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Abstract-The liverwort, Nardia ~bclavut#, afforded two new diterpene esters, bis-[ent-16kauren-14R-y1] malonate 
and a bisditerpene derived from the esterification of malonic acid by phytot and ent-16-kauren-14R-01, in addition to 
perrottetin E, ~-barbatene, (-)-kolavelool and eat-l~kauren-~4R-yl hydrogen m~o~ate. Their structures were 
established by chemical and spectral means. Perrottetin E and ent-16kauren-14R-yl hydrogen malonate were the 
major constituents of this species. 

WKRODUCTKON 

The epiphytic liverwort, Nurdia s~bclavata, grows on 
moist soii or rock. The liverworts, including the Junger- 
manniales, are rich sources of terpenoids with a variety of 
carbon skeletons Cl]. Previous phytochemical study of 
the genus Nardia S. Gray led to the isolation of ent-ld 
kauren-14R-yl hydrogen malonate from Scottish N. scal- 
aris as its methyl ester 12) and of the ent-kaurene nardiin 
from Czechoslovakian N. sca~aris [3f. Our previous work 
resulted in the identification of 1 I-hydroxykauran-15 
one, together with limonene and myrcene from N. corn- 
pressa [4], and GI- and fi-barbatene, B-bisabolene and 
cuparene from N. scalaris [5] by GC-mass spectral 
analysis. 

Classification of liverworts belonging to the Junger- 
manniaceae, a family rich in diterpenes Cl], is very 
difficult and study of their chemical constituents is neces- 
sary. For this reason, we have been investigating the 
chemosystematics of the liverworts [l, 4, 51. Here we 
report on the isolation and structure elucidation of two 
new diterpene esters from Japanese N. subclavata, a 
species which has not yet been investigated phytochemic- 
ally. 

RESULTS AND Dl!XX.JSSION 

The ether extract of N. subc~a~~t~ was chromato- 
graphed on silica gel and Sephadex LH-20 to give ent-16 
kauren-14R-yl hydrogen maionate (1) and perrottetin E 
(2) [6] as major constituents, together with B-barbatene 
(7) [7] and a mixture of diterpenoids. Further pur~cation 
of the mixture by MPLC yielded two new diterpenic 
esters 4 and 5, together with ent-16-kauren-14R-ol(3) and 
(-)-kolavelool (6) [8]. 

The spectral data of compound 2 and its methyl ether 
derivative were in agreement with those of previous 
reported values [6]. Compound 3 and its pyridinium 

chlor~hroma~ oxidation product were characterized by 
comparing spectral data and physical constants with 
literature values [23. Hydrolysis of 1 with 5% methanolic 
potassium hydroxide gave an alcohol and malonic acid. 
The spectral data and physical instants of the alcohol 
were identical to those of ent-16kauren-14R-ol(3). This is 
the first report of the isolation of em-16-kauren-14R-yl 
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hydrogen malonate (1) in nature, although it has been 
isolated from N. scaluris as its methyl ester [;?I. The 
spectral data are described in the Experimental, as there is 
no report of these data in the literature. 

The structures of 4 and 5 were deduced by comparing 
their spectral data with those of 1. Compound 4, an oil, 
produced the same bright pink colouration as compound 
1 with Godin reagent on TLC plates. The EI mass 
spectrum of 4 gave a molecular ion peak at m/z 652 and 
the same base peak at m/z 270 as that of 1. Whereas the 
carboxylic acid absorption was missing in the IR spec- 
trum of 4, the presence of two ester carbonyl (1750 and 
1734 cm- ‘) groups was confirmed. Compound 4 gave 
signals in its ‘H and 13CNMR spectra for two ester 
carbonyl groups (Sc 166.7 and 166.3), an exomethylene 
group [S, 4.85 (2H), 6e 105.3 and 152.31 and a trisubsti- 
tuted double bond (6u5.33, Sc 117.5 and 143.2). Hydroly- 
sis of 4 with 5 % methanolic potassium hydroxide gave 
two alcohols and malonic acid. The spectral data and 
physical constants of the alcohols were identical to those 
of 3 and phytol, respectively. Accordingly, the structure of 
the bisditerpenoid was formulated as 4. 

The ‘H and i3C NMR spectra of 5, M, 644, were 
almost identical to those of 1, except for a decrease in the 
intensity of the signals for an isolated methylene group in 
the malonic acid moiety. Hydrolysis of 5 with 5 % 
m~hanolic potassium hydroxide gave an alcohol whose 
spectral data were in agreement with those of 3. While the 
hydrolysis of 4 gave 3 and phytol, hydrolysis of 5 only 
gave 3, although both reactions gave malonic acid. 
Consideration of these chemical and spectral data led to 
the conclusion that the structure of 5 was a bisditerpen- 
aid, derived from the esterification of malonic acid and 
two units of ent-16-kauren-14R-01. 

Malonates are rare in general. A few examples are 
known, such as the Calceolaria densifolia (Scrophularia- 
ceae) bisditerpene derived from the esterification of mal- 
onic acid by two units of e~r-9-epi-la~a-8(I7),(12Z), 14- 
trien-19-01 [9]. and the malonate of polyporenic acid A 
from a fungal source [lo]. 

During this investigation, dilferent species of Nardia S. 
Gray were analysed by TLC. The constitu~ts of N. 
~ubc~ff~~tu and N. scalaris were very similar, except for the 
presence of larger proportions of perrottetin E (2) in the 
former species. However, N. assamica was completely 
different from the other species in its constituents. 

Generai. Mps: uncorr, TLC: silica gel precoated glass 
plates with n-hexane-EtOAc (1:l and 4:l). Detection 
was with Godin reagent [l l]. CC: silica gel 60 
(40-63 pm). The solvent CH&l,-MeOH (I : 1) was used 
for CC on Sephadex LH-20. 

Spectral data. NMR: 100 MHz for 13C and 400 MHz 
for ‘H: EIMS: 70 eV. 

Plant material. Nardia subclavata (34 g) was collected 
in October 1992 at Kisawason, Tokushima. Nardiu scal- 
arks subsp. harae (79 g) and N. ~ss~~~~ (44 g) were 
collected in November 1992 at Kamiyama, Tokushima. 

The voucher specimens (# 92048,92075 and 92062) are 
deposited at the Institute of Pharmacognosy, Tokushima 
Bunri University. 

Extraction and isolation. The liverworts were dried for 
1 week, after removal of impurities such as other species 
under a stereo microscope with tweezers, ground mech- 
anically and then extracted with Et,0 for 1 month. The 
Et,0 extract (715.5 mg) of N. subchata was chromato- 
graphed on silica gel using a n-hexane-EtOAc gradient, 
giving 10 frs (I-X). The ‘HNMR and GC-MS of fr. II 
(23.8 mg; 3.3% of the total extract) were identical to those 
of j?-barbatene (7) [7]. Fr. IX (68.6 mg) was rechromato- 
graphed on Sephadex LH-20 to give perrottetin E (2) 
(57.2 mg; 8.0%) [6]. Further purification of fr. X (72 mg) 
by CC on Sephadex LH-20 afforded ent-16kauren-14R- 
yl hydrogen malonate (1) (55.6 mg; 7.8%). Fr. V (65.4 mg) 
was rechromatographed on Sephadex LH-20 to give ent- 
I6-kauren-14R-01(3)(X 1.4 mg; 1.6%) and a mixt. contain- 
ing 6. The mixt. was repurified by MPLC on silica gel 
using n-hexane-EtOAc (9 : l), affording (- )-kolavelool (6) 
(22.3 mg; 3.1%). Fr. IV (i 11.9 mg) was further chromato- 
graphed on Sephadex LH-20 to give a mixt. of 4 and 5. 
The mixt. was further purified by MPLC on silica gel 
using n-hexane--EtOAc (19: 1) to give the new diterpenic 
esters 4 (14.8 mg; 2.1%) and 5 (8.2 mg 1.2%), respectively. 
Compound 1: [a];’ - 37.8 ’ (CHCI,; c 2.78), IR v,, (neat) 
cm-“: 3~3~, 1740,1717,1451,13t8,1148,1001,878, 
760; ‘H NMR (CDCI,): 6 0.81,0.85 and 1.07 (each 3H, s), 
2.10(lH, brd,f=l?Hz), 2.31 (iH, ddd, 5=3, 3, 17Hz), 
2.70 (lH, br s), 3.44, (2H, s), 4.87 (2H, br s), 5.46(1H, br s); 
‘3CNMR (CDCl,): S 17.9,21.6 and 33.6 (Me), 17.2, 18.7, 
19.7, 32.7, 33.1,40.2,40.9,41.9 and 45.6 (CH,), 49.0, 56.2 
and 59.1 (CH), 33.2, 39.3 and 48.3 (C), 81.7 (0-CH), 
1056(C=CH,), 151.9(C==CH,), 166.7and 171.3(C=O); 
EIMS m/z (rel. int.): 374 [M]’ (0.6), 359 [M-Me]+ (l), 
356[M- 18]+(l), 315 [M-CH,COOH]+ (3),270(100), 
255 (30), 131 (32), 123 (38), 119 (32). 109 (32), 105 (40), 95 
(43), 93 (36), 91(60), 87 (50), 81(56), 79 (46), 69 (73), 67 (48), 
55 (66). Compound 4: [a] 8’ - 31.1* (CHCI,; c 0.74), IR 
VEX; cm-‘: 1750,1734,1661,1460,1368,1267,1146,1005, 
876; ‘H NMR (CD&): S 0.81,0.84 and 1.07 (each 3H, s), 
1.69 (3H, br s), 0.84, 0.85 (x 2) and 0.87 (each 3H, d, J 
=6+4 Hz), 2.07 (lH, br d, f= 17 Hz), 2.31 (lH, ddd, 5=3, 
3,17Hz),2.68(lH,brs),3.36(2H,s),4.64(2H,d,J=7Hz), 
4.85 (2H, br s), 5.33 (lH, br t, 5==7 Hz). 5.40 (lH, br s); 
13CNMR(CDC13):616.4, 18.0,19.8(x 2),21.6,22.6,22.7 
and 33.6 (Me), 17.3, 18.7, 19.7, 24.5, 24.8, 25.1, 32.7, 33.2, 
36.7, 37.3, 37.4, 37.5, 39.4, 39.9, 40.3, 41.9, 42.0 and 45.7 
(CH,), 28.0, 32.7,32.8,49.0,56.3 and 59.1 (CH), 33.2,39.3 
and 48.4 (C), 62.4 (0-CH,), 81.0 (0-CH), 105.3 (C =CH,), 
117.5 (C=CH), 143.2 (C==CH), 152.3 (c=CH,), 166.7 
and 166.3 (C=O); EIMS m/z (tel. int.) : 652 [M] + (0.4), 
548 (3), 270 (lOOk 252 (39), 123 (66), 119 (35), 109 (37), 97 
(37), 96 (34), 95 (89), 83 (.52), 82 (93), 81(89), 79 (31), 71(43), 
69 (81), 68 (88), 67 (44), 57 (82). 55 (77). Compound 5: mp 
197-198 ‘, [z];’ -53.5 ’ (CHCl,; c 0.41); IR vg;; cm- l: 
1746,1730,1661,1451,1316,1267,1186,1146,1005,876, 
758; ‘H NMR (CDCl,): 60.81.0.84 and 1.07 (each 6H, s), 
2.06 and 2.32 (each 2H, br d, J = 17 Hz), 2.69 (2H, br s), 
3.36 (2H, s), 4.85 (4H, br s), 5.40 (2H, br s); 13CNMR 
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(CDCl,) : 6 17.9, 21.6 and 33.6 (Me), 17.2, 18.7, 19.8, 32.7, 
33.2, 40.3 (x 2), 41.9 and 45.7 (CH,), 48.9, 56.2 and 59.1 
(CH), 33.2, 39.3 and 48.3 (C), 81.0 (0-CH), 105.3 (C 
=CH,), 152.3 (C=CH,), 166.4 (C=O); EIMS m/z (rel. 
int.):644~M]+(3),540(3),271(90),270(100),146(15), 145 
(16), 133(17), 119(26), 106(15),95(17),91 (18),81 (20),69 
(26), 55 (20). 

~e~~~lution of 2 with MeI. Compound 2 (57 mg) in 
Me&O (3 ml) was met~yiated with Me1 (4 ml) in the 
presence of dry K&O, at reflux temp. for 10 hr, The 
reaction mixt. was filtered and the tiltrate evapd. The 
resulting product was purified through a small column 
packed with silica gel using Et,0 as solvent to give a 
trimethyl ether (43.6 mg). The ‘H NMR and EIMS data 
were identical to those of perrottetin E methyl ether [6]. 

Oxidation of 3 with pyridinium chlorochromate ( FCC). 
To PCC (17 mg) in CH,Cl, (3 ml) was added 3 (3.3 mg) in 
CH,Cl, (0.5 ml) and the mixt. was stirred for 2 hr at room 
temp. The resulting mixt. was filtered and the solvent 
removed to yield a ketone (1.7 mg). Its ‘H NMR and IR 
data were identical to those of literature values [2]. 

Basic hydrolysis of 1, 4 and 5. A soln of 1 (55 mg), 4 
(14 mg) and 5 (8 mg) in 5% methanolic KOH (1 ml) was 
relhrxed for 30 min. After evapn, H,O (3 ml) was added 
and the soln extracted with Et,O. The Et,0 layer was 
washed with H,O, dried over NazSOI and evapd to give 
alcohol (28.7,3 and 3 mg) and phytol(3 mg) from 4. The 
“H NMR data were identical to those of authentic sam- 
ples. The aq. layer of the reaction mixt. was acidified with 
aq. 5% HCI, lyophili~d, then extracted with MeOH and 
evapd to yield an acid (5,l and 1 mg, respectively) whose 
“I-i and ‘jCNMR spectra and GC-MS of its TMS 
derivative were identical to those of malonic acid. 
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