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Abstract-A new clerodane-type diterpenoid, possessing superoxide release inhibitory activity has been isolated from 
the liverwort Jungermannia i&ma, together with three known diterpenoids and its structure characterized as clerod- 
3,13( 16)-14-trien-17-oic acid by 2D NMR spectroscopy. 

INTRODUCTION 

The liverworts belonging to the Jungermanniaceae are 
rich sources of sesqui- and diterpenoids [ 11. As part of a 
chemosystematic study [2] and search for biologically 
active substances [3-111, we have investigated Junger- 
mannia infusca and isolated a new clerodane-type diter- 
penic acid (1) possessing potent superoxide release in- 
hibitory activity, along with the previously known diter- 
penoids (5,6) [12] and 7 [13]. 

RESULTS AND DISCUSSION 

Silica gel and Sephadex LH-20 column chromato- 
graphy of the ether extract of J. infusca resulted in the 
isolation of compound 1 and the previously known 
diterpenoids (5, 6) [12] and (7) [13]. Compound 1, mp 
138-140”, had the molecular formula C,,H,,O, (m/z 
302.2227). The acidic nature of 1 was deduced from the 
long tailing spot on TLC and the broad absorption band 
between 3 000 and 3 500 cm- 1 in the IR spectrum and the 
formation of a mono methyl ester (2) (6,3.65, s, 3H). The 
UV spectrum suggested the presence of a conjugated 
double bond system (&,,,, 226 nm). The 13C NMR spec- 
trum of 1 (Table 1) exhibited the signals due to six sp’ 
carbons and a carboxylic carbon, having six degree of 
unsaturation. These spectral data disclosed that 1 might 
be a bicyclic skeleton. The ‘H-‘H COSY spectrum of 1 
showed the protons (H-7a and 78) at 6 1.97 and 1.72 were 
correlated with the proton (H-8) at 6 2.56 and the protons 
(H-6a and 68) at 6 1.82 and 1.20. Furthermore, the 
protons (H-12) at S 2.09 and 2.33 were correlated with the 
protons (H-l 1) at 6 1.65 and 1.53. The long range ‘H-“C 
COSY spectrum (Table 2) of 1 indicated that the carboxyl 
carbon was correlated with the quaternary carbon (C-9) 
and the tertiary methyl carbon (C-20). Moreover, one of 
the tertiary methyl groups (H-20; 60.95) was correlated 
with two methine carbons (C-8 and C-10) and also with the 
methylene carbon (C-l 1). Another tertiary methyl group 
(H-18; 6 1.07) was correlated with the quaternary sp2 
carbon (C-4), the methine carbon (C-10) and with the 
methylene carbon (C-6). Furthermore, the protons (H-3; 
6 5.22) on the trisubstituted double bond were correlated 

with the quaternary carbon (C-5) which was correlated 
with the vinyl methyl groups (H-19; 6 1.61). On the basis 
of the above spectral evidence, the structure of 1 was 
assumed to be a clerodane-type diterpenoid. As the 
diterpene with the clerodane-skeleton, kolavenic acid (4) 
[14, 151 which was isolated from the root of Solidago 
species (collected in Tokushima, 1986) was completely 
assigned for the signals of the protons and carbons by the 
extensive 2D COSY NMR spectral techniques. Com- 

Table 1. 13C NMR spectral 
data of 1 and 4 (100 Mz, 

CDCl,)* 

C 1 4 

1 18.0 18.3 

2 26.6 26.9 
3 120.7 120.4 

4 143.8 144.4 

5 37.9 38.2 

6 35.6 36.8 
7 21.7 27.5 

8 49.1 36.3 

9 38.9 38.3 

10 46.4 46.5 

11 39.5 36.3 
12 24.8 35.0 

13 147.1 164.6 

14 139.0 114.8 

15 113.2 172.1 

16 115.9 19.5 

17 181.0 16.0 
18 20.1 20.0 
19 18.0 18.0 

20 20.1 18.3 

*All assignments were 

confirmed by INEPT, 
*H-13C COSY and lH-13C 

long range COSY spectra. 
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1 R = COOH NOE(n) 

2 R = COOMe 

3 R = CH,OH 

CHO 

Table 2. ‘H-‘% correlation of 1 

‘H ‘%Z ‘H 1% 

H-3 C-5 
H-6 c-10 

H-8 c-9 

c-17 

c-20 
H-10 C-l 

C-18 

c-20 
H-11 C-8 
H-12 c-13 

C-16 
H-15 c-13 

H-18 c-4 

C-5 

C-6 

C-IO 
H-19 c-3 

C-4 

c-5 

H-20 C-8 

c-9 

c-10 

c-11 

COOH 

parison of ‘H and 13C NMR spectra of 1 with those of 4 
showed only minor difference for skeletal proton and 
carbon signals and differed only in the signals due to the 
side chain. On the whole, the structure of 1 was estab- 
lished to be clerod-3,13(16)-14-trien-17-oic acid. The rela- 
tive stereochemistry of 1 was established by the difference 
NOE experiment. Compound 1 showed the NOES be- 
tween (i) H-18 and H-19 and (ii) H-6 and H-8. 

This is the second record of co-occurrence of the 
clerodane- and labdane-type diterpenoids in the liver- 
worts [16]. Compound 1 inhibited the release of super- 
oxide from rabbit PMN at ICKY 15 pg/ml and from guinea 
pig macrophage at IC,, 2 pg/ml. 

EXPERIMENTAL 

Mps: uncorr. The solvents used for spectral determinations 
were TMS-CDCI, [‘H NMR (400 MHz) and r3C NMR 

(100 MHz)]; CHCI, (IR); EtOH (UV); CHCls ([a&,). A mixed 
solvent of MeOH and CHCl, (1: 1) was used for Sephadex 

LH-20 column chromatography. TLC was carried out as pre- 

viously reported [ 171. 

6 7 

PIant material. Jungermannia infusca was collected in Azuma- 
dani, Tokushima, in May 1986 and identified by Dr M. Mizu- 

tani. The voucher specimen was deposited in the Institute of 

Pharmacognosy, Tokushima Bunri University. 
Extraction and isolation. The fresh J. injiisca (354g) was 

extracted with Et,0 for 2 months. The crude extract (6.50 g). 

after removal of the solvent. was chromatographed on silica 
gel using n-hexane and EtOAc gradient to divide into seven 

fractions. Fr. 5 (665.8 mg) was further chromatographed on 

Sephadex LH-20 to give gomeraldehyde (5) (57.4 mg), 13- 

epigomeraldehdye (6) (32.1 mg) 1121 and (+)-isoabienol(7) [13] 

whose spectral data were identical to those reported in the 

references. Fr. 6 (3 11.9 mg) was rechromatographed on Sephadex 

LH-20 to afford 1 (68.6 mg); mp 138 140”; [@I,, 43.6’ (c 1.26); 

UV &n.X nm (log E): 226 (3.17); IR I’,,, cm-‘: 3500-3000, 1700; 

‘HNMR 6:0.95(3H,s, H-20). 1.07 (3H,s, H-18). 1.2O(lH,m, H- 

6), 1.53 (lH, m, H-l 1). 1.61 (3H, s, H-19) 1.65 (IH. m H-11), 1.72 

(lH,m,H-7) 182(1H,m,H-6), 1.97(1H,m,H-7),2,09(3H,m,H-2 

andH-12),2.33(1H,ddd,J= 13.7. 13.7,4.4,H-12),2.55(1H,dd,J 

=13.2, 4.1, H-R), 5.00, 5.01 (each IH, s, H-16). 5.05 (1H, d, J 

=10.7, H-15) 5.22 (lH, hr 5, H-3). 5.30 (lH, d, I= 17.6, H-15) 

6.36 (lH, dd, J= 17.6, 10.7, H-14); 13C NMR (see Table I); 

HRMS: found 302.2227 C2,,H3002. require 302.2246; EIMS m/z 

(rel. int.): 302 [M]’ (17) 286 (22), 273 (20), 259 (7), 241 (26), 219 
(43) 203 (31). 189 (20). 173 (87). 1.59 (34), 145 (30). 133 (62). 119 

(75), 107 (94) 95 (100). 81 (78), 69 (61). 

Methyhtion ~$1. Compound 1 (35 mg) was methylated with 
CH,N, at room temp. to give a mono methyl ester (2) (32 mg). 

‘H NMR 6: 0.90, 1.07, 1.60(each 3H.s). 2.32(1H, ddd, J=13.4, 

13.4,4.2), 2.55(lH,ddd.J= 12.7, 12.7, 3.4). 3,65(3H,s,COOMe), 
4.99, 5.OO(each lH,s), 5.07(lH,d,J=lO.7), 5.21 (lH,hrs), 5.29 
(lH,d,J = 17.6). 6.37(lH,dd, J : 17.6, 10.7). which was reduced by 

LiAIH, (10 mg) in Et,0 (3 ml). Work-up as usual gave a primary 

alcohol (3) (11 mg). IR Y,,, cm -‘: 3600.2925, 1375; ‘H NMR 6: 
0.75, 1.03, 1.61 (each 3H. s), 2.18 (I H.ddd, J = 13.2, 13.2,4.4), 3.36 

(lH,dd,J=10.7,3.4),3.84(1H,dd,J=10.7,3.9),4.99(2H,s),5.06 

(lH,d,J=l1.7),5.21(1H.hrs),5.23(1H,d,J=l7.6),6.37(1H,dd, 

J=l7.6, 11.7); “CNMR 6: 17.9, 1X.0, 19.9 (q), 17.9, 22.0, 24.8, 

26.8, 36.2, 37.4, 64.3. 113.1, 115.7 (t). 44.3, 46.5, 120.6, 139.0(d), 

38.0, 38.3, 144.3, 147.3 (s): EIMS m:‘z (rel. int.): 288 [M]’ (3), 273 

(3),257(4),205(10),187(9),175(6).159~11).145(15~.133(12),119 
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(X), 107 (25), 95 (37), 81 (27), 67 (16), 55 (24), 41 (27), 28 (16), 18 7. Asakawa, Y. (1985) Seiyakukojo 5, 284. 
(100). 8. Asakawa, Y. (1987) Farumashia 23,455. 

9. Asakawa, Y. (1988) in Studies in Natural Products Chemistry 
(Rahman, A., ed.), Vol. 2, p. 277. Elsevier, Amsterdam. 
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chlorogenone; chlorogenin; diosgenin; sitosterol. 

Abstract-In addition to chlorogenin, chlorogenone, diosgenin, and sitosterol a new sapogenin has been isolated from 
the green berries of Solanum meridense. Its structure was established by spectral data and chemical degradation as 
(25R)-3/l-acetoxy-Sa-spirostan-6-one. 

INTRODUCXION 

There are no previous reports on the chemical con- 
stituents of Solanum meridense Bitter et Pittier. This small 
tree is widely distributed around MCrida and its fruits are 
known for their foam forming properties, indicating the 
presence of sapogenins. 

RESULTS AND DISCUSSION 

Dried and powdered berries were treated as described 
in the Experimental to yield a chloroform extract. Re- 
peated preparative TLC over, silica gel plates yielded 

RO 

la R = AC 

lb R = H 


