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Abstract—Three new pinguisane-type sesquiterpenes, pinguisanin, pinguisanolide and f-pinguisenediol, together
with the previously known deoxopinguisone, have been isolated from a European liverwort, Porella platyphylia,
and their structures have been established by the spectral evidence and some chemical transformations.

INTRODUCTION

The Porella species of liverworts produce various
sesquiterpenes and in particular, P. vernicosa complex
contains a sharp pungent substance. Recently, we have
reported the isolation and structures of several drimane-,
pinguisane- and aromadendrane-type sesquiterpenes
from P. vernicosa complex and the pungency of these
species was due to a sesquiterpene dialdehyde, poly-
godial [1-4]. It is known that Porella platyphylla con-
tains monoterpene hydrocarbons [5] and the crude ex-
tract of this species shows antimicrobial activity against
gram-positive bacteria [6]. The active compounds,
however, remained to be discovered. As part of our
systematic investigation of the biologically active sub-
stances of bryophytes, we have reinvestigated the chemical
constituents of P. platyphylla. The present paper reports
on the isolation and structures of the three new pin-
guisane-type sesquiterpenes.

RESULTS AND DISCUSSION

Extraction of air-dried and ground material with
ether and fractionation on a Si gel column and PLC
gave three new pinguisane-type sesquiterpenes, named
as pinguisanin (1a), pinguisanolide (2a) and g-pinguis-
enediol (3), together with the previously known deoxo-
pinguisone (13).

Pinguisanin (1a)

The major component (1a), mp 50-51°, C,;H,,0,,
was very unstable in dilute acids. The UV and IR spectra
showed the presence of a furane ring (1503, 1470 cm™*;
Apax 224 nm). In the IR spectrum, the absorption bands
of carbonyl and hydroxyl groups could not be observed,
indicating the additional oxygen to be an ether. The 'H
NMR and double resonance spectra (NMDR) (Table
1) contained the signals attributable to two protons of
the typical a,f-disubstituted furane ring, two secondary
methyl and two tertiary methyl groups, one allylic

proton which was coupled with one of the secondary
methyl groups and two methine groups attached to the
ether oxygen, one of which was placed between a quatern-
ary sp® carbon atom and a double bond. The '3C NMR
spectrum also showed the presence of a tetrasubstituted
double bond [122.5 (s5), 149.3 (s)], a 1,2-disubstituted
double bond [110.2 (d), 142.8 (d)] characteristic of an
o,B-disubstituted furane ring, two methine groups [76.1
{d), 79.5 (d)], linked to the ether oxygen, two quaternary
sp* carbon atoms [40.1 (s), 51.1 (s)], together with two
secondary methyl, two quaternary methyl and one
methylene groups. The above spectral evidence along
with the molecular formula indicated that la was a
bicyclic sesquiterpene ether with the a,f-disubstituted
furane ring and the partial structure was represented as
lc. This partial structure has been found in deoxo-
pinguisone (13) and pinguisone (14) isolated from the
liverworts, Aneura pinguis [7], Ptilidium ciliare [8]
and Porelia vernicosa complex [1-4]. In fact, the 'H
NMR signal pattern of 1a strikingly resembled those of
deoxopinguisone (13) (Table 1) and pinguisone (14)
[7] except for the presence of the two methine protons
at 6 3.96 and 4.38 indicating that the structure of pin-
guisanin might be deoxopinguisone with a C-3/C-7
(1a) or C-2/C-7 ether linkage (1b). Hydrogenation of
la gave two compounds (GC-MS: M* 236 and 238),
which on acetylation with Ac,O-Py, followed by column
chromatography afforded the tetrahydro derivative (4)
possessing an ether linkage and a monoacetate (6)
(1735e¢m™1; & 2.11). Oxidation of the hydrogenated
mixture (4 and 5) with CrO,~Py gave a y-lactone (7)
(1770 cm™!; M™* 250) and a six-membered ketone (8)
(1700 cm™'; M* 236], respectively. The formation of the
y-lactone (7) is unusval. The crystalline pinguisanin
used for the reduction reaction was pure (GLC, TLC
and spectral data). The hydrogenated mixture derived
from 1a contained no oxidative product corresponding
to the y-lactone (7) on GLC, TLC and GC-MS. Repro-
ducibility of the formation of 7 from the hydrogenated
mixture treated with CrO,-Py was observed. Since the
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Table 1. *'H NMR data* of the new pinguisanes and their derivatives
la 2a 3 10 i1 13
H-1  1.9(m) 1.95 (m) 295040 =T
H-2 2.3(m) 3.78 (m) 4.70 (sextet,
J=7174)
' — 7 2.15¢d.J = 18)
H-3 3.96 (bs, W, = 7 — 1,171 4.06 (bs) 290(d J = 18)
H-4  2.60(qJ=8) —0.18% 2.77(¢,J = 8) 254(q,J =7
H-6 422(d,J =2) 2.65(dd,J = 15,6) 2.26 (dd, J = 16,6) 3.15 (bs)
H-7  4.38(s) —0.641 3.91(s) 3.78 (m) 5.01(m) 2.22(dd,J = 17,3)
245(d.J=17)
H-10  6.29(bd,J =2) —0.131 557(d,J =2) 6.71(dd,J = 15,9) 6.73 6.80 6.16
(dd,J =18,12)  (dd,J =17.12) (d.J=13)
H-11 734(d,J=2) ot 5.01(d,J =9) 505(d,J=12)  515(dJ=17)  7.20(bs, W, =3.5)
5.15(d,J = 15) 5.13(d,J = 18) 518(d.J=1)
H-12  1.22(s) 1.25(s) 0.95 (s)t 0.88(s) 1.01 (s) 0.73 (s)}
H-13  1.16(d,J =8) 1.00(d,J =8) 1.13(d,J =8) 1.08(d,J =7) 091 (d,J =T} 085(d.J =T
H-14  1.10(s) 1.05(s) 0.97 (s5)§ 1.04 (s) 1.164s) 0.82 ($)f
H-15 1.16(d,J = 8) 1.03(d, J = 8) 1.80 (bs) 1.77 (bs) 1.91 (bs) L12(d,J=7)
OAc 1.98(s)
207(s)
* All assignments were confirmed by the double resonance experiments.
*AEu = dp0y, — Opypouy» PINGUISaNIN (12 mg, 5.17 x 1077 mol) containing 6 mg of Eu(fod),.
1 The signals may be interchanged.
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Sesquiterpenes from Porella platyphylla

oxidation of the tetrahydro derivative of deoxopinguis-
one (13) with the same CrO,-Py complex gave no y-
lactone, it is considered that the ether linkage of la
may have some influence upon the formation of the y-
lactone. The reaction mechanism, however, remains
to be confirmed. The above chemical transformation
further supported the structure of 1a or 1bfor pinguisanin.
The confirmation of structure 1a for pinguisanin is
apparent from the following arguments. Examination of
the Dreiding model of 1a shows that the dihedral angles
between H,-3 and H_ ;-2 and between H -3 and

quasi-a=2 @T€ ca 60°, respectively and the '"H NMR
signal of H-3 may appear as a broad singlet, like the
carbiny! proton of a 4,4-dimethyl-3-hydroxy! triterpene.
On the other hand, in the struture 1b the dihedral angles
of the vicinal protons (H,-C,-C,-H,, H -C,-C,-H, and
H,-C,-C,-H ) are 60, 20 and 90°, respectively and the H-2
may appear at least as a doublet signal with a coupling
constant ca 6 Hz as predicted from the Karplus equation
[9]. The observed signal of the proton in question appear-
ed at 6 3.96 (W, = 7Hz) as a broad singlet, which sup-
ported the ether linkage at the C-3,C-7 position. In the
'H NMR spectrum of deoxopinguisone, the long
range coupling (J = 1.5 Hz) has been observed with the
a-proton of the furane ring. On the other hand, a similar
long range coupling has been seen between the g-
proton and H-7 in pinguisanin (la). This long range
coupling and the presence of the lower field signal of one
tertiary methyl group (6 1.22) on C-8, which was con-
siderably strained by the ether linkage, gave additional
evidence for structure 1a. On the basis of all the facts
discussed above, we propose the structure la for pin-
guisanin.

Pinguisanolide (2a)

The second pinguisane-type sesquiterpene, C,,H,,0,
(M* 248), exhibited an intense IR band at 1790 cm ™ f,
attributable to the characteristic butenolide group. The
'H NMR and NMDR spectra indicated the presence of
two tertiary methyl and two secondary methyl groups
and a doublet signal of one proton assigned to the a-
proton of a butenolide. In the IR spectrum, absorption
bands corresponding to hydroxyl and carbonyl groups
other than that for the presence of the butenolide, could
not be observed, indicating that the third oxygen was
ether. This assumption was further confirmed by the
'H NMR signals at 6 391 (LH, s) and 4.06 (1H, bs)
assignable to two protons on a carbon bearing an ether
oxygen. The above spectral evidence coupled with the
molecular formula showed that pinguisanolide was a
bicyclic sesquiterpene ether with a butenolide group.
The partial structure of 2a was established by double
resonance. Irradiation at the center of the doublet (6 4.22)
assigned to H-6 caused the doublet at 5.57 (H-10) to
collapse to a sharp singlet. The reverse irradiation at
5.57 caused the doublet at 4.22 to collapse to a singlet.
Irradiation at the center of the quartet at 2.77, assigned
to one allylic proton (H-4), caused the doublet at 1.03,
attributable to the secondary methyl group at C-4, to
collapse to a singlet. Reverse irradiation caused the
quartet at 2.77 to collapse to a singlet. The *H NMR
signal pattern was strikingly similar to that of pinguisanin
(1a) except for the presence of the pair of doublet signals
(H-6 and H-10) assigned above, indicating that pinguis-
anolide was unambiguously the oxidation product of the
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furane ring in pinguisanin. Thus, the structure of pin-
guisanolide has been represented as 2a, which would have
the six-membered ring in the half chair conformation
with 68-H, or 2b, possessing the boat conformation with
6a-H. In the latter conformation, the tertiary methyl
group at C-8 is located over the shielding zone of the
double bond of the butenolide and the H-12 would be
shielded and allylic long range coupling between H-4
and H-10 might be observed. In the 'H NMR spectrum
of pinguisanolide, the strongly shielded signal of the
tertiary methyl group and the long range coupling
between H-4 and H-10 could not be observed. These
results, coupled with the absence of vicinal coupling
between H-6 and H-7 (the dihedral angle is H-C,-C.-H,
ca 85°), were only compatible with the preferred half
chair conformation in the six-membered ring of 2a. The
above spectral data showed that the new butenolide
was most favourably represented by the formula 2a.

B-Pinguisenediol (3)

The most polar compound (3), C, H,,0, (M~ 236),
contained a conjugated double bond (4, 241nm),
vinyl group (990, 910 cm ™) and hydroxyl group (3400
cm™!). Treatment of 3 with m-chloroperbenzoic acid
gave a diepoxide (9), C,;H,,0, (M* 268), indicating
the presence of two double bonds. Acetylation of 3 with
Ac,O-Py gave a diacetate (10) (1740 cm™*; 6 1.98 and
2.07, each, 3H), confirming two hydroxyl groups. Oxida-
tion of 3 with Collins’ reagent afforded a diketone (11),
C,sH,,0, (M* 232), whose IR spectrum showed bands
at 1710 and 1745 cm ™!, indicating the presence of non-
conjugated six- or more than six-membered and five-
membered ketones. Wolff-Kishner reduction of 11
resulted in the formation of a sesquiterpene hydro-
carbon (M* 204) whose spectral and chromatographic
behaviour were completely identical to f-pinguisene
(12) [3]. Thus, the location of the six-membered ketone
of 11 was at C-7 and the five-membered one might be
placed at the C-2 or C-3 position. Hence, one of the
original two secondary hydroxyls of 3 was placed at C-7
and the other one at the C-2 or C-3 position of S-
pinguisene. The exact position of the secondary hydroxyl
group in the five-membered ring was confirmed by the
AB doublet signals at 4 2.15 and 290 (J = 18 Hz)
assigned to the methylene protons at C-3 of 11 and by
the well separated sextet at 4.70 (J =7, 7 and 4 Hz),
attributable to H-2 of 10. The latter signal pattern was
not anticipated when the acetoxyl group was placed at
C-3 in place of C-2 in structure 10.

The stereochemistry of the secondary hydroxyl group
at C-2 was suggested to be § by the sextet signal of H-2
of 10, discussed above. The configuration at C-7 of
3 remains to be confirmed since the signals of H-7
of 3 and 10 were superimposed by the other signals,
The above results, along with the co-existence of pin-
guisanin and pinguisanolide, led to structure 3 for f-
pinguisenediol.

Pinguisane-type sesquiterpenes, usually rare in nature,
have frequently been encountered in liverworts such as
Aneura |7), Ptilidium [8], Trichocoleopsis [10] and
Porella species [1-4]. There are two types of Porella
species, one of which contains the intense pungent
sesquiterpene dialdehyde and one containing no pungent
substance. The former species, for example P. vernicosa
complex and P. alboris-vitae [11], commonly elaborate
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drimane-, aromadendrane- and pinguisane-type ses-
quiterpenes. On the other hand, the latter species, for
example P. densifolia [2, 3] and P. japonica [12], do not
contain drimane- and aromadendrane-type sesquiter-
penes, but they produce a large amount of pinguisanes.
The present European species belongs to the latter type
and it elaborates a large amount of pinguisanes. The
eremophilane-type sesquiterpenes containing a buten-
olide have been found together with furanosesquiterpenes
[13-17] and the former lactone compounds are often
considered as the auto-oxidation product [13]. The
ether extract of P. vernicosa complex and the other
Porella species so far examined contain various pingui-
sane-type furano sesqui- and furanonorsesquiterpenes.
However, no butenolides have been detected. The TLC
and GC-MS analysis of the extract of P. platyphylia
immersed for two days in ether showed the presence of
pinguisanolide (2a), indicating that compound 2a might
be a natural product.

EXPERIMENTAL

The solvents used for spectral determinations were: TMS—
CDCl, ('"H NMR and '*C NMR, 90 MHz); CHCI, (IR and
[a]p): 95% EtOH (UV); MeOH (CD). TLC and PLC: pre-
coated Si gel (0.25 mesh) F,,,, n-hexane-EtOAc (4:1) and
Ce¢H,~EtOAc (4:1 and 1:1). Spots were detected by 509,
H,S50, or 24-DNP and UV light (254 and 360 nm). GC-MS:
70eV,5%,OV-17,3 m x 2 mm glass column, temp. programme,
50-2507 at 5 /min, He 30 ml/min. CI-MS: 500 eV, reaction gas,
iso-butane

Extraction and isolation. Porella platyphylla collected in
Eyzies, Dordogne, France, Nov., 1977 was air-dried for 5 days.
The ground material (240 g) was extracted with Et,O for 2
weeks. The green viscous oil (5.740 g) was directly chromato-
graphed on Si gel using a n-hexane-EtOAc gradient. The first
fraction (n-hexane 1009;) gave a pale vellow oil (500 mg) which
contained the complex mono- and sesquiterpene hydrocarbon
mixtures not identified. The second fraction (n-hexane-EiOQAc,
19:1) gave a yellow oil (1.400 g) which was rechromatographed
on Si gel to afford pinguisanin (1a) (900 mg) as colourless
needles, mp 50-51°. [a], +18° (¢, 1.7); C, H,,0, (MS anal.
232.1486; calc. 232.1463); UV 1_. nm 224: (log ¢ 3.71); IR
Viae ST 11 1503, 1470, 1392, 1377, 1354, 1167, 1134, 1118,
1062, 1028, 983, 970, 949, 910, 900, 843, 695, 516; '3C NMR:
12.5(q), 12.9 (g), 20.1 (g), 35.6 (g), 39.1 (d), 40.1 (s), 48.1 (1), 51.1
(s), 53.2(d), 76.1(d), 79.5 (d), 110.2 (d), 122.5 (s), 142.8 (d), 149.3 (s);
MS m/e (rel. int.): 232 (M™ 38), 173 (11), 124 (15), 109 [base,
C,H,, anal. 109.0982; calc. 109.0972], 41 (10). The third fraction
(19:2) contained pinguisanin (1a) and an unknown lactone which
was purified by PLC to afford pinguisanolide (2a) (10 mg).
C,H,,O4; IR v cm™*: 1790, 1403, 1393, 1380, 1318, 1239,
1228, 1174, 1158, 1119, 1091, 1072, 1055, 1014, 991, 965, 945,
925, 852, 807, 780, 763, 738, 720, 670; MS mje (rel. int.): 248
(M™,2), 109 (76), 108 (33), 97 (base), 41 (26). The fourth fraction
{7:3) gave a viscous oil (480 mg) which was rechromatographed
on Si gel to afford f-pinguisenediol (3) (210 mg). [«],, —42’
(¢,04); C,H,,0,; UV i__ nm: 241 (log ¢, 3.21); IR v cm !
3400(OH), 1630(C==C), 1380, 1090, 1030,990,910(CH,=CH—),
973, 682; MS mfe (rel. int.): 236 (M*, 29), 218 (M* — 18, 30),
185 (63), 163 (20), 161 (34), 159 (45), 157 (27), 147 (79), 146 (35),
141 (31), 135 (51), 133 (66), 123 (89), 121 (57), 119 (83), 109 (base),
108 (57), 107 (71), 105 (76), 95 (74), 91 (52), 79 (55), 41 (56).

Hydrogenation of 1a. EtOAc soln of 1a (100 mg) was hydro-
genated in the presence of pre-reduced PtO, (30 mg) for 5hr.
Work-up as usual gave a viscous oil in which the tetrahydro
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derivative (4) and hydrogenolysed product (5) were detected.
Compound (5): C, ;H,,0, [GC-MS: M* 238 (1)],220(M " —
18, 12). 137 (331 121 (32), 109 (base}, 97 (871 96 (55), 95 (30},
69 (43), 55 (46), 43 (54}, 39 (69).

Acetylation of the hydrogenated mixtures of 1a. The hydrogen-
ated mixtures (30 mg) of la was acetylated with Ac,O-Py,
followed by PLC to give the tetrahydro derivative (4) (20 mg)
and an acetate (6) (5 mg). Compound 4: {a], —43.6° (¢, 2.0);
C,,H,,0,; IR v, cm™': 1385, 1375, 1130, 1108, 1090, 1060,
1030, 1005, 985, 950, 906, 875; *H NMR: 6 1.03 (3H, d,J = 7),
1.08 (3H,d,J = 7), 1.08 (6H,s), 3.83 (ZH.m), 410 (3H.m);
MS mfe (rel. int): 236 (M™, 2), 121 (27), 109 {56}, 97 (base).
96 (37), 95 (25), 69 (32), 41 (59). Compound 6: C,.H,.O;:
IR v, cm™!: 1735, 1248 (OAc), 1380, 1370, 1110, 1030, 988,
975, 918; 'H NMR: 6 099 (3H, 1,J = 6, H-11). 1.12 (3H, 5),
1.08-1.12 (superimposed signals of H-13 and H-15), 2.11 (3H.
OAc), 3.73 (d, J = 2. H-7), 405 (bs, W, = 4 Hz. H-3). 5.19
(dd,J = 5, 2, H-6). MS mje (rel. mt.): M (no parent peak),
220 (MY — 60, 4), 151 (34), 136 (74). 109 (33), 108 (33}, 97 (20),
55 (29), 43 (base).

Oxidation of the hydrogenated mixsures of 1a. The hydrogen-
ated mixture (50 mg) of ta in CH,CIl, (2 ml) was treated with
CrO,;--Py complex (50 mg) in CH,Cl, (2ml) at 0° for 24 hr.
The reaction mixture was filtered through a short column packed
with Si gel to give a pale yellow oil which was purified by PLC
to afford the y-lactone (7) (8 mg) and a saturated ketone (8)
(5 mg). Compound 7: C, ;H,,0,;IR v_, cm™': 1770 (;-lactone),
1170, 1025, 1005, 1000, 970, 963, 875; 'H NMR: § 1.11 (6H,
(d, J = 8, H-13 and H-15), 1.13 (6H, 5, H-12 and H-14), 3.96
(bd, J = 3, H-7), 4.15 {bs, H-3), 4.66 (m, H-6); MS m/e (rel. int.):
250(M ™ 5),235(5), 109 (96), 97 (base), 55 (75), 41 (68). Compound
8: mp 76-77°; [a], —49° (c. 0.2): Ae 316nm (- 1.54); IR
Vo €M1 1700 (C==0), 1395, 1380, 1235, 1100, 1055, 1000,
940; '"H NMR: 6093 BH, t,J = 7, H-11), 097 3H, d.J = Ty,
1.09 (3H, 4,J = 7), 1.07 (3H, s), 1.13 (3H, s), 3.63 (s, H-7), 4.20
(bs, W% = 6 Hz, H-3); MS m/e (rel. int): 236 (M™.16), 136
(31), 109 (63), 97 (base), 96 (31), 69 (25), 55 (25). 41 (24).

Epoxidation of i-pinguisenediol (3). The alcohol 3 (20 mg) was
treated with m-chloroperbenzoic acid (10 mg) for 12 hr at 0.
Work-up as usual afforded epoxide 9 (5mg). C, ;H,,O,: IR
Vs €M7 12 3420 (OH), 1295, 1265, 1138, 1080, 1050, 1025,
885, 753; 'H NMR: é 1.61 (3H, bs, H-15), 1.1 (9H, complex
signal): MS m/e (rel. int.): 268 (M ¥, 2), 250 (M ™ — 18, 2), 181 {76).
139 (43). 109 (64), 97 (base).

Acetylation of 3. To Py soln of 3 (20 mg) was added Ac,O
and the soln allowed to stand overnight. Work-up as usual
gave diacetate 10 (21 mg). o], + 13° (¢, 1.0): UV 4, nm:237.5
(log e, 3.00); IR v, cm™': 1740, 1243 (OAc), 1634, 1600 (C=C),
1380, 1365, 1155, 1115, 1085, 945, 905, 830, 754; MS m/e (rel.
int.): 260 (M* — 60, 25), 201 (19, 200 (M* — 60 — 60. 62).
185(81), 157 (23), 146 (50, 145 (29}, 43 (base); CI-MS: 321 (M ™).

Oxidation of 3. To CH,Cl, soln of CrO,-Py complex was
added compound 3 (80 mg) in CH,Cl, soln. Work-up as usual
afforded a pale yellow oil, which was purified by PLC to give
diketone 11 (60 mg). [a], +53° (¢, 0.37); IR v_, cm™': 1745
(C=0), 1710 (C=0), 1410, 1385, 1315, 1240, 1185, 1138, 1100,
1070, 990, 908, 820, 760, 650; Ag, 300 nm (—3.41); MS mje
(rel. int) 232 (M, base), 189 (29), 174 (25), 161 (35), 151 (53).
150 (27), 147 (47), 137 (50), 136 (34), 133 (32), 124 (30), 123 (25),
109 (54), 103 (36), 91 (37).

Wolff-Kishner reduction of 11. A mixture of diketone 11
(60 mg). hydrazin hydrate (1.5 ml), ethylene glycol (7 ml} and
n-BuOH (5 ml) was heated at 110° in N, stream for 3 hr and then
excess solvent was distilled off. To the reaction mixture was
added NaOH (0.4 g) and the mixture heated again at 110" for
7hr. H,O was added to the reaction mixture which was ex-
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tracted with Et,O, the extract was dried over Na,SO, and
evapd, leaving a pale yellow oil (10 mg), whose spectral data and
chromatographic behavior were identical to those of S-pin-
guisene [3].
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