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Abstract-Five new dolabellane diterpenoids have been isolated from the hverwort Odontoschrsma denudatum, and 
their structures and absolute configurations have been determined on the basis of ‘H and 13CNMR evidence and 
chemical correlation. 

INTRODUCTION 

The less common dtterpenoids of the Hepaticae include 
verrucosane and neoverrucosane derivatives from Mylm 
uerrucosa [l, 23 and fusicoccane dertvattves from Anas- 
trepta orcadensis [3] and Plaglochlla acanthophylla 
subsp. ~apon~a [4] Such carbon skeletons and the tri- 
cychc dolastane framework [S] may be biosyntheslzed by 
cyclization of dolabellane derivatives. Initially dolabel- 
lanes appeared to be restrlcted to marme algae and 
herbivorous molluscs [6, 73 but recently they have been 
reported from the liverworts Odontoschzsma denudatum 
[S] and several Barbllophozza species [9]. 

In the present paper we describe the details of the 
structural elucidation of five dolabellane dlterpenolds 
which we have Isolated from the leafy liverwort Odonto- 
schtsma denudatum (Nees) Dum. which belongs to the 
Cephalozlaceae of the Jungermanmales and usually 
grows on decayed wood. The major compound, 
(+)-acetoxyodontoschnmenol (l), which has been re- 
ported m a preliminary paper [S], has been shown to be 
(lR,6R,l lR,12R)-6-acetoxy-12-hydroxydolabella-3E,7E- 
diene on the evidence presented below. The structures of 
the four minor constituents, (lR,6R,l lR,12R)-6,12- 
dihydroxydolabella-3E,7E-dlene (2), (lR,6R,l lR,12R)-6- 
acetoxy-12,16-dihydroxydolabella-3E,7E-dlene (3), (lR,- 
6R,11R,12R)-6,16-d~acetoxy-12-hydroxydolabella-3E,- 
7E-dlene (4) and (lR,3S,4$6R,l lR,12R)-6-acetoxy-3,4- 
epoxy-12-hydroxydolabell-7E-en-16-al (5) have been es- 
tablished by chemical correlation with compound 1. The 
antifungal activity of these dlterpenoids IS 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 combmation of column 
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chromatography (CC) and preparative thin layer chrom- 
atography over silica gel to yield five new dolabellane 
dlterpenoids (l-5) m yields of 4.2, 0.4, 0 9, 1 4 and 0 6%, 
respectively, of the ethyl acetate extract 

Structure of the major dolabellanold (+)-acetoxyodonto- 
schlsmenol (I) 

The major compound, (+)-acetoxyodontoschlsmenol 
(l), C,,H3,03, mp 56-57”, [ol]n+ 66 2”, was a bicarbo- 
cyclic diterpenoid contammg a secondary acetoxy [v,,, 
1730, 1255 cm-‘; 62.01 (3H, s), 5 60 (lH, ddd, J= 117, 
11.2 and 5.3 Hz); 6 170.4 (s), 69 5 (d), 21.3 (q)], a tertiary 

hydroxy CL, 3635, 3519 cm-‘; 687.3 (s)] and two tnsub- 
stltuted double bonds [v,_ 855 cm-‘; 6 1.55 (3H, t, J 
= 1.0 Hz), 1.76 (3H, d, J= 1 1 Hz), 509 (lH, br d, .I 
= 10.2 Hz), 5.21 (lH, br d, J= 12.3 Hz); 6 139 9 (s), 127.4 
(d), 125.4 (d), 131.7 (s), 179 (q), 166 (q)] as well as a 
tertiary methyl [S 1 03 (3H, s); 644.2 (s), 23.7 (q)] and an 

isopropyl group CvmaX 1390, 1380 cm-‘; 60 90 (3H, d, J 
=6.8 Hz), 096(3H, d, J=6.7 Hz); 635.0(d), 19.8(q), 18.9 
(q)]. In addition the 13CNMR spectrum exhibited the 
presence of SIX methylene carbons [645 5,43.4,40 8,36 0, 
30.4, 25.9 (each t)] and one methme carbon [S 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 m compound 1 was confir- 
med by the following chemical reactlons (i) by alkaline 
hydrolysis the acetate (1) was converted into the 6/$12fl- 

dlol (2), GoH3402 Cv,,, 3620, 3450 cm-‘; 64 62 (lH, 
ddd, J= 10, 10 and 5 Hz)] (ii) Dehydration of 1 with 
thlonyl chloride m pyrldine gave the 3,7,12-triene (6), 

‘LH3402 Cvmax 859 cm-‘; 65.01 (lH, br d, .I= 10 Hz), 
523 (lH, br s, W,,,=6Hz) and 5 36 (lH, br d, J 
= 11 Hz)] (iii) The diene (1) was oxidized exclusively to 
the 3S,4S-monoepoxlde (7), C22H3604 Cal.22 (3H, s), 
2.88 (lH, dd, J= 10 and 2 Hz); 662.6 (d), 60.4 (s)] with one 
equivalent of m-chloroperbenzolc acid (MCPBA) in 
chloroform at room temperature, although under reflux 
with two equivalents of the peracld m chloroform the 
diene (1) produced the 3S,4S; 7S$S-blsepoxide (8), 
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C,,H,,05 [Sl 36 (3H, s), 1 55 (3H, s), 2 89 (lH, d, J oxide (8) was first treated with POCI, m pyrldme to give 
=9 5 Hz), 3 07 (I H, dd, J = 8 8 and 1 1 Hz), 663.7 (s), 63 0 the dehydrated product 9, C,,H,,O, [65 28 (lH, br S, 
(d), 60 9 (d), 58 4 (s)], accompanmg a mmor Isomer, the WI,,=4 Hz)], which was then submitted to allylic oxld- 
structure of which will be described elsewhere atlon with Collms reagent to afford the enone 10, 

In an attempt to determine the size of the rmg to which C,,H,,O, The IR and UV spectra [b,,, 1706, 
the tertiary hydroxy group IS attached. the maJor blsep- 1621 cm-‘, i, mdr 230 nm] suggested the presence of an 
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a&unsaturated cyclopentenone structure. Moreover, the 
failure of any protons to move downfield, apart from the 
vinyl proton [S 5.90 (lH, s)] suggested that the ketomc 
carbonyl was flanked by a fully substituted carbon atom 

Certain srgmficant information about the other rmg 
was obtained by ozonolysis of the original dtene (1) m 
methanol followed by reductive cleavage of the ozomde 
wtth dimethyf sufphtde to gave unstable products whtch 
were rmmedrately treated wtth 1,2-ethanedtthtol and 
boron trrfluoride etherate to gave the two components as 
the thioketal derivatives 11 and 12 The structure of the 

smaller fragment (ll), C,,H,sO$,, was eluctdated by 
analysts of the ‘H NMR and 13C NMR spectral data as 
the btsthtoketal derivative of 2-acetoxylevuhmc aldehyde 
(11) (see Expertmental). This revealed the presence of a 
1,5-dtene partial structure m the parent molecule (1) 
The spectroscoptc properties of the larger fragment (12), 

C,,H,,OA> suggested tt was a 6-lactone [v,,, 
1728 cm-‘] containing the ortgmaf cycfopentane rmg 
substituted by an isopropyl and a tertiary methyl to- 
gether with a newly formed (2-thtoketal)-butyl group (see 
Experimental) The formatton of this lacrone suggested 
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I 
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that the C-12 hydroxy group of 1 was m the a-configur- 
atton and trans to the C-l methyl group 

The above chemtcal and spectroscopic evidence m 
conlunction with the biogenetic lsoprene rule [lo] mdt- 
cated that acetoxyodontoschtsmenol (1) was a dolabel- 
lane dtterpenoid contammg two double bonds (A3 and 
A’), a 12-hydroxy group and a 6fi-acetoxy moiety The 
structure 1, excludmg the configuratton of the 12-hy- 
droxy group, was supported by extensive decouplmg 
expertments at 360 MHz. In addttton, difference NOE 
experiments [l-Me and 3-H (13%) 4-Me and 6-H (lo%), 
&Me and 6-H (lo%)] and the 13C NMR chemical shifts 
of the C-4 and C-8 methyl groups [b 16 6 and 17 9 (each 
y)] revealed that both double bonds had the E-configur- 
atton The complete structure, mcludmg the configur- 
atton of the C-12 hydroxy group, was determined un- 
equtvocally by X-ray analysis of the p-bromobenzoate 
(13) C,,H,,O,Br A computer-generated perspective 
drawing is shown m Ftg 1 The details of this crystal 
structure analysts appear m reference [S] Smce the C-l 2 
hydroxy group has a fi-configuration and has a CIS- 
relattonshtp to the C-l methyl group, the formation of 
the ci-lactone (12) must be accompanied by mverston of 
configuration at C- 12 

The conformation of 1 m the crystallme state (X-ray 
analysis) [S] and the major conformer m solution 
(‘H NMR spectrum) [1 l] correspond to the CC confor- 
mer of the sesqutterpene humulene [12] The absolute 
configuration of (+)-acetoxyodontoschtsmenol as m 1 
was determined by the exctton chnahty method [240 nm 
(AI: -8 36)] on the allyhc p-bromobenzoate (13) This 
result was confirmed by anomalous dtsperston m 
the X-ray analysts [S] Accordmgly, the structure and 
absolute configuratton of the major dolabellanotd (+)- 
acetoxyodontoschtsmenol represented ’ 
(lR,6R,l lR,l2R)-6-acetoxy-12-~ydroxydolaballa-3E,7~s 
dtene (1) 

Structures of the four minor dolabellanotds (2-S) 

Four dolabellanotds (2-5) were subsequently Isolated 
m mmor amount from the same hverwort, and their 
structures were correlated chemtcally wtth 6p-acetoxy- 
12p-hydroxydolabella-3E,7E-dtene (1) as follows The 
spectral data of the diol (2), C20H3402. mp 139-140’, 
[rx]n +56 2”, suggested rt was a bicychc diterpenoid 
containing tertiary and secondary hydroxy groups, two 
trisubstituted double bonds, a tertiary methyl and an 
isopropyl group This compound was found to be tden- 
ttcal m all respects mcludmg the optical rotation with the 

Fig 1 A perspective view of the p-bromobenzoate (13) 

dtol obtained by alkaline hydrolyses of 1 Acetylatton of 
the natural dtol (2) afforded the major dolabellanotd (1) 
The third compound (3). C,,H,,O,, mp 103 5-104 5 , 
[r&+36 o”, and the fourth compound (4), CZ4H,,0,, 
mp 76677 , [r& + 2 9’-, had spectral data stmtlar to those 
of 1, except for the resonance of a primary hydroxy group 
[63 93 and 4 21 (each IH, d, J = 12 Hz), 659 8 (t) m 31 and 
a primary acetoxy group [64 42 and 4 68 (each 1 H. d. J 
= 12 Hz), 662 0 (1) m 41 replacing those of the vinyl 
methyl group at C-16 Acetylatton of 3 wtth acetic anhy- 
drtde m pyrtdme gave the hydroxy-diacetate (4) When 
the acetoxy-dtol (3) was treated with the pyrtdme sulphur 
trtoxtde complex followed by luhtum alummmm hydride 
to reduce the allyhc hydroxymethyl to a methyl group, 
the dtol 2 was obtained. The structure and stereochemts- 
try of 3 were confirmed by X-ray analysts [ 131 The 
‘HNMR and 13C‘NMR data of the most oxygenated 
compound (5) C,,H,,O,, [~]n -23 3 . revealed that tt 
was a dolabellane dtterpenotd with a secondary acety- 
toxy, a tertiary hydroxy, a trisubstrtuted double bond. an 
epoxy group [63 27 (lH, dd, J= IO and 3 Hz). ;i63 9 (d). 
63 6 (s)] and an aldehyde [;i9 34 (I H, d. J = 1 H7). 6 199 X 

(d)] These data suggested that this epoxy-aldehyde was 
the 16-0~0 derivative (5) of the monoepoxtde (7) 
Confirmation of this proposal was obtained as follows 
The allyhc alcohol (3) was oxtdtzed wtth tn-chloroperben- 
ZOIC dctd to give the 3S,4S-monoepoxtde which was 
transformed by PDC oxtdatton mto the epoxy-alde- 
hyde (5), tdenttcal m all respects wtth the natural com- 
pound 

From the above chemical and spectroscoptc evidence 
the structures and absolute configurations of the four 
mmor dtterpenotds (2-5) were deduced to be (!R,6R, 
1 lR.12R)-6,I2-dthydroxydolabella-3E.7E-dtene (2), (lR,- 
6R,I 1R,l2R)-6-acetoxy-l2,16-dthydroxydolabella-3E, 
7E-dtene (3), (1 R,6R,ll R,lZR)-6,16-dlacetoxy- 12-hy- 
droxydolabella-3L’,7E-dtene (4) and (I R.3S.4S,6R, 11 R, 
12R)-6-acetoxy-3.4-epoxy- 12-hydro\ydolabelL7E-en- 16- 
al (5) 

Smce the hverwort Odontoschtma denudatum usually 
grows on decayed wood, tt seemed likely that the plant 
contams some anttmicrobral compounds. The growth- 
mhtbttory activity on these plant pathogemc fungi of the 
dolabellane dtterpenotds, 6b-acetoxy-12/&hydroxy- (I), 
6fi,12/Gdthydoxy- (2), 6fi-acetoxy-12[{,16-dthydroxydola- 
balla-3E,7E-dtene (3) and the 3S,4S-monoepoxtde (7) 
and the 3S,4&7&8S-dtepoxide (8) was tested The per- 
cent mhtbttton of the dolabellanotds determmed at the 
concentratton of 100 ppm is shown m Table 2 

Table 2 Growth-mhlbltory actlvlty of the dolabellane dtterpen- 

olds (at 100 ppm) on the pathogemc lung1 

1 2 3 7 8 

B cmerea 39% 44 13 10 35 
R solam 38 24 20 30 38 
P deharyanum 22 28 5 11 14 

____. 
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EXPERIMENTAL 

General procedure Mps uncorr IR and [a],, CHCI, at 

room temp ‘H NMR (90, 360 or 400 MHz) and ‘YZNMR 

(22 63 MHz) CDCI, with TMS as mt standard, EIMS 70 eV, 

UV EtOH, CC Merck kieselgel 60, TLC and prep TLC 
Merck kleselgel 60 PFzs4, Analytical plates were visualized 

under UV radiation, iodme vapour or spraymg with 10% 
HzSOc in EtOH followed by heating at 120” 

Material and Its extractton The liverwort, Odontoschisma 

denudatum, which grows on decayed wood, was collected m a 

forest at Motoyama-cho, m Kochi-ken, Shtkoku The whole 
plant (1 71 kg) was separated carefully from the decayed wood, 

washed wtth H,O, dried m the shade for several days, and 

extracted x 3 with MeOH for 1 week at room temp The solvent 

was distilled ofI’ under red pres and the oily material obtamed 

was extracted with EtOAc. Removal of the solvent under red 
pres. gave a VISCOUS oil (43 7 g) 

Isolation of the constrtuents (1-5) The EtOAc extract (23 0 g) 

was firstly chromatographed on a column of sihca gel (600 g), 

usmg hexane contammg increasing amounts of EtOAc as eluant. 

The separated fractions were then subjected to a combmation 

of CC and prep TLC on sthca gel to isolate the followmg 
compounds m order of elution (lR,6R,llR,l2R)-6-acetoxy-12- 

hydroxydolabella-3E,7&diene, (+)-acetoxyodontoschtsmenol 

(1) (970 mg), (lR,6R,l lR,l2R)-6,16-dtacetoxy-12-hydroxydola- 
bella-3E,7&diene (4) (210 mg), (lR,3S,4S,6R,llR,l2R)-6- 

acetoxy-3,4-epoxy-l2-hydroxydollabell-7E-en-16-a1 (5) 
(140 mgb (lR,6R,l lR.l2R)-6-acetoxy-12,16-dihydroxydola- 

bella-3E,7E-diene (3) (320 mg) and (lR,6R,l lR,l2R)-6,12- 
dihydroxydolabella-3E,7E-diene (2) (90 mg). The physical con- 

stants and spectroscopic properties of these compounds are 

listed below 

(lR,6R,l lR,12R)-6-Acetoxy-l2-hydroxydolabella-3E,7E-d~ene 

[( +)-acetoxyodontoschlsmenol] (1) C22H3603 (Found C, 

7598, H, 1048, requires C, 75 81, H, 10.41%), mp 75-76”, [alo 
+66 2” (c, 0 9), IR v,,,cm-‘. 3635, 3510,2985, 1730, 1680, 1390, 

1380, 1255,1030,970,850; ‘H NMR (360 MHz) 60 90 (3H, d, J 
= 6 8 Hz, isopro-Me), 0 96 (3H, d, J = 6 7 Hz, isopro-Me), 103 

(3H, s, l-Me), 1.47 (lH, ddd, J=96, 40 and 10 Hz, 11-H), 1.54 

(IH, dddd, J= 14 5, 11 3, 40 and 3 7 Hz, 10-H), 1 55 (3H, t, J 

=1 OHz,4-Me), 1.69(lH,d,J=l30Hz, 2-H@, 1.69(1H,dddd,J 

= 14 59 6,6 1 and 4 8 Hz, IO-H/?), 1 76 (3H, d, J = 1 1 Hz, g-Me), 

186 (lH, dddd, J = 14 5,113,4 8 and 10 Hz, 9-H/$, 2 01(3H, s, 
Ac-Me),2.10(1H,dd,J=115and107Hz,5-H~),216(1H,dd,J 
= 13 0 and 12 3 Hz, 2-Ha), 2 32 (lH, ddd, J = 14 5,6 1 and 3 7 Hz, 

9-Hc(), 2.50 (IH, dd, 11 5 and 5.3 Hz, S-Ha), 509 (lH, br d, J 
=l02Hz,7-H),52l(lH,brd,J=l23Hz,3-H),560(lH,ddd,J 

= 117, 11.2 and 5.3 Hz, 6-H), MS m/z (rel mt ) 348 [M] + (1) 330 

(4), 288 (23), 270 (S), 245 (14), 227 (lo), 219 (9), 201 (7), 159 (9), 135 

(14), 121 (13), 107 (20), 93 (24), 81 (19), 71 (25), 55 (24), 43 (100) 

(lR.6R,l lR,l2R)-6,12-Dthydroxydolabella-3E,7E-dtene (2). 

C H 0 (Found C, 7841, H, 1145, requires C, 78 38, H, 20 34 Z 
11 18%), mp 139-140”, [aIn +56 2” (c, 1.3), IRv,,,cn- ’ 3625, 
3450, 2975, 1670, 1445, 1390, 1230, 1010, ‘HNMR (400 MHz): 

6091 (3H, d, /=7.0Hz, isopro-Me), 0.98 (3H, d, J=66Hz, 

isopro-Me), 106 (3H, s, l-Me), 1.55 (3H, s, 4-Me), 1.71 (3H, d, J 
=07 Hz, g-Me), 203 (lH, dd, J=ll.O and 10 3 Hz, 5-H)?), 2 17 

(lH, dd, J= 13.2 and 12 5 Hz, 2-Ha), 2 34 (lH, dt, J= 14 7 and 

4 4 Hz, 9-Ha), 2 55 (1 H, dd, J = 110 and 5 5 Hz, S-Ha), 4 62 (lH, 
ddd, J = 10 3,9.9 and 5 5 Hz, 6-H) 5 14 (lH, dd, J = 9.9 and 15 Hz, 

7-H), 5 20 (IH, br d, J= 12 5 Hz, 3-H), MS m/z (rel. mt.) 306 

[M]’ (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) 
(lR,6R,l lR,l2R)-6-Acetoxy-l2,16-dlhydroxydolabel~a-3E,7E- 

diene (3) C&H,,O, (Found C, 72.28, H, 1005, requires C, 

72 49, H, 9 96%) mp 103 5-104 S”, [a]o +360‘ (c, 1 4), IR 

v,,,cm-’ 3630, 3470, 2980, 1720, 1445, 1370, 1250, 1025, 960, 

iH NMR (90 MHz): 60.91 and 0 98 (each 3H isopro-Me,), 109 
(3H, s, l-Me), 1 73 (3H, s, 8-Me), 2.03 (3H, s, AC-Me), 2 87 (lH, 
dd, J= 10 and 5 Hz, 5-Ha), 3 93 and 4 21 (each IH, d, J= 12 Hz, 

16-H,), 511 (lH, br d,J=lOHz,7-H), 538(1H,dd, J=12 and 

4 Hz, 3-H), 5 63 (lH, ddd, J = 10, 10 and 5 Hz, 6-H), MS m/z (rel 

mt) 364 [M]’ (I), 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) 
(lR,6R,l lR,l2R)-6,16-Diacetoxy-l2-hydroxydolabella-3E,7E- 

diene (4) CZ4H3s05 (Found M+, 4062743, reqmres M, 

406 2720), mp 7677”, [alo +2 9” (c, 1 1), IR v,,,cm- i 3600, 

3510, 2960, 1730, 1450, 1375, 1250, 1030, 1020, 960, ‘HNMR 

(90 MHz) 60 91 and 0 97 (each 3H, d, J = 7 Hz, tsopro-Me,), 

1 11 (3H, s, l-Me), 1 76 (3H, d, J= 1 Hz, 8-Me), 2.03 and 2 10 

(each 3H, s, AC-Me,), 2 68 (1 H, dd, J = 13 and 5 Hz, 5-Ha), 4 42 

and468(each lH,d, J=l2Hz, 16-H,), 5 11 (lH,brd, J=lOHz, 

7-H),548(lH,dd,J=lland3Hz,3-H)5.65(lH,ddd,J=l0,l0 

and 5 Hz, 6-H), MS m/z (rel. mt.) 406 [M] + (I), 388 (12), 346 (7). 

286(14),243(16), lS9(18), 133(11), 119(12), 195(14),93(16),83 
(23), 71 (31), 55 (18), 43 (100) 

(1 R,3S,4S,6R,ll R,l2R)-6-Acetoxy-3,4-epoxy-l2-hydroxydola- 

bell-7E-en-16-al (5) C,,H,,O, (Found: Mt. 378 2398, requires 

M, 378 2407) [alo -23 3” (c, 22), IRv,,,cm-’ 3635, 3510, 

2985, 1735, 1680, 1450, 1375, 1250, 1145, 1030, 1020, 970, 
‘H NMR (90 MHz) 60 83 and 0 94 (each, 3H, d, J =7 Hz, iso- 

pro-Me,), 124 (3H, s, I-Me), 1 80 (3H, d, J = 1 Hz, g-Me), 2.01 

(3H, s, AC-Me), 2 71 (IH, dd, J= 12and 6 Hz, 5-H@, 3.27(1H, dd, 
J=lO and 3 Hz, 3-H), 5 17 (lH, brd, J=lO Hz, 7-H), 6 12 (lH, 

ddd, J = 10,lO and 6 Hz, 6-H), 9 34 (lH, d, J = 1 Hz, 16-H), MS 
m/z (rel mt ) 378 [M]’ (l), 360 (2), 335 (4), 318 (6), 300 (3), 289 

(5),275115),257(8),201 (lo), 165(14), 147(16), 135(15), 123(24), 

109 (24). 93 (26), 81 (42), 71 (53), 55 (33), 43 (100) 

Alkalrne hydrolysu of the acetoxy-alcohol (1) The acetate (1) 

(25 0 mg) was added to 5% methanohc KOH soln (2 ml), and the 

mixture was refluxed for 3 hr The reaction mixture was poured 
mto H,O, acidified with dll HCI and extracted with CHZCI, 

The crude product, after drying with Na,SO, and evapd the 

solvent, was subjected to prep TLC to isolate the dlol (2) 

(19 3 mg) 
Dehydratton ofthe acetoxy-alcohol (1) To a cooled soln of the 

alcohol (1) (32.6 mg) m pyrldme (1 ml) was added SOCI, (15 mg) 

m pyrldme (2 ml), and the mixture stlrred for 6 hr at 70” The 

mixture was poured mto Ice-H,0 and extracted with CHCl, 
The CHCI, soln was washed with 5% aq H2S0,, 5% aq 

NaCO,, dried with Na,SO,, and the solvent was evapd to leave 

the crude product This was purified by prep TLC, yleldmg the 

trlene (6) (11 0 mg) as a gum 

(lR,6R,l lR,l2R)-6-Acetoxydolabella-3E,7E,l2-trtene (6) [a],, 
0” (c ZO), IR v,,,cm -I. 1725, 1385, 1373, 1250, 1023, 959, 859, 

‘H NMR (90 MHz): SO 98 (3H, d, J = 7 Hz, Isopro-Me), 109 (3H, 
d, J=6 Hz, Isopro-Me), 1 19 (3H, s, l-Me), 1.56 (3H, br s, 4-Me), 
1 77 (3H, br s, g-Me), 2 03 (3H, s, AC-Me), 2 56 (lH, dd, J = 11 and 

55Hz 5-Ha),50l(lH,brd,J=lOHz,7-H),S23(lH,brs, W,,, 

=6Hz, 13-H), 536 (lH, br d, J=ll Hz, 3-H), 5.65 (lH, ddd, J 
= 11, 10 and 5.5 Hz, 6-H), MS m/r (rel mt ) 330 [Ml+ (7), 315 

(2), 287 (3), 270 (34), 255 (8). 227 (17), 201(g), 191(55), 175 (6), 159 

(13) 149 (25), 135 (lOO), 121 (56), 107 (52), 93 (54), 83 (50), 69 (21), 
55 (27), 43 (62) 

Epoxldatlon of the dlene (1) (1) Formation of the monoepox- 

tde (7). To a soln of the dlene (1) (27 1 mg) m CHCI, (1 ml) was 

added MCPBA (14 mg) m CHCI, (1 ml) with stlrrmg for 30 mm 

After decomposltlon of the peracid with KI and drymg with 
Na2S0, the solvent was evapd to obtam the crude product 
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which was purltied by prep TLC to Isolate the monoepoxlde (7) 

(24 0 mg) 
(IR,3S,4%6R,l lR,l2R)-6-A~eros~-3.4.-rpou~~-l2-h~drou~dola- 

hfG7F,PW<(7) C,&;,,O, (Found C, 7232. H, 10 15, reqmrcs C. 

7249. H_ Y 95%). mp 194-l-04 5’. [,x]n +hi 5 (r 1~2, 
IR I .,,dm ’ 3625. 3420, 1727, 1675. 1618, 1387, 1371. 1245. 

1137. 1023 960, 890. 825. ‘H NMR (YO MH7) ($0 90 and 0 97 

(each 3H. d. .I = 7 Hr. isopro-Me,), 1 19 (3H. 5, I-Me). 1 22 (3H. \. 
4-M& I~ X6 (.%I,~ \, 8-a). 700 (3H, \ AC--MB), 247 (lH, dd, ! 
= I2 and 5 Hz 5-H1), 2 88 (IH. dd, J = 10 dnd 2 Hz. 3-H). 5 23 

(IH. hr d. J-IO HT. 7-H). 5 5Y(lH, ddd, J= 10, 10 dnd 5 Hz, 6- 

H). MS m z (rel mt )’ 364 [M]’ (2). 346 (1). 332 (2), 321 (3) 304 
(8). 286 (23). 761 (21). 244(7), 225 (19). 215 (Xi 203 (IO), 185 (16), 

175 (13) 159 123) 145 (24), liS(33). 121 (30), 107 (30). 93 (32), XI 
(30), 71 (34). 55 (23). 43 (100) 

(II) FormatIon of the dlepoxlde (8) To a soln of the chene (1) 

(94 X mg) ,md NdHCO, (57 mg) in CHCI, (S ml) was added 

MCPBA (I 17 m&l m CHCI, (3 ml). dnd the rmxture was refluxed 

for 5 hr The redctlon mixture was worked up m the same way as 
that ofthc monoepoxldc to afford the crude product The maJor 

3S.4S.7S,XS-dlepoxldc (8) (59 7 mg) WAS Isolated by prep TLC 

together ~lth an unknown dlepoxlde (I2 3 mg) 

(I R,3%4S,6R,7S,8S,l 1 R.1 ?R)-6-Atetorv-3.4,7.8-dlepo~!,-I 2- 
h@o\ yd&hnl/rmc (8! C22H,,0, (Found M +, 380 2.554, re- 

qu~es M, 380 x53), mp 109% IL10 [r& + 31~ 9 (r I_ I).~ 

IR \ ,,,cm ’ 3635, 3540. 1750, 1390. 1375. 1240, 1040, 960, 
‘H.NMR (400 MHz) f095 ~.W_.h..l=7 0 Hz_ I.wIKQ-MP~,. I.00 

(.W d...Z = fl fi Hz. WqlW-MPJ.. I. I.5 (.W_. \.. I.-M& I. vi(.iH.. L.4. 

MJ=~. I i~,.~ti~.\..X-~~~,.?-cuI (.~H~.~..G~~~Mr~..7_M(.lH;.~l/~..I = 1.1: 

4mi. -i 7 HjL. i-H_%),. 7_x9 ,.I.Iz+. d. .I = ‘z 5_ Hz.. 7-H),. ? a7 ~,l.H_. dd. I 

=x x and I. I. Hz I-H),.4 91. ( I.H,.dd/L./ = 1.x Il.9 z Ami3 7 H/,.6- 

H). MS W’Z (rcl mt ) 380 [Ml+ (I), 362 (I), 337 (I$ 320 (I j, 302 

(3).259(6),193(7).175(5),149(5),135(12),121 (11).109(13).105 

(14). XI (14). 71 (28). 55 (28). 43 (100) 

L)~~~ydr/z,fon o[ the dqou~-u/r &J/ (8) A~ mlxfmrf of a~u>oIed 

soln of the dlcohol (8) (64 5 mg) m pqrldme (1 ml) and a soln of 
POCI, (50 mg) m pyrldme (0 5 ml) WBF stirred for 44 hr at room 

temp anrtthcr~ for 3 hr nt 70 ThereactIon mlxturewni poured 

mto Ice-HZ0 and the CHCI, extract wdq w,lshed 5”/. dq HCI, 

rlrlr~t with. Na,SO, and the ullre!~. evapd_ tn y>dd a WI&_ 

p~I~~ti_ Thp, cly.&~~~~rne_ (9.1. f.24. Z md. w.:ti p,utfird. b.y p~eq. 

TLC 

(I R,3S,4S,6R,7S,XS,ll R)-6-Acetowr-3,4,7.8-dlepo~~d#/abel/- 

12-mr(9) C,,H,,O,. mp 132-133 , [z& +352’(( 09), IRv,,, 
cm~ ’ 1737,1391, 1375. 1242, 1143. 1127, 1094. 1034,Y76,Y43,9lY, 

907,877.840cm-‘. ‘HNMR(YOMHz) ii101 dnd 112(3H,d,J 

=6 HZ, Isopro-Me,), 1 28 (3H, \, I-Me), I 31 (each 3H, z, 4-Me). 

151 (3H. (, g-Me), 207 (3H, (, AC-Me), 2 51 (IH, dd, J= 13 dnd 
5Hr,5-H7).286(lH,d, J=9Hz 7-H),30X(IH,dd, J=lOand 
5Hz 3-H).528(lH.hr.r. U’ ;, 2 = 4 H;r_ I .2-H!. MS m/: (cd !nt ) 
362 [Ml+ (3). 347 (I), 344 (I), 302 (6), 284 (6), 268 (3), 259 (5), 241 
(6). 202 (IO), 175 (19) 161 (14). 149 (21). 135 (lOO), 121 (53), 107 

(50), 107 (50). 105 (26). XI (28). 69 (41). 55 (61), 41 (32) 
Collins ou~datfon of ~hr r).clopenfene (9) The CrO, <pyrldme), 

complex was prepared by the usual manner from dry pyrldme 

(10 ml) and dry CrO, (0 9 g) To a mechdmcally stIrred soln of 

the cyclopentene (30 2 mg) m dry CH,Ci, (I ml) was added the 
above Lomplex as a slurry m dry CH,Cl, (1 ml) at 0 After 30 hr 

of stirrmg at 60 , the CH2Cl, soln wds passed through a Florlsll 

column and was then washed with 5% dq HCI The crude 

product fir15 subjected to prep TLC affordmg the cyclopenten- 

one (10) (7 3 mg) as d gum 

(1 R,3S,4S,6R,7S,8S,ll R)-h-ncerox~-3,4,7,8-dlepoxydolah41/- 

12-en-14.one (10) C22H3205, [a]o -53 3 (( 0 2). IR v,,,cm * 
1742. 1706. 1621. 1394. 1381. 1368, 1333, 1240, 1157, 1145, 1092. 

1037, 966, 928, 886. 841, 822. UVi.,,, nm 230 (i 12000), 

‘HNMR (9OMHz) 61 15 (3H, d, J=8 Hz, Isopro-Me), 122 

(3H. d, J=6 Hz. Isopro-Me), 128 (3H, s, I-Me), 1 30 (3H. s, 4- 

Me), 156(3H, F, &Me), 208(3H, s, AC-Me), 236(1H,dd, J=13 

and 5 HZ, Z-Hr.). 2 87 (I H, d. J = 9 HZ, 7-H), 3 07 (1 !I!_,&, .I = ! 1 
and ~Hz, 3-H_), 5 05 (lH_~ddd, .I= l3,~9 and5&&H)._5 YO(lH,~ 

3. 13-H). MS m!z (rel mt ) 376 [M]’ (2), 316 (I), 283 (2), 254 (2), 

191 (171, 151 112). I35 (II). 121 (21), 109 (?I), 95 (14), 81 (IS). 71 

(14). 5s (17). 43 (loo) 
&ono/y~l~ n/ !& dfme 1 fnllowed by thlokrJ~~/Izrlfmn Wth 

ethanrduhrol OLomzed 0, gas was passed through a soln of the 

dlene (1) (87 5 mg) m MeOH (IO ml) at -78’ for 40 mm After 

bubbling N2 gas mto the rmxture to remove excess 0,, Me,S 
(70 mg) wds ddded dt -7X and the mixture stlrred for 1 hr at 0”. 

for 3 hr at room temp The reactIon mixture wds poured mto 

H,O and extracted with CH,CI, The soln was dried with 

N‘I~SO, and evapd to afford a crude product To the crude 

reactlon mixture m CH,CI, (2 ml) was added 1,2-ethanedlthml 

(300 mg) and a drop of BF,-EtJO and the mixture was stlrred m 

the ddrk for I6 hr under N, gds The reactton product way 

washed with 5% aq NdOH, H,O and dried with Na,SO, The 
solvent was evapd under red prcs to obtam crude products 

which were purified by prep TLC to grve the levuhmc aldehyde 

derivdtlve (I I) (26 4 mg) and the a-lactone (12) (204 mg) 

(3R.4R.5S)-5-I~opro~~~l-3,5-ethano-4-(3,3-erhaned~~h~o-bu~- 

),l)-3-mrrh)l-S-pentunollde (12) C, ,H,,O$, (Found C. 62 36, 
H, X 83. rcqu~a C. 62 ILi, H! 8 59%). mp 45 Wh’, [CL& -- 69 ! 
(c I 7). IR \ .,,,cm ’ 1728, 1422, 1395, 1380, 1322. 1290. 1258. 

1163, 1078. 1007, 988. 948. 932, 865, ‘H NMR (90 MHz) hOY1 
and! Oi@acl~Z.H_%~ 1=7 H&l ! I (3-H, E)‘ l_76(3H. <), 2u;(IH. 

d, J=l9H7). 253 (IH, dd J=l9 and 3Hz), 331 (4H. s), 

‘T mm !.7 0 (q.!,.!.T 2irg ~.l.(~~..?n3.(/~~,.24.4.(r~,.~l.~ (d1,.321 

(/$,.3h.9 !Q$. 39 4 (I.).. 19. Q&,.4.l. a(r,l,.4~.4.(.\),.4.~ 1 (/.),.4S 2(&M 5 

(s),.96 2(.5),_1.71.4 (.~),.MSmj:(rpJ. mt.) 313 [MJ.’ (.1.4),.~l.Z(1~..2ft9 

(11),235(7),225(5). 194(16), 175(14),159(8),135(19).119(100), 

105 (29), 95 (lY), 79 (19), 71 (38). 59 (65), 43 (77), 41 (78) 
Prrparatmn oj the p-hromohen-_outr (13) p-BrC,H,COCl 

(46 0 mg) wa5 added to the dlol (2) (27 8 mg) in dry pyrldlne 

(2 ml) The mixture was refluxed m the dark at 70 for i 1 hr with 

stIrring under N, gas The product, recovered m the usudl way 

(ddd with CHCI, washed with 5’:‘, aq HCI, dried with Na,SO, 

and~~~=capd~theznlvr~t),~was purlficdby prq TLC tn gore thep- 
bromobenzoate (13) (36 4 mg) 

( 1 R.6R,ll R, 12R)-h-p-Bromohm~oyb I ?-hydroxydolahella- 
3E.7E-dzne (13) C,,H,,O,Br, mp SOS-82 5’. [%lD -546‘ 

(( 1 3). uvi.,,, nm 244 (t 9760), CD i.,,, 240 nm (Ar - 8 36). 

IR v,,,cm _ ’ 3620, 3540, 1706. 1586, 1478, 1390. 1382, 1270, 

1224,1176,1116,1061,1012,937,846,’HNMR(90MHz)b094 

and 099 (each 3H, d, J= 7 Hz. [sopro-Me,), I IO (3H, br 5, I- 

MC), 1 63 (3H, br 5, 4-Me) 1 87 (3H, hr F, 8-Me). 2 67 (IH, dd. J 
= II and 6 Hz, ~-HZ), 5 86 (lH, ddd, J= IO, 10 and 5 Hz, 6-H), 

752(2H,dd.J=9andlHz),78X(lH.dd,J=YandlHz),MS 

m/z (rel mt ) 490 [Ml’ (2) 488 [MI]+ (I), 473 (5), 472 (5). 470 (5). 

403 (21,401 (2), 288 (35), 202 (32), 200(32), 185 (97), 183 (100). 134 
(3X), 93 (45), X0 (44). 71 (49). 55 (46) 

4te1 ylarmn ofthe d&(2) The mixture of the dlol(2) (30 2 mg). 

dry pyrldme (1 ml) and AczO (0 2 ml) was allowed to stir for 1 hr 
at room temp The reactlon mixture wds extracted with Et,O, 
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washed with 5% aq NaCI, drted with Na,SO, and the solvent 

was evapd under red. pres. to yield a crude product wluch was 

purified by prep TLC to give the hydroxy-acetate (1) (25 5 mg) 

Acetylatlon of the acetoxy-d~ol (3) The acetoxy-dlol (3) 

(32 0 mg) was treated with Ac,O (0 2 ml) m dry pyrldme (1 ml) as 

above for 1 hr. The dlacetate (4) (22 0 mg) was punfied by prep 
TLC 

Rizdtictlon of- the prtmary aicohoi (3) with pyrrdine-XI, com- 
plex and LlAIH,. Pyndlne-SO, complex (167 mg) was added to 

the primary alcohol (3) (183 mg) m dry THF (3 ml) and the 
suspension was stlrred at 0” for 5 hr under N, gas Addltlon of 

LlAlH, (185 mg) m dry THF (5 ml) was followed by stlrrmg for 

11 5 hr at room temp After decomposition of excess hydride by 

addltlon of H,O and 15% aq. NaOH, the crude reactlon pro- 
duct was extracted with Et,O, dried with Na,SO, and the 

solvent was evapd The dlol (2) (9 0 mg) was isolated by prep 

TLC together with a second dlol which was not Identified 

Epoxtdatlon of the dtene (3) To a soln of the acetoxy-dlol (3) 

(42 0 mg) m dry CH,CI, (2 ml) was added MCPBA (18 7 mg) m 

dry CH,CI, (1 ml) and the mixture stirred for 30 mm Normal 

work-up afforded a crude product which was purified by prep. 

TLC tn give ti 3&4S-epoxlde (X4. mg). 

Oxldatton ofthe epoxy-alcohol wrth PDC To a slurry of PDC 

(170mg) m CH,Cl, the above epoxlde (264mg) m CH,CI, 

(1 ml) was added and the mixture was stirred for overnight at 
room temp The CH,Cl, soln was passed through a Florlsd 

column and evapd to give a crude product which was purified by 

prep TLC and yielded the aldehyde (5) (18.2 mg) 

Tes’est oft^tite ant@@ actunty The growth mhlbltory effect of 

the dolabellane dlterpenolds 1, 2, 3, 7 and 8, on the plant 

pathogenic fung, Botrytis cmerea, Rhlzoctoma solam and 

Phythmm debaryanum, was tested by the followmg manner 

Myceha discs (5 mm m diameter) of each of the pathogemc 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 

mhlbltlon percentage was obtained by measuring the diameter 
of mycelia colonies. 
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