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FERN CONSTITUENTS: NEW CYCLOARTANE TRITERPENOIDS, (24 R)-CYCLOLAUDENYL 

ACETATE AND (24R)-CYCLOMARGENYL ACETATE, AND THEIR CORRESPONDING 

ALCOHOLS AND KETONES, ISOLATED FROM POLYPODIUM FORMOSANUM 
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New tetracyclic triterpenoids, (24R)-cyclolaudenyl acetate(Ia) and 
(24R)-cyclomargenyl acetate(Ib), and their corresponding alcohols(IIa, 
IIb) and ketones(IIIa,IIIb) were isolated from the rhizomes of Poly-
podium formosanum. The structure of Ia and Ib were deduced by chemical
and spectroscopic methods to be (24R)-24-methylcycloart-25-en - 3β-y1

acetate and (24R)-24-ethylcycloart-25-en. - 3β-yl acetate, respectively.

From the rhizomes of a Formosan fern, Polypodium formosanum BAKER(=Marginaria 

formosana NAKAI, "Taiwan-aone-kazura", Polypodiaceae), two new triterpenoids, named 

(24R)-cyclolaudenyl acetate(Ia) and (24R)-cyclomargenyl acetate(Ib)1)(0.68% of the 

dried materials, ca.l:l mixture) were obtained together with their corresponding 

3S-alcohols, IIa and IIb(0.002%, 1:1), and ketones, IIIa and IIIb(0.002%, 1:1). 

This paper concerns full structural elucidations of these compounds. 

Chloroform-methanol extraction followed by chromatography on silica gel gave 

respective mixture of Ia and Ib, IIa and IIb, and IIIa and Ilib. Separation of 

these homologues was rather difficult and achieved by repeated chromatography on 

silica gel impregnated 20% silver nitrate, preparative GLC, and/or HPLC on reversed 

phase column.

For the compound Ia, mp. 127-1280° [α]D24 +53.5°(CHCI3), elemental analysis(C,82.

07; H,11.47%) and a molecular ion peak at m/z 482.4149 in the MS spectrum indicated
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the molecular formula C33H54O2. The IR spectrum of Ia showed presence of a terminal

methylene an acetoxyl (1735, 1250, 1026), and a cyclopropane

methylene (3040). The MS (TABLE I)2) and the H-NMR (TABLE II, 100MHz) spectra of Ia

were almost superimposable to those of known cyclolaudenyl acetate (Ic), mp. 121°,

[α]D24+55°, of opium origin,3) but a mixture of Ia and Ic melted at below 115•‹ to

provide both compounds being not identical. 

Careful ozonolysis of Ia in a hexane solution at-60℃ followed by treatment

with zinc powder and acetic acid at room temperature, or osmium tetraoxide and lead 

tetraacetate oxidation in neutral condition afforded a methyl ketone (IVa),4) IR: 

1730, 1242, 1022; 1712; 3040. The MS (TABLE I, appropriate shifts to mass numbers 

higher by two for molecular ion and fragment ions containing the side chain) and

the 1H-NMR (TABLE II, down field shifts of C26 protons to δ 2.127s and C28 protons to

δ 1.084d) spectra of IVa clearly indicated the presence of methyl ketone structure

at the end of side chain. IVa was further oxidized with oxygen in t-butanol-tetra-

hydrofuran with potassium t-butoxide followed by acetylation to give another methyl

ketone (Va), mp.16°,[a]D24+51.6°, IR: 1727, 1250, 1712; 3040. By the MS (further

shifts to mass numbers lower by 28 for molecular ion and ions containing the side

chain) and the 1H-NMR (down field shift of C28 protons to δ2.139s) spectra, the st-

ructure of Va was confirmed. 

On the other hand, Ic was also oxidized in the same way as Ia, to afford the

first methyl ketone (IVc)4) and the second one (Vc), mp. 168°.[a]D24+52.4°. As the

identity of Va and Vc was proved by mixture melting point determination, GLC, IR, 

1H-NMR and MS, Ia was established to have the same structure as Ic except the ab-

solute configuration at C24.

T he compound Ib,mp.144°-45°[α]24D+50.5° was indicated to have the molecular

formula C34H56O2 (M+496.4292; C,82.07; H,11.47%). The IR spectrum (3070, 1645, 885; 

1730, 1250, 1026; 3040) was quite resemble to that of Ia. The fact that chemical shifts 

of the protons in Ib attached to C3, C18, C19, C21, C30, C31 and C32 were almost 

identical with those of Ia and Ic (TABLE II), suggested ib has the same structure of 

cycloartane nucleus including the configuration at C20. Proton signals of Ib were 

remarkably different from that of Ia or Ic at methyl(C26), terminal methylene (C27, 

also shown in Fig.l) and at a triplet methyl[C29, instead of a doublet methyl(C28) in 

Ia or Ic]. Similarly, Ib provided the MS spectrum with shifts to mass numbers higher 

by 14 for molecular ion and ions containing the side chain, and presence of an 

extra carbon in side chain were suggested. 

Oxidation of Ib in the same way as Ia, gave a methyl ketone (IVb),4) IR: 1732, 

1250, 1026; 1712; 3050. The MS (TABLE I, shifts to mass numbers higher by two for 

molecular ion and fragment ions containing the side chain) and the 1H-NMR (TABLE II,

down field shifts of C26 protons to δ2.I08s and C29 protons to δO.867t) spectra of

IVb clearly demonstrated its structure. IVb was further oxidized to give an ethyl 

ketone (Vb), IR: 1730, 1250, 1025; 1710; 3050. The structure of Vb was also confirmed 

by the MS (TABLE I, further shifts to mass numbers lower by 28 for molecular ion and 

ions with side chain) and the 1H-NMR (TABLE II, a clear triplet at 51.045 assignable 

for C29 protons) spectra. 

Proof for the configuration at C24 of Ia and Ib was accomplished by measuring 

CD curves of IVa and IVb, comparing with that of IVc, and also with those of IVa' and
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TABLE I. MS Spectra (Hitachi RMS-4)

TABLE II. Chemical Shifts (ƒÂ) for CDC13 Solution (sEOL JNM-FX 100) 

Proton(s) attached to C()a)

a) Assignments were confirmed by CDCl3-C6D6 solvent shifts and Lanthanide shifts. 
Signals otherwise stated were singlet. Coupling constants observed were b)4.2-4 .6Hz., 
c) 6.6-7.6Hz., d) 7.1-7.7Hz. and e) 7.6-7.9HZ.

Fig.1 Terminal Methylene Signals(100MHz) 

IIIa: (24R)-Cyclolaudenone 
Ilib: (24R)-Cyclomargenone

IVc', which were obtained by alkaline treat-

ment of IVa and IVc, respectively. As 

shown as in Fig. 2, the curves of IVa and 

IVb were quite resemble and found to be 

opposite to that of IVc centering at that 

of IVa' or IVc' . CD curve of OR) - (-) -3, 7-

dimethyloctan- 2-one(VI), derived from (+)-

citronellol(VII) was also used as a refer-

rence to confirm the absolute configuration . 

Hence IVa and IVb were clearly demonstrated 

to have (24R)- and IVc (24S) -configuration , 
respectively, Ia and Ib were concluded to 

have (24R)- and Ic (24S) -configuration .
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Fig. 2 C D curves of Methyl Ketones

The free alcohols, (24R)-cyclolaudenol(IIa), mp. 123-124° [α]D24+36.5°(CHCl3),

IR: 3060,1645,883; 3400,1024, 3030, and (24R)-cyclomargenol(IIb), mp. 134-136•‹,

[α]D24+34.3°(CHCl3), IR: 3060,1645,886; 3400,1024; 3030, were separated as acetates,

each component of which was proved to be identical with Ia and Ib . The MS (TABLE I) and 

the 1H-NMR(TABLE II) spectra of IIa and IIb were also found to be quite reasonable.

The ketones, (24R)-cyclolaudenone(IIIa), mp. 105°,[a]D24+14.2°(CHCIg) , IR: 3060,

1645,885; 1715, and (24R)-cyclomargenone(IIIb), mp, 122-124°, [α]29D+13.4°(CHCl3),IR:

3060,1645,884; 1715, were also separated by preparative GLC from the mixture. The 

identity of IIIa and IIIb with the compounds obtained from IIa and IIb by Cr03-pyri-

dine oxidation, respectively, were proved by mixture melting point determination, 

IR, MS, and 1H-NMR spectra.

The compounds Ia and Ib were also found in other Polypodiaceous ferns, such as 

Polypodium niponicum METT., Drynaria fortunei J.SM. and Pseudodrynaria coronans 

CHING.1) It will be very interesting to mention that Ia and Ib have the same con-

figuration at C24 as campesterol and sitosterol (also found in the ferns mentioned

above), because a new biogenetic course, cycloartenol→IIa and IIb→campesterol

and sitosterol, respectively, could be speculated in these plants.
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