex mixture of
volatile compounds known as essentid oil while the latter gave a complex mixture of volaile
or nonvolaile compounds depending on the polaity of the solvent employed for the

extraction process.

6.1. Analysis of the Essential Oils

The essentid oils were diluted to appropriate concentrations (ca 1 pg/ml) and were
preliminarily analyzed by capillay GC as well as GC/MS. Mass spectrum and retention index
of each component was compared with a library spectra of authentic samples. The known
components were identified. The components tha couldn't be identified by smple
comparisons were marked as unknowns and subsequently isolated. The isolation of the
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unknowns from the complex mixtures was carried out by usng a number of techniques. The
esentid oils were firg fractionated into a hydrocarbon fraction and an oxygenated fraction by
usng a ample flash dlica gd column. The former was obtained by duting the column with
hexane and the latter by ethyl acetate, consecutively. Each fraction was andyzed on severd
capillary GC equipped with columns coated with a range of Sationary phases (from the non
polar CPSiIl-5 to various modified cyclodextrins) until optimum resolution of the components
was obtained. The hydrocarbon and the oxygenated fractions were further fractionated by
preparative GC equipped with a prep. column packed with the stationary phase that gave the
optimal resolution. This process was repeated as many times as required until pure

compounds were obtained.

6.2. Analysis of the Solvent Extracts

In the cases of solvent extraction, chloroform or dichloromethane was used. This gave mainly
non volaile mixtures of compounds. The composition of the crude extracts was ingpected by
usng TLC. The visudizations were aided by ether observing the TLC under an UV lamp or
by spraying with anisddehyde resgent followed by hesting. The TLC was repesatedly
improved by changing the solvent systems until a sysem that gave the best separaion was
obtained. The crude extracts were repestedly chromatographed on columns packed with either
dlica-gd, sephadex-LH 20 or on HPLC until pure compounds were obtained (Papers| &1V).

6.3. Identification and characterization of | solated Unknowns

The isolated unknowns were identified by usng a combination of MS as wel as 1D and 2D-
NMR techniques. Rdative configurations were determined from 2D-NOESY spectra and,
where possble, absolute configurations were determined through chemicd transformations,
correlations with references of known absolute configurations, and enantiosdective capillary
GC andysis (Paper V).

7. Results and Discussion
7.1. Otostegia integrifolia Benth.

7.1.1 Description of the plant and Literature Survey

O. integrifolia is a herbaceous plant belonging to plants of the Lamiacese (Labiatae), [42].
The plant grows in the wild but is dso cultivated in gardens. It is one of the plants used in
traditiona medicine in Ethiopia The plant has insecticidd properties and is often used as
fumigant for pots and houses. The roots are used for treating lung diseases, [42]. No previous
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phytochemicad invedtigation of the plant has been reported. However, a literature review on
the genus otostegia has reveded that thymol, g-terpinene and p-cymene were identified as
magor condituents in the essentiad oil of O. fruticosa andyzed by gas chromatography-mass
spectrometry (GC-MS) [46]. Furthermore, from aerid parts of the same plant, isolation of
three new and five known prefuranic and furanic labdane diterpenes together with iridoid
glucosde was reported. These were otostegin A, otostegin B, 15-epi-otostegin B [47],
preleoheterin, leoheterin [48], and related compounds leopersin C, 15-epi-leopersin C [49)],
balonigrin [50], wulgaral [51], and 8-O-acetylharpagide [52].

7.1.2 Results and Discussion on O. integrifolia

Air-dried and pulverized leaves of O. integrifolia were subjected to both hydroditillation that
gave the essentid oil and solvent extraction using chloroform.

7.1.2.1. Essential oil of the leaves

GC and GC/MS andyss of essentid oil of ar-dried leaves of O. integrifolia made possible
the identification of a tota of 40 congituents comprised of monoterpenes, sesquiterpenes,
diterpenes and their derivatives (Paper 1). The mgor component was identified as a
prenylbisabolane diterpene known as (+)-axinyssene (11). Axinyssene is 1-methyl-4-(5,9-
dimethyl- 1-methylenedeca:- 4,8-dienyl)cyclohexene.  The dructure of the compound was
established from MS, 1D- and 2D-NMR data after the compound was isolated by preparative
GC.

7.1.2.1.1 (+)-Axinyssene (1-methyl-4-(5,9-dimethyl-1-methyl enedeca-4,8-dienyl ) cyclohexene)

The mass spectrum of the compound (Fig. 13) showed a molecular ion pesk a Mz 272. The
fragmentation pattern is indicative of a presence of a polyunsaturated branched hydrocarbon
chain. The spectrum exhibits close gmilarity to that of geranyl lindool, but in its NMR data
no oxygenated group could be observed excluding the possbility of geranyl lindool. Ingteed,
its 'H- and HMQC-NMR revedled the presence of a total of 32 protons. These were four
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dlylic methyl, one exocyclic and seven saiurated methylene as well as three olefinic and one
saturated methine protons. From the *C-NMR of the compound, presence of twenty carbon
aoms comprised of four methyl, eight methylene, four methine and four olefinic quaternary
carbons was established. The *H- and 3C-NMR data in combination with the mass spectrum
confirmed an eementd compogtion of CyoHsz, a diterpenoid hydrocarbon with five degrees
of unsaturation. The fact that eight of the twenty carbon atoms were olefinic was indicative of
four double bonds in the molecule. Therefore, the compound had to be a tetraunsaturated
monocydic diterpene. Extensive andysis of the 2D-'H,*H COSY as well as HMBC spectra of
the compound led to the actua dructure of 1-methyl-4-(5,9-dimethyl-1-methylenedeca-4,8-
dienyl)cyclohexene. This structure was aso supported by its mass spectrum. The base peak a
m/z 69 arises from an dlylic cleavage at the G13/C-14 bond, typica for akenes. It owes its
dability to the resonance effect of the double bond as shown in the scheme. The other
fragments can dso be accounted for by a amilar patern of dlylic cleavages with rapid
rearrangements of the double bonds. This diterpene hydrocarbon is the first of its kind to be
isolated from the genus Otostegia or any other plant. The optica antipode of this compound,
named ()-axinyssene, was recently reported as a constituent of a Japanese marine sponge and
exhibited anti-tumor activity [53]. In addition, it was observed tha the compostion of the
essentid ail of O. integrifolia is different from that of O. fruticosa.

" 59 Geranyllinalool
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i 41
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Figure. 13. 70 eV mass spectrum of axinyssene from the essentid oil of O. integrifolia and a

reference geranyl linalool showing a Smilar mass spectrum.
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Figure 14. Possible fragmentation modes in compound 11

7.1.2.2. Chloroform extract of the leaves

Repeated column chromatography on dlica gd and Sephadex LH-20 columns of the
chloroform extract resulted in the isolation of two new natura products, a prefuranic and
furanic  labdanediterpenoids named  otostegindiol  (12) and  preotostegindiol  (13),
pentatriacontane, and stigmasteral.

7.1.2.2.1 Otostegindiol (12)

Otostegindiol (12) was obtained as a white solid. Its mass spectrum exhibited a molecular ion
pesk & Mz 320, which in combination with its *H- (Fig.16) and *C-NMR (Fig. 7) data led to
an dementd compogtion of CyoHs3203, an oxygenated diterpenoid with five degrees of
unsaturation. In its *H NMR spectrum, typicd signds of a b-monosubstituted furan ring a
d 6.27 (1H, bs, H-14), 7.34 (1H, bs, H-15) and 7.22 (1H, bs, H-16) were observed. This
indicated that three of the unsaturations were due to the furan ring. The remaining two should
be due to two rings snhce no more sgnas arisng from multiple bonds were present in the
spectra. Moreover, the appearance of resonances of severa methylene protons connected to
the same cabon a different chemicd shifts subgtantiated the presence of rings in the
molecule Extensve andysis of the 2D-'H,'H COSY as well as HMBC spectra of the
compound led to the depicted Structure.
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7.1.2.2.2.Preotostegindiol (13)

Preotostegindiol (13) was obtained as a white solid. Its *H NMR (Fig 17) was similar to that
of otostegindiol, except that the former indead of the furan ring sgnds exhibited sgnds
typicad of a b,b-disubgtituted dihydrofuran ring. These signas appeared a d 6.43 (1 H, d,
J=2.84, H15), 514 (1 H, d, J2.84, H14) and a two proton AB sysem & d 4.53 (1 H, d,
J=10.1) and 4.05 (1 H, d, JF10.1) corresponding to the methylene group of the dihydrofuran
ring (Hx-16). This was further confirmed by the signds in the 3C NMR spectrum a d 93.3
(C-9) and 93.0 (C-10), which were joined by the ether linkage of the 9(13)-epoxy group and
the gppearance of an oxygenated methylene sgnd a d 81.5 (C-16) indead of the olefinic
methine 9gnd a d 1389 in otostegindiol. The observed converson of preotostegindiol to
otostegindiol under mild acidic conditions was a further proof of its Sructure (Figure 15).
Such observation was earlier reported. [48].

OH
\\\\\\

. .\\\\\\l\\
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Fgure 15. Conversion of preotostegindiol to otostegindial

Prefuranic and furanic labdane diterpenoids are commonly encountered in many species of
the Lamiacese family, such as Leonurus heterophyllus, [44], and L. persicus, [46]. It was
mentioned above that prefuranic and furanic labdanediterpencids were identified from O.
fruticosa. [45]. This new identification of prefuranic and furanic labdanediterpencids from yet
another Otostegia species may have a chemotaxonomica dgnificance. O. integrifolia is the
only species, 0 far, in which C-3 hydroxylated prefuranic and furanic labdanes are found. In
addition, unlike the labdanes from other species, these two labdanes from O. integrifolia are
missng C-6-, C-7- or C-8-oxygenations, (Paper |).
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Figure 16. Proton NMR of otostegindiol (500 MHZz)
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Figure 17. 500 MHz proton NMR of pretotostegindiol from O. integrifolia

7.1.2.2.3.Pentatriacontane

Pentatriacontane was eluted from a slica g column in the first two fractions by a gradient of
pure rn-hexane to 5% n-hexane in ethyl acetate during the initid fractionation of the crude

chloroform extract. Upon remova of the solvent under vacuum a product was obtained which

upon recryddlization from methanol gave a white crysdline solid. The mass spectrum of the
compound showed a molecular ion pesk a m/z 492 which suggeted an dementd
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compostion of CssH7. Moreover, a fragmentation pattern with a difference of 28 mass units
corresponding to aloss of ethylenetypicd of long chain hydrocarbons, was observed.

The *H NMR of the compound showed two pesks, a broad singlet at d 0.95 corresponding to
sx protons of the two terminad methyl groups and a broad singlet & d 1.45 corresponding to
66 protons for the remaining 33 methylene groups. The *C NMR displayed signds a d 14.6
(2XCHs), 23.4 (CHy), 30.1 (CH,), 30.4 (30xCH,) and 32.6 (CHy).

7.1.2.2.4. Sigmasterol

Stigmasterol was obtained as a white solid upon repeated chromatography on slicagd and
Sephadex LH 20 columns. This compound was quickly recognized as a steroid from its mass
spectrum, which exhibited a molecular ion pesk a m/z 412 corresponding to an eementa
compostion of CpgHsgO. Its proton NMR spectrum was found to be identica with that of
reported values.

7.2. Peucedanum tauricum

7.2.1 Description of the plant and Literature Survey

P. tauricum Bieb. is an endemic perennid plant of the Apiacese family, growing in nature at
dry hillsdes and pinewoods in Crimea, Caucasus, and in Romania (Paper 1V). Previous
chemica dudies of the plant concerned the identification of phenolic acids in the foliage and
fruits;, GC/MS andyss of the essentid oil of the fruits in which a number of sesquiterpene
hydrocarbons were identified, isolation of coumarins from the fruits, isolation of an anadogue
of chlorogenic acid and a chromone from the roots, determination of saponins in roots and
fruits as well as isolaion of peucedanin from a combined extract of P. tauricum and P.
calcareum. (Paper V)

7.2.2 Results and Discussion on P. tauricum

Powdered and pulverized fruits of P. tauricum were subjected to both hydrodistillation and
solvent extraction using dichloromethane,

7.2.2.1. Essential oil of the fruits

Andyss of the essentid al from the fruits of P. tauricum by GC and GC/MS was carried out.
Mass spectra and retention indices of the oil condituents were compared with a library of
mass spectra of authentic compounds established under identica experimental conditions. A
total of 22 components comprised of mainly mono and sesquiterpene hydrocarbons could be
identified. (Fig. 19) In addition, two hitherto unknown sesquiterpene hydrocarbons were
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isolated by preparative GC. Ther structures were ducidated by 1D- and 2D-NMR techniques
to be guaa-1(10),11-diene (14) and guaa-9,11-diene (15). The rddive configuraions of the

new compounds were edablished through 2D NOESY experiments. Ther

absolute

configurations were assigned according to chemicd corrdations and capillaay GC amdyss
using modified cyclodextrins as stationary phases. [54, 55].
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Figure 18. Mass spectra of guaia-1(10),11-diene, guaia-9,11-diene and a -bulnesene
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7.2.2.1.1 Guaia-1(10),11-diene (14)

The compound exhibited a mass spectrum (Fig. 18) typicd of a sesquiterpene hydrocarbon
with a molecular ion dgnd a m/z 204 (Rl = 1516). This indicated an eementa composition
of C15H24, a sesquiterpene hydrocarbon with four degrees of unsaturations. The mass
spectrum was very dmilar to that of a-bulnesene (RI = 1503) (Fig. 18), but the retention
index was quite different. The NMR data confirmed a C15H24 molecular formula and the
presence of two double bonds. Therefore, the compound was a doubly unsaturated bicyclic
sesquiterpene  hydrocarbon. Extensive andysis of the 2D-'H,'H COSY as well as HMBC
spectra of the compound led to the actua structure of guaia-1(10),11-diene.

7.2.2.1.2 Guaia-9,11-diene (15)

Compound 15 (RI = 1522) exhibited spectra properties (MS, *H-, *C-NMR) similar to those
of 14 except that in the *C-NMR spectrum instead of the olefinic quaternary resonance a
methine resonance was displayed and ingdead of one of the ring methylene resonances an
olefinic methine resonance appeared. Examination of the 2D-1H,1H COSY and HMBC NMR
data revealed compound 15 to show a ring double bond between G9 and G 10 instead of C-1
and C-10.

7.2.2.1.3.Relative and Absolute Configuration of 14 and 15

The rdative configuration of 14 was determined by a 2D NOESY experiment (Fig. 20).
Correlaions between H-4/H-5 indicated that the two methine protons were oriented in the
same direction. Moreover, the absence of NOESY correlations between the methine protons
H-5 and H-7 suggested a trans configuration. Conddering the bulky isopropenyl group to
keep apseudo equatorid podtion and being b-oriented, H7 had to be a (axid orientation).
Consequently, H-5 and H-4 had to be b-oriented as depicted.

-
e e <

Figure 20. Key NOESY correlationsin 14 and 15.

iy,

-38-



Introduction

The depicted rdative dereochemidry in 15 was edtablished through a 2D NOESY
experiment. Key NOESY corrdations were seen between H-5H-1, H-5H-4 and H-1/H-4
which led to the concluson tha these methine protons were on the same sde of the ring. In
addition, the fact that a NOESY corrdation was exhibited between H5/H-1 indicated that the
ring was cis-fused.

In order to determine the absolute configurations of the new guaiane sesquiterpenes, authentic
reference substances, (+)-g-gurjunene (16), (+)-a-bulnesene (17) and (+)-a-guaene (18)
(Sgma-Aldrich), dl showing guaane skeletons of known dbsolute configurations, were
hydrogenated (Fig. 21). Each of the two new compounds was aso hydrogenated separately.
The hydrogenation products of the reference compounds and the hydrogenation products of
14 and 15 wee andyzed by capillaay GC under identicd conditions usng modified
cyclodextrins as dationary phases which separated the diastereomeric products formed upon
hydrogenation 54, 55]. The GC traces of the hydrogenation products of the compounds were
compared with those of the references. At least one of the hydrogenation products of 14, 15
and the reference compounds (compound 19, in Fg. 21) should exhibit identicd retention
times, provided that the corresponding chiral centers of compounds 14 and 15 show the same
absolute configuration as the reference compounds. This was found to be the case only with
(+)-g-gurjunene on both 2,6-di-OMe-3-O-pentyl-g-cyclodextrin and 6-O-TBDMS-2,3-di-
OMe-b-cyclodextrin. As a rexult, the absolute configuration of 14 is (4R,5R,7R)-guaa-
1(10),11-dienewhile 15 is (1S,4R,5R,7R)-guaa-9,11-diene.

Figure21. Hydrogenation products of 14,15, 16, 17, and 18
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7.2.2.2. Dichloromethane extract of the fruits

Repeated chromatography of the dichloromethane extract of the fruits endbled the isolation of
known coumarins peucedanin (33), oxypeucedanin hydrate (34), and officindin isobutyrate
(35) (Scheme 2), Paper 1V). Ther structures were established by MS, 1D and 2D NMR data
as well as comparison with literature data (Paper V).

0

0 o__0O 0 SN o0 o

I C@[j \OJjCQj
33

HO 37
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34

Scheme 2. Sdlected compounds from P. tauricum.

7.2.2.2.1 Sructure of officinalin isobutyrate

Officindin isobutyrate, earlier reported from P. officinale [56], can be consdered an ester
formed from 6-carbomethoxy- 7-hydroxycoumarin (36) and isobutyric acid as shown in Fg.
22.

O
HO o.__0O o) S 0. 0
0 + OH —_— ) + H,O
_ P W)L ™ 4& >
°© 36 o 35
Figure 22. Proposed formation of offic ndin isobutyrate

However, in the literature there are two different compounds represented by the same
dructure of 6-carbomethoxy-7-hydroxycoumarin. These ae officindin isolaed from P.
officinale [40], and peuruthenicin (37) isolated from P. ruthenicum [54]. The two coumarins
exhibited the same molecular formula, very smilar paterns of *H NMR but different melting
points indicating they are actudly isomeric. This rased the questions as to whether the
reported Sructure of officindin isobutyrate is correct, and whether the compound the iso-
butyrate of officindin or peuruthenicin. The confusion could be darified by comparing the H
NMR of the isolated compound and the reported data which were found to be in good
agreement. In addition, the mdting point of the compound was found to be in agreement with
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the reported vaue (Paper 1V). Furthermore, the isolated compound was subjected to alkaine
hydrolysis and the product showed good agreement in its H-NMR data with tha of
offiandin rather than that of peuruthenicin. Furthermore, in the HMBC spectrum of the
compound (Fig.22), the methoxy protons as well as the aromatic methine proton attached to
C-5 correlated srongly to the carbomethoxycarbonyl carbon. In addition, one of the AB
sysem aomdic methine doublets & C-4 was corrdlated to C-5. This observation clearly
showed the carbomethoxy subgtituent to be linked to C-6 leading to 6-carbomethoxy-7-
isobutyroxycoumarin as the sructure of the compound, exactly the same as that reported for
officindin isobutyrate [56].

Figure 23. Key HMBC correlations showing the position of the carbomethoxy group in compound 35

This demongrated that the compound is indeed the isobutyrate of officindin. Therefore the
earlier reported Sructure of peuruthenicin [57], an isomer of officindin, is amended to be 6-
hydroxy- 7-carbomethoxycoumarin  (Pagper 1V). This is the firs report on the isolation of
officinain isobutyrate and oxypeucedanin hydrate from P. tauricum.

7.3. Radula perrottetii

7.3.1 Description of the plant and Literature Survey

The liveewort R. perrotteii Gott. belongs to the Jungermanniales (Hepaticae). Earlier, severd
prenylated bibenzyls and derivatives thereof have been reported from R. perrottetii (Paper 111)

7.3.2 Results and Discussion on R. perrottetii

The essentid oil obtained by hydrodidtillation from the powdered and pulverized R. perrottetii
sample was andyzed by GC and coupled GC/MS. Mass spectra and retention indices of the
oil condituents were compared with a libray of mass gpectra of authentic compounds
edablished under identicd experimenta conditions. A number of mono- and sesquiterpenes
and their derivatives could be identified. Eleven components that could not be identified by
this method were isolated by preparative GC, and, according to their MS, 1D- and 2D-NMR
data, their Structures were established as viscida-4,9,14-triene (38), viscida-4,11(18),14-triene
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(39), bisabola-2,6,11-triene (40), bisadbola-1,3,5,7(14),11-pentaene (41), bisabola-1,3,5,7,11-
pentaene (42), 6,7-epoxybisabola-2,11-diene (43), 2-methyl-1-(4-methoxy phenyl)propene
(44), bisabola-1,3,5,7(14),10-pentaene (45), ar-tenuifolene (46), a-hdmiscapene (47) and b-
helmiscapene (48) from their respective.
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Figure 24. Sel ected compoundsfrom R. perrottetii essential il

The two viscidane diterpenes, viscida-4,9,14-triene as well as viscida-4,11(18),14-triene, and
the four bisabolane sesquiterpenes, bisabola-2,6,11-triene, bisabola-1,3,5,7(14),11- pentaene,
bissbola-1,3,5,7,11-pentaene,  6,7-epoxybisabola-2,11-diene, and  1-(4-methoxyphenyl)-2-
methyl propene are novel naturd products. This is the firg finding of viscidane diterpenes in
liverworts. ar-Tenuifolene, hitherto described only from the East African Sandawood plant
Osyris tenuifolia as the (-)-enantiomer was found to exit in the unusud racemic form in the
ol of R perrottetii. It was earlier reported that biosyntheses of racemic mixtures of
sequiterpene hydrocarbons occur in liverworts only occasonadly. (Paper 1)

7.4. Chloranthus spicatus

7.4.1 Description of the plant and Literature Survey

C. gpicatus (Vietnamee name Soi gie) is a herb bedonging to the family Chloranthacese
reeching the heght of 1.5 m with pleasant-andling ydlow flowers in summer and autumn.
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The plant is grown in Vietnam to produce flowers for scenting tea. Earlier investigation dedlt
with the sesquiterpene congtituents of C. serratus, C. glaber, C. japonicus and the congtituents
of the volatiles of flowers of C. spicatus growing in China

7.4.2 Results and Discussion on C. spicatus

The essentid oil compogtion of C. spicatus flowers was investigated usng cepillary gas
chromatography (GC), GC-mass spectrometry (MS), preparative GC and NMR techniques. A
tota of 47 compounds were identified either by comparing the retention indices and mass
gpectra with a library of authentic data established under identica experimenta conditions' or,
where deemed necessary, by isolaing the compounds using preparative GC and establishing
therr sructure usng NMR techniques. Thus, four minor components viz. 7a-hydroxyeudesm
4-en-6-one (49), chloranthaactone A (50), isogermafurenolide (51) and eudesma-4 (15),
7(11), 9-trien-12-olide (52) were isolated for the first time as condituents of the ol of C.
spicatus. Their dructures were established according to ther MS, 1D- and 2D-NMR data.

(Paper 11).

n\\\OH =~

51 52

Figure 25. 7a-Hydroxyeudesm-4-en-6-one (49 ), chloranthalactone A (50), isogermaf urenolide (51)
and eudesma-4 (15), 7(11), 9-trien-12-olide (52) from Chloranthus spicatus flower essential oil

7.5. Meum athamanticum

7.5.1 Description of the plant and Literature Survey

Meum athamanticum (L.) Jacg. is a strongly aromatic smelling herb which is used for the
preparation of a specid liquor. Its essentid oil has previoudy been investigated severa times,
An ealier andyds of the oil from the fruits of a sample from Germany has reveded (2)-3-
butylidenephthdide, butylphthdide and (2)-ligudilide as the chief condituents while from the

43



Introduction

root oil the identification of severd monoterpenes and the phthalides, in addition to sedanonic
acid lactone was reported. In a further andyss amed a the investigation of sesquiterpene
hydrocarbons of the oil from the roots, the identification of sesquiterpenoids such as b-
bazzanene, a- and b-barbatene was reported for the first time as condituents of higher plants.
From the aerid pats of a sample from Itay, the monoterpene hydrocarbons, €)-b-ocimene
(34.9%), p-cymene (12.1%), (Z)-b-ocimene (10.2%), D-3-carene (6.2%) were reported as
magor condituents while from the oil of the roots, (2)-ligudilide (36.2%,), (E)-b-ocimene
(14.4%), and (2)-3-butylidene phthdide (6.3%) were reported as mgor congdituents.
Recently, from the oil of the leaves and sems of M. athamanticum of Spanish origin, E)-b-
ocimene (29.6%), gterpinene (17.9%), terpinolene (17.0%) and p-cymene (9.7%) were

reported as major components.

7.5.2 Reaults and Discussion on M.athamanticum

The essentid oil of the aerid pats of M. athamanticum was andyzed by capillay and
preparative GC, GC/MS and NMR techniques. Mass spectra and retention indices on a non
polar dationary phase (CpSil-5) of the components of the oil were compared with library
spectra of authentic compounds generated under identicd experimenta conditions. Severd
mono- and sesquiterpenes and their derivatives could be identified. Three unknown phthaides
were isolated and their structures established according to their MS, 1D and 2D NMR data.
These were 3-but-2-enylidene-4,5,6,7-tetrahydro- 3H-isobenzofurant 1-one (53), the previoudy
reported Z-butylidene-4,5,6,7-tetrahydrophthdlide (sedanonic acid lactone) (54), and Z-
ligudtilide (55). Isoligudtilide is anew natura product. (Paper V)

- o

53 54 55
Figure 26. Sdl ected compounds from the essentia oil of M.athamanticum
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7.6. Melanoselenium decipiens

7.6.1 Description of the plant and Literature Survey

Melanosdinum decipiens is a rae umbdliferous shrub which inhabits rocky dopes in the
interior of Madera But the leaves of M. decipiens used in this sudy were collected in
Hamburg (Pinneberg), Germany, from a private garden. Ealier, the essentid leaf oil of M.
decipiens from Madera was shown to contain b-pinene (53.1%) as the mgor component
among 31 other compounds. According to a second investigation, the essentid oils of the
aerial parts of the plants, collected during the vegetative phase on Madeira and on the Azores,
were composed manly of monoterpene hydrocarbons (ca. 90 %), b-pinene (72%) and
limonene (82%) being the main components of the Maderan and Azorean oils, respectively.
Other invedtigations on M. decipiens resulted in the isolation of a series of sesquiterpene

lactones, caled decipienins A—H, and a number of eudesmanolides.

7.6.2 Results and Discussion on M. decipiens

GC and GC/MS andysis of the essentid oil of leaves of M. decipiens resulted in the isolation
of a new sesquiterpene hydrocarbon possessng a novel carbon skeleton. The compound,
named melanene, was isolated by using preparative GC, and its Structure was established by
extensve NMR andyss as (1R4E,7R8R9R 129)-1,7,9-trimethyltricyclo[6.3.1.0°'?]dodec-4-
ene (56) or its antipode The relative configuration was determined by a 2D NOESY
experiment. This is the firs detection of a hydroacenaphthylene dructure as a sesquiterpene
skeleton in nature. The presence of a second smilar sesquiterpene hydrocarbon was detected
by its mass spectrum (Fig.2). The amount was not sufficient for dructure ducidation,
however, in its *H-NMR the presence of 3 methyl signds a d 0.89, 0.97, and 1.04 as well as
an olefinic methine proton a d 5.35 indicated that the unknown is not a sterecisomer of

meanene.

(;
(/4

o6
In addition, saverd mono- and sesquiterpenes were identified as components of the oil by

comparing ther retention indices and mass gpectra with a libray of authentic samples
established under identica experimental conditions. Smilar to that of the Maddran plants, the
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oil from the plant grown in Hamburg contains b-pinene (55.1 %) as the man component. By

enantiosdlective GC, this was shown to be represented by enantiomericaly amost pure (1R)-

(+)-b-pinene. The ail

of the plant grown in Hamburg contans higher amounts of

sesquiterpenes (ca 17 %) than that of the Madeiran plants. (Paper VI).

7.7. Hazard symboals, risk and safety phrasesfor chemicals used

Chemica Hazard symbol | Risk phrase Safety phrase
Hexadeutratedbenzene | T, F 42.2-11-23/24/25-48 53-16-29-44
Deuteratedchloroform | X, 20-40 2-24/25
Ethylacetate Xi, F 11-36-66-67 (2)16-26-33
n-Hexane Xn, F 11-20/21-40 9-16-29-33
Methanol T,F 11-23/24/25-39/11-23/24/25 | (1/2-)7-16-36/37-45
Petrolether F 11 9-16-29-33
Sodium hydroxide X 35 26-27/39-45
p-Anisaldehyde X 22-36/37/38 26-36

Sulphuric acid X, C 35 26-30-45
Hydrochloric acid X,FC 11-20/21/22-35-37 7/9-16-26-36-/37/39-44
Acetone X, F 11-36-66-67 9-16-26

10 % Pdladium on|X,F - -

activated charcoal

Slicagd X 20-37 9-36

Aluminum oxide - 37 22-36-38
Dichloromethane X 40 23b-24/25-36/37
Acetonitrile X, F 11-20/21/22-36 16-36/37-60
Tetramethylsiane F 12 9-16-29-43h
Pentane F 11 9-16-29-33
Diethylether F 12-19 9-16-29-33
Pdladium A - -

Lithium duminum| F 15 7/8-24/25-43
hydride

Hydrogen F 12 9-16-29-33
Amberlite Xi 36/37/38 26/36
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Summary and conclusons

Leaves of a herbaceous plant known as Otostegia integrifolia collected in Ethiopia (Paper 1),
flowers of a plant cdled Chlorantus spicatus from Vietnam (Pgper Il), fruits of an
umbdliferous plant known as Peucedanum tauricum collected in Poland (Peper 1V), aerid
parts of a herbaceous plant known as Meum athamanticum from Germany (Peper V), a
livewort cdled Radula perrottetii of Japanese origin (Paper 11l) and leaves of a rare
umbdlifer known as Melanoselinum decipiens grown in Hamburg, Germany (Paper VI) were
investigated for their secondary metabolites. The isolation of the compounds dtarted with
extracting of the mixture of secondary metabolites present in the plant materid. Air-dried or
fresh plant materid was subjected to either hydrodidtillation or solvent extraction. The former
yielded a complex mixture of volatile compounds known as essentid oil while the laiter gave
a complex mixture of volaile or nonvolatile compounds depending on the polarity of the
solvent used for the extraction process. The essentid oils were andyzed by capillary GC as
wel as GC/MS. Mass spectra and retention index of each component was compared with a
library spectra of authentic samples. The known components were identified. The components
that couldn't be identified by smple comparisons were maked as unknowns and
subsequently isolated. The isolation of the unknowns from the complex mixtures were carried
out by chromatographic techniques By usng flash dlica gd column chromatography, the
essentid oils were firgt fractionated in to a fraction containing hydrocarbons and a fraction
containing oxygenated compounds. The former was obtaned by duting the column with
hexane and the latter with ethyl acetate, consecutively. Each fraction were andyzed by using
severd capillary columns coated with a range of dationary phases varying from the nonpolar
CPSII-5 (Chrompack) to various modified cydodextrins until optimum resolution of the
components was obtained. The hydrocarbons and the oxygenated compounds were further
fractionated by preparative GC equipped with a preparative column packed with the
dationary phase that gave the optima resolution. This process was repested as many times as
necessary until pure compounds were obtained. In the cases of solvent extraction, chloroform
or dichloromethane were employed. This gave manly mixtures of non volatile compounds.
The compostion of the crude extracts was examined by usng TLC. Visudizations were
supported by ether observing the TLC under a UV lamp or by spraying with an anisaldehyde
resgent followed by heating. TLC was repesatedly developed by changing the solvent systems
until a system that gave the best separation was obtained. The crude extracts were repeatedly
chromatographed on columns packed with ether slicagel, sephadex-LH 20 or on HPLC until
the pure compounds were obtained (Papers| & 1V).
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From the essentid oil of ar-dried leaves of O. integrifolia Benth., a totd of 40
condiituents including monoterpenes, sesquiterpenes, diterpenes and their derivatives were
identified. A prenylbissbolane type diterpene, (+)-1-methyl-4-(5,9-dimethyl- 1- methylene-
deca-4,8-dienyl)cyclohexene (11), adso caled (+)-axinyssene, was identified as a magor
component. The chloroform extract of the leaves yidded two new furanolabdane diterpenoids,
15,16-epoxy-3a,9a -dihydroxy-labda- 13(16),14-diene  (12) and 9(13),15(16)-diepoxy-3a -
hydroxy-16-dihydrolabda-14-ene  (13), a saurated hydrocarbon, pentatriacontane, and
sigmagteral.

From the essentid oil of flowers of C. spicatus, 47 compounds could be identified
among which chloranthadactone A (49) (0.5 %), isogermafurenolide (50) (0.7 %), eudesma-
4(15),7(11),9-trienr12-dlide (51) (0.5 %), and 7a-hydroxyeudesm-4-en-6-one (52) (3.3 %),
were isolated for the firgt time as condtituents of the essentid ail of the flowers.

From the essentid oil of the liverwort R. perrottetii two novel viscidane diterpenes,
vistida-4,9,14-triene  (38), viscida-4,11(18),14-triene (39), four bisabolane sesquiterpenes,
bissbola-2,6,11-triene  (40), bisabola-1,3,5,7(14),11-penteene  (41), bisabdla-1,3,5,7,11-
pentaene (42), 6,7-epoxybisabola-2,11-diene (43), and 1-(4-methoxyphenyl)-2-methyl
propene (44) were identified as new naturd products. This is the firg finding of viscidane
diterpenes in liverworts. In addition, bisabola-1,3,5,7(14),10-pentaene (45), ar-tenuifolene
(46), a -hdmiscapene (47), and b-hemiscapene (48) were also isolated for the firgt time.

From the essentid oil of fruits of P. tauricum, two new guaiane type sesquiterpene
hydrocarbons guaia-1(10),11-diene (14) and guaia-9,11-diene (15) were isolated. The rdative
configurations of the new compounds were established by 2D-NOESY experiments while the
absolute configurations were deduced through chemicd corrdaions with (+)-g-gurjunene
(16) and capillay GC andyss usng modified cyclodextrins as the dationary phases. From
the less volatile dichloromethane extract of the fruits coumarins, viz. peucedanin (33),
oxypeucedanin hydrate (34) and officndin isobutyrate (35) were isolated. This is the firs
report on the isolation of oxypeucedanin hydrate and officindin isobutyrate from P. tauricum.
Officindin  isobutyrate  was confirmed to be  6-carbomethoxy-7-isobutyroxycoumarin.
Peuruthenicin, a podtiond isomer of officindin, is assgned a correct sructure (37).
Bergapten was identified by its mass spectrum.

From the essentid oil of M. athamanticum a new phthdide, named isoligudtilide (55)
(35 %) was isolated together with Z-ligudtilide 63) (0.1 %) and sedanonic acid lactone 64)
(0.5%). In addition, a totd of 23 components accounting for 93.2 % of the oil could be
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identified. The mgor components of the oil were shown to be monoterpene hydrocarbons,
limonene (33.5 %), a - phellandrene (15.3 %), myrcene (13.4 %) and (E)-b-ocimene (11.6 %).

From the essentid oil of the leaves of M. decipiens, melanene, a tricyclic sesquiterpene
hydrocarbon showing a novel carbon skeleton represented by a
trimethyldecahydroacenephthylene  (56) was isolaed. The dructure of meanene was
established to be (1R4E,7R8R9R 129-1,7,9-trimethyltricyc0[6.3.1.0°>%|dodec-4-ene or its
antipode. In addition, 45 compounds (mostly monoterpenes and sesquiterpenes) were
identified, among which enantiomericdly dmost pure (1R)-(+)-b-pinene forms the mgor
component (55.1 %).

It can be concluded that currently GC/MS in combination with computerized mass
libraries is the best method for the sudy of the chemicd compostion of essentid ails,
paticularly, if supplemented with 1D- and 2D-NMR techniques as well as enatiosdective GC
usng modified cycodextrin phases as chird sdectors. The avalability of automated
preparative gas chromatographs GC equipped with autosampler and preparative fraction
collector such as the Gerstel PFC trned the isolation of new components from volétile plant
condituents into a much more esder task, the limiting factor being the sdection of a
stationary phase capable of providing the required resolution of the components to be isolated.

Zusammenfassung und Schlussfolger ungen

Die Bléter der krautigen Pflanze Otostegia integrifolia aus Ethiopia (Publikation 1), der
Bliten von Chlorantus spicatus aus Vietnam (Publikation 11), der Frichte des
Doldengewéchses Peucedanum tauricum aus Polen (Publikation V), der oberirdischen Telle
der krautigen Pflanze Meum athamanticum aus Deutschland (Publikation V), des
Lebermooses Radula perrottetii japanischer Herkunft (Publikation [11) und der Bléter der
Htenen  Umbdliferae Melanosdlium  decipien, gezichtet in Hamburg, Deutschland
(Publikation V1) wurden untersucht. Die Isolierung der Inhdtsstoffe begann mit  der
Extraktion der sekundéren Metaboliten aus dem Pflanzenmaterid. Luftgetrocknetes oder
frisches Pflanzenmaterid wurde ener Wasserdampfdedtillation oder einer
Losungamittelextrektion  unterzogen. Wéhrend ersere en komplexes Gemisch  fluchtiger
Verbindungen, bekannt as &dherisches Ol, lieferte, ergab die Extrektion en komplexes
Gemisch aus fluchtigen und nicht-fllichtigen Substanzen, in Abhéngigkeit der Polaritét des fir
die Extraktion verwendeten Loésungsmittels. Die &herischen Ole wurden mittdls Kapillar GC
und GC/MS untersucht. Die Massenspekiren und Retentionsindices jeder Verbindung wurden
mit den Datenbankspektren authentischer Proben verglichen. Bekannte Verbindungen wurden
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identifiziert. Die Komponenten, welche durch enfachen Vergleich nicht identifiziet werden
konnten, wurden ds unbekannte Verbindungen makiet und anschliellend isoliet. Die
Isolierung der unbekannten Substanzen aus den komplexen Gemischen wurden mittels
chromatographischer  Vefahren durchgefihn. Die &dherischen Ole wurden zuerst mittels
Hash Saulen Chromatographie an Slicage in ene Kohlenwassergoff- und ene oxygenierte
Fraktion aufgetrennt. Ergtere wurden mittels Hexan aus der Saule duiert, wéhrend letztere
anschlieffend mit Ethylacetat duiert wurden. Jede Fraktion wurde mit mehreren Kapillar
GC's, ausgedtattet mit einer Auswahl beschichteten Saulen, deren dationdre Phasen von der
unpolaren CPSI-5 (Chrompack) bis zu unterschiedlich modifizieten  Cyclodextrinen
vaiieren, untersucht, bis eine optimae Trennung der Verbindungen erhdten wurde. Die
Kohlenwasserstoff und die oxygenierten Fraktionen wurden unter Verwendung enes
preparativen GC mit einer gepackten praparaiven Séue mit der dationdren Phase, welche die
optimale Auflésung ergab, welter aufgetrennt. Diesser Prozess wurde so lange wie notwendig
wiederholt, bis reine Stoffe erhdten wurden. Im Fdle der Ldsungsmittelextraktion wurde
Chloroform oder Dichlormethan angewendet, welche hauptsichlich Gemische nicht flUchtiger
Verbindungen ergaben. Die Zusammensetzung der Rohextrakte wurde mittels TLC Methoden
untersucht. Die Detektion der Substanzen wurde entweder mit Hilfe der Betrachtung unter
UV-Licht oder durch Besprihen mit Anisddehyd- Schwefelsdure Reagenz und anschlief3endes
erhitzen, durchgefihrt. Die Dinnschichtchromatogramme  wurden  unter  Variaion des
Lésungsmittelsysems  wiederholt  entwickdt, bis en optimaes Laufmittedlgemisch erhdten
wurde. Die Rohextrakte wurden wiederholt an gepackten Sdulen mit Slicagel oder Sephadex-
LH 20, oder mittels HPLC chromatographiert, bis reine Stoffe erhadten wurden (Publikation |
& V).

Aus dem é&herischen Ol luftgetrockneter Blétter von O. intergrifolia Benth. wurden
inggesamt 40 Inhdtstoffe, darunter Monoterpene, Sesquiterpene, Diterpene und ihre Derivate
identifiziert. Ein Prenylbissbolanartiges Diterpen,  (+)-1-Methyl-4-(5,9-dimethyl- 1-methylen
deca-4,8-dienyl)cyclohexen (11), welches auch (+)-Axinyssen genannt wird, wurde als ene
Hauptkomponente identifiziet. Der Chloroform Extrakt der Blétter ergab zwe neue
Furanolabdan-Diterpenoide,  15,16- Epoxy-3a ,9a - dihydroxy-labda- 13(16),14-dien  (12) und
9(13),15(16)- Diepoxy- 3a - hydroxy- 16-dihydrolabda- 14-en (13), enen gesdtigten
K ohlenwasserstoff, Pentatriacontan und Stigmasterol.

Aus dem é&herischen Ol der Bliten von C. spicatus wurden 47 Verbindungen
identifiziert. Chloranthdacton A (49) (0.5 %), Isogermafurenolid (50) (0.7 %), Eudesma-
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4(15),7(11),9-trienr12-0lid (51) (0.5 %), und 7a-Hydroxyeudesm4-en-6-on (52) (3.3 %)
wurden ersmalig ds Inhaltsstoffe des dherischen Ols der Blitten isoliert.

Aus dem é&herischen Ol des Lebermooses R. perrottetii wurden zwei neue Viscidane
Diterpene, Vistida-4,9,14-trien  (38), Vistida-4,11(18),14-trien (39), vier Bisabolanr
Seqquiterpene, Bisabola-2,6,11-trien  (40), Bisabola,1,3,5,7(14),11-pentaen (41), Bisabola-
1,3,5,7,11-pentaen  (42), 6,7-Epoxybisbola-2,11-dien (43), und 1-(4-Methoxyphenyl)-2-
methylpropen (44) ds neue Naurgoffe isoliert. Dies igt die erse Entdeckung von Viscidane
Diterpenoiden in Lebermoosen. Dartiberhinaus wurden auch Bisabola-1,3,5,7(14),10-pentaen
(45), ar- Tenuifolenen (46), a-Hemiscapen (47), und b-Hemiscapen (48) erdmdig isoliert.

Aus dem &herischen Ol der Friichte von P. tauricum wurden zwei neue Guaian-artige
Seqquiterpene, Guaia-1(10),11-dien (14) und Guaa-9,11-dien (15), isoliet. Die rddive
Konfiguration diesr neuen Vebindungen wurde mittds 2D-NOESY  Experimenten
bestimmt, wéhrend die absoluten Konfigurationen durch chemische Korrdation mit (+)-g-
Gurjunene (16) und Kapilla-GC Andyse mittels modifizieter Cycdodextrine ds dationére
Phase, abgdetet wurde. Aus dem weniger flichtigen Dichlormethan Extrakt der Frichte
wurden die Coumarine Peucedanin (33), Oxypeucedaninhydrat (34) und Officindinisobutyrat
(35) isoliert. Dies ist der erse Bericht Uber die Isolierung von Oxypeucedaninhydrat und
Offiandinisobutyrat  aus P. tauricum. Officndinisobutyrat wurde ds 6-Carbomethoxy-7-
isobutyroxycoumarin - bestdtigt. Dem  Peuruthenicin, eénem  Stdlungssomer von  Officindin,
wurde eine korrekte Struktur @7) zugeordnet. Bergapten wurde anhand des Massenspektrums
identifiziert.

Aus dem &herischen Ol von M. athamanticum wurde ein neues Phtalid, bezeichnet ds
Isoligustid (55) (3.5 %), zusammen mit Z-Ligudid (53) (0.1 %) und Sedanonsaurelacton 64)
(0.5 %), isoliert. Dariiberhinaus wurden insgesamt 23 Komponenten, welche 93.2 % des Oles
ausmachen, identifiziet. Es wurde gezeigt, dass die Hauptkomponenten aus
Monoterpenkohlenwasserstoffen  bestehen:  Limonen (335 %), a-Phdlandren (153 %),
Myrcen (13.4 %), und (E)-b-Ocimen (11.6 %).

Aus dem é&heischen Ol der Bléter von M. decipiens, wurde Meanen, ein
tricyclischer  Sesguiterpenkohlenwasserstoff  mit  dem  neuen  Kohlenstoffgeriist  enes
Trimethyldecahydroacenaphthylens  (56), isoliert. Die Struktur des Meanens wurde ds
(1R4E, 7R 8R9R,129-1,7,9- Trimethyltricyclo[6.3.1.0°*?]dodec-4-en oder dessen Spiegelbild
aufgeklért. DarUberhinaus wurden 45 Verbindungen  (hauptsachlich  Monterpene  und
Seqquiterpene) identifiziert, von denen benahe enantiomerenreines (1R)-(+)-b-Pinen ene
Hauptkomponente ausmacht (55.1 %).
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Es kawn gexhlussfolgat werden, das die GC/MS in  Kombinantion mit
computerunterstitzten Spektren-Datenbanken zur Zeit ds ene der besten Methoden fir die
Untersuchung der chemischen Zusammensgtizung dherischer Ole angesehen werden  kann.
Dies gilt indbesondere wenn diese durch 1D- und 2D-NMR Techniken, sowie die
enantiosdektive  Gaschromatographie  unter  Verwendung modifizierter  Cyclodextrinphasen
ds chirde Sdektoren, erganzt wird. Die Veflgbarkeit autometiserter praparativer
Gaschromatographen, welche mit einem automatischen Probengeber und einem  prgparativen
Fraktionssammler, wie dem Gedd PFC ausgeriget snd, macht die Isolierung neuer
Verbindungen der flichtigen Pflanzeninhdtsstoffe zu ener wetaus einfacheren Aufgabe. Der
begrenzende Fdktor gelt dann das Auffinden ener dationdren Phase dar, welche die
bendtigte Auflésungen der zu isolierenden Komponenten gestattet.
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Abstract

The essentid oil and chloroform extract of air-dried leaves of Otostegia integrifolia Benth.
were investigated for the firg time usng andytical and preparative gas chromatography (GC),
GC-mass spectrometry (MS) and NMR techniques. A total of 40 congituents including
monoterpenes, sequiterpenes,  diterpenes  and  their  derivatives were identified. A
prenylbisabolane type diterpene, 1-methyl-4-(5,9-dimethyl- 1- methylene-deca-4,8-
dienyl)cyclohexene was identified as a mgor component. The chloroform extract of the
leaves yiedlded two new labdane type diterpenoids, 15,16-epoxy-3a,9a -dihydroxy-labda
13(16),14-diene and 9(13),15(16)-diepoxy-3a -hydroxy-16-dihydrolabda-14-ene, a saturated
hydrocarbon, pentatriacontane, and sigmasterol. The dructures of the isolated compounds
were established by spectroscopic methods.

Keywords: Otostegia integrifolia Benth.; Lamiaceae; Essentid oil, Furanolabdane diterpenes,
Otogtegindiol, Preotostegindiol, (+)-Axinyssene, Pentatriacontane, Stigmasterol

1. Introduction

Otostegia integrifolia Benth. belongs to the Lamiacese (Labiatae) family (Fichtl et d.,
1994). It is one of the plants used in traditiond medicine in Ethiopia The plant has
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insecticidal properties and is often used as fumigant for pots and houses. The roots are used
for treating lung diseases (Fichtl et d., 1994). No previous phytochemicd investigation on the
plant has been reported. However, there are reports on the chemicad investigation of other
members of the genus Otostegia. Thymoal, g-terpinene and pcymene were reported as major
condituents in the essentid oil of O. fruticosa anadysed by GC-MS (Aboutabl et a., 1995).
Furthermore, from aerid pats of the same plant, isolation of three new and five known
labdane diterpenes together with iridoid glucoside was reported. These were otostegin A (L),
otostegin B (2), 15-epi-otostegin B (Al-Musayeib et d., 2000), preleoheterin, leoheterin (3)
(Hon et d., 1993), and related compounds leopersn C, 15-epi-leopersin C (Tasdemir et d.,
1996), bdlonigrin (Brian and James, 1977), vulgarol (Popa and Pasechnik, 1975) and 8-O-
acetylharpagide (Scarpati et al., 1965) (Figure 1).

1 2 3
Figure 1. Selected labdane diterpenes from Otostegia fruticosa

Our invedigation of ar-dried leaves from O. integrifolia resulted in the isolation of a
prenylbissbolane type diterpene, axinyssene, from the essentid ol and two new
furanolabdane type diterpenes, otostegindiol and preotostegindiol, a saturated hydrocarbon,

pentatriacontane, and stigmasterol from the chloroform extract.

2. Results and discussion

The essentid oil of ar-dried leaves of O. integrifolia was andysed by GC and GC-
MS. Mass spectra and retention indices on an non-polar sationary phase (CPSI-5) of the
components were compared with a libraay of mass spectra of authentic compounds
edablished under identicdl experimenta conditions (Joulain and Konig, 1998, Hochmuth et
a., 2002): trans-2-hexend, trans-hex-3-ene-1-ol, 1-hexanol, a-thujene a-pinene, thuja
2,4(10)-diene, 1-octene-3-ol, b-pinene, 3-octanol, phenylacetadehyde, limonene, (2)-b-
ocimene, lindoal, trans-sabinol (4), mentha-1,5-diene-8-ol, terpinene-4-ol, a-terpineol, b-
cyclocitrd (5), neral, geraniol, vinylgugacol, dihydroedulan (6), theaspirane (7), eugenol, a-
ylangene, b-bourbonene, E-b-caryophyllene, geranylacetone, a-humulene, b-ionone, o
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muurolene, germacrene D, 4,5-di-epi-arigtolochene, a-muurolene, d-amorphene, E-nerolidal,
spathulenol, caryophyllenoxide, and b-eudesmol were identified. The mgor component which
could not be identified by this method was isolated by preparative GC and its structure was
edablished as  (+)-1-methyl-4-(5,9-dimethyl- 1- methylene-deca-4,8-dienyl)-cyclohexene  (8)
from its MS, 1D- and 2D-NMR data. The dried and pulverised leaves of the plant were dso
soaked in chloroform a room temperature for 48 hours. Unlike the essentid oil, the
chloroform extract contained mainly nontvolatile substances. Part of the extract was subjected
to repeated column chromatography on slica gd and Sephadex LH-20 columns and two new
furanolabdane type diterpenes, 9 and 10 (Figure 2), a saturated hydrocarbon pentatriacontane,
and stigmasterol were isolated.

2.1, (+)-1-Methyl-4-(5,9-dimethyl-1-methyl ene deca-4,8-dienyl)cyclohexene (8)

8 was isolated as an oil by preparative GC from the essentia oil of the dried leaves of
the plant. It exhibited a podtive opticd rotation. Its mass spectrum showed a molecular ion
pesk a m/z 272. Its *H- (Table 1) and HMQC-NMR data indicated the presence of four
dlylic mehyl sgngles three olefinic and one diphatic methine dgnds, one exocydic
methylene snglet and seven diphaic methylene multiplels The *C-NMR (Table 1)
contained dgnds due to four olefinic quaternary carbons in addition to the signds of the
groups observed in the *H-NMR. The H- and **C-NMR data in combination with the mass
gpectrum confirmed an dementad compostion of CyoHsp, a diterpenoid hydrocarbon with five
degrees of unsaturation. Andysis of connectivities in the H-'H COSY- and HMBC spectra
confirmed that four of the five unsaturations were due to double bonds and the fifth was due

toaring.
OH
\O
: |
/E\
4 5

Figure 2. Selected constituents of O. integrifolia leaves

-62-



Paper |: Terpenesfrom Otostegia integrifolia

The connectivities within the molecule were edtablished by interpretation of the 2D
'H-1H COSY- and HMBC spectra. In the HMBC spectrum it was observed that two of the

dlylic methyl groups a& d 1.57 (Hs-16) and 1.68 (Hs-17) exhibited long range couplings with
esch other and dso with the olefinic methine triplet & d 5.24 (H-14). In addition, in the
HMBC spectrum, each of these methyls as wel as the methine Sgnd were coupled to the
oefinic quaternary carbon at d 129.9 (C-15). This dealy indicated that these two methyl
groups must be gemind and connected to the olefinic quaternary carbon that itsdf was
connected to the olefinic methine carbon. The olefinic quaternary carbon at d 129.9 (C-15)
aso exhibited long range coupling in the HMBC to the methylene multiplet centred a d 2.17
(Ho-13), which in the *H-'H COSY spectrum exhibited coupling to the olefinic methine signd
(d 5.24, H-14) as mentioned above and another methylene multiplet centred at d 2.09 (H.-
12). The latter was coupled to the third dlylic methyl snglet a& d 1.59 (Hs-18) whose carbon
(d 26.4, C-18) showed long range coupling to the same methylene multiplet (H»-12) in the
HMBC spectrum. Further this methylene multiplet (H2-12) in the'H-'H COSY spectrum dso
exhibited dlylic coupling to the second olefinic methine triplet a d 5.29 (H-10) whose carbon
(d 125.1, C-10) showed long range coupling to the same methylene multiplet (H,-12) in the
HMBC. In the *H-'H COSY spectrum this dlefinic methine triplet @5.29, H10) was coupled
to another methylene multiplet centred a d 2.22 (H»-9). The latter coupled to another
methylene group a d 2.11 (H»-8), whose protons were coupled to the olefinic methine carbon
a d 125.1 (C-10) in the HMBC spectrum, as well as to the protons of the exocyclic methylene
snglet (dlylic coupling) a& d 4.90 (H»-19) in the *H-'H COSY. This condtituted the 59
dimethyl-1-methylene-4,8-decadienyl side chain of the compound. In the 'H-'H COSY the
diphatic methine multiplet centred a d 214 (H-4) coupled to each of the methylene
multiplets centred at d 1.48 (Hx-5) and 1.79 (Hy-5). The latter further coupled to each of the
two methylene protons a d 1.86 (Hs-6) and a d 1.95 (Hp-6). On the other side, the diphatic
methine (d 2.14, H3) a0 coupled to each of the methylene protons at d 1.97 (Hs-3) and a
d 215 (Hy-3). The later coupled to the third olefinic methine sgnd (bs) a d 5.43 (H-
2) which itdlf exhibited dlylic coupling to the fourth dlylic methyl snglet a d 1.62 (Hs-
20). This condtituted the 1,4-disubdtituted cyclohexene ring moiety of the compound. This

diterpene hydrocarbon is the first of its kind to be isolated from the genus Otostegia or any
other plant. But the opticad antipode of this compound, named axinyssene, was recently

reported as a condituent of a Jgpanese marine sponge and exhibited anti-tumour activity
(Kodamaet a., 2003).
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Table 1: 'H and **C NMR data of compounds 8, 9 and 10.
8 9 10
'"H m@ *C H m@Jd °C H m (J) BC
1 - 133.8 1.25 m 25.1 1.24 m 25.1
1.93 m 1.63 m
2 541 bs 121.6 1.64 m 25.6 1.65 m 25.2
1.96 m 1.93 m
3 1.97 m 321 3.38 bs 76.3 3.37 bs 76.1
2.15 m
4 2.14 m 40.6 - - 432 187 - 424
1.48 m 28.9 1.90 t 39.8 m 39.8
1.79 m
6 1.86 m 31.2 1.34 m 216 135 m 21.2
1.95 m 1.50 m 1.47 m
7 - - 154.4 1.35 m 314 1.32 m 31.6
1.46 m 1.46 m
8 211 m 35.6 1.79 m 371 179 m 37.3
9 2.22 m 27.5 - 775 - 93.3
10 529 t(7.0) 1251 - 37.8 - 37.7
11 - - 135.4 1.67 m 35.5 1.66 m 32.0
1.91 m 1.91 m
12 2.09 m 40.1 2.46 m 219 181 m 35.6
13 217 m 27.5 - 126.1 - - 93.0
14 522 t(7.0) 1252 6.27 bs 111.3 5.14 d(2.84) 107.6
15 - - 1315 7.34 bs 143.2 6.43 d(284) 1478
16 1.57 S 17.9 1.22 bs 138.9 453 d(10.1) 81.5
405 d(10.1)
17 1.65 S 26.1 092 d(6.62 165 086 d (6.62) 17.6
18 1.59 S 16.4 0.97 S 226 093 S 224
19 4.39 S 108.1 0.87 S 29.0 0.83 S 29.5
20 1.61 S 23.9 0.96 S 16.8 0091 S 211
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2.2.  Otostegindiol (9)

9 was obtained as a white solid upon repeated column chromatography on slica ge
and Sephadex LH 20 columns. Its mass spectrum exhibited a molecular ion pesk a m/z 320,
which in combination with its H- and 3C-NMR data (Table 1) led to an dementd
composition of CyH3203, an oxygenated diterpenoid with five degrees of unsaturation.
Fragment pesks & m/z 81 and 95 in the mass spectrum indicated the presence of a b-
monosubstituted furan ring. This was confirmed by its *H NMR spectrum that showed typical
ggnds of a b-monosubgtituted furan ring a d 6.27 (1H, bs, H14), 7.34 (1H, bs, H15) and
7.22 (1H, bs, H16). This indicated that three of the unsaturations were due to the furan ring.
The remaining two should be due to two rings since no sgnd aisng from multiple bonds
was present in any of the spectra Moreover, the appearance of resonances of severd
methylene protons connected to the same carbon at different chemicd shifts substantiated the

presence of ringsin the molecule.

Figure 3. Key 1H-1H COSY couplings (bold face bonds) observed for compound 9

The 'H NMR data (Table 1) dso contained three methyl singlets a d 0.87 (Ha—
19), 0.96 (H3—20), 0.97 (H3s—18) and a methyl doublet & d 0.92, (J=6.62, Hs-17). The proton
NMR dso contained a methine multiplet a d 1.79 (H-8) which was coupled to the secondary
methyl doublet (d 0.92, Hs-17) as observed in the H-'H COSY spectrum. Presence of a
methine carbinol group (H-3) was indicated by one proton signd a d 3.35 (1H, bs). A
multiplet & d 246 due to the H,-12 methylene group was aso observed. The remaning
proton sgnas were overlgoping in the range of d 1.24 to 2.00. These indlude five methylene
protons due to Hy-1 (d 1.25, 1.93), Ho-2 (d 1.64, 1.96), H-6 (d 1.34, 1.50), H,-7 (d 1.35, 1.46)
H,-11 (d 1.67, 1.91) and amethine multiplet dueto H-5 (d 1.90).
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cl
N OH
CH;

HO
L
Fgure 4. Key HMBC couplings obeerved for compound 9

The 3C NMR of 9 contained signds due to a total of twenty carbon atoms. These
were four primary, Sx secondary, sx tertiay and four quaternary carbons. This was dso
confirmed by a PENDANT experiment (Homer et d., 1994). Among these, two carbons were
oxygenated. One was a methine carbinol at d 76.3 and the second was a quaternary carbinol at
d 775. In the H-'H COSY spectrum of the compound (Figure 3), key couplings that
indicated the connectivity in the molecule were observed between the methylene protons a d
1.25 (Hs-1), 1.93 (Hp-1) and at d 1.64 (Hs-2) and 1.96 (Hp-2). The latter were coupled to the
carbinol methine proton a d 3.35 (H-3). Furthermore, couplings were observed between the
methine multiplet centred & d 1.90 (H-5) and each of the two methylene protons a d 1.34
(Hs-6) and 1.50 (Hy-6) that were themsalves coupled to another two methylene protons a d
1.35 (Ha-7) and 1.46 (Hy-7). The latter were further corrdated to a methine multiplet centred
a d 1.79 (H-8) that was itsdf coupled to the methyl doublet a d 0.92 (Hs-17). Additiond ‘H-
'H couplings were observed between each of the two methylene protons a d 1.67 (Hg-11) and

191 (Hy-11) and the methylene multiplet centred a d 2.46 (H»-12). Smilaly in the HMBC

spectrum (Figure 4) of compound 9 severd key couplings were observed that enabled us to
elucidate the complete connectivity of atoms in the compound. Two of the primary methyl

groups a d 0.87 (Hs—18) and 0.97 (Hs—19) must be gemina because they exhibited couplings
with each other in the HMBC spectrum, i.e. the carbon a d 29.0 (C-18) was coupled to the
methyl proton singlet a& d 0.97 (Hs—19) and the carbon a d 22.6 (C-19) was coupled to the
methyl protons snglet a d 0.87 (Hs—18). Furthermore, in the HMBC spectrum the methine
carbinol a d 76.3 (C-3) exhibited couplings to each of the gemind methyl proton singlets & d
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0.87 (Hs—18) and 0.97 (H3—19) and to each of the two methylene protons a 1.25 (Ha,-1) and
1.93 (Hi-1) and the two methylene protons a d 1.64 (Hg2), 1.96 (Hy-2).(see dso *H-'H
COSY). This indicated that the secondary hydroxyl group has to be a G3 on the Aring of
the molecule. This was further substantiated by the observation of couplings in the HMBC
gpectrum between the diphatic methine carbon a d 39.8 (C-5) and the two gemind primary
methyl proton singlets. The diphatic methine carbon ad 39.8 (C-5) was aso coupled to
another primary methyl snglet a d 0.96 (Hs-20).

Another key dructura information was obtained from the couplings observed between
the quaternary carbinol a d 77.5 (C-9) and the methyl proton doublet a& d 0.92 (Hs-17), the
methyl proton singlet a 0.96 (Hs-20), the methylene proton multiplets at 1.67 (Ha-11), 1.91
(Hy-11) and 2.46 (H.-12) which clearly indicated that the tertiary acohol should be & G9. At
this sage it became clear that 9 had a furanolabdane diterpene skeleton.

Figure 5. Key NOESY correlations observed for 9

The relative stereochemigtry of the chird centres a G3, C-5, C-8, CG9 and G-10 was
deduced from the NOESY spectrum of the compound and J-vaues. In the NOESY of 9
(Figure 5) couplings were seen between H3/H3-18, H3/H3-19 and H3/Hs-2 and H3/H-2.
This indicated that H-3 must be equatorid and on the b- sSde of the molecule. This was dso
supported by the smdl J-vdues for the equatorid-axid and equatorid-equatoria couplings
between H-3/H4-2 and H-3/Hy-2.
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The presence of NOESY couplings between H-5/H3-18 indicated that H5 had to be
a- oriented like the C-18 methyl. NOESY correations between H-8/Hs-20, H-8/H-11, H-
11/H3-20 and Hs3-19/H3-20 indicated the close proximity of these groups and their
b- disposition. Therefore the G17 methyl group had to be equatorid and a-oriented. Thus, al
the NMR data of the compound are in agreement with the proposed structure of 15,16-epoxy-
3a ,9a -dihydroxy-labda- 13(16),14-diene (9). In addition, the stereochemistry observed for the

compound is Smilar to that of other |abdane diterpenes reported from the Lamiaceae family.

2.2.  Preotostegindiol (10)

10 was obtained as a white solid. Its *H NMR (Table 1) was similar to that of 9, except
tha 10 ingead of the furan ring dgnds exhibited sgnds typicd of a b,b-disubgtituted
dihydrofuran ring. These signas appeared a d 6.43 (1 H, d, J2.84, H-15), 5.14 (1 H, d,
J=2.84, H-14) and a two proton AB system a d4.53 (1 H,d, F10.1) and 4.05 (1 H, d,
J=10.1) corresponding to the methylene group of the dihydrofuran ring (H.-16). This was
further confirmed by the signds in the 3C NMR spectrum a d 93.3 (C-9) and 93.0 (C-10),
which were joined by the ether linkage of the 9(13)-epoxy group and the appearance of an
oxygenaied methylene sgnd & d 81.5 (C-16) ingtead of the olefinic methine sgnd a d 138.9
in 9. The remaining NMR data of 10 resembled those of 9. The converson of 10 to 9 under
mildly acidic conditions was further proof of structure of 10.

Prefuranic and furanic labdane diterpenoids are commonly encountered in many
species of the Lamiacese family, such as O. fruticosa (Al-Musayeib et d., 1995), Leonurus
heterophyllus (Hon et al., 1993), L. persicus (Tasdemir et a., 1998) Marrubium vulgare
(Bergeron et a., 1995), and Ballota aucheri (Rustaiyan et d., 1992). O. integrifolia isthe only
gpecies, 0 far, in which C-3 hydroxylated prefuranic and furanic labdanes are found. In
addition, unlike the labdanes from other species, these two labdanes from O. integrifolia, are
missng C-6-, C-7- or C-8-oxygenations.

2.3. Pentatriacontane

This compound was euted in the firg two fractions by a gradient of pure rhexane to
5% nhexane in ehyl acetate from a glica gd column during the initid fractionation of the
crude chloroform extract. Upon remova of the solvent under vacuum an impure solid was
obtained which on recrygalization from methanol gave a white cyddline solid. The mass
goectrum of the compound showed a molecular ion pesk a& m/z 492 which led to the
elementd compogtion of CssHz2. Moreover, a fragmentation pattern with a difference of 28
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mass units corresponding to a loss of ethylene typica of long chain hydrocarbons, was
observed. The *H NMR of the compound showed only two signals, a broad singlet & d 0.95
corresponding to sx protons of the two terminal methyl groups and a broad snglet & d 1.45
corresponding to 66 protons for the remaining 33 methylene groups. The 3C NMR displayed
sgndsa d 14.6 (2XCHs), 23.4 (CHy), 30.1 (CH,), 30.4 (30XxCH,) and 32.6 (CHy).

24  Sigmasterol

This was obtaned as a white solid upon repeated chromatogrephy on slicage and
Sephadex LH 20 columns. This compound was quickly recognized as a seroid from its mass
spectrum, which exhibited a molecular ion pesk & m/z 412 corresponding to an eementa
composition of GgHasgO. Its proton NMR spectrum was found to be identica with that of an
authentic sample.

3. Experimental

31 General

The plant material used in this study was collected near the town of Ambo, Ethiopia
Méeting points were measured with an Electrothermd Méting Point apparatus. The NMR
spectra were recorded on a Bruker WM 400 or 500 MHz spectrometer in either deuterated
benzene or deuterated chloroform. The chemicd shift values are reported with reference to
TMS and the coupling congants are given in Hz. Opticd rotations were measured as solutions
in methanol or benzene on a Perkin Elmer 341 polarimeter at 589 nm and 20 °C..

3.2. Hydrodistillation, extraction and isolation procedure

Ca 500 g of cleaned, air dried and pulverized leaves of O. integrifolia were divided
into two equa portions. The firg pat was homogenized and hydrodistilled in a Clevenger
type apparatus for 2.5 hours and a dightly greenish oil was collected in HPLC grade hexane.
The il was andysed on an Orion capillary GC with FID detector, containing 2 columns, a 25
m/0.25 mm i.d. non-polar CPSil-5-CB and a dightly polar CPSil-19-CB column of identicd
dimensions. The oven temperature was programmed from 50°C to 230°C at a rate d 3°C/min.
The injector and detector temperatures were kept a 200°C and 250°C, respectively. The oil
was then further andysed usng GC-MS on a HP 5890 GC coupled to a VG Andyticd 70-
250S mass spectrometer with dectron impact (70 €V) ionizaion. Retention indices and mass
gpectra of the components were compared with library spectra generated under identical
experimental conditions Joulain and Koénig, 1998; Hochmuth et d., 2002). Some high boailing
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components, incdluding 8, were gpparently unknown. Then the oil was fractionated into 12
fractions on a modified Varian 1400 preparative gas chromatograph, equipped with a sainless
ged column (1.85m x 4.3mm) packed with 10% polydimethylsloxane SE 30 on Chromosorb
W-HP. Then 8 was isolated from fraction 9 usng the same preparative GC equipped with a
column (2m x 4.3mm) packed with the dightly polar SE 52 Sationary phase.

The second pat of the dried pulverized leaves of O. integrifolia was soaked in
chloroform at room temperature for 48 hours. The extract was filtered and the chloroform was
removed under vacuum to give a dark oily residue. Pat of the extract was subjected to
column chromatogrgphy on a dlica gd column with hexane as duent containing increasing
amounts of ethyl acetate. Fourteen fractions were collected. Fractions 1 and 2 eluted with pure
and 5 % hexane in ethyl acetate, respectively, and yielded pentatriacontane. Fractions 7, 8 and
10 gave impure solids upon evgporaion of the solvents under vacuo. Each of these was re-
chromatographed separatdy on dlica gd columns usng n-hexane with increesng amounts of
ethyl acetate (20-30%, viv) as duent, followed by purification from chlorophyll on a
Sephadex LH-20 column using chloroform/methanol (2.1, viv) as duent. By this method,
fraction 7 gave digmadterol, fraction 8 afforded compound 10 and fraction 10 yielded
compound 9.

3.3.  (+)-Axinyssene (8)

Colourless ail, Rlcpsi5=1142, sense of optical rotation (benzene): (+); MS (El, 70 eV), m/z
(rel. inten.): 272 (5), 257 (2), 229 (3), 187 (12), 175 (4), 159 (4), 147 (4), 133 (5), 119 (13),
107 (20), 93 (36), 81 (50), 69 (100), 55 (25), 41 (75). *H- and *C-NMR data, see Table 1.
3.4. Otostegindiol (9)

White crystals from hexane; mp 124-125°C; []20°° = (+) 25 (c=0.01, methanol); ‘H-

and 3C-NMR (see Table 1); MS (El, 70 eV), miz (rd. inten.): 320 [M*] (33), 302 (20), 284
(3), 259 (6), 241 (8), 207 (10), 189 (10), 179 (14), 165 (53), 150 (88), 135 (34), 123 (58), 109
(26), 95 (56), 81 (100), 69 (34), 55 (22), 43 (35).

3.5 Preotostegindiol (10)

White crystals. NMR data, see Table 1. 10 rearranged completely to 9 when submitted to
GC or GC-MS.

3.6 Pentatriacontane
MS (El, 70 eV), m/z (rdl. inten.): 492 (1), 464 (8), 436 (7), 365 (6) 351 (6), 337 (6), 323
(6), 309 (6), 295 (6), 281 (7), 267 (7), 253 (7), 239 (7), 225 (8), 211 (9), 197 (9), 183 (10),
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169 (11), 155 (12), 141 (14), 127 (17), 113 (20), 99 (28), 97 (18), 85 (69), 83 (19), 71 (85), 69
(17), 57 (100), 55 (16), 43 (48).
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ABSTRACT: The compostion of the essantid oil from the flowers of Chloranthus spicatus
(Thunb.) Makino (Chloranthacese), was invedigated usng capillay GC, GC/MS prepardive
GC and NMR techniques. Forty-seven compounds were identified ether by comparing their
retention indices and mass pectra with a library of authentic samples established under identicd
expaimenta conditions or, by isolating the compounds and edablishing ther dructures by 1-
and 2-dmendond NMR invedigaions. Thus four minor components viz. chloranthdactone A
(05 %), isogermafurendlide (0.7 %), eudesma-4(15),7(11),9-trien-12-olide (0.5 %), and 7a-
hydroxyeudesm-4-en-6-one (3.3 %), were isolaed for the fird time as condituents of the
essatid oil of the flowers of C. spicatus and ther structures established. The mgor components
of the al indude (Zyb-ocimene (6.3 %), allo-aromadendrene (6.2 %), saisane (2-dliyl-4,5
methylenedioxyanisol, 4.2 %) and sdina-4 (15), 7 (11)-diene (6.4 %).

KEY WORDS. Chloranthus spicatus; essetid oil;  7a-hydroxyeudesm-4-en-6-one
chloranthdactone A; isogermafurenclide  eudesma-4(15),7(11),9-trien-12-dide.  (Z2)-b-odmene
allo-aromadendrene; sarisane; sdina-4 (15), 7 (11)-diene,
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I ntroduction

Three Chloranthus species of the family Chloranthecese are liged in the Hora of Vietnam. They
conss of C. erectus (Benth & Hook. f.) Verdc., C. japonicus Seb. and C. spicatus (Thunb.)
Makino. The C. spicatus spedies (Vietnamese name: Soi gie) is a herb reaching the height of 1.5
m with plessat-sndling ydlow flowers in summer and autumn®?. The plat is grown in
Vietnam to produce flowers for scenting tea'?. Ealier investigation concerned the sesquiterpene
condituents of C. serratus™, C. glaber®’, C. japonicus®** and the condtituents of the volatiles of
flowers of C. spicatus growing in China™*°. We now report on the constituents of the flower
essentid oil of C. spicatus of Vienamese origin.

Results and Discussion

The essantid oil compostion of C. spicatus was invesigated using capillary gas chromatography
(GC), GC-mass gpectrometry (MS), preparative GC and NMR  techniques. Forty-seven
compounds (Table 1) were identified either by comparing the retention indices and mass spectra
with a library of authentic data established under identical experimenta conditions'” 8 or, where
deemed necessry, by isolaling the compounds using preparative GC and edablishing thar
dructure usng NMR techniques. Thus, four minor components (Fig. 1) viz. 7a-Hydroxyeudesm
4-en-6-one (1), chloranthdactone A (2), isogermafurenclide (3) and eudesma-4 (15), 7(11), 9
trien-12-olide @) were isolated for the first time as condituents of the ol of C. spicatus and ther
dructures etablished from ther MS, 1D- and 2D-NMR data. (Z)-b-ocimene (6.3 %), dlo
aromadendrene (6.2 %), sarisane (2dlyl-4,5-methylenedioxyanisol, 4.2 %) and sdina-4 (15), 7
(11)-diene (6.4 %) were found to be the mgor components. The mgor components in the flower
esentid ail of C. spicatus of Chinee origin were methyl jasmonate™ °, (2)-b-odmene®®, b-
pinene™ and 4- hydroxy-b -ionone™®.

1 7a-Hydroxyeudesm-4-en-6-one (1)

The *H- and HMQC-NMR spectra of compound 1 exhibited the presence of two secondary
methyl groups & d 0.96 (d, J =7.0) and d 0.97 (d, J=7.0) and two tertiary methyl groupsa d 0.83
and d 1.82. The chemicd shift of d 1.82 is typicd for an dlylic proton. The presence of a methine
septet centred a d 2.37 (J =7.0) and five methylene multiplets & d (1.22, 1.30), (1.31, 1.38),
(1.77), (1.59, 1.74) and (1.23, 1.82) was aso observed (Table 2). The **C-NMR of the compound
contained sgnds of a totd of 15 carbon aoms (Table 2) induding four methyl, five methylene,
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an diphaic methine and five quaernary carbons (one diphaic, one carbinal, two olefinic and
one keto carbonyl group). In the EI-MS of 1, the molecular ion signd gppeared a mvz 236. This,
in combingion with the H-NMR and *C-NMR data suggested an dementa composition of
Ci5H240,, corresponding to an oxygenated sesquiterpene with four degrees of unsaturation. Two
of the unsaturations were due to two double bonds and therefore the remaining two must be due

to tworings

Tablel Condtituents of the Hower Essantid oil of Chloranthus spicatus.

Name Ret.inded % Composition
Benzadehyde 941 trace
a-Pnere 943 0.2
1-Octene-3-ol 969 11
b-Fnene 982 0.8
Myrcene 991 0.1
p-Cymene 1021 0.1
Limonene 1031 trace
(Z)-b-Ocimene 1033 6.3
(E)}-b-Ocimene 1044 2.8
0-Guiacol 1083 trace
Rose furan 1087 0.2
Linaool 1090 0.2
1-Oct-3-enylacetate 1099 2.2
trans-Pinocarvylformete 1249 0.1
SHrol 1267 16
Bicydodemene 1341 trace
(E)-Isosafrol 1354 0.2

3 Retention Index on a25 m x 0.25 mm CPSil-5 polydimethylsiloxane.
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a-Copaene
b-Blemene
Cescailladiene
(E)-b-Caryophyllene
g-Elemene
trans-a-Bergamotene
(E)-b-Fanesene
Sina-4(15),7-diene
a-Humuene

Allo aromadendrene
Saisane
5-epi-Arigolochene
g-Muurolene
Furanoelemene (Furanodiene)’*
b-Sdinene
(2)-a-Bishdene
Bicydogermacrene
b-Bissbolene
d-Cadinene
Sdina-4(15),7(11)-diene
Gemecrene B

Spathulenal
Methyl jasmonate

# Under the used GC conditionsinter-conversion is possible.
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Germacrone 1675 2.2
7a-Hydroxyeudesm-4-en-6-one 1702 3.3
Eudesma-4(15),7(11)-dien-8-one 1707 0.2
(2)-Lanceol 1739 0.1
Isogermafurenclide 1869 0.7
Chloranthaactone A 1943 0.8
Eudesma-4(15),7(11),9-trien-12-dlide 1968 0.5

In the 'H-'H COSY of compound 1 (Table 3), couplings were observed between the
methylene protons a d 1.22 (Hs-1), 1.30 (Hy-1l) and 1.31 (Ha2), 1.38 (Hy-2). The latter were
further coupled to another methylene group a d 1.77 (H.-3). In addition, two methylene groups a
d 1.59 (Hs:-8), 1.74 (Hy-8) and d 1.23 (Hs-9), 1.82 (Hyw-9) showed coupling corrdations with each
other. Again, both of the secondary methyl doublets a d 0.96 (Hs-12) and d 0.97 (Hs-13) were
not only coupled to the methine septet at d 2.37 (H-11) but dso coupled to each other indicating
the presence of an isopropyl group. In the HMBC spectrum of the compound (Table 3), the
cabinol carbon & d 78.68 (C-7) was coupled to the methine septet a d 2.37 (H-11), the two
secondary methyl protons & d 0.96 (Hs-12) and 0.97 (Hs-13) and the two methylene groups at
d 1.59 (Ha8), 1.74 (Hy-8) and d 1.23 (Hx-9), 1.82 (Hp-9). This indicated thet the isopropyl group
must be connected to the carbinol carbon. The keto carbon a d 202.44 (C-6) was coupled to the
methine septet & d 2.37 (H-11), the methylene protons a d 159 (Hs-8), 1.74 (Hp-8) and the
olefinic methyl anglet a d 1.82 (Hs-15). One of the olefinic quaternary carbons & d 138.17 (C-5)
was coupled to the tertiay methyl Snglet @& d 0.83 (Hs-14) and the definic methyl dnglet & d
1.82 (Hs-15) while the other odlefinic quaternary a d 141.55 (C-4) was coupled soldly to the
oldinic methyl anglet & d 1.82 (Hs-15). From this data it was concluded tha the compound hed
an eudesmane skeleton with a double bond between G-4 and G5, the keto group at G6 and the
carbinol group a G7. In addition, the MS and NMR data were found to be smilar to the only
report of the compound from adifferent chlorantus species, C. serratus®.
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Table2. *H and 13C -NMR data.of Compounds1, 2, 3 and 4.

1 2 3
C | *H,ppm [ C,ppm| H,ppm | *C, H,ppm [ C, ppm| *H, ppm [ C, ppm
No. ppm
1| 122130 38.57 117 27.05 |5.38,dd, J=| 146.98 1.03m 39.32
24,14.5
2 | 131,138 1869 |056,0.72| 17.36 | 4.70,4.78 111.40 1.19m 30.47
3 177 33.43 171 2291 | 448,484 11364 |159195| 36.67
4 - 141.55 - 150.79 - 144.89 - 147.82
5 - 138.17 259 62.45 156 52.55 166m 47.90
6 - 20244 |11.67,204| 21.26 | 1.82 211 28.00 119183 2351
7 - 78.68 - 150.24 - 160.63 - 147.31
8 | 159174 26.58 - 147.68 4.20 77.08 - 148.58
9 | 123182 35.51 581 118.66 | 0.94,1.81 45.68 504s 117.96
10 - 37.27 - 40.08 - 40.68 - 37.63
11 | 2.37 s=p. 32.60 - 123.52 - 120.30 - 120.93
J=7.0
12 0.96 d, 16.22 - 170.73 - 174.86 - 170.36
J=7.0
13 0.97 d, 18.42 152 8.75 161 823 140s 8.66
J=7.0
14 0.83 25.27 048 22.23 0.67 16.62 0.49s 18.74
15 182 2211 |459,5.00| 106.61 150 24.71 4.19s, 107.50
459 s
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2. Chloranthalactone A (2)

The 'H- and HMQC-NMR spectrum of 2 exhibited the presence of two tertiary methyl groups
a d 048 and 1.52, the latter being obvioudy dlylic. The presence of three diphatic d 1.17, 1.70,
2.59) and one olefinic (d 5.81) methine groups were dso observed. Furthermore, the presence of
two diphaic methylene groups a d (0.56, 0.72) and d(1.67, 2.04), respectivdy, and one
exocydic alefinic methylene groupd (4.59, 5.00) was observed.

Figure 1. 7aHydroxyeudesm-4-en-6-one (1), chioranthalactone A (2), |sr.)gerrrafurem||de(3)ard
eudesime-4 (15), 7(11), 9-trien-12-dlide (4) from Chloranthus spicatusflowe essential oil

The 3C-NMR of the compound contained signds of a totd of 15 carbon aoms These were
assgned to two methyl, two diphatic and one exocydic methylene, three diphatic and one
olefinic methine, one diphatiic and five definic quaternary carbons (Table 2). The presence of a
lactone function in the compound was readily recognized from the *C-NMR shift a d 170.73 (C-
12) of the lactone carbonyl group. In the EI-MS of 2 the molecular ion dgnd appeared a m/z
228. This, in combindion with the *H- and 3C NMR data indicated an elementd composition of
CisH1602, an oxygenaed sesquiterpene with eght degrees of unsaturdtions. Four of the
unsaturations were due to four double bonds and the remaining four must be due to four rings.

In the *H-'H COSY spectrum (Table 4) of compound 2 corrdations were observed
between the methine multiplet & d 1.17 (H-1) and each of the two methylene proton multiplets a
d 056 (Hy2) and 0.72 (Hy-2). The latter was coupled to another methine group a d 1.71 (H-3).
Furthermore, the two methine groups were coupled to eech other. These high fidd methylene
dgnals indicated the presence of a cydopropane ring in the compound. On the other hand, dlylic
couplings were observed between the methine group a d 1.71 (H-3) and the exocydic methylene
protons a d 4.59 (Hz;-15) and 5.00 (Hy15). Also, the later showed an dlylic coupling to the
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methine group a d 259 (H-5) which indicated the pogdtion of the exocydic methylene group
between the C-3 and C-5 methines connected to C-4. The C-5 methine proton was further
coupled to methylene protons & d 1.67 (Ha-6) and d 2.04 (Hy-6). The latter exihibited J coupling
tothedlylic methyl snglet atd 1.52.

In the HMBC spectrum of 2 (Teble 4), severa important corrdations were observed that
substantiated the structura evidences observed in the *H-'H COSY. Thus the diphatic quaternary
carbon a d 40.08 (C-10) was corrdated with the cyclopropane methylene protons & d 0.56 (Hx
2) and 0.72 (Hy-2), the diphatic tertiary methyl snglet & d 048 (Hs-14), the definic methine
ange a& d 581 (H-9) and the diphaic methine multiplet & d 259 (H-5). Furthermore, the
diphatic methine cabon & d 6245 (C-5 was corrdaed to the exocydic olefinic methylene
protons a d 4.59 (Ha15), 5.00 (Hw-15), the diphatic tertiary methyl snglet & d 0.48 (Hs-14) and
the methylene potons a d 1.67 (Ha-6) and d 2.04 (Hx-6). The latter were dso corrdated with the
olefinic quaternary cabons a d 15024 (C-7) and d 12352 (C-11). Additiond coupling
correlations were obsarved between the dlylic methyl anglet a& d 1.52 (Hs-13) and the definic
quaternary carbon a d 123.52 (C-11) and the lactone carbonyl carbon a d 170.73 (C-12). One of
the methine carbons of the cycopropane ring a d 2291 (C-3) was coupled to the exocyclic
methylene protons a d 4.59 (Hz15) and 5.00 (Hp-15). All the NMR data of the compound are in
agreement with the proposed structure. This compound was first reported from C. glaber!® where

dructurd ducidation was done patly by spectroscopic and patly by chemicd methods Its
presence in Sarcandra glabra?® was also reported.

3. | sogermafurenolide (3)

The 'H- and HMQG-NMR spectra of compound 3 exhibited the presence of one diphatic and
two dlylic tetiay methyl groups a d 0.67, d 1.50 and d 1.61, respectively. Also the presence of
two diphaic and one dlefinic methine sgnd centred & d 1.56, d 4.20 and d 5.38 (dd, J = 2.4,
14.5 Hz) were obsarved. Two diphatic methylene multiplets a d (0.94, 1.81), d (1.82, 2.11), and
two exocydic definic methylene Sgnds a d (4.48, 4.84) and d (4.70, 4.78) were dso present
(Table 2). The *C-NMR of the compound contained signdls for a total of 15 carbon aoms (Table
2). Thee were three methyl, four methylene (two diphatiic and two exocydic dlefinic), three
methine (one diphatic, one oxygenated and one dlefinic) and five quaternary (one diphatic, three
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olefinic and a lactone carbonyl) cabon dgnds. In the EI-MS of 3 the moecular ion sgnd
gopeared & mvz 232. This, in combingion with the *H- and *C-NMR data, indicated an
dementd compodtion of CisHx0O,, a sesquiterpene lactone with 9x degrees of unsaturdion.
Four of the unsaturations were atributed to four double bonds and therefore the remaining two
must be due to the two rings. Ingpection of the NMR and MS data of the compound led to the
proposed  sructure. The compound was previoudy reported from Lindera strychnofolia®?,
Neolitsea hiiranenss® and has dso been synthesizef>. The NMR daa of 3 ae in good

agreement with the reported data.
Table 3. Important *H-*H COSY and HMBC corrdlations observed in 1.
'H-1H cosy HMBC
Hydrogen Corrdlated with Carbon Corrdated with
Ho-1 H-2 C1 Hs-14
Ho-2 Ho-1, H>-3 C2 Ho-3
H2-3 H2-2 C-3 Hs-15
H2-8 H2-9 C-4 Hs-15
H,-9 H,-8, Hz-14 () C5 Hs-14, Hs-15
H-11 Hs-12, H3-13 C6 H-11, Hx-8, Hs-15
Hs-12 H-11 C7 Ha-8,Ha-9,H-11,H3-12, Ha-13
Hs-13 H-11 C8 H-11, Hy-9
Hs-14 Hp-9 () c9 Hir 8, He-14
C-10 Hs-14
C-11 Hs-12, Hs-13
C-12 H-11, Hs-13
C-13 H-11, Hs-12
C-14 Ho-1, Hp-9
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Table 4. Important *H-'H COSY and HMBC corrdlations observed in 2
H-1H cosy HMBC
Hydrogen Corrdaed with Carbon Corrdated with
H-1 Hx2, H-3 C1 Hs-14
Hz-2 H1,H3  C2 Hs-14
H-3 Hz-2, H-1, Hx-15 (3 C3 Hp-15
H-5 Hz-6, Ho-15 (I C4 Ho-2
H2-6 H-5 G5 Ho-6, H-9, Hs-14, H-15,
H,-15 H-3 (), H5 (3 C-7 Hi-6, H9, Hs-13
C-8 Hy6, H-9, Hs-13
C9 Hs-14
C-10 H2-3, Hyr 6, H-9, Hs-14
C-11 Hy6, Hs-13
C-12 Hs-13

4. Eudesma-4(15),7(11),9-trien-12-olide (4)

The 'H- and HMQG-NMR spectra of compound 4 exhibited the presence of one diphatic and
one dlylic tetiary methyl groups @ d 0.49 and d 1.40, respectively. In addition, the presence of
an diphaic methine multiplet centred a d 1.66, an definic methine snglet a d 5.04, four
diphaic methylene multiplets a d (1.03), d (1.19), d (1.59, 1.95) and d (1.19, 1.83) and one
exocydic definic methylene group & d (4.19, 459) was observed (Table 2). The ¥C-NMR
spectrum of the compound contained signds due to a tota of 15 carbon atoms (Table 2). These
were two methyl, five methylene (four diphatic and one exocydic definic), two methine (one
diphatic and one definic) and five quaternary carbon dgnds (one diphatic, four odlefinic and a
lactone carbonyl). In the EI-MS of 4 the molecular ion peek appeared & m/z 230. In combination
with the 'H- and °C-NMR daa this indicated an eementd composttion of CisHigOy, a
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seqquiterpene lactone with saven degrees of unsaturations. Four of the unsaturations were due to
four double bonds and therefore the remaining three must be due to the three rings. Inspection of
these NMR and the MS daa of the compound led to the proposed eudesmandlide. This
compound has previoudy been reported from Asteracese Aster umbellatus™, Mikania
banisteriae®™ and Atractylodes chinensis™.

Experimental

Plant material and I solation of the Essential Oil

The flowers of C. spicatus were collected in Phu Tho Province, Vietnam, in July 2001
The plant was identified by Dr. Tran Ngoc Ninh, a botanig a the Inditute of Ecology and
Biologicd Resources, Vietnam Nationd Centre for Naurd Science and Technology, Hanai,
Vienam. A voucher specimen (No. CSIEB 601) was deposted a the Herbarium of the same
Inditute. Hydrodidtillation of the dry flowers of C. spicatus yidded 0.7% (w/w) of the essentid
ol.

Table5. Important *H'H COSY and HMBC couplings observed in 4.
'H-'H cosy HMBC
Hydrogen Corrdaed with  Carbon Corrdaed with
Ho-1 Ho-2, Ha-14 C1 Ho-2, Ho-3, He-14
Ho-2 Ho-1, Ho-3 C-2 Hp-1, Hp-3
H,-3 Ho-2 Cc3 Hy-15
H-5 Ho-6 C-4 H,-2
H,-6 H-5 C5 H-9, Hs-14, Hp-15,
H-9 Hs-14 C-7 H-9, Hs-13
Hs-14 Ho>-1, H9 C-9 Hs-14
C-10 Hs-14
C-11 Hs-13
C-12 Hs-13
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Capillary GC Analysis

The ail was preiminary andysed on an Orion Micromat 412 GC equipped with double columns,
25 m x 025 mm polydmehylgloxane CP-SI-5-CB and CPR-SI-19-CB (chrompack) capillaries
ad flame ionision detectors The oven temperature was programmed linealy from 50°C to
230°C at a rate of 3 °C/min. The injector and detector temperatures were 200 °C and 250 °C
regpectivey and with a solit injection. The carrier gas used was hydrogen a a flow rate of 0.5 ml/
min..

GC-MS Analysis

GC-MS messurements were caried out on a Hewlett-Packard HP 5890 gas chromatograph
equipped with a 25 m x 025 mm polydimethylsloxane CP-SI-5-CB (chrompack) capillary
column and coupled to a VG Andyticd VG 70-250S mass spectrometer with eectron impact (70
€V) ionisation. The oven was operating under a linear temperature program from 80 °C to 270 °C
a the rate of 10°C/min. Helium was used as a carier ges & a flow rate of 0.5 ml/ sec.. The
injector, trandfer line and ion source temperatures were 220 °C, 230°C and 220°C respectively.

Preparative GC

Preparative GC was caried out on a modified Vaian 1400 preparative gas chromatograph,
equipped with danless sed columns (185 m x 43 mm) packed with ether 10 %
polydimethylsloxane SE 30 on Chromosorb W-HP or a modified b-cydodextrin (6-O-TBDMS
2,3-di-OMe-b-cydodextrin) dationary phases. This andyss was under taken in order to isolae
the minor components of the oil that could not be identified by the usud method of comparison
of mass spectra and retention indices of the unknowns with a library of mass spectra and
retention indices. There fore, in order to obtain enough materid for recording of NMR data, the
unknowns were enriched by repeeated fractionation of the il on the preparative GC equipped with
a column packed with the SE 30 dationary phase. During the fractionation, the oven temperature
was programmed from 80°C to 180°C at the rate of 2°C/min. Then, each of the fractions were
andysed by GC/MS to veify tha no trandformeion has teken place during the fractionation
process. Then, the individua compounds were isolated using the preparative GC equipped with a
danless ded column packed with the modified b-cycdodextrin (6-O-TBDMS 2,3-di-OMe-b-
cycdodextrin) dationary phase. By this method it was possible to achieve ca. 90 % or more purity.
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NMR spectr oscopy

NMR measurements were carried out with a Bruker WM 400 or 500 MHz ingrument usng TMS
asinterna standard in deuterated benzene, GsDs.
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Abstract

Andyss of the essentid oil of the liverwort Radula perrottetii  afforded two novd viscidane
diterpenes, viscida4,9,14-triene (1), viscida4,11(18),14-triene (2), four bisabolane
sequiterpenes, bisabola-2,6,11-triene  (3), bisabola-1,3,5,7(14),11-pentaene  (4), bisabola-
1,3,5,7,11-pentaene  (5), 6,7-epoxybisabola-2,11-diene (6), and 1-(4-methoxyphenyl)-2-
methyl propene (7) as new naturad products. In addition, the known compounds bisabola-
1,3,5,7(14),10-pentaene (8), ar-tenuifolene (9), a-hdmiscapene (10), and b-hedmiscapene
(11) were aso isolated. Isolation was carried out by preparative gas chromatography, and the
sructures were established by extensve NMR andyss. This is the firg finding of viscidane
diterpenes in liverworts. Compounds 8, 9 and the rardly encountered eudesmane sesquiterpene
hydrocarbons 10 and 11 are reported for the first time from R. perrottetii.

Keywords. Radula perrottetii; Liverwort; Essentid ail; Viscidane diterpenes, Bisabolane and

Eudesmane sesquiterpenes; ar- Tenuifolene.
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1. Introduction

The liverwort Radula perrottetii Gott. belongs to the Jungermannides Hepaticae). Ealier,
severad prenylated bibezyls and derivatives thereof have been reported from R. perrottetii
(Asakawa, et al., 1982, 1991; Toyota et a., 1985, 1994). Further investigation of the chemicd
condituents of R perrottetii resulted in the isolation of two diterpene hydrocarbons with
vistidane dructure (1, 2), (Fig. 1) four bissbolane sesquiterpenes (3-6) as wel as 1-(4-
methoxy phenyl)-2-methyl propene (7) a new compounds. In addition, bisabola-
1,3,5,7(14),10-pentaene (8), ar-tenuifolene (9) as wdl as two eudesmane sesquiterpenes (10,

11) were isolated.
A
-
(O i
MeO \\ // A .37

-y

10 11
Figure 1. Structures of compounds isolated from the essentid oil of R. perrottetii

2. Results and discussion

The essentid oil of R. perrottetii was analysed by gas chromatography (GC) and coupled
gas chromatography-mass spectrometry (GC/MS). Mass spectra and retention indices of the
components of the essentid oil on a non-polar stationary phase (CPSil-5) were compared with
a library of mass gpectra of authentic compounds established under identicd experimenta
conditions (Joulain and Konig, 1998; Hochmuth et d., 2003): D-3-Carene, a-terpinene, p-
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cymene, (2)-b-ocimene, g-terpinene, terpinolene, b-eemene, a-gurjunene, 7-epi-a-cedrene,
a-gurjunene, a-cedrene, aristolene, g-madiene, eremophila-1(10),6-diene, caarene, vaerena-
4,7(11)-diene, «Hina-3,7-diene, b-acoradiene, allo-aromadendrene, 4,5-di-epi-aristolochene,
sdina-4,7-diene, b-chamigrene, eremophila-1(10),7-diene, eremophilene, hinesene, cuparene,
a-chamigrene, (E)-g-bisabolene, g-cuprenene and bicyclohumulenone were identified. Eleven
components that could not be identified by this method were isolated by preparative GC and
their structures were established as viscida4,9,14-triene (1), viscida-4,11(18),14-triene (2),
bisabola-2,6,11-triene (3), bisabola-1,3,5,7(14),11-pentaene (4), bisabola-1,3,5,7,11-pentaene
(5), 6,7-epoxybisabola-2,11-diene (6), 2-methyl-1-(4-methoxy phenyl)propene (7), bisabola-
1,3,5,7(14),10-pentaene (8), ar-tenuifolene (9), a-hdmiscapene (10) and b-hdmiscapene (11)
(Fig. 1) from ther respective MS, 1D- and 2D-NMR data and comparison with reported data
for the known compounds. Compound 8 was previoudy reported from Biota orientalis wood
(Tomita, et d, 1969). Compound 9, htherto described only from the East African Sandawood
plant Osyris tenuifolia as the (-)-enantiomer (Kreipl et d., 2004) was found to exig in the
unusud recemic form in the ol of the liveewort R perrottetii. It was earlier reported
(Asakawa, 1995; Konig e d., 1998; Toyota et al., 1999) tha biosyntheses of racemic
mixtrures of sesquiterpene hydrocarbons occur in  liverworts only occasondly. Both
compounds 10 and 11 were previoudy described as condituents of liverworts (Huneck et d,
1978).

2.1. Viscida-4,9,14-triene (1)

Compound 1 was isolated as ail by preparative GC from the essentid oil of the plant. Its
mass spectrum displayed a molecular ion signa a m/z 272. Its *H (Table 1) and HMQC NMR
data exhibited the presence of three alylic methyl snglets two methyl doublets, five methine
proton signas (three of them olefinic) as wel as sx methylene multiplets. The 3C NMR
(Table 1) showed ggnds of twenty carbon atoms including four quaternary carbons, three of
them olefinic, besides the signds of the groups observed in the *H and HMQC NMR. The 'H
and ¥C NMR daa in combination with the mass spectrum confirmed an eementd
compostion of CyoHsz, a diterpene hydrocarbon with five degrees of unsaturation. Detailed
andyss of the two dimensona NMR spectra of the compound confirmed that three of the
five unsaturations were due to double bonds reveding a bicyclic diterpene. The exact
connectivity of aoms within the molecule that led to the vistidane type skeleton was
established by interpretation of the 2D *H,*H COSY and HMBC spectra
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Table1: *H and *3C NMR data of compounds 1, 2, 3 and 6

c- 1 2 3 6
No. d'H m(@) d¥C dH mQ@ d®C dH m@ d*=™c dH mQ d¥c
1 - - 503 - - 448 197 m 323 18 m 293
224 m
2 186 m 288 180 m 328 235 m 272 167 m 273
197 m 200 m

3 542 Dbs 1215 540 bs 122.1 1342 - - 134.5

- m 1332 - - 1338 539 bs 1215 531 s 120.2
136 m 329 134 m 308 275 bs 304 200 d(15) 31.9
175 m 143 m 2.24  d(15)

6 187 m 284 189 m 284 - - 1289 - - 63.3
208 m 408 177 m 413 - - 126.3 - - 64.0

8 245 m 391 113 m 336 208 t(75 342 140- m 34.7
18 m 182 m 1.58

9 535 t(22) 1206 1.68 m 296 154 m 27.3 m 24.18

10 - - 156.8 229 m 559 198 m 383 192 t(7) 385

11 196 m 313 - - 150.6 - - 146.1 - - 146

12 143 m 389 211 m 376 482 bs 1105 478 s 110.8
161 m 480 s

13 205 m 269 224 m 281 166 s 228 162 s 22.6

14 525 t52 1255 525 t(7) 1253 162 s 187 118 s 18.8

15 - - 1309 - bs 1315 164 s 239 161 s 23.7

16 159 s 178 157 s 18.4

17 169 s 259 167 s  26.2

18 106 d(7) 230 487 s 111.6
500 s

19 098 d(7) 186 091 d(7) 180

20 162 bs 237 162 bs 238
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2.2. Viscida-4,11(18),14-triene (2)

Compound 2 that eluted next to 1 on the CPSIl-5 capillary column was isolated as an ail.
Its mass spectrum showed a molecular ion pesk a m/z 272 smilar to 1 but the base peak for
the latter was a m/z 122 while that of the former was a m/z 119. Its *H (Table 1) and HMQC
NMR data indicated the presence of three dlylic methyl snglets, a methyl doublet, four
methine protons sgnas (two of them olefinic) and eight methylene multiplets (including one
exocydic methylene). The ¥C NMR (Table 1) displayed signds due to four quaternary
carbons three of them olefinic besides the signds of the groups obsarved in the *H and
HMQC NMR spectra. Thus smilar to compound 1, the *H and *C NMR data in combination
with the mass gpectrum reveded an dementd compogtion of CyoHsp, a diterpenoid
hydrocarbon with five degrees of unsauration. Examination of connectivity of aoms in the
'H,'H COSY and HMBC spectra verified that three of the unsaturations were due to double
bonds and, consequently, the carbon skeleton was bicyclic. Further interpretation of the
observed correlations in the 2D *H,*H COSY, and HMBC spectra of the compound led to the
depicted structure for compound 2 that differed from compound 1 in the postion of one of the
double bonds.

The relative configurations of compounds 1 and 2 was determined by 2D-NOESY
spectrum of compound 2, where a key correlation was observed between the methyl doublet
a d 091 (Hz-19) and the methine proton multiplet a d 2.29 (H-10). This indicated these
subgtituents to be dStuated a the same dde of the molecule furnishing the depicted rdative
configuration. Assuming close biogenetic reaionships between 2 and 1 the configuration at
C7 in the latter was suggested to be the same as in the former. This is the firg isolation of
viscidane diterpene hydrocarbons from the genus Radula. Diterpenes with viscidane skeleton
were hitherto reported from plants of the genus Eremophila only (Ghisaberti, et d., 1984;
Forster et al., 1986 and 1993; Syah et d., 1997).

The absolute configuration of the viscidane diterpenes from Eremophila species was
determined to be opposte to that of the sesquiterpene hydrocarbon, (+)-a-acoradiene
(Ghisaberti, et d., 1984). It is long recognized that liverworts produce terpenes that are
predominantly optical antipodes to those found in higher plants (Hayashi, et d., 1975, Konig,
et a., 1998). Therefore, it is expected that the viscidane diterpenes from the liverwort R
perrottetii could show the oppodte absolute configuration to those reported from the
Eremophila species dthough this remains to be clarified.
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2.3. Bisabola-2,6,11-triene (3)
The *H NMR (Table 1) of compound 3 indicated the presence of three dlylic methyl

groups, seven methylene groups including one exocydic methylene as well as one olefinic
methine proton. The *C NMR (Table 1) indicated the presence of fifteen carbon atoms. The
MS of 3 exhibited a molecular ion d9gnd a m/z 204 confirming an dementd compogtion of
CisHo4. Andyss of the 2D *H,'H COSY and HMBC spectra of the compound led to a
monocyclic bisabolane skeleton having three double bonds as indicated. While this is the first
report of the compound from a naturd source, it has been syntheszed earlier as an
intermediate in the preparation of iso-b-bisabolol reported from East Indian and western
Audrdian sasndawood ail. (Braun, N.A. et a., 2003).

2.4. Bisabola-1,3,5,7(14),11-pentaene (4)

The 'H NMR (Table 2) of 4 indicated the presence of an dlylic and an aromatic methyl
group, five methylene groups (incuding two exocyclic methylene groups) as wel as four
aromatic methine protons. The aromatic methine signas gppeared as a par of doublets, each
representing two protons, a pattern, typica for a para-disubstituted benzene system. The 3C
NMR (Table 2) indicated the presence of fifteen carbon atoms. The MS of 4 exhibited a
molecular ion d9gnd a m/z 200 confirming an edementa compogtion of CisHpo. Andyss of
the 2D *H,'H COSY and HMBC spectra of the compound revedled a monocydlic aromatic
bisabolane skeleton having two exocyclic double bonds as depicted. This is the first report of
the compound from a naturd source. The synthesis of the compound as a new sesquiterpene
from 4-methylacetophenone via successive enclization, Michad reaction and Wittig reaction
was described (Zhang, et a., 1995).

2.5. Bisabola-1,3,5,7,11-pentaene (5)

Its 'H NMR (Table 2) indicated the presence of two dlylic and one aromaic methyl
anglet, three methylene groups (including one exocydic methylene groups) four arométic
methine protons as wel as one olefinic methine proton. Again, the aromaic methine sgnds
appeared in a pattern typica for a para-disubstituted benzene system. The 3C NMR (Table 2)
indicated the presence of fifteen carbon atoms. The MS of 5 exhibited a molecular ion sgna
a m/z 200 confirming an eementa composition of CisHog. Interpretation of the 2D H,'H
COSY and HMBC spectra of the compound led to the aromatic bisabolane skeleton having
one exocyclic double bond as indicated. This is the firg report of the compound from a
naturd source. The synthess of the compound and related derivatives was described earlier.
(Kuznetsov, et al., 1971; Wu, €. d., 1992).
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Table2: *H and *3C NMR data of compounds 4, 5 and 7
4 5 7
Atom d'H m@) d¥ d'H m@ d¥CcdH mQ) d ¥°c

no.

1 700 d@B 1293 7.03 d(8)  129.2 - - 158.5
2 731  d@® 1265 732 d8 1260 681  d(©9) 114.0
3 - - 1371 - - 136.3 7.16  d(9) 130.3
4 731 d@® 1265 732 d@8) 1260 - - 131.7
5 700 d8 1293 7.03 d(8 129.2 716  d(9) 130.3
6 - - 1389 - - 141.6 6.81 d(9) 114.0
7 - - 148.7 - - 1353 6.3 S 125.5
8 245 t(7) 353 582  t(8) 127.2 - - 1335
9 158 m 26.5 2.26 q(7) 2713 174 S 26.8
10 196 7)) 377 206 t(8) 378 176 s 26.8
11 - - 1456 - - 1454 3.33 S 54.8
12 4.76 S 110.6 4.81 S 110.7

477 s 4.82 S
13 158 s 224 1.65 S 22.6
14 503 s 1117 193 S 15.9

532 s
15 212 s 211 2.16 S 21.0

2.6. 6,7-Epoxybisabola-2,11-diene (6)

The *H NMR spectrum (Table 1) of compound 6 indicated the presence of a tertiary
methyl singlet connected to an oxygenated carbon aom and two dlylic methyl groups, seven
methylene groups (including one exocydic methylene group) as wel as one olefinic methine
proton. The *C NMR (Table 1) indicated the presence of fifteen carbon atoms. As the EI-MS
of 6 faled to show a molecular ion sgnd, CI-MS measurement was carried out, and the
corresponding spectrum exhibited a strong [M+1]" signd a mvz 221, confirming an dementa
composition of CisH4O. Andyss of the 2D *H'H COSY and HMBC spectra of the
compound led to the depicted bisabolane skeleton having two C-C double bonds and an
epoxide ring as indicated. The presence of the epoxide ring was evident by the two up-fidd
shifted signds a d 63.3 and 63.4 indicating oxygenated quaternary carbon atoms in the 3C-
NMR spectrum (Table 1). The fact that the tertiary methyl singlet protons a d 1.18 (Hs-14)
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were srongly corrdlated with these two carbons in the HMBC spectrum, further substantiated
the podtion of the epoxy function. This is the firs report of the compound from a naturd
source. This compound has been synthesised as a precursor of the previoudy mentioned
acohal, iso-b-bisabolol (Braun, et d., 2003).

2.7. 1-(4-methoxyphenyl)-2-methyl propene (7)

The *H NMR (Table 2) of 7 indicated the presence of two alylic methyl groups, one
methoxy dinglet, an olefinic methine, and four aromatic methine protons that appeared in a
patern characteristic of a para-disubstituted benzene sysem. The 3C NMR (Table 2)
indicated the presence of a totd of eleven carbon aoms. The MS of 7 exhibited a molecular
ion pesk & m/z 162 confirming an eementa compostion of Ci11H140. Interpretation of the
spectra of the compound led to the indicated sructure. This is the firg isolation of the

compound from anatural source.
3. Experimental

3.1. General

The Liverwort used in this study was collected in Aioicho, Nakagun, Tokushima, Japan, in
October 2003. The NMR spectra were recorded on a Bruker WM 400 or 500 MHz
soectrometer in deuterated benzene (CgDg). The chemicd shift vaues are reported with
reference to TMS and the coupling constants are given in Hz. Opticd rotations were measured
as solutions in benzene on a Perkin Elmer 341 polarimeter a 589 nm and 20 °C.

3.2. Hydrodistillation and isolation procedure

Cleaned and pulverized plant materid was homogenized and hydrodidtilled in a Clevenger
type apparatus for 2.5 hours, and a dightly greenish oil was collected in HPLC grade hexane.
The oil was andysed on a HRGC 5300 MEGA saries GC with FID detectors, equipped with
double columns. a 25 m/0.25 mm i.d. nonpolar CPSil-5-CB and a more polar CPSil-19-CB
column of identicad dimengons. The oven temperature was programmed from 50°C to 230 °C
a arate of 3 °C/min. The injector and detector temperatures were kept at 200°C and 250°C,
respectively. The oil was then further analysed using GC/MS with a HP 5890 GC coupled to a
VG Andyticd 70-250S mass spectrometer with eectron impact (70 eV) ionisation. Retention
indices and mass spectra of the components were compared with library spectra generated
under identicd experimental conditions (Joulain and Konig, 1998; Hochmuth et a., 2003).
Unknown components were marked and their mass spectra and retention properties noted.
Subsequently, the oil was frectionsted on a modified Varian 1400 prepardive gas
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chromatograph, equipped with a stainless sted column (1.85 m x 4.3 mm) packed with 10%
polydimethylsloxane SE 30 on Chromosorb W-HP (Chrompack). Compounds 1, 2 and 7
were isolated from their respective fractions usng the same preparative GC equipped with a
column (1.95 m x 53 mm) packed with 6.5% 6-O-TBDMS-2,3-di-OMe-b-cydodextrin in
SE-52 (1:1, w/w) on chromosorb W-HP (Chrompack). All the other compounds were isolated
on an Agilent 6890N Network preparative GC System equipped with a DB-1 column (30 m,
053 mm I.D and 5 mm film thickness) coupled to a preparative fraction collector (Gerste,
Germany).

3.3. Viscida-4,9,14-triene (1)

( 1-(1,5-Dimethyl hex-4-enyl)-4,8-dimethyl spiro[4.5] deca-1,7-diene)

Colourless ail, Rlcpsi.s = 1862, sense of optica rotation (benzene): ¢); MS (El, 70 eV),
miz (rdl. inten. 99: 272 [M*] (12), 229 (3), 215 (2), 204 (21), 190 (40), 175 (4), 161 (66), 147
(56), 134 (15), 122 (100), 107 (72), 91 (35), 79 (24), 67 (26), 55 (32), 41 (65). *H- and 13C-
NMR data, see Table 1.

3.4. Viscida-4,11(18),14-triene (2)

(1,8-Dimethyl-4-(5-methyl -1-methylene hex-4-enyl) spiro[ 4.5] dec-7-ene)

Colourless ail, Rlcpsi-s = 1911, sense of optical rotation (benzene): () MS (El, 70 eV), m/z
(rel. inten. %): 272 [M"] (21), 257 (4), 243 (1), 229 (5), 215 (5), 203 (14), 187 (16), 175 (4),
161 (31), 147 (18), 132 (34), 119 (100), 105 (44), 93 (81), 81 (40), 69 (92), 55 (27), 41 (40).
'H- and 13C-NMR (see Table 1).

3.5. Bisabola-2,6,11-triene (3)

(4-(1,5-Dimethyl hex-5-enylidene)-1-methyl cyclohexene)

Colourless ail, Rlcpsis = 1525: MS (El, 70 eV), m/z (% rel. inten.): 204 [M™] (26), 189 (5),
171 (4), 161 (9), 148 (20), 133 (35), 119 (89), 105 (50), 93 (100), 79 (45), 69 (20), 55 (42), 41
(74). *H- and 13C-NMR (see Table 1).

3.6. Bisabola-1,3,5,7(14),11-pentaene (4)
(2-Methyl-6-(4-methyl phenyl)-1,6-heptadiene)
Colourless ail, Rlcpsis = 1509: MS (El, 70 eV), m/z (% rd. inten.): 200 [M"] (11), 185 (3),

172 (8), 157 (6), 145 (6), 132 (100), 117 (22), 105 (8), 91 (13), 65 (5), 41 (11). *H- and 3C-
NMR (see Table 2).
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3.7. Bisabola-1,3,5,7(14),10-pentaene (5)

(2-Methyl-6-(4-methyl phenyl)-1,5-heptadiene)

Colourless ail, Rlcpsis = 1576, MS (El, 70 V), m/z (% rel. inten.): 200 [M"] (8), 185 (5),
171 (3), 161 (5), 145 (100), 130 (12), 115 (9), 105 (13), 91 (7). *H- and *C-NMR (Table 2).

3.8. 6,7-Epoxybisabola -2,11-diene (6)

(2,6-Dimethyl-2-(4-methyl pent-4-enyl)-1-oxaspir o[ 2.5] oct-5-ene)

Colourless ail, Rlcpsi-s = 1142, sense of optical rotation (benzene): ¢); MS (EI, 70 V),
Mz (% rel. inten)): 205 (1), 152 (4), 137 (3), 110 (33), 95 (100), 79 (59), 68 (17), 55 (31), 41
(35). *H- and 13C-NMR (see Table 1).

3.9. 1-Methoxy-4-(2-methyl propenyl)-benzene (7)

Colourless ail, Rlcpsi.s = 1325, MS (El, 70 eV), m/z (% rd. inten.): 162 [M*] (100), 147
(73), 131 (13), 121 (18), 115 (16), 103 (14), 91 (39), 77 (21), 65 (10), 51 (10), 41 (14). *H-
and *C-NMR (see Table 2).

3.10. Bisabola-1,3,5,7(14),10-pentaene (8)
(2-Methyl-6-(4-methyl phenyl)-2,6-heptadiene)

Colourless ail, Rlcpsis = 1517, MS (El, 70 €V), m/z (% rd. inten.): 200 [M] (2), 185 (2),
157 (100), 142 (4), 132 (10), 115 (12), 91 (11), 69 (67), 41 (52). *H-NMR: (500 MHz, CsDg):
1.46 (3H, s, Hs-12), 1.65 (3H, s, Hs-13), 2.12 (3H, s, H3-15), 2.19—2.24 (2H, g, J = 8, H,-9),
252 - 254 (2H, t,J=7, H2-8), 5.06 (1H, s, Hy-14), 5.20-5.23 (1H, t, J = 7, H-10), 5.34 (1H,
s, Hy-14), 7.00 (2H, d, J = 8, H-1, H-5), 7.32 (2H, d, J = 8, H-2, H-4).

3.11. ar-Tenuifolene (9)

Colourless ail, Rlcpsis = 1531, MS (El, 70 eV), m/z (% rel. nten.): 200 [M™] (13), 185
(1), 171 (1), 157 (2), 143 (2), 132 (100), 117 (11), 105 (6), 91 (8), 39 (5). *H-NMR: (500
MHz, CsDe): 1.22 (3H, s, Hz-14), 1.56 — 1.60 (1H, m), 1.67 (3H, s, H3-12), 1.77-1.85 (2H, m),
1.88 —1.98 (2H, m), 2.17 (3H, s, Hs-15), 2.25 — 2.33 (1H, m), 5.34 (1H, bs, H-10), 7.05 (2H,
d, J=8, H-1, H-5), 7.19 (2H, d, J = 8, H-2, H-4).

3.12. a-Hemiscapene (10)

Colourless ail, Rlcpsis = 1451, sense of optical rotation (benzene): ¢); MS (El, 70 V),
miz (rel. inten. 96):204 [M"] (54), 189 (100), 175 (13), 161 (46), 147 (27), 133 (38), 121 (40),

-99-



Paper 111. Composition of the Essential Oil of a Liverwort Radula perrottetii

107 (96), 93 (84), 81 (49), 67 (32), 55 (41), 41 (61). *H-NMR: (500 MHz, CsDg): 0.77-0.81
(1H, m, Ha-1), 0.93 (3H, s, H3-14), 1.10-1.18 (1H, m, Hy6), 1.27—1.53 (5H, m, Hy-8, Hp-9, H-
5), 1.62-1.69 (1H, m, Hy-2), 1.65 (3H, s, Ha-15), 1.66 (3H, S, Ha-13), 1.78-1.86 (2H, m, Ha-1,
H-7), 1.91-1.98 (2H, m, Hy-2, Hy-6), 4.79 (1H, S, Hx-12), 4.82 (1H, S, Hr12), 5.27 (1H, s, H-
3). BC-NMR: (400 MHz, GsDg): 21.2 (C-13), 23.1 (C-15), 23.7 (C-2), 26.7 (C-1), 27.4 (C-
14), 27.8 (C-9), 29.3 (C-10), 35.3 (C-6), 41.4 (C-8), 46.3 (C-7), 48.8 (C-5), 109.0 (C-12),
119.8 (C-3), 137.1 (C-4), 150.7 (C-11).

3.13. b-Helmiscapene (11)

Colourless ail, Rlcpsi.s = 1446, sense of optical rotation (benzene): ¢); MS (El, 70 V),
miz (% rdl. inten.): 204 [M] (12), 189 (73), 176 (62), 161 (33), 147 (100), 133 (46), 121 (40),
107 (57), 93 (71), 79 (61), 67 (44), 55 (38), 41 (52). H-NMR: (500 MHz, CsDg): 0.77-0.78
(IH, m, He3), 0.92 (3H, s, He-14), 1.13-1.23 (1H, m, Hx-1), 1.37-1.57 (6H, m, Hy-1, Ho-2,
Hx6, Hp-8), 1.62-1.64 (1H, m, Hy-1, Hp-2, H-6, Hp-8), 1.67 (3H, s, Hs-14), 1.72-1.94 (3H,
m, H-5, H-7, Hy9), 1.97-2.12 (2H, m, Hy-3, Hy-9), 4.74 (2H, bs, Hp-15), 4.81 (1H, S, He 12),
483 (1H, s, Hy-12). 3C-NMR: (400 MHz, GsDg): 21.3 (C-13), 23.5 (C-2), 27.4 (C-8), 28.2
(C-14), 29.9 (C-9), 30.5 (C-3), 33.9 (C-10), 34.2 (C-6), 41.0 (C-1), 45.8 (C-7), 52.6 (C-5),
108.6 (C-15), 108.7 (C-14), 150.3 (C-4, C-11).
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Abstract

From the essentid oil of fruits of Peucedanum tauricum Bieb., two new guaiane type
sequiterpene  hydrocarbons  guaia-1(10),11-diene (1) and guaa9,11-diene (2) were
identified. The structures of 1 and 2 were assigned by 1D- and 2D-NMR andyss. The reldive
configurations of the new compounds were established by 2D-NOESY experiments while the
absolute configurations were deduced through chemica corrdations with (+)-g-gurjunene (9)
and capillay GC analysis usng modified cyclodextrins as the daionary phases. From the less
voldile dichloromethane extract of the fruits coumarins, viz. peucedanin (3), oxypeucedanin
hydrate (4) and officindin isobutyrate (5) were isolated. Compound 5 was confirmed to be 6
carbomethoxy- 7-isobutyroxycoumarin by its 1D- and 2D-NMR data as well as by converson
into offiandin (7) by dkdine hydrolyss. Peuruthenicin, a podtiond isomer of officindin, is
assigned dructure 8. Bergapten (6) was identified by its mass spectrum. This is the first report
on the isolation of compounds 4 and 5 from P. tauricum.

6submitted and currently under review.
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Key words. Peucedanum tauricum Bieb.; Apiaceae; Essentid oil; Guaia-1(10),11-diene;
Guaa-9,11-diene; Coumarins, Peucedanin; Officindin isobutyrate; Oxypeucedanin;
Peuruthenicin; Bergapten.

1. Introduction

Peucedanum tauricum Bieb. is an endemic perennid plant of the Apiaceae family, growing
in nature at dry hillades and pinewoods in Crimea, Caucasus, and in Romania (Tutin e d.,
1968, Grosgigm, 1967, Savulescu, 1958, Sziszkin, 1955). Previous chemicd dudies of the
plant concerned the identification of phenolic acids in the foliage and fruits (Bartnik et 4.,
2003), GC/MS andyss of the essentid oil of the fruits in which a number of sesquiterpene
hydrocarbons were identified (Bartnik et a., 2002), isolation of coumarins from the fruits
(Glowniak et d., 2002), isolation of an andog of chlorogenic acid and a chromone from the
roots (Baranauskaite, 1970), determination of saponins in roots and fruits (Baranauskaite,
1968) as wdl as isolaion of peucedanin from a combined extract of P. tauricum and P.
calcareum (Baranauskaite et d., 1965). Here we report the isolation and structura eucidation
of two new guaiane type sesquiterpene hydrocarbons from the essentid oil of the fruits of the
tite plant and isolaion of coumarins from the high boiling dichloromethane fraction. In
addition, revison of the dructures of officindin isobutyrate, officdndin as wel as
peuruthenicin is reported.

2. Resultsand Discussion

The essentid oil obtaned from the fruits of P. tauricum was andysed by coupled gas
chromatography and mass spectrometry (GC/MYS). Mass spectra and retention indices of the
oil condituents were compared with a library of mass spectra of authentic compounds
established under identical experimentd conditions (Joulan and Konig, 1998; Hochmuth et
a., 2003). Monoterpene hydrocarbons conssting of tricyclene, myrcene, limonene, (Z)-b-
ocimene, 2,4(8)-p-menthadiene, the oxygenated monoterpene lindool and sesquiterpene
hydrocarbons comprisng a-ylangene, a-copaen, b-bourbonene, guaia-6,9-diene, sdina-5,11-
diene, vaderena-4,7(11)-diene, g-amorphene, g-humulene, a-bulnesene, b-demene, (E)-b-
cayophyllene, a-guaene a-humulene, and g-gurjunene were identified. The latter 5
sequiterpenes have been earlier identified dong with a- and b-sdinene and g-cadinene
(Bartnik et d., 2002). Two unknown components were isolated by preparative gas
chromatography. Their structures were eucidated by 1D and 2D NMR techniques to be
guaa-1(10),11-diene (1) and guaa-9,11-diene (2), (Fig. 1). The redive configuraions of the
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new compounds were edtablished through 2D NOESY experiments. Their absolute
configurations were assigned according to chemicd corrdations and capillay GC analyss
using modified cyclodextrins as Sationary phases (Konig, 1992, Konig et a., 1999).

In addition, from the less volatile dichloromethane fraction, known coumarins, peucedanin
(3), oxypeucedanin hydrate (4), and officindin isobutyrate (5) were isolated. (Fig. 1). Their
sructures were established by MS, 1D and 2D NMR data as well as comparison with
literature data (Perd’son et d., 1971, Gonzales et d., 1976, 1978, Patra et a, 1981). In
addition, the structure of compound 5 was confirmed according to its 1D and 2D NMR data as
wdl as by conveting it into offiandin (7) by dkdine hydrolyss thereby clearing the
confusion concerning its dructure. The earlier reported sructure of peuruthenicin (Soine et
d., 1973), an isomer of officindin, is amended to be 8. Bergapten (6) previoudy reported
from the fruits (Glowniak et a., 2002) was identified by its mass spectrum. This is the firs
report on the isolation of officindin isobutyrate and oxypeucedanin hydrate from P. tauricum.

Figurel. Selected compounds from P. tauricum
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21. Guaia-1(10),11-diene(1)
The mass spectrum of 1 exhibited a molecular ion 9gnd a Mz 204 indicating an dementa
compostion of C1s5H24, typica for a sesquiterpene hydrocarbon with four degrees of

unsaturations. The 1H NMR spectrum and 2D HMQC experiment indicated six methylene
groups, three methine and three methyl groups confirming the presence of twenty four protons
directly atached to carbon atoms. Signds a d 1.61 (Hs-14) and 1.71 (Hs-13) of two of the
methyl groups were indicative of an dlylic pogtion while the sgnd a d 4.84 (H»-12) was
indicative of an exocydic methylene group. The 13C NMR spectrum showed signals of a
totd of 15 carbon aoms comprising three primary, Sx secondary (including one exocyclic
olefinic), three tertiary and three olefinic quaternary carbon aoms. Therefore, two of the four
unsaturations were due to double bonds, suggesting a sructure of a doubly unsaturated
bicydlic sesquiterpene hydrocarbon for 1. In the 1H,1H COSY spectrum of 1 (Table 1), the
coupling between the protons of the dlylic methyl snglet & d1.71 (Hs-13) and the exocyclic
olefinic methylene protons & d 4.84 (H»-12) indicated the presence of an isopropenyl group.
This was further subgtantiated by an HMBC experiment (Table 1), which exhibited couplings
between protons of the dlylic methyl snglet a d 1.71 (H3-13) with both the exocyclic
olefinic methylene carbon a d 108.92 (C-12) and an odlefinic quaternary carbon a d 150.32
(C-11). The presence of a methyl subdtituted five membered ring substructure was concluded

from couplings observed in the 1H,1H COSY spectrum between each of the two methylene
protons centred at d 2.15 (Hx-2) and 2.32 (Hp-2) and methylene protons centred at d 1.36 (Hg:

3) and 1.58 (Hp-3). The latter was dso coupled to a methine multiplet & d1.99 (H-4) that in

turn coupled to the secondary methyl doublet a d 0.77 (H3-15) and to a methine proton at

d 2.73 (H-5). These observations and examination of the remaining signds in the 2D 1H,1H
COSY and HMBC spectra indicated a guaiane skeleton with double bonds between G and
C10 aswell as between Cy1 and Cy, asdepicted in Fig. 1.

The rdative configuration of 1 was determined by a 2D NOESY experiment. Correlations
between H-4/H-5 indicated that the two methine protons were oriented in the same direction.
Moreover, the absence of NOESY corrdations between the methine protons H-5 and H-7
suggested a trans configuration. Consdering the bulky isopropenyl group to keep a pseudo
equatoriad pogtion and being b-oriented, H7 has to be a (axid orientation). Consequently, H
5 and H-4 have to be b-oriented.
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Table 1. Observed *H,'H COSY and HMBC Correlations for compound 1

'H-'H cosy HMBC
Hydrogen Correlated with  Carbon Correlated with
H,-2 H,-3 C-1 H,-3, H-5, H-4, Hz-14
Hy-3 H,-2, H-4 C-2 H,-3, H-4
H-4 Hs-15, Hp-3, H-5 C-3 Hs-15, H-4
H-5 H,-6, H-4 C-4 Hs-15, Ho-3, H,-6
H,-6 H-5, H-7 C-5 Hs-15, Ho-3, H-4, H-7
H-7 Hx-6, H-8, H-12(3))  C-6 Hp-8, H-7
H,-8 H,-9 C-7 H,-12, Ha-8, Hs-13
Hs-13 H,-12 (3J) C-8 H,-6, H-7
C-9 Hs-14, H>-8
C-10 Hs-14, Hp-8, Ho-9
C-11 H,-12, H-7, Hz-13
C-12 Hs-13, H-7
C-15 H,-3, H-4

2.2. Guaia-9,11-diene (2)

Compound 2 exhibited smilar spectral properties to 1 except that in the 3 C-NMR spectrum
ingead of the olefinic quaternary resonance at d127.6 a methine resonance was displayed at
d49.8 and ingead of one of the ring methylene resonances a d33.8 an definic methine

resonance at d122.0 appeared. Andysis of 1H,1H COSY and HMBC NMR data (Table 2)
reveded compound 2 to show te postion of the ring double bond between G9 and G 10.
The depicted relative stereochemistry in 2 was established through a 2D NOESY experiment.
Key NOESY corrdations were seen between H-5/H-1, H-5/H-4 which led to the concluson
that these methine protons were on the same sde of the ring. In addition, the fact that a
NOESY correlation was exhibited between H-5/H-1 indicated that the ring was cis-fused.
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Table 2. Observed *H,*H COSY and HMBC Correlationsin compound 2

'H,'H cosy HMBC

Hydrogen Correlated with  Carbon Correlated with
H-1 Hr-2  C-1 Hz-3, Hp-2, Ha-14, H-5
Ha-2 H»-3  C-2 Hz-3, H-5
Ho-3 H,-2,H-4  C-3 Hs-15, Hp-2, H-5
H-4 Hs-15 H,-3,H-5  C-4 Hz-3, Hp-2, H-5
H-5 Hp-6, H-4,H-1  C-5 Hs-15, Hp-3, H-7
Hy-6 H-5H-7 C-6 Hy-8, H-5,
H-7 Ho-6, H2-8, H>-12 (3J) C-7 H»-6, Hsz-13, Hx-8, H-5
H>-8 H-9 C-8 Hz-6, H-7
Hs-13 Ho-12 (3J) C-9 Hs-14

C-10 Hs-14

Cc-11 H2-6, Hz-13, H-7

C-12 Hs-13, H-7

C-15 Ho-3, H-5

2.3.  Absolute Configurations of 1 and 2

In order to determine the absolute configurations of the new guaiane sesquiterpenes, an
authentic reference  substance,  (+)-g-gurjunene  (9) (Sgma-Aldrich), showing a guaane
skeleton of known absolute configuration, was hydrogenated. Each of the two new
compounds was aso hydrogenated separately. The hydrogenation products of 9 and the
hydrogenation products of 1 and 2 were andysed by cepillay GC using modified
cyclodextrins as dationary phases which separated the diastereomeric products formed upon
hydrogenation (Konig, 1992, Konig et d., 1999). At least ore of the hydrogenation products
of 1, 2 and 9 (compound 10, in Fig. 2) should exhibit identica retention times, provided that
the corresponding chira centres of compounds 1 and 2 show the same absolute configuration
as in compound 9. This was found to be the case on both 2,6-di-OMe-3-O-pentyl-g-
cycdodextrin and 6-O-TBDMS-2,3-di-OMe-b-cyclodextrin. As a result, the absolute
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configuration of 1 is (4R,5R,7R)-guaa 1(10),11-diene while 2 is (1S4R,5R,7R)-guaa-9,11-

diene.

H,/Pd
q
H,/Pd
+ others
H./P
_HalPdy, others

15

Figure 2 : Hydrogenation products of compounds 1, 2 and 9.

2.4. Officinalin isobutyrate (5)

There is some confuson in the literature concerning the structures of the coumarins
peuruthenicin (Soine e d., 1973) and officindin (Gonzdez et d. 1976) as wel as ther
corresponding acetates and isobutyrates. Officindin isolaed from P. officinale was reported
to be 6 carbomethoxy-7-hydroxycoumarin (/) on the basis of its spectral data (Gonzalez et d.
1976). Peuruthenicin isolated from P. ruthenicum was independently assgned the same
dructure as officindin on the basis of its pectral data as well as on chemica evidence (Soine
et d., 1973). Soon, it was noted (Ahluwdia et d., 1976) that the two natura products that
show the same molecular formula and very smilar paterns of H-NMR spectra, exhibit
different m.ps,, 197-198 °C for the former and 162-164 °C for the latter. The observed
discrepancy led to the re-evduation of the dructures of peuruthenicin as well as its acetae
and isobutyrate by comparison of manly mps. with synthetic samples. As a result, the
proposed sructure of peuruthenicin was concluded to be correct while that of officindin, its
acetate, and isobutyrate were reported to be untenable and had to be revised (Ahluwalia et d.,
1976). The confuson essentidly concerns the postions of the carbomethoxy group as wel as
the hydroxyl group: the question is which of the two subgtituents is & podtion 6 and which
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one is a podtion 7 of the coumarin nucleus. This could be darified by the 2D-HMBC
experiments described below.

rol
T

NG

Figure 3. Key HMBC corrdations showi ng the position of the carbomethoxy group in compound 5

Sample of compound 5 obtained as white crystas exhibited a molecular ion pesk a nvz
290. NMR spectrd data reveded the presence of 15 carbon atoms indicating an dementd
composition of CisH1406. In addition, it was observed that its *H-NMR data as well as te
m.p. (see experimentd) were in good agreement with data reported for officindin isobutyrate
(Gonzdez et 4., 1976). In the HMBC spectrum of 5, both the methoxy proton sgnd & d 3.9
(3H, ) as wdl as the aromatic methine Sgnd a d 8.18 (1H, s, H-5) corrdated strongly to the
carbomethoxycarbonyl carbon a d 164.3 (Fig. 3). In addition, one of the AB system methine
doublets at d 7.71 (H-4, 1H, d, J = 10) was correlated to G5 (d 131.9). This observation
clearly showed the carbomethoxy substituent to be linked to G leading to 6 carbomethoxy-7-
isobutyroxycoumarin as the dructure of 5, exactly the same as tha reported for officindin
isobutyrate (Gonzdez et d., 1976). Furthermore 5 could be hydrolysed to yied 7, tha dill
kept the carbomethoxy moiety. The *H-NMR of 7 was recorded (see experimental) and was
found to be in agreement with that of officindin (Gonzdez & d., 1976) rather than that of
peuruthenicin (Soine et d., 1973). While this evidence confirms the gdtructures of officindin
isobutyrate as wdl as officindin, it dso shows that the structure of peuruthenicin (Soine et d.,
1973) has to be 7-carbomethoxy-6- hydroxycoumarin (8).

3. Experimental

3.1 General

The plant materid used in this study was collected in September 2002 and 2003 in the
Botanicd Garden of Maria Curie-Skodowska Universty (UMCS) in Lublin, Poland. The
identity of plant materid was established by K. Dbrowska, a botanicd specidist from UMCS.
Voucher specimen ae depodted in the herbarium of the Medicind Plant Laboratory,
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Depatment of Pharmacognosy (Skubiszewski Medicd Universty in Lublin). The NMR
spectra were recorded on Bruker WM 400 or 500 MHz spectrometers in either deuterated
benzene (CeDs) or deuterated chloroform (CDClk). The chemicd shift values are reported
with reference to TMS, and the coupling congtants are given in Hz. Opticd rotations were

measured as solutions in benzene on a Perkin Elmer 341 polarimeter at 589 nm and 20 °C.

3.2. Hydrodistillation, extraction and isolation procedure

Cleaned, ar dried, and pulverized fruits of P. tauricum were powdered under liquid
nitrogen, homogenized and hydrodigtilled in a Clevenger type apparaus for 2.5 hours
(Peyron, 1992), and a dightly greenish oil was collected in HPLC grade hexane. The oil was
preliminarily andysed on an Orion capillay GC with FID detector, containing 2 columns, a
25 m x 025 mm i.d. non-polar CPSil-5 and a more polar CPSil-19 (chrompack) column of
identica dimensions. The oven temperature was programmed from 50°C to 230°C a a rate of
3°C/min. The injector and detector temperatures were kept a 200°C and 250°C respectively.
The oil was then further andysed usng GC/MS on a HP 5890 GC coupled to a VG Andyticd
70-250S mass gpectrometer with dectron impact (70 €V) ionization. The crude oil was
fractionated on a modified Varian 1400 preparative gas chromatograph, equipped with a
danless sed column (1.85m x 4.3mm) packed with Chromosorb W-HP coated with 10%
polydimethylsiloxane SE 30. Subsequently, 1 and 2 were isolated from the fifth fraction using
the same preparative GC equipped with a column (2 m x 5.3 mm) packed with chromosorb G
HD coated with 2.5% 2,6-OM e-3-O-pentyl-g-cyclodextrin in OV 1701 (1:1, w/w).

The agueous portion of the resdue from the hydrodigtillation was separated from the solid
through filtration and was extracted with dichloromethane in order to obtain the high boiling
fractions. The dichloromethane was removed under vacuum to give a dark oily resdue. Part
of the extract was subjected to column chromatography on a dlica gd column usng
dichloromethane and a methanol gradient. Fractionation was monitored by thin layer
chromatography and UV detection. Fractions with smilar compostions were combined.
Further separations were carried out by HPLC (MERK-HITACHI) usng a RP-18 column
(Prodigy 5u ODS(3), 250 x 4.6 mm, Phenomenex) and acetonitrile as the mobile phase a a
flow of 1 ml/min.

3.3. Hydrogenation

Hydrogenation of sesquiterpene hydrocarbons was performed by bubbling hydrogen gas
through stirred solutions of ca 0.5 mg samples in 1 ml hexane and 0.25 mg Pd/C a room
temperature for 1 h. The reaction mixture was filtered, and the products were analysed by GC
and GC/MS.
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3.4. Hydrolysis of officinalin isobutyrate

Offiandin isobutyrate (ca 1 mg) was dgirred overnight with 20 % agueous sodium
hydroxide solution (5 ml). The solution was diluted to 20 ml with water, acidified, and
extracted with chloroform. The chloroform was removed under vacuo, and the converson
was confirmed by MS and NMR.

3.5. Guaia-1(10),11-diene (1)

(5b-1sopropenyl-3a,8-dimethyl-1,2,3,3ab,4,5,6,7-octahydr oazulene)

CisHo4, Colourless ail, Rlcpsis = 1517, sense of optica rotation (benzene): (+) *H NMR
(500 MHz, CsDe): d 0.77 (3H, d, J = 7.0, Hs-15), 1.36 (1H, m, Ha-3), 1.58 (1H, m, Hy-3), 1.61
(3H, s, Hz-14), 1.68 (1H, m, Hy8), 1.71 (3H, S, Hs-13), 1.74 (2H, m, H»-6), 1.88 (1H, m, Hy-
8), 1.99 (1H, m, H-4), 2.14 (2H, m, H,-9), 2.15 (1H, m, Hx-2), 2.28 (1H, m, H-7), 2.32 (1H, m,
Hy-2), 2.73 (1H, m, H-5), 4.84 (2H, 2s, Hy-12); *C NMR (400 MHz, CsDs): d 14.5 (C-15),
221 (C-13), 22.2 (C-14), 29.8 (C-8), 30.1(C-2), 32.1(C-6), 32.3(C-3), 33.8(C-9), 39.1
(C-4), 41.7 (C-5), 435 (C-7), 108.9 (C-12), 127.6 (C-10), 139.1 (C-1), 150.3 (C-11); MS
(El, 70 V), miz (rd. inten.): 204 [M'] (30), 189 (70), 175 (25), 161 (82), 147 (38), 133 (41),
119 (62), 107 (87), 93 (100), 79 (87), 67 (40), 55 (58), 41 (39).

3.6. Guaia-9,11-diene (2)

(5b-1sopropenyl-3a,8-dimethyl-1,2,3,3ab,4,5,6,8ab-octahydr oazul ene)

CisH24, Colourless oil, Rlcpsis = 1521, sense of opticd rotation (benzene): (+) 'H NMR
(500 MHz, CsDe): d 0.88 (3H, d, J = 7.0, H3-15), 1.10 (1H, m, Ha-3), 1.50 (2H, m, H,-6), 1.52
(1H, m, Hg2), 1.55 (1H, m, Hy-3), 1.65 (3H, s, Hs-14), 1.68 (3H, s, Hs-13), 1.80 (1H, m, Hy-
2), 1.86 (1H, m, H-4), 1.90 (1H, m, Hx8), 2.18 (1H, m, H-5), 2.44 (1H, m, H-7), 2.45 (1H, m,
He-8), 2.51 (1H, m, H1), 4.83 (2H, 2s, H,-12), 5.47 (1H, m, H-9); **C NMR (400 MHz,
CesDs): d 16.1 (C-15), 21.5 (C-14), 24.2 (C-13), 25.9 (C-6), 28.9 (C-2), 29.8 (C-8), 30.1
(C-3), 39.2 (C-4),40.2(C-5), 42.7 (C-7), 49.8(C-1), 109.2 (C-12), 122.0(C-9), 139.0 (C-
10), 150.3 (C-11); MS (El, 70 eV), miz (rd. inten.): 204 [M*] (30), 189 (70), 175 (25), 161
(42), 147 (38), 133 (41), 119 (62), 107 (87), 93 (100), 81 (87), 67 (40), 55 (58), 41 (39).

3.7. Peucedanin (3)
C15H1404, White solid, mp. 108-109 °C; MS (El, 70 V), mVz (rd. inten.): 258 [M"] (25),
243 (100), 228 (10), 200 (10), 189 (5), 171 (5), 160 (5), 144 (2), 115 (5), 108 (4), 88 (2), 76
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(2), 69 (2), 51 (2), 39 (2). *H NMR, (CDCl, 500 MHz): 1.36 (6H, d, J = 7.0, Hs-2', Ha-3);
3.25 (1H, sep. J = 7.0, H-1'): 3.95 (3H, s, H3-2"); 6.37 (1H, d, J =10.0, H-5): 7.33 (1H, s, H-
9); 7.57 (1H, s, H-4); 7.79 (1H, d, J = 10.0, H-6). 3C NMR, (CDCl;, 400 MHz): 21.6 (C-2,
C-3): 26.8 (C-1); 62.4 (C-2"); 100.1 (C-9); 114.6 (C-6); 115.0 (C-84); 117.0 (C-4); 122.2
(C-9a); 136.7, (C-3); 144.2 (C-5);151.9 (C-4a); 152.9 (C-2); 154.3 (C-34); 161.6 (C-7).

3.8. Oxypeucedanin hydrate (4)

C16H1606, *H NMR, (CDCl;, 500 MHz): d1.31 (3H, s); 1.36 (3H, S); 3.91 (1H, dd, J = 10.0,
3.0, H3); 4.45 (1H, dd, J = 10.0, 3.0, H:-2'); 4. 54 (1H, dd, J = 10.0, 3.0, Hy2); 6.31 (1H,
d, J = 10.0, H-5); 6.99 (1H, d, J = 2.5, H-3); 7.20 (1H, s, H-9); 7.61 (1H, d, J = 2.5, H-2); 8.18
(1H, d, J = 10.0, H-6). **C NMR, (CDCls, 400 MHz): d 25.6 (C-5'); 27.2(C-6); 72.1 (C-3);
74.9 (C-2); 76.9 (C-4'); 95.4 (C-9); 105.1 (C-3); 107.8 (C-4a); 113.5 (C-3a); 114.7 (C-6) ;
138.6 (C-2); 146.4 (C-5);149.0 (C-84a); 153.0 (C-9a); 161.4 (C-7); 1885 (C-4).

3.9. Officinalin isobutyrate (5)

White crystals, mp. 118-120 °C; CisH1406; MS (El, 70 eV), mVz (rdl. inten)): 290 [M]
(10), 274 (10), 259 (15), 243 (25), 220 (25), 188 (50), 160 (20), 71 (80), 43 (100). *H NMR,
(CDCls, 500 MHz2): 1.37 (6H, d, J = 7, Hs-4", Hs-5'), 2.90, (1H, septet J = 7, H-3'); 3.9 (3H,
s, Hz-3"); 6.44 (1H, d, J = 10, H-3); 7.04 (1H, s, H-8); 7.71, (1H, d, J = 10, H-4); 8.18 (1H, s,
H-5). 13C NMR, (CDCls, 400 MHZ): d18.8 (C-4', C-5'); 34.3 (C-3'); 52.5 (C-3"); 112.5 (C-
8); 117.3 (C-3); 119.8 (C-44a); 120.4 (C-6); 131.9 (C-5); 142.5 (C-4); 153.7 (C-7); 157.3 (C-
8a); 159.9, (C-2); 164.3, (C-1""); 175.3, (C-2)).

3.10. Bergapten (6)
C12HgOs, MS (El, 70 eV), mVz (rél. inten.): 216 [M*] (100), 201 (25), 188 (10), 157 (2), 145
(35), 89 (20), 74 (10), 63 (15), 51 (23), 38 (10).

3.11. Officinalin (7)

C11HsOs, MS (El, 70 eV), mvz (rél. inten.): 220 [M"] (60), 188 (100), 160 (48), 132 (18),
104 (12), 76 (15). *H NMR, (CDCls, 500 MHz): 3.99 (3H, s, -OMe); 6.29 (1H, d, J = 10, H-
3): 6.88 (1H, s, H-8); 7.61, (1H, d, J = 10, H-4): 8.02 (1H, s, H-5); 11.20 (1H, S, -OH)
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ABSTRACT: A new phthdide isoligudilide (35 %) was isolated from the essentid oil of
the aerid pats of Meum athamanticum (L.) Jacqg together with Z-ligudtilide (0.1 %) and
sedanonic acid lactone (0.5%) and their structures established by MS and NMR techniques. In
addition, a tota of 23 components accounting for 93.2 % of the oil could be identified by
GC/MS. The mgor components of the oil were found to be monoterpene hydrocarbons,
limonene (33.5 %), a - phellandrene (15.3 %), myrcene (13.4 %) and (E)-b-ocimene (11.6 %).

KEY WORDS: Meum athamanticum; Apiaceae; essentid oil; Phthdides, 3-but-2-enylidene-
4,5,6,7-tetrahydro- 3H-isobenzofuran-1-one; Z-ligudtilide: Z-butylidene-4,5,6,7-
tetrahydrophthalide.

I ntroduction

The European Meum athamanticum (L.) Jacg., is a strongly aromatic plant which is used
for the preparation of a specid liquor. Its essentid oil has previoudy been investigated severd
times An ealier andyds of the oil from the fruits of a sample from Germany has reveded
(2)-3-butylidenephthdide (1), butylphthdide (2) and (2)-ligudilide (3) as the chief
condtituents® while from the root oil the identification of severd monoterpenes and the
phthalides, in addition to sedanonic acid lactone @) was reported.? In a further adysis amed

7 Submitted and currently under review.
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a the invedtigation of sesquiterpene hydrocarbons of the oil from the roots, the identification
of sesquiterpenoids such as b-bazzanene (5), a- and b-barbatene 6, 7) for the firg time as
congtituents of higher plants was reported.® From the aerid parts of a sample from ltdy, the
monoterpene  hydrocarbons, (E)-b-ocimene (34.9%), p-cymene (12.1%), (Z)-b-ocimene
(10.2%), D-3-carene (6.2%) were reported as mgor condituents while from the oil of the
roots, (2)-ligudtilide (36.2%, 3), (E)-b-ocimene (14.4%), and (Z)-3-butylidene phthaide
(6.3%, 1) were reported as mgjor constituents.* Recently, from the ail of the leaves and stems
of M. athamanticum of Spanish origin, (E)-b-ocimene (29.6%), ¢-terpinene (17.9%),
terpinolene (17.0%) and p-cymene (9.7%) were reported as major components® In this
communication, we report on the isolation of a new phthaide, (32),(9E)-isdligudilide (8),
from the essentid ail of the above ground parts of M. athamanticum from Germany.
Results and discussion

The essntid oil of M. athamanticum was anadysed by capillay and preparative GC,
GC/MS and NMR techniques. Mass spectra and retention indices on a non-polar stationary
phase (CpSil-5) of the components of the oil were compared with library spectra of authentic
compounds generated under identicdl  experimenta  conditions®’  Severd  mono-,
seqquiterpenes and their derivatives could be identified (Table 1). Three unknown phthdides
were isolated and ther structures established from interpretation of their MS, 1D and 2D
NMR data (Fig. 1). These were 3-but-2-enylidene-4,5,6,7-tetrahydro-3H-isobenzofurant 1-one
(8), the previoudy reported Z-butylidene-4,5,6,7-tetrahydrophthdide (sedanonic acid lactone,
4) and Z-ligudilide (6). 8 isanew natura product.

oo o Of

Figure 1. Selected compounds reported from the essential oil of Meum athamanti cum (1-7)
and the new compound (8).
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Table 1. Identified componentsin the aeria parts of Meum athamanti cum essentid ol

Name Ret.inded % Composition
a-Thuene 928 0.2
a-PFinene 935 13
Camphene 950 0.1
Sabinene 971 0.2
b-Finene 976 2.5
Myrcene 985 134
a-Phdlandrene 1003 15.3
D-3-Carene 1011 0.1
p-Cymene 1020 1.2
Limonene 1029 335
(2)-b-Ocimene 1034 2.3
E-b-Ocimene 1043 11.6
g Terpinene 1057 0.9
Terpinolene 1089 0.7
Citrondlylformate 1252 0.5
(E)-b-Caryophyllene 1422 11
a-Humulene 1456 0.1
allo-Aromadendrene 1463 0.4
Germacrene D 1482 2.5
Bicyclogermecrene 1495 0.9
d-Cadinene 1518 0.1
10-epi-Junenadl 1579 0.1
a-Cadinol 1644 0.1
(32)-Butylidene phthdide 1711 0.5
(2)-Ligudilide 1717 0.1
(32),(9E)-1s0ligutilide 1804 35

8 Retention Indices on CPSil-5 capillary column
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(32),(9E)-Isoligustilide (8)

8 that was present as 3.5 % of the il was obtained as a waxy substance. The mass spectrum
of 8 exhibited a molecular ion a m/z 190 suggesting an eementa compostion of G2H140-.
Its H- and HSQC-NMR exhibited presence of signds due to four methylenes, three olefinic
methines and one dlylic methyl, confirming the presence of fourteen protons directly
connected to carbon aoms in 8. The *C NMR contained signds of a tota of twelve carbon
aoms which indude four diphatiic methylene, three olefinic mething, three olefinic
quaternary one of which was oxygenated, a lactone carbonyl and one methyl carbons. These
NMR data in combination with the mass spectrd data, confirmed the molecular formula of
C12H140, for 8, that requires sx-degrees of unsaturations. Four of the unsaturations were due
to double bonds suggesting abicyclic structure for the compound.

Table 2. Important HMBC corréations observed in compound 8.

HMBC
Carbon Correlated with
C-3 H-8, H-9
C-3a H-8, Hy-5
C-4 Ho-7, H-6, Hy-5
C-6 Hy-4
C-7 H2-6, Ho-5, Hz-4
C-7a Ho-7, Ho-6
C-8 H-10
C-9 H-11
C-10 H-11
C-11 H-10, H-9

In the *H-'H COSY of 8, two separate sets of protons were observed. The first set comprised
dgnds due to four methylenes that were coupling among themsdves. These couplings were
between a methylene multiplet & d 1.67 (H>-4) and a two methylene multiplet centred & d
1.10 (H2-5, H-6). The latter were further coupled to a methylene multiplet centred a d 1.89
(H2-7). These four methylenes must be a part of the sx-membered ring of the compound. The
second set contained sgnds due to three olefinic methines and a methyl group. Couplings
were observed between the olefinic methine doublet a d 5.28 (1H, d, J = 11, H-8) and another
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olefinic methine sgnd & d 6.69 (1H, ddd, J= 15.0, 11.0, 2.0, H-9). The latter was further
coupled to the third olefinic methine doublet of doublet a d 5.64 (1H, dd, J= 15.0, 7.0, H-10)
and this was further coupled to the dlylic methyl doublet of doublet a& d 1.56 (1H, dd, J= 7.0,
1.3, Hs-11). These second set of protons signas that were due to the sde chain of the
compound exhibited no corrdations in the H-!H COSY with the firs set of protons
indicating their separated nature within the dructure. Andyss of these NMR data and
comparison of the data with phthalides dready reported from the plant led to the depicted
sructure for compound 8. The HMBC data (Table 2) of 8 further substantiated the proposed
dructure. The gereochemistry a the double bonds between C-3/C-8 and C-9/C-10 were
determined from 2D NOESY gpectrum. In the NOESY spectrum of 8, corréations were
observed between H8/H-4 and H9/Hs-11 indicating a Z configuration at G3/C-8 and an E
configuration & the C-9/C-10 double bonds.
Experimental
Plant material and | solation of the Essential oil

M. athamanticum sample was collected in July 2002 from Altenau, Harz Mountains, in
Gemany. The fresh plant materid was deaned, homogenized and hydrodidilled in a
Clevenger type apparatus for 2.5 hours and the oil was collected in HPLC grade n-hexane.

GC and GC/MS Analysis

GC andyss was carried out on an Orion Micromat 412 GC equipped with two capillary
coumns a 25 m x 025 mm polydimethylsioxane CP-SI-5-CB and a CP-SI-19-CB
(chrompack) and flame ionisation detectors. The oven temperature was programmed linearly
from 50°C to 230°C at a rate of 3 °C/min. The injector and detector temperatures were 200 °C
and 230 °C respectively. The carrier gas used was hydrogen a a flow rate of 0.5 ml/ min..
GC/MS measurements were carried out on a Hewlett-Packard HP 5890 gas chromatograph
equipped with a 25 m x 025 mm polydimethylsloxane CP-SI-5-CB (chrompack) capillary
column and coupled to a VG Andyticd VG 70-250S mass spectrometer with eectron impact
(70 eV) ionisation. The oven was operating under a linear temperature program from 80 °C to
270 °C at arate of 10 °C/min. Helium was used as a carrier gas a a flow rate of 0.5 ml/ sec..

The injector, transfer line and ion source temperatures were 220 °C, 230°C and 220°C
respectively.
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Preparative GC

Preparative GC andyss was caried out on a modified Varian 1400 prepardive gas
chromatograph, equipped with stainless sted columns, a (1.85 m x 4.3 mm) packed with 10 %
polydimethylsloxane SE 52 on Chromosorb W-HP and a (1.95 m x 53 mm) packed with
6.5% 6-O-TBDMS-2,3-di-OMe-b-cydodextrin in SE-52 (1:1, w/w) on chromosorb W-HP.

NMR spectroscopy

NMR measurements were carried out with a Bruker WM 400 or 500 MHz instrument using
TMSasinternad standard in deuterated benzene, CgDs.
1. (2)-Ligustilide (3)

Colour less ail; MS (El, 70 eV), m/z (%) = 190 (M"], 50), 161 (90), 148 (82), 133 (31),
120 (18), 105 (76), 91 (34), 77 (55), 65 (10), 55 (100), 40 (57). *H-NMR: (500 MHz, CsDs):
0.82 (3H, t, J = 7.6, Hs-11), 1.27-1.30 (1H, sep., J = 7.6, H-10), 1.78-1.82 (4H, m, H,-4, H,-
5), 2.20 (1H, g, J = 7.6, H-9), 4.63 (1H, t, J = 8.0, H-8), 5.44 (1H, dt, J = 9.8, 4.1, H-6), 6.25
(1H, d, J = 10.0, H-7). 3 C-NMR: (400 MHz, GsDe): 14.1 (C-11), 18.5 (C-10), 22.7 (C-4),
229 (C-5), 28.6 (C-9), 111.6 (C-8), 117.8 (C-7), 1279 (C-7a), 129.9 (C-6), 146.7 (C-3),
149.9 (C-3a), 167.1 (C-1).

2. Sedanonic acid lactone (4)

MS (El, 70 eV), m/z (%) = 192 ((M*], 32), 177 (1), 163 (100), 150 (67), 135 (11), 122 (8),
107 (43), 91 (24), 79 (61), 65 (9), 55 (62), 40 (24). *H-NMR: (500 MHz, CsDs): 0.83 (3H, t, J
= 7.6, Hs-11), 1.10-1.13 (4H, m, H,-5, H,-6), 1.31-1.33 (1H, sep., J = 7.6, H-10), 1.67 (2H,
bs, Hz-4), 1.97 (2H, bs, H2-7), 2.23 (1H, g, J = 7.6, H-9), 4.62 (1H, t, J = 8.0, H-8). *C-NMR:
(400 MHz, GsDg): 13.9 (C-11), 20.1 (C-4), 23.7 (C-2), 20.4 (C-7), 20.7 (C-5, C-6), 21.4 (C-
10), 28.0 (C-9), 108.6 (C-8), 127.4 (C-3a), 149.9 (C-3), 150.1 (C-7a), 169.0 (C-1).

3.. (32),(9E)-Isoligustilide (8)

(3-But-2-enylidene-4,5,6, 7-tetr ahydr o-3H-isobenzofuran-1-one)

MS (El, 70 eV), m/z (%) = 190 ([M*], 100), 175 (18), 162 (25), 147 (47), 134 (25), 119
(41), 105 (16), 91 (50), 79 (28), 65 (9), 53 (21), 39 (19). *H-NMR: (500 MHz, GsDe): 1.10
(4H, m, Hy-5, Hp-6), 1.56 (3H, dd, J = 7.0, 1.3, Ha-11), 1.67 (2H, m, Hp-4), 1.89 (2H, m, Ho-
7), 5.28 (1H, d, J = 11.0, H-8), 5.64 (1H, dd, J = 15.0, 7.0, H-10), 6.69 (1H, ddd, J = 15.0,
11.0, 2.0, H-9). 3C-NMR: (400 MHz, CsDs): 17.5 (C-11), 19.2 (C-5), 19.4 (C-6), 20.2 (C-4),
20.4 (C-7), 106.5 (C-8), 124.4 (C-9), 126.4 (C-34), 132.4 (C-10), 146.4 (C-3), 148.9 (C-7a),
167.4 (C-1).
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Abstract-Medanene, a tricyclic sesquiterpene hydrocarbon showing a novel carbon skeleton
represented by a trimethyldecahydroacenaphthylene was isolated from the essentid oil of the
leaves of the umbdliferous shrub Melanoselinum decipiens (Schrad. Et Wendl.) Hoffm.
(Apiacese). The dructure of melanene was edtablished to be (1R4E,7R8R9R129-1,7,9-
trimethyltricyclo[6.3.1.0>*?]dodec-4-ene or its antipode. In addition, 45 compounds (mostly
monoterpenes and sexquiterpenes) were identified, among which enantiomericdly admost
pure (1R)-(+)-b-pinene forms the mgor component (55.1 %).

Keywords: Melanoselinum decipiens (Schrad. Et Wendl.) Hoffm.; Apiacese (Umbdliferae);
Essentid oil; Mdanene; Sesquiterpene; b-Pinene.

1. Introduction
Melanoselinum decipiens is a rare umbdliferous shrub which inhabits rocky dopes in the
interior of Madeira'?® The essentid lesf il of plants from Madeira was shown to contain b-
pinene (53.1%) as the mgor component among 31 other compounds.* According to a second
invedtigation,® the essentid oils of the agrid pats of the plants, collected during the
vegetative phase on Madeira and on the Azores, were composed mainly of monoterpene

hydrocarbons (ca. 90 %), b-pinene (72%) and limonene (82%) being the main components of
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the Maderan and Azorean ails, respectively. Other investigations on M. decipiens resulted in
the isolation of a series of sesquiterpene lactones, caled decipienins A-H,% " and a number of
eudesmanolides®*® In our investigation, we anaysed the essentid oil obtained from a plant
grown in Hamburg, Germany.

2. Results and Discussion

GC and GC/MS andyss of the essentid oil of leaves of M. decipiens grown in Hamburg,
Germany, resulted in the isolaion of the new sesquiterpene hydrocarbon, 1, possessng a
novel carbon skeleton. Compound 1 was isolated by using preparative GC, and its structure
was edtablished by extensve NMR andyss. The mass spectrum of 1 (Fig. 1) exhibited a
molecular ion pek a Mz 204 consgtent with an elementd composition of C15H24, typica
for a sesquiterpene hydrocarbon with four degrees of unsaturations. This was supported by
IH-NMR and 2D-HMQC experiments which indicated five methylene groups, one dlefinic
proton, four saturated methine protons, and three methyl groups confirming the presence of 24
protons in 1. Two of the methyl sgnas appeared as doublets while the third was a singlet.
The 13C-NMR spectrum showed signds of 15 carbon atoms. These were 3 primary, 5
secondary, 5 tetiay (including an olefinic tertiary), and 2 quaternary carbons (including an
olefinic quaternary). 1H- and 13C-NMR d- values are given below. One of the 4 unsaturations
was due to a double bond (2 olefinic carbons) indicating a tricyclic structure of 1. Extensve
andyss of 2D-NMR experiments 1H,1H COSY as well as HMBC (Table 1) spectra of 1
revesled the depicted structure. The relative configuration of 1 was determined by a 2D
NOESY experiment that exhibited correlations between H-15 and H-5, H-5 and H-6, H-6 and
Hs-14. The new compound that we like to term melanene, therefore, is (1IR4E,7R8R9R 129)-
1,7,9-trimethyltricyclo[6.3.1.0°*?]dodec-4-ene or its antipode. This is the first detection of a
hydroacenaphthylene structure as a sesquiterpene skeleton in nature. The presence of a second
smilar sexquiterpene hydrocarbon was detected by its mass spectrum (Fig.2). The amount
was not sufficient for structure ducidation, however, in its *H-NMR the presence of 3 methyl
ggndsa d 0.89, 0.97, and 1.04 as well as an olefinic methine proton at d 5.35 indicated the
unknown is no sterecisomer of 1.

In addition to melanene, severd mono- and sesquiterpenes were identified as components of
the ail*®> by comparing their retention indices and mass spectra with a library of authentic
samples esteblished under identicd experimentd  conditions*'? Similar to tha of the
Madeiran plants* the ail from the plant grown in Hamburg contains b-pinene (55.1 %) as the
man component. By enantiosdective GC, this was shown to be represented by
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enantiomericdly dmost pure (1R)-(+)-b-pinene. The oil of the plant grown in Hamburg
contains higher amounts of sesouiterpenes (ca. 17 %) than that of the Madeiran plants>

Leaves of M. decipiens were collected in Hamburg (Pinneberg), Germany, from a privae
garden. Extraction of the oil, GC and GC/MS andysis as well as preparative GC andys's was
performed the same way as reported earlier.’* Enantioselective GC was carried out on two
Carlo Erba GC saries 2150 instruments equipped with two 25 m fused slica capillaries coated
with modified cycodextrins (3 -O-acetyl-6-O-TBDMS-2,3-di-O-methyl-b-cyclodextrin, and
6- O-methyl-2,3- O-pentyl-g-cyclodextrin both in 50 % OV 1701) as daionary phases. The
injector, oven, and detector temperatures were 200 °C, 50 °C and 250 °C, respectively. NMR
messurements were carried out with a Bruker WM 400 and 500 MHz insruments usng TMS
as interna standard in deuterated benzene, GDs. Optica rotation was determined on a Jasco
DIP 370 polarimeter at 589 nm and 20 °C.

Table 1. Key *H,*H COSY and HMBC correlations observed for 1.

'H,"H COosY HMBC

H-atom Correated with| H-atom Correated with
Ho-1 H-2|H.-1 C-2,C-9
H-2 H-2a, Hy-1, H3-9| Hz-1, H3-9, H3-10 C-2a
H-2a H-5, H-7, H-11|Hx-5, H3-10 C-3
H-3 H-2a, Hy-4, H3-10| Hx-5 C-4
Ho-4 H-3, H2-5|Hz-6, Ha-5, Ha-4, Ha-11 C-5a
H,-6 Ho-7|H2-6, Ha-1 C-8
Ho-7 Ho-6, H-8 | Ho-1 C-8a
H-8 Ho-7|H2-6, Ha-1 C-8b
H-8b H-2a

Hs-9 H-2

Hs-10 H-3
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Figure 1: 70 eV El mass spectrum of compound 1 (RI*® = 1455).
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Figure 2: 70 eV El mass spectrum of the unidentified trace compound (RI = 1397).
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2.1 Méelanene (2,3,5a-Trimethyl-1,2,2a,3,4,5,5a,6,7,8b-decahydroacenaphthylene =
(1IR4E, 7R 8R 9R 129-1,7,9-trimethyltricycl o[ 6.3.1.0°*?] dodec-4-ene or its antipode)

Colourless oil, sense of optical rotation: (+); *H-NMR: (500 MHz, GsDg): 0.89 (3H, d, J = 7.0,
Hs-10), 0.92 (3H, d, J = 7.0, Hz-9), 1.05 (3H, s, Hs-11), 1.09-1.19 (3H, m, H-2, H-2a, H-3),
1.14 (1H, m, Hg-4), 1.25 (1H, d, J = 11.0, H-8b), 1.38 (3H, m, Hx-1, Hx-5), 1.62 (1H, m, Hy-
5), 1.75 (2H, m, Hy-4, Ha-1), 1.85 (1H, m, He-7), 2.07 (1H, m, Hy-7), 2.21 (1H, m, Hy-1), 5.37
(1H, bs, H-8); 3C-NMR: (400 MHz, CsDs): 17.4 (C-10), 19.8 (C-9), 23.3 (C-7), 27.2 (C-11),
30.5 (C-4), 35.6 (C-6), 37.2 (C-5a), 41.4 (C-5), 42.2 (C-2), 44.5 (C-1), 44.8 (C-2a), 54.6 (C-
3), 56.6 (C-8b), 115.1 (C-8), 140.1 (C-8a).

10 Retention index on CPSil-5 capillary
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a-Pinene (1.1%), sabinene (0.1%), (1R)-(+)-b-pinene (55.1%), myrcene (5.0%),
limonene (0.8%), lindool (0.3%), trans-pinocarveol (0.9%), pinocarvone (tr'l),
myrtend (0.9%), myrtenol (0.6%), citrondlol (0.1%), methyl citronelate (0.7%),
trans-pinocarvyl acetate (0.3%), dihydroedulan (0.290), methyl geranate (tr), myrtenyl
acetate (tr), citrondlylacetate (tr), cyclosativene (0.7%), a-copaene (1.0%), b-
cubebene (0.4%), sdina-4(15),6-diene (0.3%), (E)-b-caryophyllene (0.9%), dauca
8,11-diene (0.1%), trans-a-bergamotene (0.5%), (E)-b-farnesene (0.6%), Melanene
(2.3%), b-ionone (tr), ar-curcumene (3.6%), germacrene D (tr), zingiberene (2.7%),
bicyclogermacrene (0.1%), b-bisabolene (1.5%), g-cadinene (tr), b-sesquiphelandrene
(2.1), demal (0.4%), E-nerolidol (0.4%), dihydro-(ar)-turmerone (0.1%), spathulenal
(tr), 10-(epi)-junenal (2.9%), a-guaiol (3.3%), rogfaliol (tr), hinesol (tr), 5-guaene-
11-ol (0.5%), b-eudesmol (0.2%), a -eudesmol (0.2%), and neophytadiene (0.9%).

Tesso, H., Konig, W.A. Terpenes from Otostegia integrifolia, Phytochemistry 2004,
65, 2057-2062.

1 trace < 0.1%
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