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Abstract—Five new dolabellane diterpenoids have been isolated from the hiverwort Odontoschisma denudatum, and
therr structures and absolute configurations have been determined on the basis of 'H and '*C NMR ewvidence and

chemucal correlation.

INTRODUCTION

The less common diterpenoids of the Hepaticae include
verrucosane and neoverrucosane derivatives from Myla
verrucosa [1, 2] and fusicoccane derivatives from Anas-
trepta orcadensis [3] and Plagiochila acanthophylla
subsp. japonica [4] Such carbon skeletons and the tri-
cyclic dolastane framework [5] may be biosynthesized by
cyclization of dolabellane derivatives. Initially dolabel-
lanes appeared to be restricted to marme algae and
herbivorous molluscs [6, 7] but recently they have been
reported from the liverworts Odontoschisma denudatum
[8] and several Barbilophozia species [9].

In the present paper we describe the details of the
structural elucidation of five dolabellane diterpenoids
which we have 1solated from the leafy liverwort Odonto-
schisma denudatum (Nees) Dum. which belongs to the
Cephaloziaceae of the Jungermanniales and usually
grows on decayed wood. The major compound,
(+)-acetoxyodontoschismenol (1), which has been re-
ported 1n a prehminary paper [8], has been shown to be
(IR,6R,11R,12R)-6-acetoxy-12-hydroxydolabella-3E,7E-
diene on the evidence presented below. The structures of
the four minor constituents, (1R,6R,11R,12R)-6,12-
dihydroxydolabella-3E,7E-diene (2), (1R,6R,11R,12R)-6-
acetoxy-12,16-dihydroxydolabella-3E,7E-diene (3), (1R,-
6R,11R,12R)-6,16-d1acetoxy-12-hydroxydolabella-3E,-
7E-diene (4) and (1R,354S,6R,11R,12R)-6-acetoxy-3,4-
epoxy-12-hydroxydolabell-7E-en-16-al (5) have been es-
tabhished by chemical correlation with compound 1. The
antifungal activity of these diterpenoids 1s discussed.

RESULTS AND DISCUSSION

The liverwort, Odontoschisma denudatum, was extra-
cted with methanol, and the extract was then partitioned
with ethyl acetate The ethyl acetate extract, obtained in
2.6% yield, was submitted to a combination of column

* Author to whom correspondence should be addressed

chromatography (CC) and preparative thin layer chrom-
atography over silica gel to yreld five new dolabellane
diterpenoids (1-5) 1n yields of 4.2, 04,09, 14 and 0 6%,
respectively, of the ethyl acetate extract

Structure of the major dolabellanowd (+)-acetoxyodonto-
schusmenol (1)

The major compound, (+ )-acetoxyodontoschismenol
(1), C,,H350,, mp 56-57°, [a]p + 66 2°, was a bicarbo-
cyclic diterpenoid containing a secondary acetoxy [V,
1730, 1255cm™1; §2.01 (3H, s), 560 (1H, ddd, J=117,
11.2 and 5.3 Hz); 6170.4 (s), 69 S (d), 21.3 (q)], a tertiary
hydroxy [Vm., 3635, 3519 cm™!; 387.3 (s)] and two trisub-
stituted double bonds [v,,, 855ecm™?; 61.55 (3H, ¢, J
=10Hz), 1.76 (3H, d, J=11Hz), 509 (1H, br d, J
=10.2 Hz), 5.21 (1H, br d, J=12.3 Hz); 61399 (s), 1274
(d), 1254 (d), 131.7 (s), 179 (g), 166 (g)] as well as a
tertiary methyl [61 03 (3H, s); 544.2 (s), 23.7 (9)] and an
1sopropyl group [V, 1390, 1380 cm ™ 1; 6090 (3H, 4, J
=6.8 Hz), 096 (3H, d, J=6.7 Hz); §35.0 (d), 19.8 (q), 18.9
{g)]- In addition the '3C NMR spectrum exhibited the
presence of six methylene carbons [45 5,43.4,408, 360,
30.4, 25.9 (each t)] and one methine carbon [§ 46.2 (d)]
The 13C NMR shifts are shown m Table 1 together with
those of the other dolabellanoids (2-5). The existence of
the above functional groups in compound 1 was confir-
med by the following chemical reactions (i) by alkaline
hydrolysis the acetate (1) was converted into the 64,12-
diol (2), C,0H3,0, [Viax 3620, 3450 cm™'; 462 (1H,
ddd, J=10, 10 and 5 Hz)] (i) Dehydration of 1 with
thionyl chloride in pynidine gave the 3,7,12-triene (6),
C,,H3,0, [V 859 cm ™1 55.01 (1H, br d, J=10 Hz),
523 (1H, br s, W,,=6Hz) and 536 (1H, br d, J
=11 Hz)] (iii) The diene (1) was oxidized exclusively to
the 3S,4S-monoepoxide (7), C,,H;60, [61.22 (3H, s),
2.88 (1H, dd, J=10 and 2 Hz); 662.6 (d), 60.4 (s)] with one
equivalent of m-chloroperbenzoic acild (MCPBA) in
chloroform at room temperature, although under reflux
with two equivalents of the peracid in chloroform the
diene (1) produced the 3S5,4S; 7S,8S-bisepoxide (8),
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Table 1 The '3C NMR chemucal shifts of the dolabellane diterpenoids
Compound
1 2 3 4 5 6 7 8

C

1 442 44 3« 442 43R« 43 1% 46 3 < 429< 436
2 408¢* 4081 409:* 407¢* 421 418¢° 421+ 41 8¢
3 1274d 12964d 131 1d 13374 639d 128 7d 626d 630d
4 1317« 1327¢ 1354, 1300+ A3 6 1323 604 S84y
5 4551 490¢° 409¢* 4072 374 4591+ 4421¢¢ 434
6 695d 663d 702d 698d 676d 696d 68 0d 691d
7 1254d 1263d 1255d 1252d 1237d 1277d 12394d 6094
8 1399« 1371« 140 3« 140 3« 1421 1396« 14155 637«
9 3601 357+ 3611 3601 3637 38t ST 369
10 259¢¢ 2591 257+ 2541 242¢* 257¢* 2431 234
11 46 2d 460d 46 3d 460d 472d 475d 46 8d 48 3d
12 {73 87 S KT8 R74- 878« 1539+ 877 R6 4
13 3041 304 306t 302¢* 322¢ 1189d 316 324¢
14 444r° 4331 4281 4271 42210 485¢° 435 432
15 237y 2364 235¢q 231¢q 225¢q 2344 2334 2174
16 1664 167¢q 398¢ 6201 1998d 159¢ 1714° 1764°
17 179¢ 1794 1794 17649 1764 173¢ 1784" 1764°
18 3504 3494 3504 3464 3604 273d 357d 365d
19 1894 188¢ 189¢q 1844 183¢g 215¢° 1864 1864°
20 198¢ 1954 1964 1934 18449 223¢° 190g 210¢
Ac-Me 213¢q - 2134 2074 212¢q 2134° 2134 2124
Ac-Me — — — 274 - - - -
Ac-CQ 1704« — 1708 s 170 3¢ 1699 1706 1703« 700+
Ae-€CO - - - 17675

+b ¢ Assignments may be interchanged

C,,H,,05 [6136 (3H, s), 155 (3H, s), 289 (1H, 4, J
=95Hz),307(1H,dd, J=88 and 1 | Hz), §63.7 (s), 63 0
(d), 609 (d), 58 4 (s)], accompaning a mmor isomer, the
structure of which will be described elsewhere

In an attempt to determine the size of the ring to which
the tertiary hydroxy group s attached, the major bisep-

oxide (8) was first treated with POCI; 1n pynridine to give
the dehydrated product 9, C,,H,,0, [6528 (1H, br s,
W,,,=4 Hz)], which was then submitted to allylic oxid-
ation with Collins reagent to afford the enone 10,
C,,H;,05; The IR and UV spectra [V, 1706,
1621 cm ™!, 4., 230 um] suggested the presence of an
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o,B-unsaturated cyclopentenone structure. Moreover, the
failure of any protons to move downfield, apart from the
vinyl proton {6 5.90 (1H, s)] suggested that the ketomc
carbonyl was flanked by a fully substituted carbon atom

Certain significant information about the other ring
was obtained by ozonolysis of the original diene (1) in
methanol followed by reductive cleavage of the ozomde
with dimethyl sufphide to give unstable products which
were mmmediately treated with 1,2-ethanedithiol and
boron trifluoride etherate to give the two components as
the thioketal derivatives 11 and 12 The structure of the

AcQ

RO,

~

1 = Ac
2 R=H
13 R = p-BrC¢H.CO

H S/> s S
Aco\i;s AcO,
H
s
s\> \
0 9
1 u
12

PHYTO 27 4-M

1155

smaller fragment (11), C,,H,30,S,, was elucidated by
analysts of the 'H NMR and '3C NMR spectral data as
the bisthioketal derivative of 2-acetoxylevuhnic aldehyde
(11) (see Experimental). This revealed the presence of a
1,5-diene partial structure in the parent molecule (1)
The spectroscopic properties of the larger fragment (12),
C,,H,30,S,, suggested 1t was a J-lactone [v,,
1728 cm ™ T contaning the original cyclopentane ring
substituted by an 1sopropyl and a tertiary methyl to-
gether with a newly formed (2-thioketal)-butyl group (see
Experimental) The formation of this lactone suggested

AcO
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that the C-12 hydroxy group of 1 was 1n the a-configur-
ation and trans to the C-1 methyl group

The above chemical and spectroscopic evidence
conjunction with the biogenetic 1soprene rule [10] indi-
cated that acetoxyodontoschismenol (1) was a dolabel-
lane diterpenoid containing two double bonds (A® and
A7), a 12-hydroxy group and a 6f-acetoxy motety The
structure 1, excluding the configuration of the 12-hy-
droxy group, was supported by extensive decoupling
experiments at 360 MHz. In addition, difference NOE
expertments [ 1-Me and 3-H (13%), 4-Me and 6-H (10%),
8-Me and 6-H (10%)] and the '3C NMR chemucal shifts
of the C-4 and C-8 methyl groups [§16 6 and 17 9 (each
g)] revealed that both double bonds had the E-configur-
atton The complete structure, including the configur-
ation of the C-12 hydroxy group, was determined un-
equivocally by X-ray analysis of the p-bromobenzoate
(13), C,;H;,0,Br A computer-generated perspective
drawing 1s shown 1n Fig | The details of this crystal
structure analysis appear 1n reference [8] Since the C-12
hydroxy group has a f-configuration and has a cis-
relationship to the C-1 methyl group, the formation of
the J-lactone (12) must be accompanied by inversion of
configuration at C-12

The conformation of 1 in the crystalline state (X-ray
analysis) [8] and the major conformer i solution
("H NMR spectrum) [11] correspond to the CC confor-
mer of the sesquiterpene humulene [12] The absolute
configuration of (+ )-acetoxyodontoschismenol as in 1
was determined by the exciton chirality method [240 nm
(Ae —836)] on the allylic p-bromobenzoate (13) This
result was confirmed by anomalous dispersion 1n
the X-ray analysis [8] Accordingly, the structure and
absolute configuration of the major dolabellanowd (+)-
acetoxyodontoschismenol 18 represented as
{(IR,6R, 1R 12R)-6-acetoxy-12-hydroxydolaballa-3E,7E-
diene (1)

Structures of the four minor dolabellanoids (2-5)

Four dolabellanoids (2-5) were subsequently 1solated
mm mmor amount from the same liverwort, and their
structures were correlated chemically with 6f8-acetoxy-
12f-hydroxydolabella-3E,7E-diene (1) as follows The
spectral data of the diol (2), C;,H;,0,, mp 139-140°,
[e]p +562° suggested 1t was a bicyclic diterpenoid
contaming tertiary and secondary hydroxy groups, two
trisubstituted double bonds, a tertiary methyl and an
1sopropyl group This compound was found to be iden-
trcal 1 all respects including the optical rotation with the

Fig 1 A perspective view of the p-bromobenzoate (13).
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diol obtained by atkaline hydrolysis of 1 Acetylation of
the natural diol (2) afforded the major dolabellanoid (1)
The third compound (3). C,,H,,0,, mp 1035-1045 |
[%]p+360° and the fourth compound (4), C,,H,;0;,
mp 7677 , [a]p +2 9%, had spectral data similar to those
of 1, except for the resonance of a primary hydroxy group
[0393and 421 (each 1H,d,J=12 Hz),559 8 (1) n 3] and
a primary acetoxy group [64 42 and 4 68 (each 1H. d, J
=12 Hz), 6620 (1) m 4] replacing those of the vinyl
methyl group at C-16 Acetylation of 3 with acetic anhy-
dride 1in pyridine gave the hydroxy-diacetate (4) When
the acetoxy-diol (3) was treated with the pyridme sulphur
trioxide complex followed by Iithium alumimium hydride
to reduce the allylic hydroxymethyl to a methyl group,
the diol 2 was obtamed. The structure and stereochenus-
try of 3 were confirmed by X-ray analysis [13] The
'"H NMR and '3C NMR data of the most oxygenated
compound (5), C,,H;,04, [2]p —233 . revealed that 1t
was a dolabellane diterpenoid with a secondary acety-
toxy, a tertiary hydroxy, a trnisubstituted double bond. an
epoxy group [6327 (1H, dd, J=10 and 3 Hz), 6639 (d).
63 6(s)] and an aldehyde [69 34 (1H, d. J=1 Hz), 0199 §
(d)] These data suggested that this epoxy-aldehyde was
the 16-oxo dertvative (5) of the monoepoxide (7}
Confirmation of this proposal was obtained as follows
The allylic alcohol (3) was oxidized with m-chloroperben-
zoic acid to give the 3S.4S-monoepoxide which was
transformed by PDC oxidation into the epoxy-alde-
hyde (5), identical i all respects with the natural com-
pound

From the above chemical and spectroscoptc evidence
the structures and absolute configurations of the four
mmor diterpenords (2-5) were deduced to be (1R,6R,
11R.12R)-6,12-dthydroxydolabella-3E.7E-diene (2), (1R.-
6R,11R,12R)-6-acetoxy-12,16-dihydroxydolabella-3E,
TE-diene  (3), (1RORIIR12R)-6,16-diacetoxy-12-hy-
droxydolabella-3£,7E-diene (4) and (1R.3S4S5.6R,11R,
12R)-6-acetoxy-3.4-epoxy-12-hydroxydolabell-7E-en-16-
al (5)

Buwlogical activity

Since the liverwort Odontoschima denudatum usually
grows on decayed wood, 1t seemed likely that the plant
contains some antimicrobial compounds. The growth-
inhibitory activity on these plant pathogenic fungt of the
dolabellane diterpenotds, 6f-acetoxy-124-hydroxy- (1),
68,12-dihydoxy- (2), 63-acetoxy-12f,16-dihydroxydola-
balla-3E,7E-diene (3), and the 3S5,4S-monoepoxide (7)
and the 35,48,75,8S-diepoxide (8), was tested The per-
cent inhibition of the dolabellanoids determined at the
concentration of 100 ppm 1s shown 1n Table 2

Table 2 Growth-inhibitory activity of the dolabellane diterpen-
oids (at 100 ppm) on the pathogenic fungt

1 2 3 7 8

B cinerea 39% 44 13 10 35
R solam 38 24 20 30 38
P debaryanum 22 28 5 11 14
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EXPERIMENTAL

General procedure Mps uncorr IR and («], CHCI, at
room temp 'HNMR (90, 360 or 400 MHz) and '*CNMR
(2263 MHz) CDCI; with TMS as it standard, EIMS 70eV,
UV EtOH, CC Merck kieselgel 60, TLC and prep TLC
Merck kieselgel 60 PF,5,, Analytical plates were visuahzed
under UV radiation, 1odine vapour or spraying with 10%
H,80, in EtOH followed by heaung at 120°

Material and its extraction The liverwort, Odontoschismo
denudatum, which grows on decayed wood, was collected m a
forest at Motoyama-cho, in Kochi-ken, Shikoku The whole
plant (1 71 kg) was separated carefully from the decayed wood,
washed with H,O, dried in the shade for several days, and
extracted x 3 with MeOH for 1 week at room temp The solvent
was distilled off under red pres and the oily material obtained
was extracted with EtOAc. Removal of the solvent under red
pres. gave a viscous o1l (437 g)

Isolation of the constituents (1-5) The EtOAc extract (230 g)
was firstly chromatographed on a column of silica gel (600 g),
using hexane containing increasing amounts of EtOAc as eluant.
The separated fractions were then subjected to a combination
of CC and prep TLC on silica gel to 1solate the following
compounds n order of elution (1R,6R,11R,12R)-6-acetoxy-12-
hydroxydolabella-3E,7E-diene, (+ )-acetoxyodontoschismenol
(1) (970 mg), (1R,6R,11R,12R)-6,16-diacetoxy-12-hydroxydola-
bella-3E,7E-diene  (4) (210 mg), (1R35.4S,6R,11R,12R)-6-
acetoxy-3,4-epoxy-12-hydroxydollabell-7E-en-16-al 5)
(140 mg), (1R,6R,11R,12R)-6-acetoxy-12,16-dihydroxydola-
bella-3E,7E-diene  (3) (320mg) and (1R,6R,11R,12R)-6,12-
dihydroxydolabella-3E,7E-diene (2) (90 mg). The physical con-
stants and spectroscopic properties of these compounds are
histed below

(1R,6R,11R,12R}-6- Acetoxy-12-hydroxydoiabella-3E,TE-diene
[(+)-acetoxyodontoschismenol] (1) C,,H;,0; (Found C,
7598, H, 10 48, requires C, 75 81, H, 10.41%), mp 75-76°, [a]p
+662°(c,09), IR v,,,cm ™. 3635, 3510, 2985, 1730, 1680, 1390,
1380, 1255, 1030, 970, 850; 'H NMR (360 MHz) 6090 3H, d, J
=68 Hz, 1sopro-Me), 096 (3H, d, J =6 7 Hz, 1sopro-Me), 103
(3H, s, 1-Me), 1.47 (1H, ddd, /=96, 40 and 10 Hz, 11-H), 1.54
(1H, dddd, J=145, 113, 40 and 37 Hz, 10-H), 1 55 (3H, ¢, J
=10 Hz, 4-Me), 1.69 (1H, d, J =130 Hz, 2-Hp), 1.69 (1H, dddd, J
=145,96,61and 4 8 Hz, 10-Hp), 1 76 (3H, d, J=1 1 Hz, 8-Me),
186 (1H, dddd, J=145,11 3,48 and 1 0 Hz, 9-Hp), 201 (3H, s,
Ac-Me), 2.10(1H, dd, J =11 5 and 10 7 Hz, 5-Hp), 2 16 (1H, dd, J
=130and 123 Hz,2-Ha),232(1H,ddd, J=14 5,6 1 and 3 7 Hz,
9-Ha), 2.50 (1H, dd, 115 and 5.3 Hz, 5-Ha), 509 (1H, br d, J
=102 Hz,7-H), 521 (1H, brd, J =123 Hz, 3-H), 5 60 (1H, ddd, J
=117, 11.2 and 5.3 Hz, 6-H), MS m/z (rel int) 348 [M]" (1), 330
(4), 288 (23), 270 (5), 245 (14), 227 (10), 219 (9), 201 (7), 159 (9), 135
(14), 121 (13), 107 (20), 93 (24), 81 (19), 71 (25), 55 (24), 43 (100)

(1R.6R,11R,12R)-6,12-Dihydroxydolabella-3E,TE-diene  (2).
C,oH3,0, (Found: C, 7841, H, 1145, requires C, 78 38, H,
1118%), mp 139-140°, [a]p +562° (c, 1.3), IR v, .cm™" 3625,
3450, 2975, 1670, 1445, 1390, 1230, 1010, '"H NMR (400 MHz):
5091 (3H, d, J=7.0 Hz, 1sopro-Me), 0.98 (3H, 4, J=66 Hz,
1sopro-Me), 1 06 (3H, s, 1-Me), 1.55 (3H, s, 4-Me), 1.71 3H, d, J
=07 Hz, 8-Me), 203 (1H, dd, J=11.0 and 103 Hz, 5-Hf), 217
(1H, dd, J=13.2 and 125 Hz, 2-Hx), 234 (1H, dt, J=147 and
44 Hz, 9-Ha), 255 (1H, dd, J=11 0 and 5 5 Hz, 5-Ha), 4 62 (1H,
ddd, J=103,99 and S5Hz, 6-H) 514 (1H, dd, J =99 and 1 S Hz,
7-H), 520 (1H, br d, J=125 Hz, 3-H), MS m/z (rel. nt.) 306
[M1* (3), 288 (29), 270 (14), 245 (12), 227 (20), 219 (36), 178 (28),
172 (26), 159 (27), 149 (26), 135 (53), 123 (52), 107 (64), 93 (67), 55
(75), 43 (100)

(1R,6R,11R,12R)-6- Acetoxy-12,16-dthydroxydolabella-3E,7E-
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diene (3) C,,H,,0, (Found C, 72.28, H, 1005, requires C,
7249, H, 996%), mp 103 5-1045°, [a]p +360° (c, 14), IR
YmaxCM 1 3630, 3470, 2980, 1720, 1445, 1370, 1250, 1025, 960,
"H'NMR (90 MHz): §0.91 and 098 (each 3H isopro-Me,), 1 09
(3H, 5, 1-Me), 1 73 (3H, s, 8-Me), 2.03 (3H, s, Ac-Me), 287 (1H,
dd, J=10 and 5 Hz, 5-Ha), 393 and 4 21 (each 1H, d, J=12 Hz,
16-H,), S11 (1H, br d, J =10 Hz, 7-H), 538 (1H, dd, J=12 and
4 Hz, 3-H), 563 (1H, ddd, J =10, 10 and 5 Hz, 6-H), MS m/z (rel
mt) 364 [M]* (1), 346 (19), 304 (15), 286 {9), 261 (13), 243 (18),
219 (14), 201 (14), 159 (23), 133 (19), 123 (22), 105 (21), 97 (26), 81
(32), 71 (44), 55 (30), 43 (100)

(1R,6R,11R,12R)-6,16-Diacetoxy-12-hydroxydolabella-3E,7E-
diene {4) C,,H;305 (Found M™, 4062743, requires M,
406 2720), mp 76-77°, [a]p +29° (¢, 11), TR v, cm™! 3600,
3510, 2960, 1730, 1450, 1375, 1250, 1030, 1020, 960, 'H NMR
(90 MHz) 6091 and 097 (each 3H, d, J =7 Hz, 1sopro-Me,),
111 (3H, 5, 1-Me), 176 (3H, d, J=1 Hz, 8-Me), 2.03 and 210
(each 3H, s, Ac-Me,), 268 (1H, dd, J=13 and 5 Hz, 5-Ha), 442
and 4 68 (each 1H, d, J =12 Hz, 16-H,), 5 11 (1H, br d, J =10 Hz,
7-H), 548 (1H, dd, J =11 and 3 Hz, 3-H) 5.65 (1H, ddd, J =10, 10
and 5 Hz, 6-H), MS m/z (rel. int.) 406 [M]* (1), 388 (12), 346 (7),
286 (14), 243 (16), 159 (18), 133(11), 119 (12), 195 (14), 93 (16), 83
(23), 71 (31), 55 (18), 43 (100)

(1R,3S,45,6R,11R,12R)-6- Acetoxy-3,4-epoxy-12-hydroxydola-
bell-TE-en-16-al (8) C,,H;,05 (Found: M*, 378 2398, requires
M, 378 2407), [a]p —233° (¢, 22), IRv,,cm™! 3635, 3510,
2985, 1735, 1680, 1450, 1375, 1250, 1145, 1030, 1020, 970,
'"HNMR (90 MHz)- 6083 and 094 (each, 3H, d, J=7 Hz, 1s0-
pro-Me,), 124 (3H, s, 1-Me), 1 80 (3H, d, J =1 Hz, 8-Me), 2.01
(3H, s, Ac-Me), 2 71 (1H, dd, J =12 and 6 Hz, 5-Hw), 3.27 (1H, dd,
J=10 and 3 Hz, 3-H), 517 (1H, brd, J=10Hz, 7-H), 6 12 (1H,
ddd, J =10, 10 and 6 Hz, 6-H), 934 (1H, d, J =1 Hz, 16-H), MS
m/z (rel int) 378 [M]™* (1), 360 (2), 335 (4), 318 (6), 300 (3), 289
(5), 275(15), 257 (8), 201 (10), 165 (14), 147 (16), 135 (15), 123 (24),
109 (24), 93 (26), 81 (42), 71 (53), 55 (33), 43 (100)

Alkahne hydrolysis of the aceroxy-alcohol (1) The acetate (1)
(25 0 mg) was added to 5% methanolic KOH soln (2 ml), and the
mixture was refluxed for 3 hr The reaction mixture was poured
into H,0, acidified with dil HCI and extracted with CH,Cl,
The crude product, after drymng with Na,SO, and evapd the
solvent, was subjected to prep TLC to 1solate the diol (2)
(193 mg)

Dehydration of the acetoxy-alcohol (1) To a cooled soln of the
alcohol (1) (32.6 mg) in pyndine (1 ml) was added SOCl, (15 mg)
in pyridine (2 ml), and the mixture stirred for 6 hr at 70° The
mixture was poured into ice-H,O and extracted with CHCI,
The CHCI, soln was washed with 5% aq H,SO0,, 5% aq
NaCQ,, dried with Na,SO,, and the solvent was evapd to leave
the crude product This was purified by prep TLC, yielding the
triene (6) (11 0 mg) as a gum

(1IR,6R,11R,12R)-6-Acetoxydolabella-3E,7E,12-triene (6) [a]p
0° (¢ 20), IR v,cm~ ', 1725, 1385, 1373, 1250, 1023, 959, 859,
'H NMR (90 MHz): 60 98 (3H, d, J = 7 Hz, 1sopro-Me), 1 09 (3H,
d, J=6 Hz,1sopro-Me), 1 19 (3H, s, 1-Me), 1.56 (3H, br s, 4-Me),
177 (3H, br 5, 8-Me), 203 (3H, 5, Ac-Me), 2 56 (1H, dd, J=11 and
55Hz 5-Ha), 501 (1H, brd, J=10Hz, 7-H), 523 (1H, br s, W,
=6 Hz, 13-H), 536 (1H, br d, J=11 Hz, 3-H), 5.65 (1H, ddd, J
=11, 10 and 5.5 Hz, 6-H), MS m/z (rel int) 330 [M]* (7), 315
(2), 287 (3), 270 (34), 255 (8), 227 (17), 201 (8), 191 (55), 175 (6), 159
(13) 149 (25), 135 (100), 121 (56), 107 (52), 93 (54), 83 (50), 69 (21),
55 (27), 43 (62)

Epoxidation of the diene (1) (1) Formation of the monoepox-
de (7). To a soln of the diene (1) (27 1 mg) 1n CHCI; (1 ml) was
added MCPBA (14 mg) in CHC]l; (1 ml) with stirring for 30 min
After decomposition of the peracid with KI and drying with
Na,SO, the solvent was evapd to obtain the crude product
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which was purified by prep TLC to 1solate the monoepoxide (7)
(24 0 mg)

(IR,35.4S.6R,11R.12R)-6-Acetoxy-3.4.-epoxy-12-hydroxydola-
hell-:TE-ene (7). C,,.H
7249. H 995%),. mp 104-1045". [als +635 (
IR v cm ~1 3625, 3420, 1727, 1675, 1618, 1387, 1371, 1245,
1137, 1023 960, 890, 825, '"H NMR (90 MHz) 6090 and 097
(each 3H,d, J =7 Hz.1sopro-Me,), 1 19 (3H, 5, 1-Me), 1 22 (3H. «.
4-Me) L86.(3H, s, 8-Me), 200 (3H,_ s Ac-Me), 247 (1H_ dd /|
=12 and S Hz S-Hx), 288 (1H. dd, J=10 and 2 Hz, 3-H), 523
(IH. brd, J=10Hz, 7-H). 5 59 (1H, ddd, J =10, 10 and 5 Hz, 6-
H), MS m z (rel int ) 364 [M]™ (2). 346 (1), 332 (2), 321 (3), 304
(8). 286 (23), 261 (21), 244 (7), 225 (19), 215 (8) 203 (10), 185 (16),
175(13) 159 (’3) 145(24), 135(33). 121 (30), 107 (30), 93 (32), 81
(30), 71 (34), 55 (23), 43 (100)

(1) formatmn of the diepoxide (8) To a soln of the diene (1)
(94 8 mg) and NaHCO; (57 mg) in CHCl; (5 ml) was added
MCPBA (117 mg) in CHCl, (3 ml). and the mixture was refluxed
for 5 hr The reaction mixture was worked up 1n the same way as
that of the monoepoxide to afford the crude product The major
35.48.75.85-diepoxide (8) (59 7 mg) was 1solated by prep TLC
together with an unknown diepoxide (12 3 mg)

(1R,3S.4S5,6R,7S.8S, 11 R, 12R)-6-Acetoxy-3.4,7.8-diepoxy-12-
hydroxydolabellane (8). C,,H, O, (Found M.*._380. 2554, re-

by Aa

2Hlyets L
quires. M, 3802653),. mp 109-110 .. [a],. +3]9 (e L3
IRy, cm™ 3635, 3540. 1750, 1390. 1375, 1240, 1040, 960,

THINMR (400 MH2). 8095 (3H. 4, .1 =7 (L Hz 1sonra-Me), L0,
(AH. d. . I=66 Hz wanra-Me), L 1S (3H < 1-Me) L 36(3H. 5 4-
Me), LSS (3HL 0 8-Me), 208 (1H. < Ac-Me), 2
and. 37 Hz, -Ha), 289 (LH. A 1=9 S Hz 7-H),. 307 (1H_dd.. L
=88 and. L L Hz 3H). 491 (I H..ddd..1=121934nd 37 Hz.6-
H). MS m,z (rel mt) 380 [M]™ (1), 362 (1), 337 (2), 320 (1), 302
), 299 (6), 193 (7), 175(5), 149(5), 135 (12), 121 (11). 109 (13). 105
(14), 81 (14). 71 (28), 55 (28). 43 (100)

)da,ulral,mn, of the diepoxy-alcohol (8). A mixture of a_cooled.
soln of the alcohol (8) (64 5 mg) in pyridine (1 ml) and a soln of
POCI; (50 mg) mn pyridine (0 5 ml) was stirred for 44 hr at room
temp. and then for 3hr at 70 The reaction mixture was poured.
into ice-H,O and the CHCI; extract was washed 5% aq HCI,
dred with. Na,8Q, and. the salvent. evapd. tn yield 4 eude
nraduct. The cvcdonentene. (9). (34.3 mg). was. mufied. hy. nrep
TLC

(1R.38,4S,6R,7S,8S.11R)-6-Acetoxy-3,4,7.8-diepoxvdolabell-
12-ene (9) C,,H;,0,. mp 132133 [ [a]p +352° (¢ 09), IR v,
cm” ' 1737,1391, 1375, 1242, 1143, 1177 1094, 1034, 976, 943, 919,
907, 877. 840cm ', "THNMR (90 MHz) 6101 and 112 (3H.d. J
=6 Hz, 1sopro-Me,), 1 28 (3H, s, 1-Me). I 31 (each 3H, s, 4-Me).
151 (3H. s, 8-Me), 207 (3H, s, Ac-Me), 251 (1H. dd, J =13 and
5Hz, 5-Hz), 286 (1H, d, J=9 Hz 7-H), 308 (1H. dd, J =10 and
5Hz 3-H), 528 (1H, br s, W, ;=4 Hz 13-H} MS m/= (rel. int)
362 [M]7 (3). 347 (1), 344 (1), 302 (6), 284 (6), 268 (3), 259 (5), 241
(6), 202 (10}, 175 (19), 161 (14). 149 (21), 135 (100), 121 (53), 107
(50), 107 (503, 105 (26), 81 (28). 69 (41). 55 (61), 41 (32)

Collins oxidation of the cyclopentene (9) The CrO; {pynidine),
complex was prepared by the usual manner from dry pyndine
(10 mh and dry CrO, (09 g) To a mechanically stirred soln of
the cyclopentene (30 2 mg) in dry CH,Cl, (1 mi) was added the
above complex as a slurry m dry CH,CL, (1 ml)at 0 After 30 hr
of stirring at 60 , the CH,Cl, soln was passed through a Flonsil
column and was then washed with 5% aq HCl The crude
product was subjected to prep TLC affording the cyclopenten-
one (10) (7 3 mg) as a gum

(1R,35,45,6R,7S 8S,11R)-6-Acetoxy-3,4,7.8-diepox ydolabell-
12-¢n-14-one (10) C,,H;,0;, [a]p —533 (¢02). IRy, ,cm *
1742, 1706, 1621, 1394, 1381, 1368, 1333, 1240, 1157, 1145, 1092,
1037, 966, 928, 886. 841, 822, UV A, nm 230 (¢ 12000),

O, (Found C,7232 H_10.15, requures.C,.
L2).

SOGH dd. f=132

A MAaTsuO et al

'HNMR (90 MHz) 8115 (3H, d, J=8 Hz, 1sopro-Me), 1 22
(3H, d, J =6 Hz, 1sopro-Me), 1 28 (3H, s, 1-Me), 130 (3H, s, 4-

Me), 156 (3H, s, 8-Me), 208 (3H, 5, Ac-Me), 236 (1H, dd, J =13
and.5.Hz, 5-Hx), 287 (1H. 4. J=9 Hz 7-H)_ 3.07 (1H, dd, 1= 11
and 2 Hz 3-H), 505 (1H, ddd, 1=13. 9 andiH 2, 6-H), 590 (1H,
s, 13-H), MS m/z (rel it) 376 [M]* (2), 316 (1), 283 (2), 254 (2),
191 (17), 151 (12), 135(11) 121 (21), 109 (21), 95 (14), 81 (15). 71
(14), 55 (17), 43 (100)

Ozonolysis. of the diene L followed by thioketahzation. with.
ethanedithiol Ozomzed O, gas was passed through a soln of the
diene (1) (87 5 mg) in MeOH (10 ml) at —78" for 40 min After
bubbling N, gas into the mixture to remove excess O;, Me,S
(70 mg) was added at — 78 and the mixture stirred for 1 hr at 0,
for 3 hr at room temp The reaction mixture was poured 1nto
H,O and extracted with CH,Cl, The soln was dried with
Na,S0, and evapd to afford a crude product To the crude
reaction muxture in CH,Cl, (2 ml) was added 1,2-ethanedithiol
(300 mg) and a drop of BF,-Et,0 and the mixture was sttrred in
the dark for 16 hr under N, gas The reaction product was
washed with 5% aq NaOH, H,O and dried with Na,SO, The
solvent was evapd under red pres to obtain crude products
which were purified by prep TLC to give the levulinic aldehyde
derivative (11) (26 4 mg) and the J-lactone (12) (20 4 mg)

(2R)-2- Acetoxypentane-1.4-hisethanethioketal. (1)
C H, 50,8, [2)y. 273 (L1, IRy, cm ™' 1740, 1425,
1368, 1274, 1227, 1080, 1012, 910. 'H NMR (90 MHz) 6177 and
208 (cach. 3H,. ). 239 (1H 4 [=7Hz), 243 (1H_ 4, =4 Hz),.
323and. 33 (each. 2HL. 9 A R0 H, 4. 1 =7 Hz), S 230K ddd, .1
=7 7Tand 4. Hz), DPCNMR. 321.3.(), 325 (), 37811, 3R A (1),
39 0.2, 39 700, AL R (), N AL, 64 L) TAAAN LT LI MSm. 2
(rel. inr). 3L0. LMY (10,259 (4),.196.(8),. 134.(13), 119 (100).. 105
(64), 61 (15), 43 (54)

(3R AR.5S)-5-1sopropoyl-3,5-ethano-4-(3,3-ethanedithio-but -
yi)-3-methyl-5-pentanohde (12) C,,H,,0,S, (Found C. 62 36,
H. 883, requires C. 6215, H, 8 59%). mp 45 5-46' _[o], — 69 1"
(c1 IRy, ,cm™ ' 1728, 1422, 1395, 1380, 1322. 1290, 1258,
1163, 1078, 1007, 988. 948. 932, 865, 'H NMR (90 MHz) 6091
and. L 03 teach.3H..d. =7 Hz) 1. 11 (3H..5),. L 76.(3H.5), 2. 26 (1 H..
d, J=19Hz). 253 (1H, dd J=19 and 3 Hz), 331 (4H. s),
BONMR. 1704, 17 24g). 20.L00.20.3.(9),.24.6.00, 3. 04,323
(4).30.9.(1). 308 ()39 R (1), 41.4.01), 41 4.(x),.45 5.17),.49 2(d),. 6A S
(5)..96.20). 171 4.(), MS m/7(re) 1), 328 [M1F (14\ 31343).269
(11),235(7), 225(5), 194(16), 175 (14), 159 (8), 135(19). 119 (100),
105 (29), 95 (19), 79 (19), 71 (38), 59 (65), 43 (77), 41 (78)

Preparation of the p-bromobenzoate (13) p-BrC(H,COCI
(46 0 mg) was added to the diol (2) (278 mg) 1n dry pyndine
(2 ml) The mixture was refluxed 1n the dark at 70 for {1 hr with
stirring under N, gas The product, recovered in the usual way
(dild with CHCI; washed with 5% aq HCI, dried with Na,SO,
and evapd. the salvent), was punified by prep TLC ta give the p-
bromobenzoate (13) {36 4 mg)

(1R.6R,11R,12R})-6-p- Bromobenzoyl-12-hydroxydolabella-
3E.7E-diene (13) C,,H;,0,Br, mp 805-825" [«], —546°
(c13). UV, ,nm 244 (£9760), CD 4., 240 nm (Ar —8 36).
IR v .cm™ ' 3620, 3540, 1706. 1586, 1478, 1390, 1382, 1270,
1224, 1176, 1116, 1061, 1012,937. 846, 'H NMR (90 MHz) 0094
and 099 (each 3H, d, J =7 Hz 1sopro-Me,), 1 10 (3H, br s, 1-
Mec), 163 (3H. br s, 4-Me) 1 87 (3H, br s, 8-Me), 267 (1H. dd, J
=11 and 6 Hz, 5-Ha), 586 (1H, ddd, J =10, 10 and 5 Hz, 6-H),
752(2H, dd. J=9 and 1 Hz), 788 (1H. dd, J =9 and 1 Hz), MS
m/z (rel mt) 490 [M]* (2) 488 [M]* (1),473(5),472(5). 470 (5),
403 (2), 401 (2), 288 (35, 202 (32), 200 (32), 185(97), 183(100), 134
(38), 93 (45), 80 (44), 71 (49), 55 (46)

Acetylation of the diol (2) The mixture of the diol (2) (30 2 mg),
dry pyridine (1 ml) and Ac,O (0 2 ml) was allowed to stir for 1 hr
at room temp The reaction mixture was extracted with Et,O

(11).
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washed with 5% aq NaCl, dried with Na,SO, and the solvent
was evapd under red. pres. to yield a crude product which was
purified by prep TLC to give the hydroxy-acetate (1) (25 5 mg)

Acetylation of the acetoxy-diol (3) The acetoxy-diol (3)
(32 0 mg) was treated with Ac,O (0 2 ml) in dry pyridine (1 ml) as
above for 1 hr. The diacetate (4) (22 0 mg) was punified by prep
TLC

Reduction of the primary alcohol (3) with pyridine-SO; com-
plex and LiAIH,. Pyridine-SO, complex (167 mg) was added to
the primary alcohol (3) (183 mg) in dry THF (3 ml) and the
suspenston was stirred at 0° for 5 hr under N, gas Addition of
LiAlH, (185 mg) in dry THF (5 ml) was followed by stirring for
11 5 hr at room temp After decomposition of excess hydnide by
addition of H,O and 15% aq. NaOH, the crude reaction pro-
duct was extracted with Et,O, dned with Na,SO, and the
solvent was evapd The diol (2) (9 0 mg) was 1solated by prep
TLC together with a second diol which was not 1dentified

Epoxidation of the diene (3) To a soln of the acetoxy-diol (3)
(42 0 mg) in dry CH,Cl, (2 ml) was added MCPBA (18 7 mg) 1n
dry CH,Cl, (1 ml) and the mixture stirred for 30 min Normal
work-up afforded a crude product which was purified by prep.
TLC ta give the 35.45-epoxide (26 4 mg).

Oxidation of the epoxy-alcohol with PDC To a slurry of PDC
(170 mg) 1n CH,Cl, the above epoxide (264 mg) in CH,Cl,
(1 ml) was added and the mixture was stirred for overmght at
room temp The CH,Cl, soln was passed through a Flonsil
column and evapd to give a crude product which was punified by
prep TLC and yielded the aldehyde (5) (18.2 mg)

Test of the antifungal actinty The growth inhibitory effect of”
the dolabellane diterpenoids 1, 2, 3, 7 and 8, on the plant
pathogenic fungi, Botrytis cinerea, Rhizoctoma solam and
Phythuum debaryanum, was tested by the following manner
Mycehia discs (5 mm 1n diameter) of each of the pathogenic fungi
were placed on a potato-sucrose-agar medium with or without
each of the test compounds, and cultured for 5 days at 25° The
mhibition percentage was obtained by measuring the diameter
of mycelia colonies.
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