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Abstract—(-)-a-Microbiotene {(-)-(1S,5S)-2-methyl-5[(18)-1,2 2-trimethylcyclopentyl]-bicyclo[3.1.0]hex-2-ene }
(+)-f-microbiotene  {(+)-(18,25)-2-methyl-5[(1S)-1,2,2-tri-methyl-cyclopentyl]-bicyclo[3.1.0.}hex-2(7)-ene}
and (-)-cyclocupar-9-en-2-one have been isolated and identified from the essential oil of the liverwort Mannia
[fragrans and correlated with constituents of opposite configuration from Microbiota decussata (Cupressaceae).
(; 1998 Elsevier Science Ltd. All rights reserved
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central Europe [1], has a pleasant and intensive odour,
which is associated with its major constituent gri-
maldone (1) [2]. We have collected two specimens
of Mannia fragrans in the Alumiihl valley (southern

Germany) and in the Aosta valley (northern Italy) -
and investigated their hydrodistillation products from
which, in addition to 1, the corresponding ses-

quiterpene hydrocarbons a-microbiotene (2), f-micro-
biotene (3) and an isomer of 1, cyclocupar-9-en-2-one

(4), were isolated. The cyclocuparane skeleton is also |
present in microbiotol (5), which was first isolated and
identified by Asakawa er a/ [3]. from the liverwort /O/Q 2 A
Marchantia polymorpha and which is a major con- a | |
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10

()2 (+)-3

(-)-6 -7 ()-8

stituent of Microbiota decussata (Cupressaceae) [4].
Tkachev er a/ [5]. have assigned the absolute configur-
ation to 5 by chemical correlation with (4 )-cuparene

(-)-11

(6) and molecular mechanics calculations in con- """\O
junction with conformational analysis by NMR. We s

have prepared 2 and 3 by dehydration of § which was

isolated from M. decussata by liquid chromatography (-)-4

and compared its structure and configuration with the
same compounds from Mannia fragrans by spectro-
scopic methods and enantioselective gas chromato- ) o ) )
graphy. with modified cyclodextrins as chiral stationary

phases, allowed the identification of grimaldone (1),

(-)-cuparene (6), (-)-a-cuprenene (7), (-)-y-cuprenene
RESULTS AND DISCUSSION (8), (-)-0-cuprenene (9) [6, 7, 8], sesquisabinene (10)
[9] and (-)-sesquiphellandrene (11) [10]. The ses-
quiterpene hydrocarbon (-)-a-microbiotene (2) was
isolated from the cssential oil of M. fragrans by prep.
GC and its structure identified by 1- and 2D-NMR
techniques. The 'H NMR spectrum shows an olefinic
proton at 0 = 4.93, which couples to the C-11 methyl-
*Author to whom correspondence should be addressed. ene protons at 4 = 2.20 and 2.69 and to the C-15

GC-mass spectrometry of the hydrodistillate of M.
[fragrans and comparison with published mass spectral
and retention index data, using enantioselective GC
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methyl group at & = 1.76. The C-11 methylene group
also exhibits a homoallyl coupling correlation to the
C-15 methyl. A cyclopropyl proton signal appears as
a triplet at § = 0.03, which further couples with two
cyclopropyl protonsat é = 1.23 and 1.37, respectively,
which again couple with each other.

(+)--Microbiotene (3) was isolated by silica gel
column chromatography from the essential oil of M.
fragrans. In its '"H NMR spectrum the typical signals
of an exocyclic methylene group appear at o = 4.84
and 5.05. One cyclopropyl proton signal appears at
& = 0.60 as a dd system with coupling correlations to
two multiplets at 6 = 1.13 and 1.45 (two cyclopropyl
protons), respectively, which themselves are coupled
to each other. Furthermore, a long-range coupling
from the signals of the exocyclic methylene group to
the signals of the C-10 methylene group (6 = 1.94-
2.14) is observed.

To verify the structures of 2 and 3, a sample of
microbiotol (5) was isolated from the essential oil of
Microbiota decussata and dehydrated with phosphoryl
chloride (Fig. 1). Two of the compounds formed pro-
ved to be identical with 2 and 3 by comparison of
their mass spectra and GC retention times. The other
compounds formed in the dehydration reaction were
identical with compounds 6-9. x-Microbiotene (2) is
present as a component in the hydrodistillate and is
also found in the petrol extract of M. decussata but
we did not find B-microbiotene (3). The formation of
the cuparane type sesquiterpenes can be rationalized
by an acid catalyzed cyclopropane ring opening reac-
tion (Fig. 2). The facile formation of the cuparane
skeleton from the cyclocuparane system is also docu-
mented by the almost identical mass spectra of 2 and
3 with the spectrum of d-cuprenene (9).

Measurement of the optical rotation of the mic-
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Fig. 1. Dehydration of microbiotol (5), isolated from M. decussata, to (+ )-o-microbiotene and (— )-S-microbiotene.
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robiotenes isolated from M. fragrans indicated a nega-
tive rotation for x-microbiotene and a positive
rotation for B-microbiotene. Both compounds were
compared with the dehydration products of mic-
robiotol (5) from Microbiota decussata by 2D-GC
(Fig. 3). It turned out that 2 and 3 from M. fragrans
and the dehydration products from microbiotol (5)
had opposite configuration. In this way, the mic-
robiotenes from M. fragrans are correlated with the
known absolute configuration of microbiotol (5) from
M. decussata. Microbiotol (5) is not present in the
hydrodistillate of M. fragrans.

Further investigations of the fractions isolated from
M. fragrans led to another compound with a cyclo-
cuparane skeleton. Inspection of its '"H- and '*C-NMR
spectra (1-, 2D-NMR, *C-NMR and 'H-"*C-COSY)
resulted in the structure of (-)-cyclocupar-9-en-2-one
(4). At 6 = 4.97 a broad singlet of an olefinic proton is
observed, which couples to the C-11 methylene signal
(complex multiplet at = 2.66 and 2.3), which again
couples to the C-15 methyl groupat é = 1.80. A cyclo-
propane proton at & = 0.15 of C-7a couples to a com-
plex multiplet of two additional cyclopropyl protons,
C-7b and C-8, at & = 1.36-1.44. The resonances of
two additional methylene groups are coupled to each
other and appear in the range of & = 2.20-2.40 (C-3)
and, widely split, at 4 = 1.75 and 1.20 (C-4). One of
the C-4-protons shows a long-range coupling to the
methyl group C-14 (6 = 0.97, s).

EXPERIMENTAL

Plant material

Microbiota decussata was obtained from the bot-
anical garden of the University of Hamburg (no. AO-
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Fig. 2. Acid induced dehydration of microbiotol (5) and ring opening reaction leading to the formation of (+ )-a-cuprenene
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Fig. 3. Determination of the enantiomeric composition of «-
microbiotene (2) and f-microbiotene (3) in the essential oil
of Mannia fragrans by 2D-GC. Preseparation on a 25m
capillary column with CpSil 5 at 50°, temp. program: 3°/min
to 230°. Enantiomer separation on a 25m fused silica capil-
lary with heptakis(2,6-di-O-methyl-3-O-pentyl)-S-cyclo-
dextrin (50% in OV 1701, w/w) at 110°. Co-injection with
the dehydration products of microbiotol (5).

F-5995). Mannia fragrans was collected in the Altmiihl
valley (Southern Germany, Bavaria, dry hills with
rock outcrops, north of Boehming, no. 1-15.10.95,
Herbarium Ulm) in October 1995 and in the Aosta
valley (northern Italy, Valle di Cogne, dry grasslands.
west of Lillaz, 1600 m. no. 2-17.9.95, Herbarium Ulm)
in September 1995.

Hydrodistillation

The volatile constituents were obtained by hyd-
rodistillation (2 h) of aq. homogenates of fresh plant
material using n-hexane as collection solvent. Because
of the greatly differing weights, the fresh material was
not weighed.

Extraction

The constituents were obtained by extraction (over
night) of aq. homogenates of fresh plant material with
petrol. The raw extract was filtered and analyzed by
GC and GC-MS.

Liquid chromatography

Microbiotol (5) was isolated by chromatography of
the essential oil of M. decussata at —18°C on an Al,O,
column with an n-pentane/ethyl acetate gradient as
eluent. B-Microbiotene from M. fragrans was isolated
by silica gel cc with n-hexane as eluent.

Dehydration

Two mg of microbiotol (5) was stirred in 0.5 ml dry
pyridine and 1 drop of POCI; at room temperature
for 1 hr. 1 ml H,O was added to stop the reaction. The
dehydration product were extracted with n-hexane (3
times), washed with water (several times) and dried
over Na,SO, * H,O, to give 2 and 3 in a molar ratio
of 1: 1.2

Enantioselective capillary GC

Capillary columns with cyclodextrin derivatives
were prepared as described in ref.[11].

Two-dimensional GC [12]

The essential oil samples were injected on a 25m
(0.25mm i.d.) capillary column containing nonpolar
CpSil 5 (Chrompack) in a Siemens Sichromat 2
gas chromatograph (equipped with a T-piece live-
switching unit) at 50° and programmed at a rate of 3°
min~' to 230°. Sample transfer was performed manu-
ally to a 25 m capillary column with heptakis(2,6-di-
O-methyl-3-O-pentyl)-f-cyclodextrin (50% in poly-
siloxane OV 1701, w/w) which was kept isothermal
at 110°. The chromatograms of both columns were
recorded with a two-channel Merck-Hitachi model
2500 integrator. H, at an entrance pressure of 80 kPa
for the CpSil 5 capillary and 65kPa for the cyclo-
dextrin capillary was used as a carrier gas.

NMR spectroscopy

Brucker WM 400 (400MHz) and WM 500
(500 MHz) using TMS as int. standard.

GC-MS

El (70eV) GC-MS measurements were carried out
on a Hewlett Packard HP 5890 gas chromatograph
equipped with a 25 m CpSil 5 (Chrompack) fused silica
capillary column coupled to a VG Analytical VG 70-
250S mass spectrometer.

Polarimetry

Optical rotation measurements were performed
with a Perkin Elmer 241 polarimeter. Because of the
small sample amounts only the sign of optical rotation
was determined.
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(-)-o-Microbiotene (2)

'H-NMR (500 MHz, CDCL,): 6 = 0.03 (1H, 1, J =
4 Hz), 0.88-0.97 (1H, m), 0.97 (3H, ), 1.00 (6H, s),
1.21-1.26 (1H, m), 1.35-1.69 (6H, m), 1.76 (3H, m),
2.20 (1H, m, J=17Hz), 2.69 (1H, m, J=17Hz), 4.93
(1H, br 5). EIMS (70eV), m/z (rel.int.): 204 (12), 161
(30), 119 (32), 111 (42), 93 (56), 91 (32), 69 (100), 55 (54).

(+)-B-Microbiotene (3)

'H-NMR (400 MHz, CDg): 6 = 0.60 (1H, dd,
Ju =4Hz, J,,=5Hz), 0.77-0.86 (1H, m), 0.96 (3H,
s), 0.97 (3H, s), 1.01 (3H, s), 1.13 (1H, m), 1.35~1.75
(8H, m), 1.94-2.01 (1H, m), 2.04-2.14 (1H m), 4.84
(1H, br 5), 5.05 (1H, br 5); EIMS (70eV), m/z (rel.
int.): 204 (2), 111 (66), 93 (32), 91 (32), 69 (100), 55 (54).

(-)-Cyclocupar-9-en-2-one (4)

'H-NMR (400 MHz, CDCL): 6 = 0.15 (1H, 1, H-7,
J=3Hz). 0.97 (3H, 5, H-14), 1.05 (3H, 5, H-12/13),
1.07 (3H, s, H-12/13), 1.20 (1H, m, H-4, J=3Hz),
1.36-1.44 (2H, m, H-7 and H-8), 1.70-1.78 (1H, m,
H-4), 1.80 (3H, br s, H-15), 2.20-2.40 (3H, m, H-3a
and H-3b and H-11), 2.66 (1H, dr, H-11, J=17 Hz),
497 (3H, br s. H-10); “C-NMR (100.62MHz,
CDCL): 6=16.19 (g, C-15), 19.49 (g, C-12/13), 21.22
(g, C-12/13), 21.58 (g, C-14), 22.38 (1, C-7), 27.84 (1,
C-3/4), 28.51 (d, C-8), 33.74 (1, C-3/4), 33.79 (s, C-6),
38,39 (1, C-11), 45.51 (s, C-5), 53.55 (s, C-1), 121,00
(d, C-10), 144.85 (s, C-9), 223.40 (s, C-2). EIMS
(70eV), m/z (relint.): 218 (1), 203 (2), 111 (100), 93
(90), 91 (38), 83 (62), 77(30), 55 (38).
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