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Abstract-Perrottetianal A and perrottetianal B, two new diterpene dialdehydes and a new ent-labdane-type diterpene 
diol have been isolated from the liverwort Porella perrottetiuna and their structures have been elucidated by the 
chemical and spectral evidence. 

INTRODUCTION 

The liverworts, Porella species belonging to Junger- 
manniales, produce various sesquiterpenes. Recently, we 
have reported the isolation and structures of several 
drimane-, pinguisane- and aromadendrane-type ses- 
quiterpenes from Pore/la llernicosa complex [l-3], P. 
dens$A [4], P. japonica [S] and P. plutyphylla [6] and 
the intense pungency of P. vernicosa complex was due to a 
sesquiterpene dial, polygodial [l-3]. In our continuation 
of studies of terpenoid constituents of the liverworts, we 
investigated Porella perrottetiana which proved to be a 
rich source of diterpenoids with an aldehyde group. We 
now report the isolation and structures of two new diter- 
pene dialdehydes named perrottetianal A (1) and perrot- 
tetianal B (6), and a new ent-labdane-type diol (9) from 
Porella perrottetiana. 

RESULTS AND DISCUSSION 

Column chromatography and PLC on Si gel of the 
combined ether extract of the air-dried material resulted 
in the isolation of three main diterpenes, perrottetianal 
A(l), perrottetianal B (6) and an ent-labdane-type dial(9). 

Perrottetianal A (1) 

The main component (I), C,,H,,O, (M+ 302.2254), 
showed the intense positive 2,4-DNP test and the 
presence of a simple aldehyde (1715 cm- ‘; 6 9.83 (s, 1H)) 
and an a&unsaturated aldehyde group (n,,,,, 245 nm; 
1668 cm-‘; 6 10.13 (s, 1H)). The ‘H NMR spectrum also 
contained the signals for one tertiary methyl (6 0.72), 
one vinylic methyl (2.16) and a dimethyl ally1 group 
(1.66 and 1.70, each bs, 3H and 5.10, bt, J = 7, 1H). The 
dimethyl ally1 group was further confirmed by the base 
peak at mje 69 in the high resolution MS. The lower 
chemical shift of one aldehyde proton and of the vinylic 
methyl group, and the absorption maximum of the UV 
spectrum were very similar to those of authentic /?- 
cyclocitral, indicating that 1 contained a Me-C=C- 
CHO group. The arrangement of two aldehyde groups 

* The name saccultane is proposed for the drimane skeleton 
in which one isoprene unit is attached to C-15 (eq.). 

as shown in 1 was confirmed by chemical transformation. 
Treatment of 1 with LiAlH, gave diol 2 (33OOcm-‘) 
whose IR spectrum indicated the presence of intramolecu- 
lar hydrogen bonding between two hydroxyl groups. 
Treatment of 2 with acetoneCuS0, under mild condi- 
tions easily resulted in the formation of an acetonide (4), 

Cz,H,sO, (M+ -58, m/e 288). Acetylation of 2 with 
Ac,O-Py afforded diacetate 3 (1740, 1240 cm- ’ ; 6 2.08, 
s, 6H), followed by oxidation with CrO,-Py to afford an 
a&unsaturated ketone 5 (1740, 1670 cm-‘). The above 
results, coupled with the molecular formula, showed 1 
to be a bicyclic diterpene dialdehyde with a dimethyl 
ally1 group. The ‘H NMR, IR and MS patterns of 1 
resembled those of sacculatal (S), recently isolated from 
the liverworts Trichocoleopsis sacculata [7] and Pellia 
endioiaefoliu [8], suggesting that 1 might possess the 
same sacculatane skeleton* as that of sacculatal with two 
aldehyde groups and one vinylic methyl group located 
at C-9, C-10 and C-8, respectively and one tetrasubsti- 
tuted double bond placed between C-8 and C-9. This 
assumption was further confirmed by the “C NMR 
spectrum of 1 which was also quite similar to that of 
sacculatal(8) as shown in Table 1. It contained the signals 
of 20 carbon atoms with two aldehyde groups (191.3 (d) 
and 204.5 (d)), tetrasubstituted ethylenic carbons (157.9 
(s) and 138.6 (s)), assignable to C-8 and C-9, trisubstituted 
ethylenic carbons (131.5 (s) and 124.7 (4) attributable to 
C-18 and C-17, four methyl groups, seven methylene 
groups, one methine group (51.4 (4) assigned to C-5 and 
two quaternary sp3 carbon atoms. The above chemical 
and spectral data showed that the structure of perrot- 
tetianal A was most favourably represented by formula 
1. The stereochemistry was tentatively shown by bio- 
genetic considerations of the drimane-type sesquiter- 
penes commonly elaborated in Porella species [l-3, 91 
and by the same Cotton effect of polygodial and its 
related sesquiterpene dial [lo]. 

Perrottetianal B (6) 

Compound 6, C,,H,,O, (M+ 318), exhibited the 
presence of a hydroxyl group (35OOcm-‘), a simple 
aldehyde (1710 cm-‘; 6 9.91 (s, 1H)) and an a,/?-unsatu- 
rated aldehyde (1665 cm-‘; 6 10.20 (s, 1H)). The UV and 
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Table 1. 13C NMR chemical shifts of pcrrottetianal A (ppm from 
internal TMS)* 

1 2 3 9 

C-l 42.1 35.9 44.2 39.7 
c-2 19.5t 30.47 20.6t 23.5 
c-3 36.0 75.7 39.4 41.8 
c-4 35.7 39.6 36.6 32.7 
c-5 51.4 47.8 46.9 55.7 
C-6 18.8t 18.6: 21.81 26.1 
c-7 31.8 29.8 154.3 73.9t 
C-8 157.9 158.6 138.3 73.3t 
c-9 138.6 138.5 60.5 46.3 
c-10 50.5 50.5 35.9 32.7 
c-11 191.3 190.4 201.9 23.5 
c-12 16.71 16.4 193.3 136.0 
c-13 204.5 204.6 15.7 132.8 
c-14 21.8 18.64 17.81 141.7 
c-15 36.4 31.4t 37.3 110.5 
C-16 21.8 19.5: 25.0 11.8 
c-17 124.7 121.5 124.4 18.5 
C-18 131.5 136.3 131.4 14.9 
c-19 17.61 IS.04 17.6: 23.2 
c-20 25.7 25.9 25.7 21.5 

* The spectra were obtained at 22.6 MHz in Fourier trans- 
form mode in CDCl, solutions. 

t $3 Values within any vertical column may be reversed. 

CD spectra were almost identical to that of perrottetianal 
A (1). The signal pattern of the ‘H NMR spectrum was 
also consistent with that of 1, except for the presence of 
a carbinyl proton at 6 3.47 (bt, J = 6 Hz), indicating that 
perrottetianal B has the same structure as 1 in which one 
secondary hydroxyl group was located on the cyclo- 
hexane rings or C-4 cyclohexenyl side chain. Oxidation 
of 6 with CrO,-Py gave a saturated ketone 7 (CZDHZ803 
(M’ 316); 1710cm-I). In the ‘H NMR spectrum of 7, 
one quaternary methyl group was largely shifted to the 
lower field (6 1.09) in comparison with that of the original 
alcohol, showing that the resulting carbonyl group was 
placed at C-3, hence the original hydroxyl group was at 
C-3 The configuration of the secondary hydroxyl 
group was confirmed to be D by the splitting pattern of 
H-3 (br, J = 6 Hz). Thus, the above results, together with 
the 13C NMR (Table 1) and biogenetic considerations of 
the drimane-type sesquiterpenes [9, 1 l] led to the struc- 
ture of 6 for perrottetianal B. Compound B was unstable 
in comparison with perrottetianal A and gradually 
polymerized, even in the refrigerator. A possible reason 
for this instability is the formation of a hemiacetal be- 
tween the hydroxyl group at C-3 and the aldehyde group 
at C-10, which may facilitate the oxidation. However, the 
mechanism remains to be confirmed. 

Ent-2abdane-type diterpene dial (9) 

From the most polar fraction a crystalline diterpene 
was obtained. Compound 9, C,,H,,O, (M+ 306) had 
a conjugated double bond (L,,, 239 nm), a vinyl group 
(990and910cm-‘;64.90(d,J = 11, lH),5.06(d,J = 17, 
lH), 6.40 (dd, J = 11, 17, 1H)) and a trisubstituted 
ethylenic bond [830cm-‘; 6 5.63 (bt, J = 7, lH)]. The 
IR and ‘H NMR spectra indicated the presence of a 
hydroxyl group (3520 cm-‘) and four tertiary methyl 
groups, one of which was located on a carbon bearing a 

Table 2. NMR chemical shifts* (ppm from internal TMS) and 
UV spectrat of 9 and cis- and trans-labda-12,14-dienes and the 

related compounds [ 14, 1 S] 

H-15 H-15 H-14 n-12 a,,,nm c 

9 391 480 623 5.46 239 26500 
trans.Biformene 493 4.x4 6.26 5.37 231 26000 
trons-Methvl commutate 5 02 4 89 62X 5.40 232 27600 
trons+Ocimene 500 4.X? 6.30 5 39 232 27 M)o 
Methyl nanzrbarate [ZOJ - 6.25 ~~ 232.5 26600 

240 sh ISGal 
as-Ab,enol 5.07 5 00 6.85 5.45 235 19800 
cis-BSormene 5.10 ?03 6.83 5.2s 236 20 500 
us-8.Ocimene 511 5.03 6.73 5 28 237.5 21Oixl 

as-Methyl communate 5.07 s.Ou 6.X2 5.20 235 

+ In CCI, solution. 
t In EtOH solution. 

hydroxyl group, a carbinyl proton (S 3.70) and a vinyl 
methyl group (6 1.80). In the ‘“C NMR spectrum (Table 1) 
20 carbon atoms could be observed. The off-resonance 
spectrum showed the presence of five methyl groups, five 
methylene groups, three methine groups (one of which 
possessed a hydroxyl group), three quaternary sp3 car- 
bons (one of which possessed a hydroxyl group), tri- 
substituted ethylenic carbons and a vinyl group. 
Acetylation of 9 with Ac,O---Py gave a monoacetate 
10 (1730cm.‘; ii 1.97 (s, 3H)) whose IR spectrum ex- 
hibited the presence of a hydroxyl group (3590cm- ‘), 
indicating that 9 had certainly one tertiary and one 
secondary hydroxyl group. Treatment of 9 with m-chloro- 
perbenzoic acid afforded the diepoxide 11, C,,H,,O, 
(M+ 338). Hydrogenation of 9 in the presence of PtO, 
gave a tetrahydro derivative 12, C,,H,,O, (M’ 310). 
The above spectral and chemical data, together with the 
molecular formula, suggested that 9 was a typical labda- 
12,14-diene having two hydroxyl groups. On oxidation 
of 12 with CrO,--Py, it gave a saturated ketone 13, 
C,,H,,O, (M+ 308; 1713 cm-‘), followed by dehydra- 
tion with p-TsOH in benzene to give an z&unsaturated 
ketone 14, C,,H,,O (M i 290, 1680 cm- ‘), which was 
treated with DDQ to afford a cross-conjugated ketone 
15, C,oH,20 (M+ 288). On the basis of the above reac- 
tions, the positions of the two hydroxyl groups were 
established to be at C-7 and C-8, respectively, and the 
structure to be that represented by formula 9. The con- 
figurations of the tertiary and the secondary hydroxyl 
groups were determined to be r and /3, respectively, by 
the facile hydration of 13 with acid and by the broad 
singlet signal of a carbinyl proton (W+ = 7 Hz) at C-7 
[12]. The negative Cotton effect of the ketone (13) was in 
agreement with the depicted structure [13]. In structure 
9, there are cis- and trans-isomers with respect to the 
A” bond. The chemical shift of H-14 has been used to 
determine cis- and trans-isomers of the Al’ bond in 
labda-12,14-diene [14, 151. The values of H-12, H-14, 
H-15 and H-15’ of9 and those of the related labda-12.14- 
dienes are shown in Table 2. The value for H-14 indicates 
that 9 has the tram configuration, however, the UV 
maximum was very close to that of the cis series. There- 
fore, it is dangerous to use the UV maximum for the 
determination of cis- and trans-isomers of the A’* bond. 
Thus, the new diterpene diol was established to be trans- 
(5R, 7S, SS, 9S, lOS)-labda-12,14-dien-7,8-diol (9). Re- 
cently, the stereoisomer of 9, (5s. 7S, 8S, 9R, lOR)-labda- 
12,14-dien-7,8-diol has been isolated from Nidrella 
species (Compositae) [16]. 
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lR=H 2R=H 
6R=OH 3R=Ac 

os &CHO 

. . 

9R=H II 
10 R = AC 

Perrottetianal A and B are interesting from the bio- 
genetic view point. Like sacculatal (8), the perrottetianals 
might be derived from geranyl-geranyl pyrophosphate 
by cyclization analogous to that of farnesyl pyrophos- 
phate for the drimane-type sesquiterpenes. Perrottetianal 
A has also been isolated from the liverwort Makinoa 
crispata [5]. Polygodial, sacculatal (8), ugandensidial 
[17, IS] and warburganal [lo] have an enal and simple 
aldehyde groups responsible for the intense pungency. 
The present perrottetianals do not show such pungency, 
but perrottetianal A has a bitter taste which is a charac- 
teristic of this species. Perrottetianals inhibited the 
germination of rice in the husk at ca 500 ppm. 

EXPERIMENTAL 

The solvents used for spectral determination were: TMS- 

CDCI, (‘H NMR, 60 or 90 MHz; 13C NMR, 90 MHz); CHCl, 
(IR and [a]& 95 % EtOH (UV); MeOH (CD). TLC and PLC: 

OH 

12 

:T 

15 

precoated Si gel (0.25 mesh) F,,,, n-hexane-EtOAc (4:l) and 
C,H,-EtOAc (4: 1 and 1: 1). Spots were detected by z4-DNP, 
30 or 50% H,SO, and UV light (254 and 360 nm). MS: EI-MS 
(DI method), 70eV; GC-MS, OV-17, SE-30 1 or 5”/, glass 
column, 3 m x 2 mm, He 30ml/min, temp. programme, 50- 
250” at S”/min. High resolution MS: 30eV, chamber temp. 
160-220”, sample temp. 80-100”; CI-MS: 5OOeV, reaction gas, 
iso-C,H,, 

Extraction and isolation. Porella perrottetiana collected in 
Katsuura, Tokushima prefecture in January, 1977 was air-dried 
for 1 week. The ground material (900 g) was extracted with Et,0 
for 2 weeks. The crude green oil (25 g) which showed 2 intense 
yellow spots on TLC after spraying with 2,4-DNP, was directly 
chromatographed on Si gel using n-hexane-EtOAc gradient in 
the dark condition. The first fraction (n-hexane 100%) gave a 
colourless liquid (2.80 g) in which a-pinene, p-pinene, camphene, 
limonene and camphor, unidentified sesqui- and diterpene 
hydrocarbons and n-paraffins were detected by GC-MS. The 
second fraction (n-hexane-EtOAc, 19: 1) contained carotenoids 
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by PLC to give an a&unsaturated ketone 14 (28 mg). [alo 
+22” (c, 0.34); UV I,, nm: 247 (E, 8146); As 292 mn (-0.69X 
334 ( + 0.43); IR v,,, cm- 1 : 1680 (C=C - C=O), 1610 (C=C), 
1390, 1380, 1335, 1258, 1215, 1155, 1080; ‘H NMR 6 0.90-1.10 
(overlapped 12H), 1.10 (s, 3H), 1.78 (s, 3H); MS m/e (rel. int.): 
290 (M+, 5), 205 (90), 135 (base), 128 (88). 

Dehytlrogenation of14. To a C,H, soln of 14 (15 mg) was added 
DDQ (5 mg) and the mixture refluxed for 12 hr. Work-up as 
usual afforded a cross-conjugated ketone 15 (4 mg). ‘H NMR: 
S 6.40 (s, lH, H-6); GC-MS: m/e (rel. int.): 288 (MC, 33), 273 
(M+ - 15, 33), 245 (65), 204 (75), 203 (61), 189 (base). 
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