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Ab&act-Application of &ss-liquid chromatography and mass spcctrow has led to the idcntiliabn of 
the three tritcrpcne methyl ctbers present in Corfaakia toetoe Zotov as anmdoh, ~r-amyrin methyl cthcr and 
/3-amyrin mctllyl cthcr. 

INTRODUCTION 

DURING an investigation of the alkane constituents of a number of native New Zealand 
plants,’ strong i.r. absorption at 1104 cn-’ was observed in the alkane-containing fraction 
obtained from a specimen of “toetoe” grass, at that time designated Arun& conspicua 
Forst. f,2 but subsequently identified3 as Cortaderiu &toe Zotov.’ Studies dire&d towards 
the isolation of the material responsible for the 1104 cm-’ absorption have resulted in the 
isolation of three triterpene methyl ethers. A preliminary report of this work has been given5 
in which one of the triterpene methyl ethers was identified as &amyrin methyl ether (iso- 
sawamilletin6) (I), and another, designated arundoin, was erroneously concluded to be an 
oleanane derivative. The correct assignment of structure as 3&methoxy-E: Cfriedoisohop 
9(1 I)-ene (II) to arundoin has been made by Nishimoto et aL7 who isolated this compound 
from the rhizomes of Imperata cylindrica,* direct comparisons of samples of arundoin from 
C. toetoe and I. cylindricu performed by both Dr. Natori and ourselves indisputably proving 
their identity. The present paper describes the full characterizations of the triterpene methyl 
ethers from C. toetoe and records what would appear to be the first instance of the isolation 
of a-amyrin methyl ether (III) from natural sources. 

DISCUSSION 

Application of ahunina column chromatography, employing light petroleum (b.p. 40-60’) 
as eluant to the total light petroleum extractives from the unmacerated green leaves of a 

l Part I: M. hWDDlN, T. A. BRY~, E. CLWl.0N, M. WTIN- and G. SW, J. Chcm. 
Asac. 4611 (l%s). 
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Cortuderiu species collected at Phmmerton, New Zealand, and identified3 as C. toetoe Zotov, 
gave, after initial elution of alkanes, a crystalline fraction which was shown to be the material 
responsible for the 1104 cm’_’ absorption in the i.r. spectrum of the total light petroleum 
extractives. Although this material appeared homogeneous on thin-layer chromatography 
employing a variety of adsorbants and solvent systems, application of gas-liquid chromato- 
graphy, using O-5 % Apiezon L supported on Gas-Chrom Z of 100-120 mesh as stationary 
phase at 240”, revealed the presence of three well-resolved peaks. Addition of Sa-cholestane 
(retention time = 1) to the mixture to serve as internal standard, showed the relative retention 
times of the three components to be 2.79, 3.18 and 4.28 (major peak-arundoin). Further 
GLC employing l-5 % SE-30 columns at 240” showed that the retention times of the three 
components relative to Sa-cholestane were 244,2.72 and 3.21 (arundoin) respectively. 

From detailed studies of the GLC behaviour of authentic triterpene methyl ethers pub 
lished elsewhere9 these retention values immediately suggested that in addition to arundoin, 
C. toetoe could contain the methyl ether of a-amyrin (retention times of 3.20& 0.05 on 
Apiezon L and 2.73 + 0.05 on SE-309) and one or more of the methyl ethers of germanicol, 
&myrin, @myrin, taraxerol or multiflorenol (retention times of 2.79 + 0.05 on Apiezon L 
and 2.49 f 0.05 on SE-30s), which have been shown to be indistinguishable on GLC employ- 
ing Apiezon L and SE-30 as stationary phases under the conditions presently employed. 

Further alumina column chromatography of the mixture of triterpene methyl ethers from 
C. toetoe was successful in providing pure arundoin as the first fraction to be eluted, whilst 
the later fractions became progressively enriched with the components having the GLC 
retention times of 2.79 and 3.18 on the Apiezon L column. In order to secure these com- 
ponents separately, resort was made to preparative GLC, and each component was then 
subjected to mass spectroscopy in order to use the characteristic mass spectral fragmenta- 
tions of triterpenese12 as a means of identification. 

p-Amyrin Methyl Ether (I) 

The component of relative retention time 2.79 collected by preparative GLC using an 
Apiezon L column had m.p. 246248” (lit. 6l l3 for p-amyrin methyl ether 247-248”) and 
showed no m.p. depression on admixture with an authentic sample prepared from Bamyrin 
by adaptation9 of the method of Morice and Simpson. l 3 

The i.r. spectra in KC1 disc were also identical, but, in order to ascertain that no discernible 
amounts of other triterpene methyl ethers derived from the oleanane skeleton were contamin- 
ating the material, detailed comparison of its mass spectrum was made with the mass spectrum 
of authentic fi-amyrin methyl ether-both being obtained with a direct inlet system (Fig. la). 
The absence of any ion of m/e 234, the expected’l base peak in the mass spectrum of multi- 
florenol methyl ether, in both spectra showed the absence of the latter as a contaminant of the 
b-amyrin methyl eth er in C. toetoe. Similarly the complete identity of the mass spectra of the 
natural and authentic samples in the 203-205 mass unit region rules out the possibility of the 
presence of any appreciable quantities of taraxerol methyl ether (base peak m/e 204gB ‘l), 
germanicol methyl ether (prominent peaks at m/e 203,204 205,‘0), or 6-amyrin methyl ether 
(base peak m/e 205”) as contaminants of the p-amyrin methyl ether from C. toetoe. 

9 T. A. BRYCX, M. MARTIN-Sraii, G. G.UKE, K. SCHREUIE-R and G. SUBRAMANUN, Tetrahedron. In press. 
10 C. DJERASSI, H. BUD~KIEWICZ and J. M. Wnso~, Tetrahedron Letters 263 (1962). 
‘1 H. BUD ZIKIBWICZ, J. M. WnsON and C. DJERASSI, J. Am. Chem. Sot. 85,3688 (1963). 
12 J. L. COURTNIZ and J. S. SHANNON, Tetrahedron Letters 173 (1963); J. S. SHANNON, AustralianJ. Chem. 16, 

683 (1963). 
13 I. M. MORICE and J. C. E. S-N. J. Chem. Sot. 198 (1942). 
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(a) #Mmyrin methyl ether using direct i&t system; (b) a-amyrin methyl ether using direct inlet 
system; (c) arundoin using direct inlet system; (d) amndoin using heated inlet system, 

Tk material of relative retention time 3- 18 colkcted by preparative GLC using an Apiezon 
L column had m.p. 221423” (reported13 for a-amyrin methyl ether 221-222’) and showed 
no m.p, depression on admixture with an authentic sample prepared from a-amyrin by 
adaptation9 of the method of Morice and Simpson .I3 The i.r. spectra in KC1 disc of the two 
specimens were identical as were their mass spectra-both determine with a direct inlet 
system (Fig. lb). 

FUR arundoin (as evidenced by analytical GLC) had [aID-- $7’ (in CHCI,) and was 
found to exhibit dimorphism, the two forms having m.p’s of 235-237” and 271-2?3O respec- 
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tively. That polymorphism may be of not rare occurrence among triterpene methyl ethers is 
suggested by the fact that a specimen of taraxerol methyl ether synthesized in our laboratories 
exhibited dimorphism with a specimen of natural occmrence (sawamilletin) supplied by 
Dr. Abe, the two samples having m.p’s of 270-273” and 276278” respectively, but having 
identical i.r. spectra in Ccl,. 

Chiginallys we reported that the trisubstituted double bond of arundoin was not iso_ 
merized by the action of acid, but r-e-investigation has shown that acid isomer&s arundoin 
into a compound of m.p. 223-224” and [a],,+ 30” (CHCls), in which the double bond is 
tetrasubstituted, in agreement with the work of the Japanese group.’ Re-investigation of 
the NMR spectrum of arundoin and comparison with the NMR spectra of other triterpene 
methyl ethers has shown that the strong singlet at 6.62 T (OCH,), which was previously 
considered5 to have an intensity of 4 protons, has in fact an intensity of 3 protons, while the 
hydrogen atom in the 3aposition gives rise to a low diffuse absorption centred near 7.47 and 
cu. 30 c/s broad. 

The mass spectra of arundoin obtained with a direct inlet system and a heated inlet system 
(Fig. lc and Fig. Id, respectively) showed certain points of difference. Thus when a heated 
inlet system was employed a prominent peak was present at m/e 408 (parent minus methanol) 
with an observed metastable ion at 378.3 (calculated for m/e 440+408, 378.3). This peak 
was not discernible in the mass spectrum obtained with a direct inlet system. Again the ions 
at m/e 393,255 and 241 are more abundant than the ions from which they are derived through 
loss of methanol (now established9 to be a characteristic fragmentation of triterpene methyl 
ethers) with the heated inlet system and less abundant than the ions from which they are 
derived with the direct inlet system. Moreover the presence in the mass spectrum of arundoin 
determined with the heated inlet system (unavailable to us earlier3 of an ion at m/e 365, 
obviously derived by loss of an isopropyl group (43 mass units) from the ion m/e 408 as 
apparent by the presence of a metastable ion at 326.5 (calculated 3265), provides confirma- 
tory evidence for the isopropyl group in arundoin. 

In the present work the 7,9( 1l)diene (V) was prepared from bauerenol methyl ether (VI) 
and the 7,9(1l)diene (VII) was prepared from multiflorenol methyl ether (VIII), and the non- 
identity of both dienes with the 7,9(1l)-diene (IV) from arundoin confirmed. 

EXPERIMENTAL 

Materials and Methou! 

Melting points were determined with a Kofler block. Optical rotations were measured 
in CHCls solution in a 10 cm cell with a Bellingham Stanley “Pepol-60” instrument. Mass 
spectra were determined with an A.E.I. M.S.9 double-focusing mass spectrometer.9 Analyti- 
cal GLC was conducted with a standard Pye Panchromatograph,3~ 9 and preparative GLC 
on an Aerograph A-700 (Autoprep) instrument (Wilkens Instrument and Research Inc., 
Walnut Creek, California) fitted with standard copper tubes cu. 2 m x 6 mm containing 
1.0% Apiezon L supported on Gas-Chrom Z (Applied Science Laboratories Inc., State 
College, Pennsylvania, U.S.A.) of 100-120 mesh. Helium was employed as carrier gas. 
The detector was of the thermal conductivity type with a Honeywell Brown (Newhouse, 
Lana&hire, Scotland) pen recorder with sensitivity O-10 mV. Column temperature 240”; 
detector temperature 280” ; helium gas flow rate 60 ml/min at outlet; filament current 
15OmA. 
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Isolation of Triterpene Methyl Ethers 

Fresh unmacerated green leaves of C. toetoe Zotov (3 x 25 kg) were cut into 25cm lengths 
and immersed in light petroleum of bp. 40-60* for 16 hr at room temperature. Decantation 
and removal of solvent under reduced pressure afforded a pale yellow wax (275 g). 

The light petroleum extractives (200 g) were taken up in light petroleum, b.p. 40-60*, and 
filtered through alumina (Brockmann, Grade V) with further light petroleum, until no further 
elution occurred. The initial eluates contained alkanes but subsequent fractions yielded 
crystalline material (4.5 g), which was rechromato~aphed over basic alumina (Woelm 
grade I) using light petroleum, b.p. 4&60*. The initial eluates afforded pure arundoin (Ii) 
(2-l 5 g), but subsequent fractions were shown by analytical GLC to contain at least two other 
components which were separated by preparative GLC on 1% Apiezon L as stationary phase. 

Automatic direct injections (15-20 ~1) of a solution of the mixed triterpene methyl ethers 
(80 mg) in chloroform (O-25 ml) were made on to the column through a silicone-rubber 
“blind hole” stopper. The fractions corresponding to the three well-resolved peaks on the 
trace were collected as they eluted from the column in capillary glass tubes. After 9 cycles 
were obtained fraction A (relative retention time 2*79)-12 mg; fraction B (relative retention 
time 3*18)-5 mg; and arundoin (relative retention time 4.28)-20 mg. 

Fraction A had m.p. 246248”, which was undepressed on admixture with authentic 
/3-amyrin methyl ether (I). Infrared (KC1 disc) and mass spectra of the two specimens were 
identical. 

Fraction B had m.p. 221-223”, which was undepressed on admixture with authentic 
a-amyrin methyl ether (II I). Infra-red (KC1 disc) and mass spectra of the two specimens were 
identical. 

A rundoin (II) 

Arundoin was found to exist in two forms (m.p. 235-237” and m.p. 271-273” jwhich 
showed identical GLC retention times on O-5 % Apiezon L at 240” and i.r. spectra in CC&. 
The higher melting form was converted into the lower one on crystallization from ethyl 
acetate with addition of a seed crystal of the lower melting form to induce crystallization. A 
specimen ([a),,= -5*7”), m.p. 235237”, gave: (Found: C, 84.6; H, 11.9. C3iHs20 required: 
C, 84.5; H, 1 l-9:4). 

3SMethoxy D: C-friedo-oleana-7,9(1 l)-diene ( VII) 

A suspension of multiflorenol methyl ether (VIII),9 100 mg, in glacial acetic acid (25 ml) 
and SeOs (100 mg) in acetic acid (2.6 ml), was heated at 100” for 1 hr. After cooling and 
filtering the mixture was diluted with water and the precipitated solid collected and dried. 
It was taken up in light petroleum (50 ml) and filtered through a cohunn of alumina (Woelm, 
basic, 3 g) employing a further 150 ml of light petroleum to complete the elution of crystalline 
3&methoxy D:C-friedo-ofeana-7,9(11)-diene of m.p. 226-228”. Found: C, 84.7; H, 11.5. 
CsiHssO required: C, 84.8; H. 11.5%. h, 232, 239 nm (E 16,100, 16.800) with shoulder 
247.5 nm (e 9500) in hexane. 

3BMethoxy D: C-friedo-Ursa-7,9( 1 l)-diene (V) 

To Se@ (150 mg) in 96% acetic acid (2.5 ml) was added a suspension of bauerenol methyl 
ether (VQ9 150 mg, in glacial acetic acid (25 ml) and the mixture heated at 100” for 1 hr. 
After cooling, filtering and dilution with water, a crystalline solid separated. This was washed 



Triteqenoids from New Zealand plants-II 733 

with water, dissolved in light petroleum, b.p. 40&Y’ (50 ml), and filtered through a column 
of alumina (Woelm, basic, 3 g). Elution of the column with further light petroleum (100 ml) 
and combination of the total eluates afforded, after removal of solvent, 3@methoxy- 
D:C-friedo-Ursa-7,9(11)&e (100 mg) which on recrystallization from ethyl acetate had 
m.p. 182-183”; A_ 232, 239.5 nm (6 16,600, 17,400) and shoulder 248 nm (c 10,200) in 
hexane. Found: C, 84.2; H, 11.5. CSIHSOO required: C, 84.8; H, 11.5%. 
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