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Abstract-—-Three new pinguisane-type sesquiterpenes, named grandilobalide A, B, and 6a-hydroxy-4,8-dime-
thoxycarbonyl-pinguis-11,6-olide, and a new rearranged pinguisane-type, named grandilobalide C, together
with six known sesqui- and diterpenes. have been isolated from the liverwort Porella grandiloba grown in the
field. Their structures have been elucidated on the basis of spectroscopic evidence and chemical correlation.
@ 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION olide (2). grandilobalide B (3), and C (4), together
with known, bryopterin B (5), norpinguisone methyl
. ; . L. .o ) i ester (6), caespitenone (7), secoswartzianin A (8), per-
quiterpenes are widely distributed in liverworts [1-3]. rottetianal A (9) and perrottetianal B (10). Com-

:;1; Ez:liﬁg;fe; W?nhi::agil??rtzds;];e jittr;ct;zz: pounds 5-10 were identified by a direct comparison
yrHhesis ol ping YPe SCSQUIETPENCS (i their authentic data [9-14] ('H and “C NMR
produced by axenic cultures of Areura pinguis [4-6).

In our continuous study of pinguisane-type ses-
quiterpenes, we examined Porella grandiloba grown in
the field. P. grandiloba is distributed in Far Eastern
Asia, including deciduous broad-leaved forests in mid-
dle to northern Japan, and usually grows on rocks
or bark in shaded places [7]. In earlier work, nor-
pinguisone methyl ether (6), and perrottetianal A (9)
have been isolated from P. grandiloba [8]. We report
herein the isolation and the structural elucidation of
four new sesquiterpenes, 1-4. together with four
known sesquiterpenes and two known diterpenes from
P. grandiloba.

Pinguisane-type and rearranged pinguisane-type ses-

spectra, and EIMS, [«]p and mp data).
The molecular formula, C,;H,30;, of grandilobalide
A (1) was determined by the EI-HR mass spectrum
(246.1255, [M]™; caled 246.1256). The UV spectrum
(225 nm) and IR spectrum (1720 cm '), together with
"*C NMR spectrum (6. 171.0), suggested the presence
of a d-lactone ring. The 'H NMR spectrum displayed
a singlet methyl (0, 1.34). a doublet methyl (dy 1.16),
a singlet methine (dy 3.50), and two vinylic protons
(6 6.33, 7.28) with nine other protons. The *C NMR
spectrum contained signals of two methyls, four meth-
ylenes, four methines and five quaternary carbons
indicating two double bonds (6. 109.2, 113.7, 141.6,
and 149.6) and one carboxyl group (3. 171.0). These
observations and the seven double bond equivalents
suggested 1 was a tetracyclic sesquiterpene. A'H-'H
The diethyl ether extracts of gametophytes of P. COSY experiment established the sequences C(3)H,-
grandiloba grown in the field were separated into three  C(2)H,-C(1)H-C(13)H,. As followed from the 'H and
fractions by column chromatography on Sephadex "“C NMR data of 1, this compound differed from
LH-20. Fr. 2 was further separated by the com- bryopterin B (5) [9] by the presence of an additional
bination of vacuum liquid chromatography and methylene (d. 78.1), the absence of two methyls (5,
HPLC (SiO,, n-hexane—EtOAc or pentane-Et,O mix-  51.54, 51.8) and the absence of one carboxyl carbon
tures as solvent systems) to afford grandilobalide A  signal. Additionally. the resonance of two methyl pro-
(1), 6a-hydroxy-4,8-dimethoxycarbonyl-pinguis-11,6- tons found in the 'H NMR specirum of 5 were
replaced by two new doublet signals at §,; 4.42 and
4.72. Thus, compound 1 has an ester linkage between
- C-15 and C-12 or between C-15 and C-14. However,
* Author to whom correspondence should be addressed. the structure of 1 could not be resolved by 'H-"*C
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COSY and COLOC. The structure elucidation of 1
was finally completed by the NOE experiment and
observed W letter coupling. The proton-proton NOE
between H-78 (5, 2.92) and the signal at d;; 4.42, and
the W letter coupling between H-7x (6,; 2.68) and the
signal at 8y 4.72 indicated that 1 is the 15,12-olide as
shown in Fig. 1.

~——p NOE
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Fig. 1. NOEs and W letter couplings detected for gran-
dilobalide A (1).

12

Compound 2 was an oil with a molecular formula,
C;H,,0; trom its EI-HR mass spectrum (m/z
338.1390., [M]*; calcd 338.1366). The UV spectrum
(225 nm) and IR spectrum (1760, 1736 and 1650 cm ™ ")
together with *C NMR spectrum (5-172.9, 169.8, and
169.5) suggested the presence of three carboxyl
groups. The *C NMR spectrum also showed the sig-
nals indicating one conjugated double bond (5. 163.6
and 117.2) and one hemiacetal carbon (6 103.6). The
comparison of '"H and *C NMR data of 2 with those
for 5 allowed that compound 2 should be an anal-
ogous compound of 5 where the furan ring has been
replaced by a 6-hydroxy-11.6-y-butenolide moiety.
The complete structure of 2 was achieved by following
through 'H (Table 1) and "C NMR (Table 2) assign-
ment with 'H-'"H COSY, 'H-“C COSY, 'H-'H
homodecoupling, COLOC and NOESY. The «,8-con-
jugated y-lactone ring of 2 was confirmed by H-H
coupling (H-10 with H-4) observed by 'H-'H COSY
and "H-"C long range couplings (H-10 to C-6, C-11,
and C-15; H-15 to C-5) by COLOC. The long range
coupling between H-7x and H-10 resulted in a broad
doublet of H-7«, showing that this hydrogen is equa-
torial. Proton-proton NOEs between H-7« and H-12,
between H-7x and H-13, between H-7f and H-12, and
between H-12 and H-13, were observed by NOESY.
These observations indicated that the hydroxy group
at C-6 was in the axial a-position. The oxidation of 5
with m-CPBA gave further confirmation of the struc-
tural relationship between 2 and 5. Subsequent methy-
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Table 1. '"H NMR Dala for compounds 1-4

H- 1 2 3 4 4(C.D.. A)

1 223m 3.02m 213m 228 m 1.55 m (0.73)

2 2.40 m 200 m 1.74 m 245 m 1.80 #1 (0.65)

26 141 m 1.66 m 1.64 m 1.75 m 0.97 m (0.78)

REY 170 m 1.73 m 240 m 1.91 m 1.16 m (0.83)

i 1.56 m 1.73m 1.36m 1.79 m 0.96 m (0.83)

4 3.50 % 3.72d.J = 2.0 Hz 32t 3255 3.25 5 (0.00)

6

Ta 268d,J=178Hz 255d.J=155Hz 2.19dd.J=1316.1Hz 1.99d, J=142Hz 1.05d,. J =142 Hz(0.94)

78 292d,J=178Hz 255d.J=155Hz 275d.J=16.1Hz 240d, J=142Hz 1.79d.J = 142 Hz (0.61)
10x 6.33 ¢ 6.17d.J=20Hz 323dd, J=1.0,19.1 Hz 380d, /=21 Hz 270 d.J =32 Hz {1.67)
104 274 d,J=19.1 Hz
11 7.28d,J=1.6Hz 5.59d,J=2.1Hz 4.7 d. J = 2.3 Hz (0.88)
124 442d,J=115Hz 426d,J=121Hz 4.51d, J=109Hz 385d J=109 Hz(0.66)
12b 472d,.J=11.5Hz 4.56d.J=121Hz 4.55d. J=109Hz 398dd J=1.7,109 Hz

(0.57)
13 l16dd, J=1376 093d.J=70Hz Ll d. J=76Hz 1.04 d, J =73 Hz 046 d. J = 4.6 Hz (0.58)
Hz

14 1.34 « 0.92 % 1.19d, /=07 Hz 1.29 ¢ 0.81 5 (0.48)

-OMe 3.67 s
3.79 s
*270 MHz in CDCl, and C,Dy; solvent peaks as the int. standard.
'H connectivities were determined by means of '"H-'H COSY and homodecoupling.
Table 2. "C NMR Data for compounds 1-4 spectrum (mjz 278.1163, [M]*; C,sH,,O,, caled

C-No. 1 2 3 4
1 41.2 37.1 42.1 38.2
2 315 29.0 309 335
3 316 35.0 322 34.6
4 494 48.2 50.2 62.3
5 113.7 163.6 58.0 533
6 149.6 103.6 85.7 178.5
7 39.0 36.9 374 473
8 438 543 44.6 $3.0
9 45.5 61.7 41.9 54.0
10 109.2 117.9 38.6 59.1
11 141.6 172.9 172.1 77.7
12 78.1 169.8 76.0 75.3
13 19.6 5.2 19.8 19.3
14 238 7.5 23.7 19.8
15 171.0 169.5 165.5 169.2
-OMe 51.5
522

*67.5 MHz in CDCl,, solvent peaks at the int. standard.

Bond types were distinguished by DEPT.

One-bond and long-range heteronuclear 'H-"*C
connectives were determined by 'H-*C COSY and COLOC.
respectively.

lation of 2 with methanolic hydrogen chloride
afforded 11 confirming the stereochemistry at the C-6
position by the observation of NOE between 6-OMe
and H-7«in 11.

Grandilobalide B (3) was a colorless oil with a
molecular formula, C,sH ;05 from the EI-HR mass

278.1154). '"H NMR spectrum displayed one singlet
methyl (6 1.19), one doublet methyl (3, 1.11,J = 7.6
Hz), one singlet methine (Jy 3.21), and three pairs of
doublet signals which showed large geminal coupling
constants (dy 2.19, 2.75. J = 16.1 Hz; §, 2.74, 3.23,
J=19.1 Hz; oy 4.26, 4.56, J=12.1 Hz). The “C
NMR spectrum displayed the signals of two methyls,
five methylenes, two methines, and six quaternary car-
bons. These spectra were similar to those of 1 except
for the furan ring moiety. The UV spectrum (218 nm)
and IR spectrum (1810, 1740 c¢cm '), together with
"*C NMR spectrum (- 166.0, 172.5), suggested the
presence of two carboxyl groups. Then, a remaining
oxygen should be an epoxide due to seven double
bond equivalents. The resonance of olefinic carbons
found in the "C NMR spectrum of 1 which were
assigned to a furan ring were replaced by new signals
at d¢ 39.0 (CH,), 58.5 (C), 86.2 (C), and 172.5 (C) in
3. The '"H NMR spectrum also showed the absence of
olefinic protons H-10 and H-11, and the presence of
new signals at d, 2.74 and 3.23 in 3. Thus, the furan
ring in 1 should be replaced by a 3,4-epoxy-y-lactone
ring in 3. The complete structure of 3 was achieved
through '"H NMR (Table 1) and '*C NMR (Table 2)
assignments with '"H-'H COSY, 'H-"*C COSY, 'H-
'H homodecoupling, COLOC and NOESY. The long
range coupling between H-7x and H-10o resulted in
a broad doublet showing that they were equatorial.
Proton-proton NOEs between H-4 and H-7x, between
H-7f and H-10f, between H-78 and H-12a, and
between H-10f and Me-15 were observed by NOESY.
From these observations, together with the low-field
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Fig. 2. NOEs and W letter couplings detected for gran-
dilobalide B (2).

shift of H-7a and H-10e, the inspection of a model
required the proposed configuration with the epoxide
at C-5 and C-6 in the a-position (Fig. 2).
Grandilobalide C (4) was a colorless oil with a
molecular formula, C,sH;Os from EI-HRMS (m/z
279.1223 [M + 1]* caled 279.1233). The 'H NMR and
"C NMR spectra of 4 were also similar to those of 1
except for the signals due to the furan ring moiety.
The '*C NMR spectrum displayed the signals of two
methyls, four methylenes, four methines and five quat-
ernary carbons. 'H-'H COSY and 'H-"C COSY
experiments suggested the partial structure 12. The
presence of a y-lactone (1790 cm™") and a d-lactone
ring {1730 em™'), and the absence of hydroxyl or
additional carbonyl groups, were evident from the IR
spectrum. Thus, the remaining oxygen should con-
stitute an ether linkage. This was further confirmed
by the presence of the methine signals at é,; 3.80 (J¢
59.1) and dy 5.59 (3 77.7) which were coupled with
each other (/= 2.1 Hz). From these observations,
compound 2 should be a rearranged pinguisane-type
sesquiterpene having a spiro lactone moiety.
Furthermore, long range couplings between the
methylene protons at C-7 and the carbons at C-6 and
C-10, the proton at C-10 and the carbons at C-5 and
C-6, observed by COLOC, revealed the structure of 4
(Fig. 3). Its stereochemistry was determined by W
letter couplings and NOEs. The NOEs between H-10
and H-11, between H-10 and H-7a, between H-7f and
H-12a, and between H-12b and H-13 and H-14 were
observed. W letter couplings between H-4 and H-7«
and between H-7« and H-12b were observed. From
these observations, the inspection of a model of 4
required the proposed configurations as illustrated in
Fig. 4. Comparison of '"H NMR spectra of 4 in CDCl,
and C;D, indicated that the signals except for H-4
were all shifted substantially upfield in C,D, relative

Fig. 3. Long-range correlation for grandilobalide C (4)
detected by the COLOC spectrum.

<¢———3p NOE
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Fig. 4. NOEs and W letter couplings detected for gran-
dilobalide C (4).

to CDCl;, while H-4 was virtually unchanged. This
supported the suggestion that only H-4 was on the
opposite face of y-lactone ring from the epoxide
hydrogens [15].

Porella species of liverworts produce various sesqui-
and diterpenes [1]. An earlier work on P. grandiloba
reported the isolation of norpinguisone methyl ester
(6) and perrottetianal A (9), and the identification of
a-pinene, camphene, a-phellandrene, f-elemene, and
f-caryophyllene by GC-MS [8]. Recently, several new
pinguisane-type sesquiterpenes have been isolated
from members of the Porellaceae [1]. Our results
showed that P. grandiloba produces not only known
sesqui- and diterpenes, but also new pinguisane- and
rearranged pinguisane-type sesquiterpenes which
have a highly oxygenated structure.
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EXPERIMENTAL

General

Optical rotations were measured in CHCl,. UV
spectra were measured in EtOH. NMR spectra were
recorded in CDCl; soln using a 270 MHz instrument
(H; 270 MHz; C: 67.5 MHz) relative to CHCI, at J,
7.26 and CDCIl, at é- 77.0, respectively. "“C mul-
tiplicities were determined using the DEPT pulse
sequence. IR: KBr pellet.

Plant materials

Porella grandifoba Lindb. was collected in June 1995
halfway up Poroshiri Mt., Japan, and identified by Dr
T. Furuki. A voucher specimen was deposited at the
Department of Bioresource Chemistry, Obihiro Uni-
versity of Agriculture and Veterinary Medicine.
Japan.

Extraction and isolation

The air-dried ground material (74.6 g) of P. gran-
diloba was extracted with Et,O and the extracts (1.43
g) were separated into three fractions by chro-
matography on a Sephadex LH-20 column (10 mm
i.d. x 50 cm) with CH,Cl,-MeOH (1:1) as the eluent.
Fr. 2 (1.045 g) was subjected to vacuum liquid chro-
matography (VLC) on silica gel eluted with n-hexane
containing various concns of EtOAc to give six frac-
tions: A (n-hexane-EtOAc 19:1) (317.5 mg), B (9:1)
(220.6 mg), C (4:1) (194.4 mg). D (7:3) (80.0 mg). E
(3:2) (63.4 mg), and F (2:3) (337.5 mg). A com-
bination of VLC on silica gel (pentane-Et,0) and
HPLC (silica gel) (n-hexane-EtOAc, 9:1) of fr. A,
resulted in the isolation of 5 (8.4 mg), 6 (29.3 mg). 7
(39.1 mg), and 9 (1.9 mg). A combination of VLC on
silica gel (pentane-Et,0) and HPLC (silica gel) (»-
hexane-EtOAc, 9:1) of fr. B resulted in the isolation
of 1 (16.0 mg) and 8 (1.3 mg). A combination of VLC
on silica gel (pentane-Et,0) and HPLC (silica ge!) (n-
hexane-EtOAc, 4:1) of fr. C resulted in the isolation
of 10 (3.2 mg). A combination of VLC on silica gel
(pentane-Et,0) and HPLC (silica gel) n-hexane-
EtOAc, 7:3) of fr. D resulted in the isolation of 2 (4.2
mg). A combination of VLC on silica gel (pentane-
Et,0) and HPLC (silica gel) (n-hexane-EtOAc. 3:2)
of fr. E resulted in the isolation of 3 (5.0 mg). A
combination of VLC on silica gel (pentane-Et,0) and
HPLC (silica gel) (n-hexane-EtOAc. 2:3) of fr. F
resulted in the isolation of 4 (2.7 mg).

Grundilobalide A (1). [o]p —84.0 (¢ 0.91 CHCL,); EI-
HRMS m/=-246.1255, [M]*; C5H,,0,, caled 246.1256.
EIMS m/z (rel. int.): 246 (70.1), 218 (14.3), 202 (7.7).
187 (32.5), 159 (11.7), 145 (100), 131 (42.1). 107 (11.7),
91 (15.7). 77 (6.9). 41 (5.9). UV 4., nm (log #): 225
(3.79); IR v, cm™ " 2900, 1720, 1190. 1180, 1090,
730. 'H NMR and "“C NMR: see Tables 1 and 2,
respectively.

6a-Hydroxy-4,8-dimethoxycarbonyl-pinguis-11,6-
olide (2). [«]p, —140.0 (¢ 0.21 CHCL,). EI-HRMS m/z
338.1390, [M]*; C,;H.,05, caled 338.1365. EIMS m/z
(rel. int.): 338 (22.3), 306 (33.3), 278 (62.7), 260 (95.8),
246 (53.4) 219 (31.9), 201 (100), 173 (38.7), 153 (77.9).
121 (41.0), 109 (39.3), 93 (65.0). 70 (16.6), 67 (14.4),
59 (12.7), 43 (8.3). UV 4., nm (log ¢): 225 (3.54). IR
Vae CIM 1 3400, 2950, 1760, 1736, 1650, 1430, 1200,
1170, 730. "H NMR and “C NMR: see Tables 1 and
2, respectively.

Grandilobalide B (3). [2], —88.0 (¢ 0.25 CHCl,). EI-
HRMS m/z278.1163, [M]*; C)sH 405, calcd 278.1154;
EIMS myjz (rel. int.): 278 (7.1), 260 (23.8), 232 (15.1).
201 (31.3), 188 (29.9), 160 (100), 145 (26.6), 121 (22.6),
107 (88.8), 91 (49.0), 79 (26.7), 77 (20.6) 55 (17.3), 43
(16.4). UV A, nm (log &): 218 (3.45). IR v,,, em "
2950, 1810, 1740, 1730, 1280, 1240. 1180, 1030, 1010,
840, 760. '"H NMR and "*C NMR: see Tables 1 and 2,
respectively.

Grandilobalide C (4). [o]p —93.3 (¢ 0.135 CHCL,).
EI-HRMS mjz 279.1233, [M+1]"; C,H,40s, calcd
279.1232; EIMS m/z (rel. int.): 279 (5.7), 249 (2.6),
235(1.3),205(11.9), 190 (30.9), 175 (35.1), 148 (71.9),
122 (62.1), 105 (100). 91 (79.3), 79 (39.0), 41 (46.8).
UV 4. nm (log ¢): 204 (2.87), 260 (1.69). IR v,
cm™": 2950, 1790, 1730, 1400, 1250, 1150, 1080, 1050,
850. '"H NMR and “C NMR: see Tables 1 and 2,
respectively.

Oxidation of compound 1. Compound 1 (5.7 mg)
was oxidized with m-chloroperbenzoic acid (14.4 mg)
in CH,Cl, at 30" for 1 h. The reaction mixture was
washed with 5% NaHCOQ,, and dried over Na,SO,.
The resultant solution was evaporated in vacuo to
dryness and then chromatographed on a silica gel
column (3 mm x 3 c¢cm), followed by HPLC (silica gel.
4.6 mm i.d. x 250 mm) with n-hexane-EtOAc (60:40)
to afford compound 2 (3.6 mg).

Methylation of compound 2. Compound 2 (3.6 mg)
was dissolved in 1 ml of 3% HCI/MeOH at room
temp. After 1 h, the reaction mixture was diluted with
10 ml of H,O, and then extracted ( x 3) with Et,O (10
ml). The Et,O extract was dried over dry Na,SO,
overnight, evaporated in vacuo to dryness to afford
compound 11 (2.2 mg).

6a-Methoxy-4,8-dimethoxycarbonyl-pinguis-11,6-
olide (11). [a], — 136 (¢ 0.10 CHCL,). EI-HRMS m/z
352.1525, [M]*; C\\H,,04, caled 352.1522. UV 4,
nm (log ¢): 226 (4.50), 260 (3.80). IR v,,,. cm " ": 3000,
1760. 1740, 1720, 1440, 1240, 1170, 920. 'H NMR
(CDCIL5): 8 0.93 (3H, d, J = 7.3 Hz, H-13), 0.94 (3H,
s. H-14). 1.66 (1H, m, H-2x), 2.01 (1H. m, H-3p),
2.06 (1H, m, H-28), 2.09 (1H, m. H-3a), 2.19 (1H, d,
J =153 Hz, H-7f), 2.59 (1H, d, J/ = 15.3 Hz, H-72).
2.92 (JH, m. H-1), 3.17 (3H, s. 6-OMe). 3.48 (1H, d,
J = 1.7 Hz, H-4), 3.66 (3H, s, 12-OMe), 3.79 (3H, s,
13-OMe), 6.29 (1H. d, J = 2.0 Hz, H-10). "'C NMR:
0 15.4 (C-13). 17.4 (C-14), 29.0 (C-2), 35.0 (C-3), 36.0
(C-7), 37.2(C-1), 48.3 (C-4), 50.6 (OMe), 51.5 (OMe).
52.3 (OMe), 54.2 (C-8), 61.8 (C-9), 106.3 (C-6), 119.2
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(C-10), 161.8 (C-5), 169.3 (C-15), 169.4 (C-12), 172.9
(C-11).
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