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Abstract-Two new pingulsane-type norsesquiterpenolds were isolated from the liverwort Porella elegantula 
Norpmgmsone methyl ester, which showed 50% mhlbltlon at 35 pg/mI of the release of superoxide from gumea pig 
peritoneal macrophage, and norpmguisanohde were identified together with the previously known a-pmguisene, 
norpmgulsone and perrottetianal The structures were established by 2D NMR spectroscopy and chemical evidence. 
The previously reported pmgulsone methyl ester was shown to be methyl 4-oxonorpmgmsan-12-oate 

INTRODUCTION 

The Porella species (Jungermanmales) of liverworts pro- 
duce various terpenoids [l] and m particular, elaborate a 
number of pmgulsane-type sesqulterpenes [2-53. Al- 
though the pmgulsane-type sesqulterpenes consist of a 
unique structure fused with a furan rmg, their physlo- 
logical properties have not been studled [6, 73. In pursuit 
of blologlcally interesting substances m the hverworts 
[8-l 11, we have re-mvestlgated Porellu elegantula [12] 
which 1s indigenous to New Zealand and have isolated 
two new pinguisane-type norsesquiterpenes, norpmguis- 
one methyl ester (l), as superoxlde release inhibltor, and 
norpingulsanohde (2) In this paper, we report the struc- 
tures of the two new sesqulterpenes, and propose a 
revised structure for norpmguisone methyl ester (3) pre- 
vlously isolated from Porella uermcosa [2]. 

RESULTS AND DISCUSSION 

A combmatlon of column chromatography on silica 
gel and Sephadex LH-20 of an ether extract of P. 
elegant& has resulted m the isolation of the two new 
norsesqmterpenoids, norpmgmsone methyl ester (1) and 
norpmgulsanohde (2). along with the previously known 
a-pmgulsene (13) [4], norpmgulsone (12) [2] and per- 
rottetianal (14) [13]. 

The IR, ‘HNMR and mass spectra of compound 1 
were completely ldentlcal with those of the known nor- 
pmgulsone methyl ester (3). However, analysis of the 2D 
long-range 13C-‘H COSY of 1 for full assignment of its 
1 3C NMR data (Table 1) did not support the conclusion 
that compound 1 had the same structure as 3. Namely, 
the carbon signal for the ketone at 6 197 32 showed a 
distmct correlation with the proton slgnal due to a 
tertiary methyl group at 6 1.12, which was further corre- 
lated with the C-3 (633 27), C-8 (661 83) and C-9 (658 46) 
signals through two or three bonds These results implied 
that the assignments of the methoxycarbonyl group at C- 
14 and the tertiary methyl group at C-12 in 3 must be 
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reversed for compound 1. Moreover, addItIonal evidence 
was obtamed from the following chemical reactlons. 
reduction of 1 with lithium alumimum hydride (LAH) 
furnished a sole dlol (4), the mass spectrum of which 
revealed intensive retro-Duels-Alder fragment ions at m/z 
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110 and 109 typlcal to the pmgmsanes [2] The NOE was 
observed between the signal due to a proton (64.34) 
gemmal to the hydroxy group and the tertiary methyl 
signal, mdlcatmg that the LAH reduction occurred from 
a less hinder convex [I-side and thus yielded an r-ortented 
hydroxy group Treatment of the dlol (4) with 2,2- 
dlmethoxy-propane m the presence of p-toluenesul- 
phonic acid afforded two products 5 and 7, neither of 
which corresponded to the acetomde (15). Compound 7 
contained a dlmethyl ketal group, which was presumably 
formed between the stereochemically hindered primary 
alcohol at C-12 and 2,2-dlmethoxypropane [14], and was 
instantly converted to compound 5 on exposure to 
1 N HCI The acetate (6) available from 5 upon acetyl- 
ation was subjected to difference NOE experiments and 
thereby the NOES were observed as shown in Fig 1. The 
NOEs for the signals due to the acetoxymethylene at C- 
12 were observed upon irradiation of the C- 13 and C- 14 
methyl signals, and the doublet methylene signals of H-7, 
respectively This suggested that the CO,Me and Me 
groups m 1 must be located at C-8 and C-9, respecttvely, 
and that these groups took the same spatial arrangement 
as that of the Me- 13 group In addltlon, detectlon of the 
NOE between the signal (fi 3 95) due to a proton adjacent 
to the methoxyl group and the B-proton signal on the 
furan rmg substantiated the C-4 position of the ketone 
function m I It should be emphasized that the configur- 
ation for the OMe group at C-4 m 6 was inverted to be fi 
m the course of the methylatlon smce there was no NOE 
between the proton signals at C-4 and the Me signal at C- 
14 An mverslon of the configuration on C-4 was reason- 
ably rationalized as bemg due to a SN, type displacement 
of the oxomum ion formed between a secondary hydroxyl 

OAc 

Fig 1 The observed NOES for compound 6 (Indicated by 

arrows) 

group and 2,2-dlmethoxypropane m the presence of an 
acid catalyst by methanol generated WI sttu from the 
reagent [15]. This unusual reaction was presumably 
attributable to the fact that both hydroxyl groups of the 
dlol (5) were not m a posltlon to form an acetomde. 
Consequently, the structure of norpmgmsone methyl 
ester was represented as 1, and hence the structure of the 
previously reported [2] norpmgulsone methyl ester (3) 
was revised to be methyl 4-oxonorpmgmsan- 12-oate 

Compound 2 had the molecular formula C,4H1404 
(M+ at m/z 2460890), and Its IR and UV spectra dls- 
played the presence of a conjugated carbonyl group (1680 
and 1605 cm- ‘, 212 nm) and a ;-lactone moiety 
(1780cm-‘) The’Hand ’ “C NMR spectra (Tables 1 and 
2) indicated the presence of a fused furan rmg C66.69 (d, J 
= 1 7 Hz) and 7 42 (dd. J = 1 7, 0 1 Hz)], one tertiary 
methyl (ii 1 24) and one secondary methyl [S 1 03 (d, J 
=6 4 Hz)] group as well as of two CH2, one CH, two 

quarternary carbons, and one CH bearmg an oxygen- 
function These spectral features revealed that 2 belonged 
to a pmgmsane-type norsesqulterpene \nth a y-lactone 
unit. This was additIonally supported by the observat!on 
of an mtenstve retro-DlelssAlder fragment Ion at m/z 108 
typical to the norpmgmsones 1 and 12, and a base peak at 
m/z 192 derived from putative successive [Gcleavages 
followed by aromatlzatlon (Fig 2) Thus, compound 2 
had a furano-cyclohexanone rmg charactertstlc of 1 The 
2D long-range ‘%I-‘H COSY spectrum of 2 was meas- 
ured to clarify the location of the y-lactone moiety As 
shown m Table 3, the carbonyl slgnal at C-4 showed only 
correlation with the proton signal due to Me-14 which 
had further cross peaks with the C-3, C-8 and C-9 carbon 
signals In addltlon, the slgnal due to a lactone carbonyl 
group showed a correlation tilth the H-2 and H-7/I 
proton signals These results suggested the presence of a 
5-membered 12, 2-ohde and the tertiary methyl group at 
C-9 Reduction of 2 with LAH followed by acetylatlon 
yielded a trlacetate (11) (1730 and 1740 cm _ ‘: (52 06,2 09 
and 2 14). The results of difference NOE experiments 
are shown m Fig 3 The NOES for the AB type signals 

Table I 13CNMR spectral 

data for compounds 1 dnd Z* 
-___- 

c I 2 
.___-_ 

1 39 87 4123 

2 29 53 x2 61 

3 33 27 39 38 

4 197 32 195 34 

5 11675 118 15 

6 16311 16143 

I 25 14 1966 

8 61 83 59 96 

9 58 46 50 36 

10 107 09 107 36 
11 14444 14409 
12 173 16 175 35 

13 15 58 IO 07 

14 20 64 2193 

CO,&le 5163 

*All assignments were confir- 

med by the C-H and long-range 

C-H COSYs 
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Table 2 ‘H NMR (400 MHz) spectral data for compounds 1, 2,8, and 11 

H 1 2 8 11 

1 

2a 

28 

3a 

38 
4 
7a 

2 10 (m) 
1 81 (dddd, 12.7, 9.8, 
66, 30)* 
1 55 (dddd, 12 7, 9 5, 
9 5, 3 4) 
2 72 (ddd, 13 2, 9 8, 

3 4) 
2 10 (m) 

3 28 (d, 18.8) 

78 

10 
11 
12 

3 53 (d, 18 8) 

6.64 (d, 2.0) 
7 35 (d, 2 0) 

13 0 91 (d, 6 8) 
14 1 12 (s) 
co,= 3 77 (s) 
AC 

2.11 (q, 6.4) 2.41 (q, 6.6) 2.32 (dq, 7 7, 7 3) 
4.61 (dd, 1 9, 0 1) 4.64 (d, 2.4) 5 38 (ddd, 7.7, 7 7, 4 2) 

2 79 (dd, 14.0, 1.9) 2.21 (dd, 13 6, 2 4) 

1.83 (dd, 14.0, 0.1) 1.81 (d, 13 6) 
4.71 (t, 1 9) 
2 61 (ddd, 18 2, 1.9, 

10) 
3 18(ddd, 18.2, 1.9, 
1.0) 
6.41 (d, 1 9) 
7.35 (dt, 1.9, 10) 

2 92 (d, 18 5) 

3 48 (dd, 18.5, 0 1) 

6 69 (d, 1 7) 
7.42 (dd, 1 7, 0.1) 

1.03 (d, 6.4) 103 (d, 6.6) 
1.24 (s) 0 97 (s) 

2.30 (dd, 14 4, 7 7) 

1.58 (dd, 14.4, 4 2) 
5 56 (t. 1 5) 
261 (dd, 17.5, 15) 

2 74 (dd, 17 5, 1 5) 

6.18 (d, 1.8) 
7 26 (d, 1.8) 
4 16 (d, 14.4) 
4.25 (d, 14.4) 
0 96 (d, 7.3) 
1 10 (s) 

2.06, 2 09 and 2 14 
(each s) 

*Couphng constants ( J m Hz) are gven m parentheses. 
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Fig 2 Mass spectral fragmentation of compound 2. 

Fig 3 The observed NOES for compound 11 (mdlcated by 
arrows) 

Table 3. C-H correlation m the long- 
range C-H COSY of compound 2 

C Correlated H 

1 Me-13, H-3& H-7/I 
2 Me-13, H-3p 
3 Me-14 
4 Me-14 
5 H-10, H-11, H-7a,B 
6 H-10, H-11, H-7a,B 
7 
8 Me-13, Me-14, H-2, H-7a,b 
9 Me-14, H-3a, H-2, H-7a 
10 H-11 
11 H-10 
12 H-2, H-7B 
13 
14 H-3a,P 

due to the acetoxymethylene appeared at 64.16 and 4.25 
and were observed upon irradiation of the signals due to 
the Me-13, Me-14, H-3fi and H-7/?, respectively, indi- 
cating that the CH,OAc was located at C-8 and took the 
same spatial arrangement as those of the Me-13 and Me- 
14. Furthermore, this was supported from the observa- 
tton of the NOES between the triplet signals due to a 
proton attached to the carbon beanng an acetoxy group 
at C-4 and the signals due to H-2, H-3x and H-10 that the 
OAc group at C-4 in 11 took a fi-onentation and thus the 
ketone function in 2 was placed at C-4. The evidence 
revealed that the structure of norpingutsanohde was 
shown as 2 m&ding its relattve stereochemtstry. The 
absolute configuration of 2 was exammed by the CD 
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Acetylation oflO A mixture of 10 (2 0 mg), Ac20 (3 drops) and 
pyrldine (5 drops) was allowed to stand at room temp overnight 
The usual work up afforded the tnacetate (11) (2 l mg) as an oil, 
IRvCn~ c13 cm -1 1740, 1730 (OAc), 1230, MS m/z (rel lnt). 318 
[ M - 6 0 ]  + (15), 161 (39), 110 (62), 43 (100), 1H NMR see Table 2. 

p-Bromobenzoylatlon of 8 A mixture of 8 (14 5 rag), p-bromo- 
benzoyl chloride (60 mg) and pyridine (2 ml) was allowed to 
stand at room temp overnight The usual work-up afforded an 
oil, which was purlfiedby CC on sihca gel (CH2C12, 100%) to 
give the compound 9 as crystals, Colourless prisms (from Et20), 
mp 114-115 °, UV2~t~°~ nm (e) 208 (2290), 248 (17500), CD 
(EtOH) Ae 2 5 0 n m - 2 5 ,  A e 2 2 7 n m - 1  9, 1HNMR (90MHz) 
~1.08 (3 H,d, J = 6 6Hz, Me-13), 1.16 (3H, s, Me-14), 1 80(1H, d, 
J = 14.2 Hz, H-3fl), 2.34 (1 H, dd, J = 14.2, 2.2 Hz, H-3ct), 2.62 (1 H, 
q ,J=66  Hz, H-1),266(1H, dd, J=186,18  Hz, H-7¢t),3 34(1H, 
dd, J = 18.6, 1 8 Hz, H-7fl), 4.65 (1 H, d, J = 2 2 Hz, H-2), 6.16 ( 1 H, 
d, J = 1 9 Hz, H-10), 6 21 (1H, t, J = 1 8 Hz, H-4), 7 32 (1H, d, J 
= 1 9 Hz, H-11), 7 62 and 7 95 (each 2H, d, J = 8 6 Hz) 
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