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Abstract—Novel ens-alloaromandendranes, planotriol and its acetates, and four ent-2,3-secoalloaromandendranes
including two novel compounds in nature and one novel ent-bicyclogermacrene were isolated from cultured cells
of the liverwort, Heteroscyphus planus. The absolute configuration of planotriol and its acetates were determined
by a single X-ray analysis and 'H NMR spectroscopy after derivatization with an axially chiral agent,
2-(2'-methoxy-1'-naphthyl)-3,5-dichlorobenzoic acid (MNCB). Planotriol diacetate was chemically converted into
the known ent-2,3-secoalloaromandendrane, (—)-hanegokedial, suggesting that the 2,3-dihydroxy-alloaroman-
dranes might be immediate precursors for 2,3-secoalloaromandendranes. The absolute stereochemistry of the
bicyclogermacrane and the 2,3-secoalloaromandendranes was also determined by 'H NMR analysis of the MNCB
esters and chemical correlation. Copyright © 1996 Elsevier Science Ltd

INTRODUCTION alcohols by "H NMR (16, 17]. The chemical conver-
sion of planotriol (1) to the known ent-2,3-secoal-
loaromandendrane, (—)-henegokedial [18], (plagiochilal
A [19]) is also described.

Liverworts frequently contain terpenoids of remarkable
interest because of their structure [1], biogenesis [2-9]
and biological activity [10, 11]. Since terpenoids en-
antiomeric to the corresponding compounds from vas-

cula.r plants oftt?n occur in 11verw01jts, z.ittentlon must be RESULTS AND DISCUSSION
particularly paid to the determination of absolute
configuration. We have previously reported the isolation The methanol extract of the cultured cells and

of sesquiterpenes of cadinane-type [12] and diterpenes ~&ametophytes of H. planus, obtained as described
of clerodane-type [13, 14]. Hashimoto er al. [15] have Previously [12], was further separated by sequential
very recently reported diterpenes of the epi-neover- HPLC and liquid chromatography to give a novel
rucosane and ent-clerodane types, and sesquiterpenes of ent-trihydroxy-alloaromandendrane (1), which we have
the ent-2,3-secoalloaromandendrane and cadinane types hamed planotriol, its acetates (2 and 3), four ent-
from Heteroscyphus planus harvested from the field. —secoalloaromandendranes (8, 9, 11 and 12) including
As a continuation of our work on terpenoids accumu- the known plagiochiline A (11) [20} and methoxy-
lated in cultured cells of the liverwort H. planus, we Plagiochiline A, (12) [21]. A novel ent-bicyclogermac-
isolated three new ent-alloaromandendranes, plantotriol ~ rene (6) was also isolated from the freshly harvested
(1) which might be an immediate precursor for ent-2,3- calli. However, compound 6 was not detected in the
secoalloaromandendrane biosynthesis, its acetates (2 fractions stored at —30°C for over two years, indicating
and 3), one novel ent-bicyclogermacrane (6) and four its instability.

ent-secoalloaromandendranes (8, 9, 11, 12) including
two novel compounds (8, 9) in nature. In this com-

munication, we report the elucidation of the absolute ent-Alioaromandendranes

configuration of the ent-alloaromandendranes and the Planotriol diacetate (3) (17.5 mg from 918 g cultured
ent-bicyclogermacrane by X-ray analysis and '"H NMR  cells) was obtained as an oil, [a],‘f — 1.55. The molecu-
spectroscopy using axially chiral 2-(2'-methoxy-1’- lar formula was determined by FIHR-mass spec-

naphthyl)-3,5-dichlorobenzoic acid (MNCB) which one  trometry as C,,H,,0; (m/z 336.1927; calc. 336.1937).
of us employed for discrimination of enantiomeric Planotriol monoacetate (2) (3.1 mg) was obtained as an
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oil, [a]} + 13.3. The molecular formula was estab-
lished by EIHR-mass spectrometry as C,,H,, O, (m/z
294.1861; calc. 294.1832). Planotriol (1) (0.7 mg), was
obtained as needles from Et,O-n-hexane, mp 129~
131°C, [a]f)4+8.60 (¢ 0.11 MeOH). The molecular
formula of 1, C,;H,,0,, was deduced by EIHR-mass
spectrometry ([M]" 252.1735, calc. 252.1726). Hy-
drolysis of 2 and 3 with 16.7% aq. Cs,CO, at room
temp. for 1.5h gave planotriol (1).

The NMR spectra ('H, "*C, DEPT, 'H-'H and 'H-
"*C COSY) of 3 confirmed the proton-line assignments
of H-1 to H-4 and H-5 to H-9, and the presence of two
acetyls (two methyls at §. 20.8 and 8, at 2.13 and 2.03,
and two C=Os at 8. 170.0 and 170.1), three methyls
attached to quaternary Cs and a quaternary C attached
to an OH group (see Table 1). The presence of a
cyclopropane ring was confirmed by the 'H peaks
resonating at 8 'H 0.59 (ddd, Ju.6n.7 = 11.2Hz, H-7)
and 0.26 (dd, J,, . ;.. = 9.4 Hz, H-6). The 'H-'H long
range connectivity between H-2 and methylene protons
at C-15 indicated that a C-10=C-15 H, unit is
attached to C-1. Segments as described above were
assembled by HMBC connectivities (Fig. 1), that are in
agreement with an alloaromandendrane or aromanden-
drane skeleton. Difference NOE and NOESY experi-
ments performed on 3 established the relative configu-
rations of protons and methyl group in the C-1-C-7
region and of exocyclic methylene at C-10 and H-2
according to Figure 1. The strong NOE between H-1
and H-5 confirmed the cis-ring junction, that is, al-
loaromandendrane skeleton for 1, while NOE between

H-1 and H-5 was not usually observed in the aroman-
dendranes [22, 23]. However, contradictory data on the
ring junction was obtained by decoupling experiments
which showed the coupling constant between H-1 and
H-5 to be 10.2 Hz (the value is in the corresponding
trans-fused system). The cis-orientation of H-1 and H-5
was finally proven by a single crystal X-ray analysis of
the dibenzoate (4) of 1, which was obtained by the
esterification of 1 with benzoyl chloride. The crystallo-
graphic data and perspective view of the molecular
structure of 4 (Figure 2) conclusively indicate the
cis-fused ring system. The larger coupling constants
(ca. 10 Hz) were so far believed to indicate the trans-
ring junction of bicyclo [5.3.0] decane skeleton. How-
ever, the findings described here demonstrated that the
larger coupling constant between the brideghead
protons does not indicate the trans-ring junction at C-1
and C-5 of this tricyclo[6.3.0.0] undecane skeleton. The
larger coupling constant between H-1 and H-5 may be
explained by the smaller dihedral angle between the
H-1-C-1 and H-5-C-5 bond (—28° obtained by X-ray
analysis, J,;_, s in 4: 9.6 Hz).

The absolute configuration of planotriol monoacetate
(2) was determined by esterification of the secondary
hydroxyl group at C-3, the presence of which was
proved by the doublet proton resonance at §,, 3.98, with
axially chiral MNCB. The monoacetate (2) was es-
terified with (aR)- and (aS)-MNCB by the method
previously reported [16]. Figure 3 shows the configura-
tional correlation models for (aS)- (5a) and (sR)-MNCB
(5b) esters of 2. The NOE enhancement of the acetoxy
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Table 1. "*C (67.8 MHz) and 'H (270 MHz) NMR spectral data for planotriol (1), monoacetate (2) and diacetate (3) in CDCl,

1 2 3
Cc 8 "*C & '"H(J Hz) 8 °c & 'H(JHz) 5 °C &' H(J Hz)
1 532 2.94 (dd, 4.6,9.6) 499 3.20 (dd) 495 3.18 (dd, 6.9, 10.2)
2 74.2 4.36 (dd, 4.6,5.9) 75.2 5.44 (dd) 72.9 5.60 (dd, 6.9,5.9)
3 76.1 3.76 (d, 5.9) 75.6 3.98(d,5.9) 77.2 5.48 (d,5.9)
4 81.4 79.7 79.6
5 459 2.19 (dd, 9.6,11.5) 455 2.12 (dd, 11.6) 45.8 2.19(dd, 10.2,11.2)
6 26.1 0.14 (dd, 11.5,9.2) 25.1 0.19 (dd, 11.6) 25.1 0.26 (dd, 11.2,9.4)
7 252 0.56 (ddd, 9.2, 12.0, 5.0) 25.0 0.60 (ddd, 9.2, 5.6) 25.0 0.59 (ddd,9.4,9.2,5.0)
8 21.1 al2l 212 al.19 210 al.17
B1.78 B£1.82 B1.80
9 37.4 2.38 36.3 237 36.9 2.38
10 1479 147.1 146.2
11 17.7 17.8 17.8
12 284 1.00 (s) 28.5 1.01 (s) 28.4 1.01 (s)
13 15.9 1.03 () 15.8 1.03 () 15.8 1.03 (5)
14 223 1.26 (s) 228 1.26 (s) 22.8 1.26 (s)
15 110.2 Z4.81 (d < 1Hz) 110.9 Z4.80(d < 1Hz) 110.8 74.84 (d <1Hz)
E491 (d <1Hz) E4.88 (d <1Hz) E491(d<1Hz)
OAc-2 21.0 2.11 20.8 2.13
171.2 170.0
OAc-3 20.8 2.03
170.1

Assignments were based on DEPT, 'H-'H COSY, >’C~'H COSY, NOESY, difference NOE and HMBC experiments.

methyl protons by the irradiation of the methoxy
protons in 5a clearly suggests that the methoxy group is
in proximity to the acetoxy group in the case of the
(aS)-MNCB ester [17], while no NOE enhancement
between the acetoxy methyl protons and the methoxy
protons was observed in 5b as expected. These NOE
correlations clearly indicate the R-configuration at the
C-3 position of 2. The R-configuration at the C-3
position was also proven by chemical shift differences
defined as Ad(ppm) = aS-8aR of MNCB esters (5)
(see Table 2) [16]. The positive AS values of H-1
(+0.28), H-2 (+0.05) and acetyl methyl protons
(+0.04) indicate that these protons are located on the

left hand side of the naphthalene ring in the case of the
(aS)-MNCB ester (Fig. 3, 5a), demonstrating the R-
configuration at C-3 in 2. Thus the absolute configura-
tion of 2 is concluded to be as indicated in the structure.

ent-Bicyclogermacrane

The molecular formula of the new bicyclogermac-
rene  (ent-3B-acetoxy-283-hydroxybicyclogermacrene,
6) was C,,H, O, as determined by EIHR-mass spec-
trometry. IR absorptions at 3400 cm ™' and 1740 cm ™",
together with the '*C peaks resonated at & 170.7

(CH,C*00-), 21.2 (C*H,COO), 82.1 (sec C attached

HMBC connectivities

important NOEs

Fig. 1. HMBC connectivities and important NOEs observed in planotriol diacetate (3).
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Fig. 2. The perspective view of the molecular structure of planotriol dibenzoate (4).

Ad values(ds -8g)

5a;(aS)-MNCB ester

5b;(aR)-MNCB ester

Fig. 3. The configurational correlation models for MNCB esters (5a and 5b) of planotriol monoacetate (2) and observed NOE
correlation.

to an acetoxy group) and 70.4 (sec C attached to an
hydroxy group), and the 'H peaks at 65.26 (d,
Jian.3 = 3.3 Hz, H-3) and 4.49 (dd, H-2) indicated the
presence of the acetoxy and hydroxy groups vicinal to
each other. Analysis of the '"H and >C NMR spectra

(see Table 3), aided DEPT, 'H-'H COSY, 'H-'"*C
COSY, NOESY, different NOE and COLOC experi-
ments enabled establishment of the structure of 6. The
'H NMR spectrum of 6 indicated the presence of two
trisubstituted ethylenic double bonds {8, 5.07 .

Table 2. 'H NMR data of MNCB esters 5a and 5b

Proton (aS)-MNCB (5a) (aR)-MNCB (5b) Aé (ppm)
H-1 243 2.15 +0.28
H-2 5.31 5.26 +0.05
H-3 4.92 4.96 —0.04
H-5 1.25 1.25 0
H-6 0.04 0.07 —0.03
H-7 0.45 0.43 —-0.02
H-8a 1.04 0.94 +0.10
H-88 1.73 1.68 +0.05
H-9 2.30 2.18 +0.12
Me-12 0.83 0.90 —0.07
Me-13 0.88 091 —0.03
Me-14 0.65 0.80 —0.15
H-15Z 4.61 4.52 +0.09
H-15E 4.79 4.72 +0.07
OAc 1.90 1.86 +0.04

Assignments were based on DEPT, 'H-'H COSY, *C-'H COSY, NOESY and

difference NOE experiments.
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Table 3. NMR data of compound 6 and its (aS)- and (aR)-MNCB esters 7a and 7b
6 7
C A"°C A'H(J HZ) (aS)-MNCB (7a) (aR)-MNCB (7b) A8 (ppm)
1 1229 507, 3.3) 4.40 4.61 —0.21
2 70.4 449 (dd, 3.3, 1.3) 522 5.21 +0.01
3 82.1 5.26 (d, 1.30) 4.95 4.95 0
4 126.6
5 1284 489, 11.9) 4.71 4.77 —0.06
6 27.1 1.30 1.25 1.25 0
7 312 0.74 (ddd) 0.68 0.68 (]
8 27.1 al.35 1.16 1.20 —0.04
p1.95 1.91 191 0
9 37.6 «2.49 2.34 2.33 +0.01
B1.80 (dd, 12.9, 4.0) 1.71 1.69 +0.02
10 1433
11 21.0
12 29.0 1.07 () 1.04 1.04 0
13 15.3 1.02 (s) 0.96 0.98 -0.02
14 159 1.74 d, 1.3) 1.60 1.60 0
15 219 1.57 d, 1.3) 1.45 142 +0.03
OAc 21.2 2.09 1.81 1.96 —-0.15
170.7

Assignments were based on DEPT, 'H-'COSY, *C—'H COSY, NOESY, difference NOE and COLOC experiments.

Jur s =99Hz, H-1) and 4.89 (d, Jyy s, = 11.9Hz,
H-5)} and a cyclopropane ring {1.30 (m, H-6) and 0.77
(ddd, H-7)}. Two partial structures, Cq—CH(CHOAC)-
CH(OH)-CH=C(CH,)-(Cq:quaternary C) and

-CH,-CH,-CH-CH-CH=C(CH,)-,
CH,CH,

were joined to the bicyclogermacrene skeleton as
indicated on the basis of the long range connectivities
as shown in Fig. 4. Trans-substituted C=C bonds at
C-1/C-10 and C-4/C-5 were confirmed by the ob-
served NOEs between H-2 and Me-15 and between H-6
and Me-14 (see Figure 5). Additional NOEs of H-2/
H3, Me-14/H-3, Me-13/H-5, Me-12/H-6 and H-7,
Me-14/Me-15 confirmed the established conformation
of the bicyclogermacrene [24], indicating that the

Fig. 4. COLOC connectivities in compound 6.

acetoxy and the hydroxy groups were cis-oriented on
the same side as the cyclopropane ring. Based on the
above findings, the relative configuration of 6 was
elucidated as indicated.

The absolute configuration of the ent-bicyclogermac-
rene 6 was determined by esterification of the sec-
ondary hydroxyl group at C-2 with (a$)- and (aR)-
MNCB. Fig. 6 shows the configurational correlation
models for (aS)- (7a) and (aR)-MNCB (7b) esters of 6.
We tentatively ascribe the preference of conformation
7A of (aS)- and (aR)-MNCB esters of 6, in which the
3,5-dichlorobenzoyloxy group staggered between the
C-3/C-4 bond and the H-3 to the conformation 7B
eclipsing the H-3 and the 3,5-dichlorobenzoyloxy
group. This is supported by the observation that
protons, H-1 (A8 = 8S — 8R: —0.21 ppm), acetoxy Me
(—0.15) and H-5 (—0.06) suffered very substantial
upfield shifts in the aS-isomer, while protons, Me-15
(+0.03) and H-2 (+0.01) suffered a slightly downfield
shift in the (a$)-isomer. The negative A8 values of H-1,

6: R=H
7: R=MNCB A e

.....

Fig. 5. Important NOEs observed in compound 6 (4- -») and
its MNCB ester Z(7) (4- - and «4--p).
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A S values( &g -dg)

7a; (aS)-MNCB ester

7b; (aR)-MNCB ester

Fig. 6. The configurational correlation models for MNCB esters (7a and 7b) of compound 6.

H-5, acetoxy Me indicate that these protons are located
on the right hand side of the naphthalene ring in the
(aS)-MNCB ester (Figure 6, 7a), demonstrating the R-
configuration at C-2 in 6. Thus the absolute confiura-
tion of 6 is concluded as indicated.

ent-2,3-Secoalloaromandendranes

ent - 2,3 - Secoalloaromandendranes, plagiochiline L
(18) and M (19), have been isolated from H. planus
harvested in the field [15]. Four additional ens-2,3-
secoalloaromandendranes (8, 9, 11, 12) were isolated
from cultured cells of H. planus. Two of them were
identified as the known plagiochiline A (11) [20] and
methoxyplagiochiline A, (12) [21] by comparison of
the spectroscopic data ('H and ''C NMR. El-mass
spectrometry and [«],) with those of published data
{19-21]. The structure of deacetylplagiochiline C (ent-
2B-acetoxy - 14 - hydroxy - 2,3 - epoxy - 2,3 - secoal-
loaromandendrene, 9) has been elucidated by El-mass
spectrometry, UV, IR and NMR ('H and '*C 1D NMR,
DEPT, 'H-'H and 'H-'"C COSY, NOESY, difference
NOE and HMBC, see Experimental. Deacetylplagio-
chiline C (9) was isolated for the first time from a
natural source. Although compound 9 has been reported
as a reduced product of plagiochiline L [15], no spectral
data was given in the literature. The structure of 9 was
conclusively confirmed by acetylation of 9 to give the
known plagiochiline C (10) [18, 25-27).

The '"H NMR spectrum of the novel diacetate 8 (ent-
2,3-diacetoxy-10a,15a-epoxy-2,3-secoalloaromanden-
dra - 4(14) - ene) showed signals due to an acetoxy
methyl attached to a methine C {5 2.03 (3H, s, acetyl
Me), 443 (1H, dd, J = 11.2 and 6.2 Hz, H-2) and 4.51
(IH, dd, J=112 and 83Hz, H-2)}, an isolated

acetoxymethyl attached to a C=C bond {5 2.08 (3H, s,
acetyl Me), 4.52 (1H, d, J=13.2Hz, H-3) and 4.66
(1H, d, J = 13.2 Hz, H-3)}, a cyclopropane ring {6 0.61
(1H, dd, J=9.2 and 11.5Hz, H-6) and 0.84 (1H, m,
J =11.5Hz, H-7)}, geminal dimethyls {6 0.95 (3H, s,
Me-13) and 1.10 (3H, s, Me-12)} and an epoxy ring
{6 2.52 (2H, s, 2 X H-15s), “c signals at &, 52.9
(C-15) and 62.5 (C-10)}. These fragments were con-
nected by 'H-'H and 'H-">C COSY experiments to
give two partial structures as indicated in Figure 7,
which were further assembled to the structure 8 by
HMBC connectivities (see Figure 8). The smaller
coupling constant (<1 Hz) between H-5 and H-1, and
the larger coupling constant (9.2 Hz) between H-5 and
H-6 together with the observed NOEs (Figure 8)
indicated that H-5 and H-6 were trans-diaxially ori-
ented, and that H-1 was cis-oriented to H-5. Thus the
relative stereochemistry at C-1, C-5, C-6 and C-7 was
determined as indicated. Concerning the stereochem-
istry of the epoxy ring at C-10, comparison of the &,
values of C-15 and C-10 with published data [26, 28]
indicated that they should be the same as for the regular
series of ent-10a, 15a-epoxy-2,3-secoalloaromanden-
drenes from liverworts. Chemically prepared ent-
108,15B-epoxy-isomer of plagiochiline A (20), for
example, gave signals due to C-15 in a lower field (8.
57.4 [25]) than did plagiochiline A (8, 51.7).

Chemical correlation of planotriol diacetate (2) to
(—)-hanegokedial ( plagiochilal A, 14)

The ent-2,3-secoalloaromandendranes frequently co-
occur with the ens-bicyclogermacrenes in liverworts.
Fukuyama and Asakawa [18] proposed the possible

0

AcOCH,

Fig. 7. Partial structures of compound 8.
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HMBC connectivities

important NOEs

Fig. 8. HMBC connectivities and important NOEs observed in compound 8.

biosynthetic route of the ent-2,3-secoalloaromanden-
dranes via (—)-hanegokedial (plagiochilal A [19]) from
(—)-bicyclogermacrene [28]. The ent-alloaromanden-
dranes (1 to 3) which co-occurred with the above
compounds in cultured cells of H. planus possess
‘absolute stereochemical homogeneity’ [29] to the 2,3-
secoalloaromandendranes. Thus we propose that the
2,3-dihydroxy-alloaromandendranes such as the diol 13

and triol 1 are the ‘missing links’ in the ent-2,3-
secoalloaromandendrane  biogenesis  from  (—)-
bicyclogermacrenes as indicated in Scheme 1.

To prove this hypothesis, the 1,2-diol 13 was pre-
pared by dehydration of planotriol diatetate (3) with
POCI, in pyridine, followed by hydrolysis with aque-
ous Cs,CO, in methanol in 11% yield (see Scheme 2).
The structure of 13 was confirmed by EIHR-mass

Si

o1 HO. _
—‘““ a-attack
[01-7 “°/ r o
Si
oPP F HO' " I\

||| 2EGE FPP

/oo

H N II
CH,0Ac /\

11

]

H N/
CH,OH /\
9

oxidative HO,

Scheme 1. Possible biosynthetic pathway of the ent-2,3-seco-alloaromandendranes in cultured cells of H. planus.

AcO H
]
1. POCly/pyridi
AcO- e . HO-
KT 2% CaCOMeOH
HO
3

(vield: 11%)
13 14

H

OHC !

KIO/Et,0-H,0
> OHC

ooy

K

(yield: 62%)

Scheme 2. Chemical conversion of planotriol (1) to (—)-hanegokedial (14).
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Fig. 9. Important NOEs observed in an intermediate 13.

spectrometry, 'H and '>C NMR, and 'H-'H COSY and
'H-">C COSY experiments. Significant NOEs observed
by NOESY experiment on 13 (see Figure 9) indicated
that the absolute configurations at the C-1, C-2, C-3 and
C-5 positions were retained in the formation of 13. The
1,2-diol 13 was then oxidatively cleaved under mild
conditions (potassium periodate in Et,O-H,O at 0°C
for 32hr) to afford hanegokedial 14 in 62% yield
(Scheme 2). The 'H and **C NMR spectra compound
14 chemically prepared from 3 are identical to those
reported for (—)-hanegokedial isolated from natural
materials. Thus we believe that the ent-2,3-dihydroxy-
alloaromandendrane is an immediate precursor for 2,3-
secoalloaromandendrane biosynthesis.

EXPERIMENTAL

General. "H NMR: 270 MHz in CDCl, or C,D,; ’C
NMR: 67.8 MHz, solvent peak as the int. standard.
Bond type was distinguished by DEPT. 'H connec-
tivities were determined by means of '"H-'H COSY and
one bond and long-range heteronuclear 'H-">C connec-
tivities were determined by '"H—'>C COSY and HMBC,
respectively. The usual pulse sequences were used in
NOESY. IR: KBr pellet.

Isolation of the ent-alloaromandendranes (1-3) and
the ent-2,3-secoalloaromandendranes (8, 9, 11, 12).
Gametophytes grown on MSK-4 and AP-media (201 g
and 180 g, fresh wt, respectively) and suspension cells
(600 g, fresh wt) were extracted with MeOH (X4) [12].
The combined MeOH soln was partitioned with n-
pentane (X3). The resulting MeOH soln was evapd to
dryness under red. pres., and chromatographed on silica
gel (1.5kg). Elution of the column with n-hexane-
EtOAc (7:3, 2400 ml) and then EtOAc (500 ml) gave
frs containing compound 3 (250 mg, frs 432-489), a
mixture of 1 and 2 (348 mg, frs 490-535 and EtOAc
fr.). a mixture of 8, 9 and 11 (175 mg, frs 321-431)
and 12 (371 mg frs 79-108). Compound 3 (18.4 mg)
was isolated by successive HPLC of frs 432—-489 on an
ODS column (30 cm X 4.0 cm, i.d.) eluted with MeCN
and a LiChroprep Si gel column (24 cm X 10cm)
eluted with CHC]3—Me2CO (91:9). Frs containing 1
and 2 were further sepd by HPLC on an ODS column
(30cm X 1.5¢cm) eluted with MeCN and then MeOH.

Compound 2 was eluted with MeCN, while 1 with
MeOH. Compound 2 (3.1 mg) was further purified by
CC on a silica gel column (8 g) eluted with CHCI,-
Me,CO (9:1) and then HPLC on a silica gel column
(24 cm X 0.46 cm) with n-hexane—Et,0O (3:2). Com-
pound 1 (0.7 mg) in the MeOH eluates was isolated by
HPLC on an ODS column (30 cm X 4 cm) eluted with
H,0-MeOH (1:4) and then repeated CC (X2) on a
silica gel column (5 g) with CHCL,—Me,CO (3:2). The
combined frs 321-431 containing 8, 9 and 11 were
further fractionated by HPLC on an ODS column
(30 cm X 4 cm) with MeCN to give frs containing 8
(123 mg), 9 (14.5 mg) and 11 (11 mg). Each fr. was
separately rechromatographed on a silica gel column
with CHCI,-Me,CO to afford purified 8 (3.5 mg), 9
(4.5mg) and 11 (2.3 mg). The combined frs 79-109
were fractionated by CC on a silica gel column (250 g)
with CHCI,-EtOAc (97:3), HPLC on a ODS column
(30 cm X 4 cm) with MeOH and then CC on a silica gel
column (5 g) with n-hexane—~EtOAc (7:3) to yield 12
(21.2 mg).

Isolation of the ent-bicyclogermacrane (6). Freshly
harvested calli (fr. wt 170 g) grown on MSK-4 medium
were extracted with MeOH (X2, 340 ml) at room temp.
The combined MeOH extracts were concd and fraction-
ated on a silica gel column (150 g) with successive
elution with n-hexane (300 ml, n-hexane—EtOAc (9:1,
4:1, 7:3, 3:2 and 1:1, each 300 ml). The n-hexane—
EtOAc (1:1) eluates were rechromatographed by
HPLC on a ODS column (30cm X 4cm, i.d.) with
MeOH-H,O (4:1) and then on a silica gel column
(20g) with CHCI,-Me,CO (10:1) to give pure 6
(27.2 mg) and 3 (27.9 mg).

Planotriol (1). Needles (from r-hexane—Et,0), mp
129-131°% [a])’ + 8.60 (¢ 0.11, MeOH); CD (MeCN ¢
0.023): Ag,,, s —2.56. EIHR-MS m/z (rel. int);
2521735 [M]" (calc. for C H,,0,: 252.1726) (4),
234 [M—H,0]" (23), 216 [M —2H,01" (29), 191
(57), 173 (40), 161 (37), 149 (61), 135 (44), 121 (50),
107 (66), 93 (70), 91 (53), 69 (56), 43 (100). UV
AMO" nm (log &): 205 (3.28). IR vE2 em™': 3500
(OH), 2950 (CH), 1640, 1160, 1140 (tertiary OH),
1110 (secondary OH), 885 (exocyclic = CH,), 'H and
C NMR (see Tables 1 and 2).

Planotiol monoacetate (2). Oil [cr]lzj4 +13.3 (¢ 0.12,
MeOH). EIHR-MS m/z (rel. int.); 294.1861 [M] ™ (calc.
for C,,H,,0,: 294.1832) (6), 234 [M — AcOH] " (22),
[M—-AcOH—-H,0]" (37), 216 [M— AcOH—
2H,0]" (37), 191 (54), 173 (55), 161 (100), 147 (27),
131 (26), 119 (28), 105 (43). 91 (30), 69 (32). UV
AN nm (log &): 198 (3.27). IR »52 em™': 3400
(OH), 2900 (CH), 1730 (CH,COO-), 1240
(CH,COO-), 1130 (tertiary OH), 1110 (secondary
OH), 885 (exocyclic=CH,), 'H and ’C NMR (see
Table 1).

Planotriol diacetate (3). Oil, [l —1.55 (¢ 0.19,
MeOH). FIHR-MS m/z (rel. int.): 336.1927 [M]* (m/z;
calc. for C,,H,;0,, 336.1937) and FD-MS m/z: 336.
UV AM™ nm (log £): 198 (3.37). IR »*PTem™": 3460

(-OH), 2900 (CH), 1740 (CH,COO-), 1245
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(CH,COO-), 1120 (tertiary OH), 885 (exocyclic =
CH,); 'H and "°C NMR (see Table 1).

Hydrolysis of compound 2 and 3. Compounds 3
(1.4 mg) and 2 (0.5 mg) were dissolved in 2.5ml and
1.0ml of 16.7% aq. Cs,CO,-MeOH (25:1) soln,
respectively, and stirred at room temp. for 1.5 hr. The
reaction mixtures were acidified to pH 4.0 with IN HCl
and then extracted with Et,O (X3). The Et,O extracts
were dried over dry Na,SO,, concd in vacuo to afford
1 (1.0mg from 3 and 0.3 mg from 2); 'H and "°C
NMR, IR and [a]y: identical to those of 1 isolated
from the cultured cells.

Esterification of planotriol (1) with benzoyl chloride.
Compound 1 (2.2 mg, 8.7 umol) was dissolved in dry
pyridine (1.0 ml) containing 80 ul of benzoyl chloride
(0.87 mmol) and 4-diaminopyridine (1.1 mg, 8.7 xmol)
and stirred at room temp. for 18.5 hr. The usual work-
up and CC on a silica gel column (15 g) eluted with
n-hexane—Et,O (1:1) afforded the dibenzoate 4.

Dibenzoate of planotriol (4). Needles from H,O-
MeOH; mp 144-145°% CD (MeCN c 0.014): Ag,,5, +
1.66, Ag,,, , —2.61. UV AY"N nm (log £): 238 (3.85),

max

273 (3.16), 280 (3.06) and Anc" nm (log &): 228
(4.33), 272 (3.33), 280 (3.25); 'H NMR (270 MHz): 8
0.38 (1H, dd, J = 11.6 and 9.2 Hz, H-6), 0.68 (1H, ddd,
J=10.6, 9.2 and 5.0 Hz, H-7), 1.06 (3H, s, 13-Me),
1.09 (3H, s, 12-Me), 1.29 (1H, m, H-8), 1.37 (3H, s,
14-Me), 1.86 (1H, m, H-8), 2.33 (1H, dd, J =11.6 and
9.6 Hz, H-5), 2.44 (2H, m, H-9s), 3.50 (1H, dd, J = 9.6
and 5.6 Hz, H-1), 4.97 (1H, br s, H-15Z), 5.00 (1H, br
s, H-15E), 549 (1H, 4, J=6.3Hz), 5.97 ((1H, dd,
J=6.3 and 5.6 Hz, H-2), 7.33, 7.51 and 7.91 (10H,
aromatic Hs). '>°C NMR (67.8 Hz): 6 15.8 (C-13), 17.9
(C-11), 21.1 (C-8), 23.0 (C-14), 25.0 (C-7), 25.4 (C-6),
28.5 (C-12), 36.7 (C-9), 45.9 (C-5), 504 (C-1), 73.7
(C-2), 77.0 (C-3), 80.4 (C-4), 111.2 (C-15), 128.2,
128.3, 129.6, 129.7, 133.0, 133.2, 134.0 and 134.5
(aromatic Cs), 146.3 (C-14), 165.6 and 165.7 (carbonyl
Cs).

Crystallographic data of planotriol dibenzoate (4).
C,,H,,05: M, =460.57, triclinic P1, a =13.990 (1),
b=15.195 (1), c=6.124 (2) A, @ =95.59 (1), B=
91.99 (1)°, y106.66 (1)°, V=1238.6 (4)1513, zZ=2,
D, =1230gcm ™, CuKe radiation, A = 1.54178 A,
pw=67cm”", F(000)=492. Prisms were obtained
from MeOH-H,O soln. A crystal with the dimensions
0.20 X 0.30 X 0.05 mm® was used for X-ray measure-
ment at 295K on a Rigaku AFC5R diffractometer
equipped with a graphite monochromator. The data
were collected to a maximum 26 of 140° by w/26
scanning. The total number of independent reflections
measured was 4516. The data were corrected for
Lorentz and polarization effects. The structure was
solved by direct methods [30]. The non-hydrogen
atoms were refined anisotropically. The positional
parameters of H-atoms in the OH groups were refined,
while the rest were included in fixed positions. The
final cycle of full-matrix least-squares refinement was
based on 3685 observed reflections [ = (/)] and 613
variable parameters. The weighting scheme was w/

o°(F). The final R and wR values were 0.061 and
0.051, respectively. The maximum and minimum peaks
on the final difference Fourier map corresponded to
022 and —021eA’, respectively. Neutral atom
scattering factors were taken from Cromer and Waber
[31]. All crystallographic calcns were performed using
TeXsan [32] crystallographic software package and
VAX 3100 workstation.

A list of atomic coordinates, thermal parameters,
bond distances and bond angles is deposited at the
Cambridge Crystallographic Data Center.

Esterification of compound 2 with (aR)-MNCB and
(aS)-isomer. Compound 2 (1.0mg, 3.4 pumol) was
dissolved in 120 ul of CH,CIl, containing (aS)-MNCB
(22mg, 6.4 pumol), 1,3-dicyclohexylcarbodiimide
(1.75mg, 85 pumol) and 4-pyrrolidinylpyridine
(0.5 mg, 3.4 wmol) and stirred at room temp. for 8 hr.
The reaction mixt was concd in vacuo and chromato-
graphed on a silica gel column (5g) eluted with n-
hexane—-AcOEt (4:1) to afford 1.4 mg of purified (a$)-
MNCB ester (5a) of 2. (aR)-MNCB ester (5b) of 2 was
also prepared with (aR)-MNCB by the identical pro-
cedure. Compound 5a and 5b; 'H NMR: see Table 1;
®C NMR (67.8 Mz, in CDCl,) of Sa: § 15.7 (C-13),
17.5 (C-11), 20.6 (acetyl Me), 20.8 (C-8), 23.0 (C-14),
24.6 (C-7), 24.9 (C-6), 28.3 (C-12), 36.5 (C-9), 454
(C-5), 48.7 (C-1), 71.9 (C-2), 77.9 (C-3), 78.8 (C-4),
110.6 (C-15), 145.8 (C-14), 170.2 (acetyl C=0), {5
of carbons in MNCB moiety 56.6, 113.4, 123.4, 1244,
127.8, 128.6, 128.7, 130.0, 130.5, 132.5, 132.5, 133.2,
134.6, 137.2, 136.9, 165.2}.

ent-38-Acetoxy-23-hydroxy-bicyclogermacrene(6).
[a)2 +69.3 (CHCL,, ¢ 0.221), UV A2 nm (log #):
229 (3.81), ETHR-MS m/z (rel. int.): 278.1846 ([M] ":
caled for C,,H,;0,; 278.1883) (1), 236 (7), 218 (32),
194 (28), 175 (9), 152 (100), 137 (45), 123 (29), 109
(74), 95 (42), 84 (37), 43 (91), IR »X2 em™': 3400,
2990, 2905, 2885, 1740, 1368, 1235, 938, 895, 838, 'H
and "°C NMR (see Table 2).

Esterification of compound 6 with (aS)-MNCB and
(aR)-isomer. (aS)- (7a) and (aS) and (aR)-MNCB by
the identical procedure for 5. Compound 7a and 7b; 'H
NMR: see Table 2, 7a; '*C NMR (67.8 Mz, in CDCL,):
15.3 (C-13), 15.6 (C-14), 20.9 (acetyl Me), 21.2 (C-
11), 21.8 (C-15), 27.0 (C-8), 27.1 (C-6), 29.0 (C-12),
31.2 (C-7), 37.6 (C-9), 72.5 (C-2), 78.8 (C-3), 118.3
(C-3), 125.5 (C-4), 128.9 (C-5), 144.8 (C-10), 169.7
(acetyl C=0), {8.s of carbons in MNCB moiety 56.4,
113.3, 1199, 123.5, 124.1, 126.7, 128.1, 128.7, 129.1,
129.9, 132.4, 132.7, 133.9, 134.2, 135.7, 136.9, 153.6,
165.1}.

ent - 2,3 - Diacetoxy - 10a,15a - epoxy - 2,3 - seco-
alloaromandendra - 4(14) - ene (8). Oil, [a]12)319.8
(CHCI, ¢ 0.353), UV AZ%" nm (log £): 210.5 (3.32).
EIHR-MS m/z (rel. int.): 336.1905 ([M]": calc. for
CoH,30g4; 336.1937) (0.3), 293 (0.5), 277 (4), 263
(2), 216 (12), 201 (11), 185 (13), 173 (22), 143 (29),
131 (20), 107 (69), 91 (37), 79 (25), 69 (20), 43 (100).
'H NMR & (270 MHz, in CDCl,): 0.61 (1H, dd, J =
11.6 and 9.2 Hz, H-6), 0.84 (1H, m, H-7), 0.95 (3H, s,
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13-Me), 1.10 (3H, s, 12-Me), 1.14 (2H, m, H-8« and
H-9«), 1.84 (1H, dd, J=6.2 and 8.3 Hz, H-1) 1.98
(1H, m, H-88), 2.03 (3H, s, acetyl Me), 2.08 (3H, s,
acetyl Me), 2.18 (1H, d, J = 9.2 Hz, H-5), 2.27 (1H, m,
H-98), 2.52 (2H, s, 2 X H-15), 443 (1H, dd, J=11.2
and 6.3 Hz, H-2a), 4.51 (1H, dd, J=11.2 and 8.3 Hz,
H-2b), 4.55 (1H, d, J=13.2 Hz, H-3¢), 4.62 (1H, d,
J=13.2Hz, H-3d), 5.14 and 5.20 (2H, 2 X b s, 2 X H-
14). ’C NMR 8 (67.8Mz, in CDCL,): 14.4 (C-13),
18.5 (C-11), 21.0 (2 X acetyl Me), 21.3 (C-8), 25.4
(C-6), 26.1 (C-7), 28.6 (C-12), 33.0 (C-9), 38.0 (C-3),
47.1 (C-1), 52.9 (C-15), 62.5 (C-10), 62.6 (C-2), 66.5
(C-3), 114.1 (C-14), 145.1 (C-4), 170.5 and 171.2
(2 X acetyl C=0). 'H and "°C assignments were based
on DEPT, 'H~-'H COSY, 'H-"’C COSY, NOESY,
difference NOE and HMBC experiments.
4-0-Deacetylplagiochiline C {ent-28-acetoxy-14-
hydroxy-2,3-epoxy-2,3- secoalloaromandendrene (9)}.
Oil, [a]y +13.0 (CHCl,, ¢ 0.247), UV AE"pm

max

(log &): 214.5 (3.33), IR vor cm ™' 3400, 1755, 1730,
1665, 1630, 1180, 1140, 990, 895, 855, EIHR-MS m/z
(rel. int): 2921681 ([M]": calc. for C,,H,,O,,
292.1675) (6), 275 (5), 249 (7), 232 (100), 214 (25),
199 (2), 189 (94), 171 (28), 161 (20), 150 (28), 143
(23), 135 (16), 119 (15), 109 (28), 91 (29), 79 (19), 69
(14), 43 (47). '"H NMR & (270 MHz, in CDCl,): 0.53
(1H, dd, J=9.9 and 8.6 Hz, H-6), 0.88 (1H, m, H-7),
0.94 (1H, m, H-8«), 1.06 (3H, s, 12-Me), 1.07 (3H, s,
13-Me), 2.06 (1H, m, H-9«), 2.09 (3H, s, acetyl Me),
2.13 (1H, m, H-88), 2.21 (1H, dd, J =3.6 and 9.9 Hz,
H-5), 2.33 (IH, dd, H-98), 2.79 (1H, dd, J = 9.9 and
3.6 Hz, H-1), 4.00 (2H, br s, 2 X H-14s), 4.76 (1H, d,
J=23Hz, H-15Z), 479 (IH, J=23Hz, H-15E),
6.26 (1H, s, H-3), 6.58 (1H, 4, J = 9.9 Hz, H-2). °C
NMR 6 (67.8 Mz, in CDCl,): 15.8 (C-13), 19.6 (C-11),
21.0 (acetyl Me), 25.6 (C-8), 28.8 (C-12), 29.3 (C-7),
29.6 (C-6), 33.4 (C-5), 352 (C9), 51.6 (C-1), 61.7
(C-14), 91.4 (C-2), 116.3 (C-15), 120.8 (C-4), 137.8
(C-3), 148.5 (C-10) and 169.8 (acetyl C=0). 'H and
"*C assignments were based on DEPT, 'H-'H COSY,
"*C-'H COSY, NOESY, difference NOE and HMBC
experiments.

Acetylation of compound 9. 4-O-deacetoxyplagio-
chiline C (9) was acetylated with Ac,O-pyridine to
afford plagiochiline C (10); [a]: +23.8 (CHCI,, ¢
0.264, lit. [26, 27], +24.5 or +28), and 'H [18, 27] and
*C NMR [25] spectra were identical to those reported
for plagiochiline C from natural sources.

Plagiochiline A (11). [a]}’ {+34 (¢ 0.18, lit [26),
+32.3)}, EI-MS [26] and 'H [20] and ''C NMR
spectra [19] of compound 11 were identical to those
reported for plagiochiline A.

Methoxyplagiochiline A,(12). Oil, [a]if’ +9.0 (¢
0.20, CHCL,). EI-MS m/z (rel. int.): 262 (9), 159 (55),
131 (74), 121 (53), 109 (44), 105 (76), 91 (100), 79
(48), 77 (47), 69 (67), 43 (82) and 'H NMR (in
CDCl,) spectra of compound 12 were identical to those
reported for methoxyplagiochiline A, [21]. UV
AEC" nm (log &): 208 nm (4.5). '"H NMR & [270 MHz,

max

in CDCI, (in C H,)}: 0.82 (0.39, IH, m, H-7), 0.84

(0.86, 1H, m, H-6), 1.03 (0.92, 3H, s, Me-12), 1.08
(0.76, 1H, m, H-8«), 1.09 (0.92, 3H, s, Me-13), 1.10
(0.90, 1H, m, H-9a), 2.0 (1.59, m, H-88), 2.09 (2.31,
1H, m, J =9.6 Hz, H-1), 2.16 (1.91, 3H, s, acetyl Me),
2.31 (244, 1H, m, J =2.0Hz, H-98), 2.40 (2.26, 1H,
m, H-5), 242 (190, 1H, d, J=4.6Hz, H-15 E), 2.48
(1.94, 1H, dd, J = 4.6 and 2.0 Hz, H-15 Z), 3.45 (3.36,
3H, s, methoxy Me), 4.97 and 5.01 (4.87 and 4.92, each
1H, s, 2 X H-14s), 5.18 (5.16, 1H, s, H-3), 6.70 (7.23,
1H, d, J=9.6Hz, H-2). >°C NMR § (67.8 MHz, in
CDCl,): 15.7 (C-13), 18.3 (C-11), 21.4 (acetoxy Me),
21.6 (C-8), 27.8 (C-7), 28.9 (C-12), 29.4 (C-6), 33.8
(C-9), 357 (C-5), 472 (C-1), 52.2 (C-15), 55.5
(methoxy C), 60.2 (C-10), 91.4 (C-2), 101.0 (C-3),
112.7 (C-14). 147.9 (C-4), 170.6 (acetoxy C=0). 'H
and '*C assignments were based on DEPT, 'H-'H
COSY, “C-'H COSY, NOESY, difference NOE and
HMBC experiments.

Conversion of planotiol diacetate (3) to compound
13. The diacetate 3 (4.0 mg, 12.0 wmol) was dissolved
in 0.5 ml dry pyridine containing 54 w1 (0.6 mmol) of
POCl,, stirred at room temp. for 72 hr and extracted
with Et,O after addition of 1ml H,O. The Et,0
extracts were washed with IN HCI, dried over dry
Na,SO,, and passed through a silica gel column (3 g)
in CHC],~Me,CO to remove the unreacted 3. A
mixture containing the dehydrated compounds in
MeOH (2.0 ml) was treated with 25 ul of 16.7% aq.
Cs,CO, for 3 hr. Usual work-up and chromatography
of the residue on a silica gel column (8 g) with CHCl,—
acetone (4:1) afforded ent-28,3B-dihydroxyal-
loaromandendra-4 (14), 10 (15)-diene (13) (0.3 mg),
[alp’ + 28 (c 0.03, CHCL,). EI-MS m/z (rel. int.): 234.
1608 ([M]™: calc. for C,H,,0,, 234.1621) (11), 275
(5), 216 (62), 201 (26), 191 (50), 173 (94), 159 (30),
145 (66), 131 (54), 109 (62), 105 (62), 91 (79), 79
(58), 69 (95), 59 (95), 55 (75), 43 (63) and 41 (100).
'H NMR & (270 MHz, in CDCl,): 0.37 (1H, dd, H-6),
0.54 (1H, ddd, H-7), 1.02 (3H, s, Me-12), 1.06 (3H, s,
Me-13), 1.21 (1H, m, H-8a), 1.78 (1H, m, H-88), 2.43
(2H, m, 2 X H-9s), 2.87 (1H, m, H-5), 2.92 (1H, m,
H-1), 427 (1H, m, H-2), 435 (1H, br s, H-3), 4.90
(1H, s, H-15 ¢), 4.99 (2H, m, H-15d and H-14b), 5.32
(1H, d, J = 1.6 Hz, H-14a). ’C NMR & (67.8 MHz, in
CDCl,): 15.7 (C-13), 17.4 (C-11), 21.4 (C-8), 25.1
(C-7), 28.6 (C-12), 29.7 (C-6), 37.6 (C-9), 39.0 (C-5),
50.7 (C-1), 74.8 (C-2), 75.9 (C-3), 109.9 (C-15), 112.7
(C-14). 147.2 (C-10), 154.7 (C-4). 'H and ">C assign-
ments were based on DEPT, 'H-'H COSY, NOESY
and difference NOE.

Oxidative cleavage of 13 to (—)-hangeokedial (14).
The 1,2-diol 13 (1.3 mg, 5.6 umol) was treated with
20 mg KIO, (87 wmol) in a two layer soln of Et,O-
H,0 (1.5ml, 2:1, v/v) [33] and stirred at 0° for 32 hr.
Usual work-up and prep. TLC {an ODS plate, C,;H,—
Et,0 (9:1)} afforded hanegokedial (0.8 mg) containing
a trace amount of concomitant which could not be
removed by chromatography; [a],zin (lit. [18]—
10.0), 'H NMR spectrum & (270 MHz, in CDCl,): 0.88
(4H, unresolved s and m, Me-13 and H-7), 1.00 (1H,
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J =119 and 9.2Hz, H-6), 1.08 (3H, s, Me-12),

1.14 (1H, m, H-8a), 2.08 (1H, m, H-88), 2.32 (1H, m,
H-9a), 2.51 (1H, m, H-98), 2.62 (1H, d, J =11.9 Hz,
H-5), 3.36 (1H, br s, H-1), 4.89 and 4.98 (each 1H,
each s, 2 X H-15s), 6.22 and 6.57 (each 1H, each d,
J=1.0H, 2 X H-14s), 9.62 (1H, s, H-3), 9.74 (1H, 4,
J=1.0Hz, H-2).
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