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Ah&act-Nine triterpenes and sterols have been isolated from Thuidium tumariscifolium. A number of 
aliphatic hydrocarbons and fatty acids were also detected. 

FROM the light petroleum extract of the moss Thuidium tamariscifolium (Neck.) Lindb. 
(= Thuidium tamariscinum B. e.) the following triterpenes and sterols were isolated and 
identified: 22(29)-Hopene,2 7-fernene,2cp 3 9( 1 l)-fernene,2b* 3* 4 24-methylenecycloartanol,s 
lupeol, ursolic acid, campesterol (identified by GLC), stigmasterol (identified by GLC) 
and &sitosterol. Moreover, aliphatic hydrocarbons from C22 to Cg3 were also found in the 
plant and, after saponification of the extract, fatty acids from Cl4 to C22. 

In our first communication on this subject,’ we remarked that hopane hydrocarbons 
seem to be characteristic of primitive plants; their occurrence in ferns and mosses also 
points to a possible phylogenetic connexion between bryophytes and pteridophytes.6g7 
Further studies, now in progress, seem to support this hypothesis. 

EXPERIMENTAL 

M.ps were determined with a Kofler apparatus and are uncorrected. Infrared spectra were registered on 
nujol mulls with a Perkhr-Elmer Infracord, Mod. 137 spectrophotometer. GLC analyses were performed 
with the following instruments: Perk&Elmer F 20, for triterpenes and sterol trimethylsilyl ethers (cohnnn, 
3 per cent SE 52 silicone rubber on Chromosorb W 8&100 mesh, temp. 240”, injection block temp. 260°, 
carrier gas N2, flow rate 50 ml/min); Carlo Erba Fractovap, Mod. G.V., for aliphatic hydrocarbons (column, 
1 per cent neopentyl glycol succinate on Chromosorb W 80-100 mesh, programmed temp. from 190’ to 230”, 
increase 1*5”/mht, injection block temp. 240”, carrier gas N,, flow rate from 39 to 32 ml/min); Perkin-Elmer 
800, for fatty acid methyl esters (co1umn, 20 per cent polyethylene glycol succinate on acid-washed Chromo- 
sorb W 80-100 mesh, temp. 200”, injection block temp. 290”, carrier gas N,, flow rate 40 ml/n&). Specific 
rotations were measured with a Perkin-Elmer, Mod. 141 photoelectric polarimeter, at 25”. Light petroleum 
refers to the fraction of boiling range 30-60”. Identities of products were determined by comparison of i.r. 
spectra and GLC retention times. 

+ “Triterpenes from Mosses-II”. For Part I see Ref. 1. 

2 Part I, A. MARSILI and I. MORELS, Phytochem. 7,1705 (1968). 
2 (a) W. J. DUNSTAN, H. FAZAKEIUEY, T. G. WandE. R. H. JONES, Croat. Chem. Actu29,173 (1957); 

(b) H. AGETA, K. IWATA and K. YONLZAWA, Chem. Phurm. Bull. Japan 11,408 (1963); (c) H. AOETA, 
K. IWATA and S. NATORI, Tetrahedron Letfers 3413 (1964). 

3 H. AOETA and K. IWATA, Tetruhedron Letters 6069 (1966). 
4 H. AQETA, K. IWATA and S. NATORI, Tetruhedron Letters 1447 (1963). 
5 Triterpenoids of the cyclolanostane group were also found in ferns. See, e.g., G. Baan, F. Borrm, B. 

MACCHIA, A. Mm, G. OUIU%~N and H. Pro’raowsk~, Bull. sot. chim. Fr. 2359 (1964). 
6 See G. M. SMITH, Cryptogumic Botany, Vol. II, pp. 131-134, McGraw-Hill, New York (1955). 
7 G. HAXALL [Bryologist 52,49 (1949)] holds that bryophytes descend from pteridophytes. 
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The dried plant (3 kg), c&e&d on April 1968 in a wood of Castanea saliva Mill., was extracted in a 
Soxblet with lit petroleum (8 I.) for 45 hr. On cooling a ppt (O-25 g} separated out; this was combined with 
the ppt (0.2’7 g) formed when the filtrate was evaporated to 2 1. isolation of the solid from EtOH afforded 
ursolic acid.* Further ~~n~t~on of the extra& to 250 ml gave waxes (371 g), m-p. 75-81”, after crystalliza- 
tion from benxene-MeOH ; & 580 p. The remahdmg sohr. was evaporated to dryness to give a brown residue 
(31 g) which was refhtxed with 10 per cent NaUH-EtUH (200 ml) for 4 hr. After this time the solvent was 
removed by distillation and the residues dried at 90”, was extra&d inaSoxhlet with light petroleum (300 ml) 
for 100 hr. The extract, on evaporation, afforded 6 g of drabs material. The unextracted solid was 
taken up in water and the sofn. was acid&d with cone. HCl and extracted with Et@. Evaporation of the 
EtzO afforded 15 g of fatty acids, 1 g of which was umverted into the corresponding methyl esters with 
cH2N2. 

Urasapom@ble Material 

A part of the unsaponitiable fraction (5 g) was dissolved in light petroleum and chromatographed over 
neutml alumina @h&a, grade I, 200 g, 2 x 65 cm column). Light petroleum eluted hydrocarbons (aliphatic 
and triterpenoidic); no residue was obtained with benzene; Et20 eluted mixtures of alcohols. The combined 
hydrocarbon fractions (0.4 g) were re-chromatographed over silica gel (Woelm, grade I, 120 g, 2 x 52 cm 
coh.mm; 20.ml fractions) impregnated with 15 per cent of AgNOj. Light petroleum eluted aliphatic hydro- 
carbons (@12 g), 9(U)-fmene (5 mg) and 7-femene (35 mg); benzene eluted 22(29)-hopene (0.12 8). The 
alcoholic fractions, analysed by GLC (as ~#y~ilyl ethers) contained at least eight components (m&&y 
campesterol, sti~~ol, ~-si~~ol and ~~~~~1~0~. A fraction (1-l g) showing in the i.r. 
spectrum a band at 11.25 p @===CH~> was benzoylated; the resuhing mixture of bernmates was ebromato- 
graphed over silica gel-AgNOJ (110 g, 2 x 50 cm cohunn; 20-ml fractions), using as eluant light petroleum 
conteining inoreasing amounts of benxene. The fractious obtained with light petroleum-benzene (I : 1) 
were comb&d and the residue (0.12 g) crystallized from light petroleum. Lupeol benzoate* (30 mg) separated 
out. The mother liquor, after evaporation, left a residue which was crystallimd from acetone-MeGH; 
2Cmetbylenecycloartanol benzoate (20 mg) separated out. Another alcoholic fraction (0.5 g) containmg 
campesterol (30 per cent), stigmasterol (23 per cent), jl-sitosterol (38 per cent) and another unidentifi~ 
component, was converted into the benzoatee and chromatographed as the preceding fraction. Elution with 
light petroleum-benzene (9 : 1) atforded pure &sitosterol benxoate (0.1 g). 

l&so& u&f, m.p. 284-288” (from EtOH), [alo f 65.3” (c 1, EtOH). Found: C, 78.75; II, 1@34. Calc. 
for C&J14s03: C, 78.89; H, 1059 %.) Lit? mg. 289-290“, [afn f 64’. 

9(1X )-pemew, m.p. 168-170°, [afn, - 16” (c 0.4, CHCl& Lit.’ m.p. 170-1X”, [afn - 165”. 
7-Femene, m.p. 208-210” (from hexane), l& - 26.8” (c 1, CHCls). (Foubd: C, 8760; H, 12.47. Calc. 

for Cs,,H50: C!, 8773; H, 12.27%) Lit?’ m-p. 208%209.5”, [a]n - 27’. 
22(29)-Hope&r, m.p. 209-211” (from acetoue), [a]b -t 60.3” (c 1, CHCl& (Found: C, 8755; II, 1238, 

Calc, for cjoHsO : C, 87.73; H, 12.27 %.) Lit.*c m.p. 210-21 lo, [aln + 61”. 
me01 benwa&r, m.p. 258-261’ (from hexane), [a]6 t 62-S” (c 0.8, CHf&). Found: C, 83.97; H, 10.40. 

C&c. for Cs,I&O~: C, 83%; H, 10~25%.) Lit.‘O m.p. 265”, [crlr, + 60*1”. 
~Met~y~~cI~rt~~ benzoute, mg. 154-156” (from acetone-MeGII), [a& + 635” (c 0.7, CHQ). 

(Found: C, 8354; H, 10.30. Calc. for GsHSs4: C, 83.77; H, K&36%.) Lit.” rap, 156157*, [& + 62“. 
&Stosterol bewoute, m.p. 146-147’ (from hexane), lab - 13-5” (c 1, CHCls). (Found: C, 83.20; H, 

1024. C&c. for C&H&&: C, 8334; H% 10*49%-) Lit.i2 m.p. 146-147”, f& - 13.8”. 
~-~~~~~e~~~, m-p. MO-142* (from ~o~fo~-M~~~ f& - 36.5“ (c 1, CHCls). (Fonnd: C, 83.75; H, 

12.30. Calc. for C&H&: C, 8399; H, 12.15%.) Lit.” m.p. 136137*, falu - 36.6”. 
Alipftati ~~~~~~ (GLC, percent), Gs (@8); G4 (0% C,, (l-7); G, (O-9); Ct7 (6.1); c;, (1.6); 

Ct, (25.9); (;a (2.9); C,, (415); Gz (3% G, (14.6). 

* Although it cannot be ruled out completely that ursolic acid and lupeol might have been derived from the 
humus in which the moss grew, since chestnut leaves contain these two triterpncs along with betulm (results 
from this laboratory); however, the plant material was well freed from the last tracee of Custaneu 
Iewes, so that it seems highly probable that lupcol aud ursolic acid are indeed present in the moss. More- 
over, other mosses presently under study also appear to contain ursolic acid. 

9 N. R_. ARTHUR and W. H. HIJI, J. C&m. Sot. 2782 (1954). 
10 I. M. HEILBRON, T, KENNEDY and P. S. SPRING, J. Chem. Sot. 329 (1938). 
*I G. OHTA and M. S~MIZU, Chem. Pharm. Bull. Japan 6,325 (1958). 
‘2 E. S. WALJJS and P. N. CHAKRAVORT~, J. Org. Chem. 2,335 (1937). 
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cotter acid (GLC of methyl es&x, per cent), myristic (1-O); pentadecanoic (i-0); pabnitic (W5); pal- 
mitoleic (2.0); heptadecanoic (1-O); heptadecenoic (0.5); stearic (3.0); oleic (13.0); liuoleic (34.0); linolenic 
+ arachidic (16-O); behenic (4.0). 
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