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Abstract—A new rearranged cuparane-type sesquiterpenoid and two new clerodane-type diterpenoids, linguifolide
and dihydrolinguifolide, have been isolated from the liverwort Demotarisia linguifolia and their structures established

by extensive NMR spectroscopy.

INTRODUCTION

A number of the species belonging to the Jungermannia-
ceae are rich sources of sesqui- and diterpenoids [1]. The
genus Demotarisia belonging to the Jungermanniaceae
contains only one species, D. linguifolia. We have now
investigated the chemical constituents of D. linguifolia
and isolated a new rearranged cuparane-type sesquiter-
penoid and two new clerodane-type diterpenoids. In this
paper, we report the characterization of these com-
pounds.

RESULTS AND DISCUSSION

The liverwort D. linguifolia was extracted with ether
and then methanol. Both extracts were combined and
then chromatographed over silica gel and Sephadex LH-
20 to afford a rearranged cuparane-type sesquiterpene (3)
and two clerodane-type diterpenes named linguifolide (1)
and dihydrolinguifolide (2). Linguifolide (1) had the mo-
lecular formula C,,H,,0, (m/z 328.1674) indicating nine
degrees of unsaturation. Its IR spectrum showed the
presence of a furan ring (3170, 3140, 1515 and 890 cm™*),
a lactone (1760 cm ') and a conjugated carbonyl group
(1690 cm ™). The 'H NMR spectrum (Table 1) contained
the signals of two tertiary methyl, one secondary methyl,
a methine proton bearing an oxygen [84.34 (1H, dd, J
=11.2, 7.3 Hz)], a B-substituted furan ring [§6.70 (1H,
dd, J=20, 1.0 Hz), 7.40 (1H, ¢, J=2.0 Hz) and 8.01 (1H,
5)] and a trisubstituted olefinic proton [§6.73 (1H, ¢,
J=3.9 Hz)]. The '3C NMR spectrum displayed 20 car-
bons (Table 2); three methyls, four methylenes, two
methines, a methine carbon bearing an oxygen (685.1),
furan ring (5108.5, 129.1, 144.3 and 146.8), two olefinic
carbons (6 133.7 and 135.7), two carbonyl carbons (6 169.8
and 194.0) and two quarternary carbons. These spectral
features disclosed that 1 must be a furanoditerpenelac-
tone. The *H-'H and 'H-'3C COSYs of 1 were exten-
sively examined to clarify the connectivity of each proton
in 1. The olefinic proton at §6.73 (H-3) was coupled with a
methylene proton at §2.33 (H-2, 2H). The methylene
proton was correlated with a methylene proton at §1.89
(H-1, 2H), which was coupled with a methine proton at

62.40 (H-10). The methine bearing an oxygen at 54.34 (H-
6) was correlated with a non-equivalent methylene pro-
ton at 51.13-1.22 and 1.81 (H-7), one of which was
coupled with a methine proton at §2.12 (H-8). The
methine proton was correlated with a secondary methyl
at 60.81 (H-17). Furthermore, the proton at §2.64 (H-11)
was coupled with only a proton at 62.88 (H-11).
These results led to the partial structures;, (A)
~CH(10)}-CH »(1}-CH ,(2}-CH(3)=C(4)-, and (B)
Me(17)-CH(8)-CH,(7)-CH(6)-O- and (C) -CH,(11)-.
The long-range *H-!3C COSY spectrum (Table 3) of 1
indicated that the tertiary methyl proton (H-20) was
correlated with the two methine carbons (C-8 and 10), the
methylene carbon (C-11) and the quarternary carbon (C-
9). Another tertiary methyl (H-18) was correlated with the
methine carbon at §41.5 (C-10) and 85.1 (C-6) and the
quarternary carbon at §39.6 (C-5) and 133.7 (C-4). Fur-
thermore, the non-equivalent methylene protons (H-11)
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Table 1. 'HNMR data of compounds 1 and 2 (400 MHz,

CDCl;, TMS)
H 1 2
1 189 m 102m
144 m
2 233m 164-1.77*m
198207 m
3 673t (39) 119m
1.64-1.77"m
4 217dd (1.3, 2.0)
6 434dd (112, 73) 420dd (9.3,29)
7 113-1.22m 164-1.77"m
1.81dq (132,68, 2.0) 1.98-2.07"m
8 212d s1x (137,137, 6.8, 24) 234m
10 240 m 198-207"m
11 264d(171) 265d(171)
288d(171) 278d(171)
14 670dd (20,10) 665s
15 7401 (2.0) 736t (195)
16 801s 795s
17 081d(68) 079d (68)
18 119s 131
20 0.76 s 080s

*Figures 1n parentheses are coupling constants in Hz
abOverlapped signal within the same column

were correlated with two methine carbons (C-8 and 10),
the quarternary carbon (C-9) and the carbonyl carbon at
6194.0 (C-12). The olefinic proton at 6673 (H-3) was
correlated with the lactone carbonyl carbon at §169.8 (C-
19), the methylene carbon (C-1) and the quarternary
carbon (C-5) The above spectral evidence disclosed that 1
was a clerodane-type diterpene with a B-substituted furan
ring conjugated with a ketone group and a conjugated y-
lactone. The relative stereochemistry of 1 was determined
by NOE difference spectroscopy The NOEs were ob-
served between (i) H-20 and H-2¢, (1) H-20 and H-3, (1n)
H-17 and H-74, (1v) H-18 and H-68, (v) H-18 and H-108,
(v1) H-68 and H-8p. These results showed that 1 was a cis-
clerodane-type diterpene. On the basis of the spectral
evidence, the relative stereostructure of linguifolide was
established to be 1.
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Table 2 '>*CNMR data of compounds 1-3
(100 MHz, CDCl3)*

C 1 2 3
1 180 230 580
2 245 174 413
3 1357 199 451
4 1337 486 208
5 396 410 274
6 851 833 37.7
7 348 304 1391
8 318 298 129.9
9 412 384 66.9
10 415 447 34.1
11 463 481 29.7
12 1940 1943 319*
13 1291 1289 24¢6°
14 108 5 108 3 255
15 1443 1441 297
16 146 8 146 7

17 160 158

18 302 298

19 169 8 1792

20 159 171

*All assignments were confirmed by INEPT,
'H-'3C COSY and long-range 'H-!3C COSY
spectra

*May be mterchanged

Table 3 Long-range correlations observed in the
long-range 'H-13C COSY spectra of compound 1

H () Correlated carbon
3(673) 1,519

11 (2.64 and 2 88) 8,9, 10, 12

17 (0 81) 7,8

18 (1 19) 4,5,6,10

20 (0 76) 8,9, 10, 11

The 'H and '3CNMR data of dihydrolinguifolide (2),
C,0H,60, (m/z 330.1826), resembled those of linguifolide
(1), except for the absence of signals due to a trisubstituted
double bond. A NOE difference experiment showed the
presence of the NOEs between (i) H-18 and H-4, (1) H-18
and H-6, (ni) H-18 and H-8§, (1v) H-18 and H-10. Catalytic
hydrogenation of 2 gave a tetrahydro derivative (4), the
'"H NMR data of which were 1dentical to 4 prepared from
1 by hydrogenation Thus, the structure of dihydrolingui-
folide was established to be 2

High resolution mass spectrometry of 3 gave the
molecular formula C, sH,cO (m/z 222 1973) The IR, and
'H and !3C (Table 2) NMR spectra revealed the presence
of a tertiary hydroxyl (3350 cm™!; 3. 66.95), a cis-
ethylenic [y 5.44, 5.59 (each 1H, d, J =10 3 Hz); 6 129.9,
139 1 (each d)] and four tertiary methyl groups [, 0.97,
1.01, 1.14, 1 25, (each 3H, s); 6 24.6,25 5,29 7, 31.9 (each
q)] together with five methylene, one methine and two
quarternary carbons. These spectral data closely re-
sembled the cuparane-type sesquiterpene alcohol, cu-
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prenenol (6) which has been previously isolated from the
liverwort Jungermannia rosulans [2], suggesting that
compound 3 was a cuprenenol like sesquiterpenoid.
Dehydration of 3 with phosphorus oxychloride in pyri-
dine gave the sesquiterpene hydrocarbon 5, m/z 204
[M]*. The long-range 'H-'3C COSY of 3 indicated that
the tertiary methyl proton at §1.01 (H-14) was correlated
with the methylene carbon (C-11), the methine carbon (C-
1), the quarternary carbon at 37.7 (C-6) and the olefinic
carbon at §139.1 (C-7). Another tertiary methyl proton at
61.25 (H-15) was correlated with the methylene carbon at
434.1 (C-10), the olefinic carbon at 6129.9 (C-8) and with
the quarternary carbon bearing a hydroxy group (C-9). In
addition, two tertiary methyl protons at §0.97 (H-13) and
1.14 (H-12) assignable to C-12 and C-13 (vice versa) were
correlated with the methyl carbon at §31.9 and 24.6, the
methylene (C-3), the methine carbon (C-1) and with the
quarternary carbon (C-2), respectively. Moreover, the
fragment ions, CgH, ;O (found 125.0979, calcd 125.0966)
and CgH,, (found 108.0942, calcd 108.0939) and C,H,;
(found 97.1017, calcd 97.1017) of the mass spectrum of 3
indicated the presence of two partial structures A and B
[3]. Consideration of these spectral data led to the
conclusion that the gross structure of 3 was depicted as
the rearranged cuparane-type sesquiterpene alcohol. In
order to clanfy the relative stereochemistry of 3, a NOE
difference examination was carried out, however, no
useful information was obtained by this method.

The genus Demotarisia resembles morphologically the
genus Jamesoniella (Mizutani, M. personal communi-
cation) belonging to the Lophoziaceae. Our findings
show that J. autumnalis produces kaurane-type diterpen-
oids as major components; clerodane-type diterpenords
have not been detected [4]. Thus, there is no chemical
affinity between D. linguifolia and J. autumnalis although
only one species of the Jamesoniella species has chemical-
ly been investigated.

EXPERIMENTAL

Mps. uncorr The solvents used for spectral determinations
were TMS-CDCl, ['HNMR (400 MHz), !*CNMR
(100 MHz)]; CHCI, (IR and [«]p); EtOH (UV); MeOH (CD).
MeOH-CHCl, (1:1) was used for Sephadex LH-20 CC. TLC
and GC were carried out as previously reported [5].

Plant material. Demotarisia linguifolia (DeNot.) Grolle was
collected in East Malaysia, in 1987 and identified by Dr M.
Mizutan1. The voucher specimen is deposited at the Institute of
Pharmacognosy, Tokushima Bunn Umversity

Extraction and 1solation. Fresh D. linguifolia was ground
mechanically and extracted with Et,O for 1 month and MeOH
for 1 month. Both extracts were combined and the crude extract
(79g) was chromatographed on silica gel using a n-
hexane-EtOAc gradient. Eight fractions were collected. Fr 5
(692 mg) was rechromatographed on Sephadex LH-20 and on
silica gel (n-hexane-EtOAc and C4H4-EtOAc) to give 3
(126 mg)y o1l; [a]p—396° (c4.04y HRMS Found {M]*
222.1973; C, H,cO requires 222.1984. IR vi&icm ™' 3350;

3231

THNMR. §0.97 (3H, s, H-13), 1.01 (3H, 5, H-14), .14 (3H, 5, H-
12), 1.25 (3H, 5, H-15),2 03 (1H, m, H-11), 544 (1H,d, J = 10.3 Hz,
H-8), 5.59 (1H, d, J=10.3 Hz, H-7); 13C NMR: Table 2; EIMS
m/z (rel. int.): 222 [M] " (6), 205 (50), 189 (14), 177 (4), 162 (8), 147
(9), 133 (10), 125 (64), 108 (100), 97 (98), 93 (64), 81 (56), 69 (23), 55
(95), 43 (96); Fr 6 (630 mg) was rechromatographed on Sephadex
LH-20 and on silica gel (C¢H4—EtOAc) to give a dihydrolingui-
folide (2) (104 mg): crystals; mp 158-160°, [a]p+22° (c 0.18);
UV 4., nm (log &): 203 (3 95), 251 (3 63); CD. A¢y45 nm+0.5 (sh),
Aey1s om+09, IR VKB c =1 3170, 3140, 1770, 1675, 1150, 980,
880; 'H and '>C NMR (Table 1 and 2); EIMS m/z (rel int.) 330
[M]* (7), 220 (100), 205 (63), 175 (24), 159 (29), 133 (22), 119(15),
110(64),95(71), 79(14), 67 (16), 55 (18), 41 (25), Fr. 7 (662 mg) was
rechromatographed on Sephadex LH-20 and on silica gel
(C¢Hg—EtOAc) to give linguifolide (1) (73 mg) crystals; mp
130-133°; [a]p —24° (c 0.25); UV 4,,, nm (log &) 215 (4.19), 253
(365, sh); CD. Atyeg nm+7-1, Aez1oam—113; IRVEEECm ™
3150, 3170, 1760, 1680, 1160, 990, 890; 'H and *3C NMR (Table 1
and 2); EIMS m/z (rel. int.): 328 [M]* (11), 313 (3), 219 (100), 203
(42), 173 (6), 149 (11), 133 (6), 125 (16), 110(31), 95 (72), 77 (12), 67
9), 55 (8), 41 (12)

Hydrogenation of 1. Compound 1 (4 mg) in EtOH (6 ml) was
hydrogenated 1n the presence of 5% Pd-C (10 mg) for 1 hr.
Work-up as usual gave 4 (3 mg). 'H NMR (90 MHz): 50.82 (3H,
5),0.83 (3H, d, J =6.6 Hz), 1.38 (3H, 5), 3 14 (m), 3 65-3 94 (m), 4.28
(1H, dd, J=8.6,29 Hz)

Hydrogenation of 2. Compound 2 (6 mg) in EtOH (5 ml) was
hydrogenated n the same manner as described above to give a
compound whose 'H NMR data was 1dentical to that of 4.

Dehydration of 3. To a soln of 3 (49 mg) in pyridine (2 ml) was
added POCI, (02 ml), and the mixture stirred overmght. The
reaction mixture was poured mnto 1ce-H,O and extracted with
Et,O. The residue after removal of the solvent was chromato-
graphed on silica gel (n-hexane) to give 5 (1 mg); '"H NMR: 60.96
(3H, s), 1.00 (3H, s), 1.09 (3H, s), 1 55 (3H, s), 533 (1H, brs), 5.59
(1H, d, J =93 Hz), 5.67 (1H, d, J =9.3 Hz), EIMS m/z (rel. int.):
204 [M]* (7), 149 (3), 119 (6), 107 (100), 97 (28), 79 (13), 69 (9), 55
(41), 41 (20).
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