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--A mixture of tritcrpcnc methyl ethers obtained from the kaf wax of Cuban sugar cam 
(scrcchmwn oj&arum L.) has been shown to consist predominantly of anmdoin (farwnd methyl 
ether) ad sawamilk!in (taraxcrol methyl ether), by means of preparative GLC, mass spc&omctry 
and diwt comparison with authentic specimens. Evidence for the v, in trace amounts, of a 
third component having identical gas liquid chromatographic retention times with baurenol mthyl 
ether, was also obtained by GLC, but it did not prove feasible lo further charactcrizt this subs- 
Retention times. relative lo Szchokstane arc reported for nine tritcrpenc methyl ethen which wwo 
subjected to GLC on @S% Apiczon L. I.S% SE-U). l.S% QF-1 aad 1.0% CDMS cdumns. The 
mass spectra of tritcrpcnc methyl ethers are discuwd. 

ALTHOUGH not confined to grasses,* triterpent methyl ethers would seem to be of 
relatively common occurrence within the family Gramineae. Thus germanicol methyl 
ether (miliacin, I) occur~P as a constituent of the grasses Punicum miliuceum L.7 and 
Sjmrherisma sunguinulis Dulac, var. ciliuris Honda; taraxerol methyl ether (sawa- 
milletin, IV) has been isola&Ps from Echinochloa crusgulli L. ; B_amyrin methyl 
ether (isosawamilletin, II1)6 and z-amyrin methyl ether (VI)’ have been obtained from 
a species originally designated Arwtdo conspicuu Forst. f.s but now identified as 

l Raxntly, H. Ito. T. Obara and S. Abe J. Chem. Sot. /capon 86,54O(l%S), have reported the 
identity of sawamilletin with crusgallin indicating the priority of the latter name for this compound. 

t Specks names, with the authorities cited, are those used by the authors of the original chemical 
papers quoted. No attempt has been made lo substitute modem quivaknts. 

1 Part XI of the Gatmkbcn Series. Part X. M. von Ardcnne. G. Osske, K. Schrcibcr, K. Steinfeldcr 
and R. TOmmkr, /. fnsec~ Physiol. 11, 136s (1965). 

* E.g. J. W. Rowe and C. L. Bower. Tetrahedron Lerrers No. 32, 274s (1%5); S. Matsunaga, J. 
Okada and S. Uyeo, Glum. Comm. S25 (l%S). 

a H. Ito. J. Chcm. Sot. Japan 59, 274 (1938); S. Abe and T. Obara, Nippon K+ku Zasshi SO, 
1487 (1959). 

’ H. Ito, J. Fuculry Agr. Hokkaido Imp. Univ. 37, 1 (1934); S. Abe. Bull. Chem. Sot. Japan 33, 
271 (1960); N. Sugiyama and S. Abe. Nippon Kogoku Zasshi 82, 1OSl (1961); S. Abe, Ibid. 82, 
IOU, 1057 (1961). 

’ S. Abe, Nippon Qaku Zasshi SO, 677. 1491 (1959). 
’ G. Eglinton, R. J. Hamilton, M. Martin-Smith, S. J. Smith and G. Submmanian Tetrahe&on 

Lifters No. 34, 2323 (1964). 
’ T. A. Bryce. G. Eglington, R. J. Hamilton, M. Martin-Smith and G. Subramanian, Phytoclumlsrry, 

in the prw3. 
’ E.g. T. F. chaacman, Manual of rhe New Zealund z;lora (2nd Edition) Wellington, Government 

Printer (1925). 
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Cortaderia foetoe Zotov;“*lo arundoin (VIII),11 the methyl ether of femenol,l*.U has 
been isolated from Cortaderia toetoe,‘ Cortaderia fuluida (Buch.) Zotov,lo Corraderia 
richardii (Endl.) Zotov,lo Imperata cylindrica P. Beauv. var. media Hubbard (- var. 
koenigii Durand et Schinz)11*14 and Zoysiajaponica Steud.;” and isoarborinol methyl 
ether (cylindrin), the structure of which as IX follows from the recent structural 
elucidation of arborinol,i6 has been obtained from Imperala cyfindricaU~14 and from 
Zuysia japonica. I3 We now wish to report the isolation of arundoin and sawamillctin 
from the wax of Cuban sugar cane (Saccharum o@tarum L.), which, like Imperata 
cylindrica belongs to the tribe Andropogoneae of the Gramineae. This characterization 
of tritcrpene methyl ethers in sugar cane wax would appear to be the first to be 
recorded, despite extensive studies on the constituents of the wax from various strains 
of Saccharum o~cinarum.‘a 

After preliminary saponification of the oily portion of the sugar cane leaf wax and 
removal of a light petroleum-insoluble sterol fraction from the resulting neutral 
material, repeated chromatography of the material soluble in light petroleum over 
silica gel gave, as the fourth fraction to be characterized,” after crystallization from 
benzene-methanol, material of m.p. 194-205” and [I]~ i-7.9” (Chf), which was 
preliminarily designated as “Substance W” (the over-all yield was 2.3% of the 
unsaponifiablc material). Substance W appeared homogenous on TLC employing 
Kieselgel G (Merck) as adsorbant and light petroleum (b.p. 7&80”)+thyl acetate- 
benzene 7:2: 1 as solvent system (R, 2.9 and 1.8; standard 7 cholesterol and 
cycloartenol, respectively), but by developing with light petroleum only, it was possible 
to distinguish two very closely running components which could not be separated on 
a preparative scale. Substance W exhibited strong absorption in the IR at 1104 cm-‘, 
an absorption which WC have found is typical of tritcrpene methyl ethers. However, 
the IR absorption in KC1 disc in the 1375 cm-’ and 1460-l regions was not sharp as 
is usual with pure triterpene methyl ethers, which normally give characteristic 
absorptions that can be used to aid in the identification of any particular triterpene 
methyl ether. la Furthermore, Substance W showed positive reactions both in the 
Liebermann-Burchard test (cherry-red colour) as well as in the tetranitromethane test. 
These observations therefore strongly suggested that Substance W was in all proba- 
bility a mixture of triterpenc methyl ethers-the lack of resolution on TLC having 

’ V. D. Zorov. N. 2. J. Bar. 1.78 (1963). 
‘* M. Matin-Smith, G. Subramanian and H. E. Connor, PhytochemLrrry in the pm. 
I* K. Nishimoto. M. Ito, S. Natori and T. Ohmoto. Tetrahedron Lerrrrs No. 27. 2245 (1%5). 
” S. K. Kundu. A. Chattcrjcc and A. S. Rae. Tetruhedron titters No. 10. 1043 (1966). 
I8 K. Nishimoto. M. Ito, S. Natori and T. Ohmoto, Chant. Phurm. Bull. Tokp 14.97 (1966). 
*’ T. Ohmoto. K. Nishimoto, ht. Ito and S. Natori, Chcm. Phurm. Bull. Tokp 13,224 (1965). 
” 0. Kennard. L. Riva di Sanzenrino. H. Vorbrilggcn and C. Djerassi. Te&aIu&on Lrrrers No. 39, 

3433 (1965). 
” Infer alio J. A. Lambcrton and A. H. Redcliffe, Acrrrral. 1. Appl. Sci. 11,473 (1960) and earlier 

papers; R. T. Bakh, War cmd Farry By-Prodrrcts From Sugar Cunc Tcchnol. Rep. Ser. no 3. 
Sugar Research Foundation, New York (1947); D. E. Whyte and H. Hcngcvcld, J. Amer. Oil 
Chum. Sot. 27, 57 (19SO); N. Wicdcnhof, Ibid. 36, 297 (19119); D. R. Krcgcr, Rec. ntzo. Bar. 
Neerl. 41, 604 (1948); D. H. S. Horn and M. Matic. /. Sci. Ftf. A@. 8, 371 (19n); S. Rose and 
K. C. Gupto. Rot. Ann. Corm. Sugar Techtwk+s~s’ Assoc. India 29, 70 (l%l) in Chrm. Absfr. 
60,13423 (1964). 

*’ G. Ouke and K. Schreibcr. Terralurton 21,1559 (1965). 
” cf. H. Snatzkc. p. Lampcrt and R. Trheschc, Tefrahe&on 18, 1417 (1962). 
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W 
FIG. 1. Reproduction of the gas liquid chromatographic traces obtained on a O.S% 
Apicwn L column at 240” with: 
(a) the mixture of tritcrpenc methyl ethers from Cuban sugar cane wax, 
(b) tho mixture of tritcrpcne methyl ethers from Cuban sugar cane wax with added 
arundoin. 
The figures over the peaks are retention times relative to Srchokstam = IXJO. 

TARE t. &IAllW?. OAS LlQUlD CHROMATOCRAPHIC RETE?.-l’lON TIMFS Of 

COMPOhX3TS OP “SUBSTANCe W” FROM CULIAN SUGAR CASE WAX* 

O.S% Apiczon L. 1.5 % SE-30. 1.5% QF-I. 1.0% CDMS. 
Component Column Column Column Column 

Tcmp 240” Temp 240” Temp 225” Temp 240” 
---..--_ --_ -.- - -- 
Sa-ChokstatK 1.00 1.00 1.00 1.00 - 

(internal reference standard) (11-14 mins) (3-l mins) (21-21 mins) (2+3 mins) 
~_ _ ._ -_- .- - ---.- 

Peak I 2.71 2.43 2.74 3.65 
.- - _ -_ - .---. --.. -.__ - _--- 

Peak LI 4.08 - - _ - 
~-.--. _-- -- -- -_-..-- 

Peak III 4.30 3.21 3.50 5.47 

l The stationary phase was supported on Gas Chrom 2, lOtX120 mesh; column tcmps as shown; 
detector tcmp 248”; carrier gas argon, 60 ml/min. The relative retention times shown rep-t the 
mean of at least three determinations. 
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analogy in the similar lack of resolution reportedle*se for triterpene alcohols. 
Accordingly Substance W was subjected to GLC. 

Preliminary analytical studies employing 0.5 % Apiezon L as stationary phase and 
argon as carrier gas resolved Substance W into three components. Two of these 
components were indicated by prominent well resolved peaks (Peaks I and III, 
Fig. la) whilst the third component (Peak II, Fig. la) was indicated by a small, 
incompletely resolved peak on the low retention side of Peak III i.e. the main peak of 
higher retention time. However, analytical GLC employing 1.5% SE-30, 1.5% QF-1 
or 1.0% CDMS as stationary phases with argon as carrier gas revealed the presence 
of only two peaks. * Similarly only two peaks were apparent on GLC employing 
2.5 % SE-30 and 2 % XE-60 as stationary phases with nitrogen as carrier gas. 

Since the gas liquid chromatographic retention times of triterpenoids,“*s’ like those 
of steroids,B are conventionally determined relative to the retention time of 51- 
cholestane, further experiments were conducted with added Sacholestane as internal 
standard in order to obtain relative retention values for the components of substance 
W. The results, representing the average of several determinations, for the stationary 
phases 0.5% Apiezon L, 1.5% SE-U), 1.5% QF-1 and 1.0% CDMS on the support 
Gas Chrom Z of lo&l20 mesh are summa&d in Table 1. 

In order to facilitate the identification of these ethers, it became necessaq to 
determine the relative retention times of selected authentic triterpene methyl ethers, 
since, although there have been published several papers on the GLC of various 
triterpenoids,21~efU including tritcrpene trimethylsiIy1 cthers,21*p there would appear 
to have been little work reported on triterpene methyl ethers. Accordingly the 
retention times of nine triterpene methyl ethers (readily available from natural sources 
or from methylation of the parent alcohol by adaptation of the method of Morice 

l The use of both non-polar (Apiezon L Greene and silicone gum SE-30) and polar (fluorosiliconc 
polymer QF-1 and polyester CDMS) stationary phases was in an empirical search for the most 
&ckat resolution of the tritcrpcne methyl ethers. Eglinton rr 01.~ showed the versatility of Apkzon 
L in the GLC of compounds of MWs 25&500 with relatively high mps., whik the suitability of 
SE-30 and polyester phases for the GLC of steroids was shown by Horning cr of.*J Clayton- used 
a polyester column with steroid methyl ethers. The main factors inffucncing GLC retention times 
arc mol wt. polarity and conformational restriction .” In the present work, where mol wt is constant 
and conformations rigid, it was not possibk to predict which stationary phase would be the most 
sensitive to differmas in mokcular shape in combination with the small diffcrexzs in polarity 
attendant upon doubk bond position. The high tanpcraturcs narssary for GLC oftritcrpcne methyl 
ethers rukd out the use in the stationary phase of silver nitrate, which might otherwise have given a 
separation based on double bond environment. 

** T. Murakami. H. Itokawa. F. Uzuki and N. Sawada, Chm. Phone. Bulf. To&p 13,1346 (1965). 
n M. Shim& F. Uchimaru and G. Ohta, C&m. Phurm. Bulf. Tokp 12,74 (1964). 
*i N. Ikekawa, S. Natori, H. Itokawa, S. Tobinaga and M. Matsui, C&m. Phonn. Bull. Tokp 13, 

316 (1965). 
n N. Ikekawa, S. Natori. H. AFta. K.Iwataand M. Matsui, Chem. Phorm. Bull. Tokyo 13,320(1%5) 
n E.g. l R. B. Clayton. Bkxhcmisfry 1,357 (1962); ’ C. J. W. Brooks and L. Hanainch. Biuchcm. 1. 

87, 151 (1963); ’ B. A. Kni@s, J. GP( Chomafq. 2, 160 (1954); d E. C. Homing, W. J. A. 
VandcnHcuvcl and B. 0. Crcuh. in Me~hudr of Bb&mfeul hu/yrrC (Edited by D. Gbck) Vol. IK, 
p. 69. Interscknce, New York (1963); l W. J. A. VandenHcuvcl, C. C. Swuky and E. C. Homing, 
1. Amer. Cium. Sot. 82,348 I (1960) ; / E. 0. A. Ha&i. W. J. A. VandcnHeuvcl and E. C. Horning, 
J. Org. C/tern. 26.626 (1961). 

*’ Infer o/i0 l 0. Eglinton, R. J. Hamilton, R. Hod- and R. A. Kaphacl, Glum. & Imd. 95s (19S9); 
’ P. Capella, E. Fcdcli and M. Cirimck, Ibid. 1590 (1963). 
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and SimpsorP), relative to Srcholestane, were determined on the same four stationary 
phases as listed for the components of substance W in Table 1. The results are 
summarized in Table 2. 

Examination of Table 2 reveals that none of the four stationary phases employed 
gave any clear distinction between the five ethers (compounds I-V) derived from the 
oleanane or fried0 rearranged oleanane skeleton and indeed the virtually identical 
retention times of these five ethers were further substantiated when various mixtures 
of these compounds, taken two at a time, were subjected to GLC. Thus a single 
symmetrical peak, giving no indication of the presence of two components, was shown 
by mixtures of fi-amyrin methyl ether with taraxerol methyl ether, of B-amyrin methyl 
ether with germanicol methyl ether, of taraxerol methyl ether with germanicol methyl 
ether, and of &amyrin methyl ether with germanicol methyl ether on all four stationary 
phases. Of the four stationary phases employed, only Apiezon L gave any resolution 
of a mixture of bauerenol methyl ether and arundoin, and then resolution was only 
partial as apparent from Fig. 2. Cylindrin and a-amyrin methyl ether were clearly 
resolvable from all seven of the other triterpene methyl ethers on all columns except 
the QF-1 column where cylindrin could not be distinguished from bauerenol methyl 
ether or arundoin. 

That the lack of resolution of the methyl ethers of the oleanane group on GLC 
was not a result of backbone rearrangement of the different compounds, to give the 
same thermodynamically favoured compound as a common species, was demonstrated 
by employing preparative GLC of selected representatives, under comparable conditions 
and collecting eluted material. In this way, utilizing the diagnostic mass spectral 
cracking patterns of pentacyclic triterpenes, Odsn it was shown that taraxerol methyl 
ether and P-amyrin methyl ether emerged unchanged from 1.5% SE-30 and 1% 
Apiezon L columns at 240”. whilst employing infrared spectral characteristics it was 
shown that multiflorenol methyl ether emerged unchanged from a 1% Apiezon L 
column at 240”. 

In connection with the similar retention times of the five methyl ethers of the 
oleanane group, it is of interest that very close retention time values, relative to 
Srcholestane, have been reported*l for /l-amyrin (3.23) and taraxerol (3.14) on 1.3% 
SE-30 columns and for their trimethylsilyl ethers on 2% CNSi, I-S% QF-I and 1% 
NGS columns-the values for these trimethylsilyl ethers being 3.34 and 3.15; 3.12 
and 3.12; and 3.42 and 3.33 respectively. The spread of retention time values, relative 
to Sacholestane. on the SE-30 columns as given in Table 2 viz., 244-3.43 is somewhat 
lower than the range of 3-6 previously reported *i for monosubstituted pentacyclic 
triterpenes on SE-30 columns where the substituents are hydroxyl, carbonyl, acetoxyl, 
methoxycarbonyl etc., but this would be in accord with the relatively non-polar nature 
of the methoxyl group. 

Calculation of “group rctcntion factors” as has been done in the steroid field=*= 
is not feasible for the triterpene methyl ethers listed in Table 2, on account of the 
differences in carbon skeleton which accompany the differences in double bond 
position. Indeed, within the nine triterpene methyl ethers studied, seven different 

a* I. M. Moricc and J. C. E. Simpson, J. Chem. Sot. 198, (1942). 
:* C. Djcrassi, H. Budzikiewicr and J. M. Wilson, TefruhedIon Lerfers. No. 7. 263 (1962). 
*’ H. Budzikicwicz. J. M. Wilson and C. Djcrassi. 1. Amer. Chem. Sot. 85.3688 (1%3). 
tr R. B. Clayton, Nafurc, bnd. 190, 1071 (1961); 192, 524 (1961). 
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TABLE 2. RfLAllvx OA.? LIQUID cHRoLuTDGRAPwc REllxIloN TiME3 01 
A-C TRrrERPENe METHYL ?nHERs* 

05 % Apkzon L. 1-S % SE-30. 1.5 % QF-1. 1.O%CDMS. 
Column cohnnn Cohnml Column 

Compound Temp 240 Temp 240” Tcmp 225” Tcmp 240” 
.- --_ 

Sa-Chokstanc 1.00 1.00 1.00 l-00 
(internal reference standard) (1 l-14 minsl (34 mins) (21-21 mins) (2)-3 mins) 

-- _. _-. .- --. -. -- 
Gcrmanicol Methyl Ether 

(Miliacin) I 2.83 2.54 2.16 3.19 
__. _ __... - _-. -. -.- - - 
&Amyrin Methyl Ether 

(Bomiliacin) 11 2.80 244 2.18 3.79 
-.. 
,!?-Amyrin Methyl Ether-. 

.- ._- _-. -. .- .--- - 

(Isosawamillctin) III 2.79 2.45 2.89 3.77 
- 

_ 
.- --._.-- - - _-_____._ 

Taraxerol Methyl Ether 
(Sawamillctin) IV 2.74 2.45 275 3.67 

Multiflorenol l&thy1 Ether 
__- - -. .-.-. .-- 

V 2.74 246 2.83 3.77 
--- - .-.___ 

a-Amyrin Methyl Ether VI 3.20 2.73 3.17 4.25 

-- _. ..- .-. - 
- - Raucrenol Methyl Elher VII 4.11 3.24 3.42 5.59 

. . .--. .--- -_- - ______ 
Feroeool Methyl Ether 

(Arundoin) VIII 4.31 3.20 352 5.50 
__ -_.-. --. - - - - __-- -.- ___.__ 
Isoarborinol Methyl Ether 

(Cylindrin) IX 4.95 3.43 3.47 6.25 

l The stationary phase was supported on Gas Chrom Z, lOG120 mesh; ~~hnno tcmpa as shown; 
detector temp 248’; carrier gas argon, 60 ml/min. The relative retention times shown represent the 
mean of at least three determinations. 

-_ 1 

FIG. 2. Reproduction of the gas liquid chromatographic tract obtained with a mixture 
of taraxerol methyl ether. a-amyrin methyl ether, baucrenol methyl ether and arundoin 
on a 05% Apiezon L column at 240” showing the incompkte separation of bauerenol 
methyl ether and arundoin. The figures over the peaks arc retention times relative to 

Srchokstanc = 1.00. 
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nuclear systems are represented. Thus, three of the compounds (the methyl ethers of 
germanicol, I, &amyrin, II and 8_amyrin, III) possess an unrearranged oleanane 
skeleton, one (the methyl ether of taraxerol, IV) is a derivative of D-fiiedooleanane,aa 
one (the methyl ether of multiflorenol, V) is a derivative of D:C-friedooleanane, one 
(the methyl ether of a-amyrin, VI) is a derivative of ursane, one (the methyl ether of 
bauerenol, VII) is a derivative of D: C-friedarsane, one (arundoin, VIII) is a derivative 
of E:C-fiiedoisohopane, and one (cylindrin, IX) is an E:C-/rie& derivative of the as 
yet unnamed parent skeleton from which arborinol can be presumed to arise in 
Nature.ra*lb Nevertheless it is of interest that the ratio of the relative rctcntion times 
of @-amyrin methyl ether and multiflorenol methyl ether of the oleanane series is not 
the same as the ratio of the relative retention times of the corresponding ursane 
analogues, a-amyrin methyl ether and bauerenol methyl ether, on any of the stationary 
phases. 

Comparison of the data in Table 1 with the data in Table 2 immediately suggests 
that substance W from Cuban sugar cane wax could contain arundoin (Peak III), 
bauerenol methyl ether (Peak II) and one or more triterpene methyl ethers belonging 
to the oleanane group (Peak I). Indeed, addition of authentic arundoin to substance W 
intensified Peak III on all stationary phases, addition of bauerenol methyl ether 
intensified Peak II on the Apiezon L column and addition of taraxerol methyl ether, 
/3-amyrin methyl ether or multiflorenol methyl ether intensified Peak I on all columns. 

Preparative GLC of substance W, although not permitting the isolation of the 
material responsible for Peak II of the analytical Apiezon L column on account of its 
very low abundance in the mixture, was successful in permitting the isolation of the 
material corresponding to Peak III and of the material corresponding to Peak I. 
These fractions were then analysed by means of mass spectrometry. 

Employing a direct inlet system the material corresponding to Peak III gave a mass 
spectrum identical with that of authentic anmdoin obtained with a direct inlet system 
(Fig. 3b), whilst the samples showed identity of IR spectra in KC1 disc and absence 
of any mixed melting point depression-thus confirming arundoin to be the component 
of substance W responsible for Peak III on the gas liquid chromatographic traces. 
The mass spectrum of the material corresponding to Peak I was strictly comparable 
to that of authentic taraxerol methyl ether (sawamilletin) (Fig. 3c), whilst direct 
comparison of the samples showed identity of IR spectra in KC1 disc and absence of 
any mixed m.p. depression-thus confirming taraxerol methyl ether as a component 
of substance W. These results suggest, moreover, that if any other tritcrpene methyl 
ethers of the oleanane group are co-occuring with taraxerol methyl ether in Cuban 
sugar cane wax, then they must be present in very small amounts. Certainly the 
absence in the mass spectrum of the material corresponding to Peak I of any ion of 
mfe 234 (the cxpectedn base peak in the mass spectrum of multiflorenol methyl ether) 
would indicate the absence of this compound. Similarly the observed identical relative 
abundances of the ions m/e 203,204,205 and 218 in the mass spectra of the material 
corresponding to Peak I and of authentic taraxerol methyl ether would rule out the 
presence of any appreciable quantities of gcrmanicol methyl ether (prominent peaks at 
m/e 203,204,20jae), &-amyrin methyl ether (base peak m/e 2057 or /I-amyrin methyl 
ether (base peak m/e 2189, although the possibility that one or more of these com- 
pounds is present in trace amounts can not be ruled out. 

n Rie& nomenclature of S. Allard and 0. Ourisson, Tetrahdon 1,277 (1957). 
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ThUS 

loo 
(b) 

lo 

Fw. 3. Line diagrams of the mass spectra of triterpcnc methyl cthcn. 
(a) Arundoin using heated inlet system. 
(b) Arundoin using direct inlet system. 
(c) Twrol methyl ether using direct inlet system. 
(d) Ftawrcnol methyl ether using direct inlet system. 

arundoin and sawamilletin (taraxerol methyl ether) have been conclusively 
identified as constituents of Cuban sugar cane wax and bauerenol methyl ether is 
probably a third minor constituent. The co-occurence of &sitosterol,l’ stigmasterol,r7 
campesterol, r7 24methylene-lophenol ,I7 24cthylidene-lopheno1,” sawamilletin and 
arundoin in Saccharum ofktwnun L. is of biogenetic interest, since it would not be 
inconsistent with the hypothesis that three distinct modes of cyc1izatior.P of all trans 
squalene could be occurring side by side viz. chair, boat, chair, boat conformational 
w cf. L. Ruzicka. Proc. Ckm. Sot. 341 (19S9); T. G. Halsall and R. T. Aplin, Forrschrirrr dcr Chemfe 

Orgunischer ~urrrrsrofi (Edited by L. Zxhmcistcr) Vol. 22, pp. 153-202. Springer-Vcrlag. New 
York (1964). 



1292 T. A. BRYCE CI al. 

TABU 3. MAJUOR PWKS IN THE MASS SPECTRA OF TRrfF.RPENE METHYL ETIfT.RS 

Compound 

Anmdoin (VIII) 
(Heated inlet system) 
cf. Fig. 3a. 

_. 

Arundoin (VIII) 
(Dirazt inlet system) 
cf. Fig. 3b. 

- _. 

Taraxerol methyl ether (IV) 
(Direct inlet system) 
cf. Fig. 3c. 

- -.__ -. 

Baucrcnol methyl ether (VII) 
(Direct inlet system) 
cf. Fig. 3d 

B_Amyrin methyl ether (III) 
(IXrcct inlet system) 

Observed mass spectral 
peaks (Relative ion 

Predicted l abundances given as “; 

Mass of Base Peak =- 100) 
-.. ..~_ 

spectral Sews A SerkSB 
peaks corresponding arising by 

to predicted loss of 
ions methanol 

- __.. 
I?& we m/e 

440 (Parent) 440 (IS%) 408 (16%) 
425 01) 42.5 (60%) 393 (100%) 

365 (14%) 332 (4%) 
355 (I) 355 (I %) 323 (3 %) 
287 (m) 287 (8 %) 255 (31%) 
273 (b) 273 (58 ‘%) 241 (76 ::) 
261 (I) 261 (So:, 229 (14%) 

_ _ ..-. ._. 
m,!c mle m;e 

440 (Parent) 440 (48 %) 
425 (h) 425 (100%) 393 (SO%) 
355 (I) 355 (1%) 323 (4 %) 
287 (m) 287 (10%) 2S5 (26%) 
273 (b) 273 (100”‘) 241 (8OY) 0 
261 (I) 261 (9%;’ 229 (19%) 

_-... - 
mje mjc mle 
440 (Parent) 440 (147.) 
425 (I) 425 (8%) 393 (6%) 
316 (m) 316 (33%) 284 (lS%) 
301 (m) 301 (29%) 269 (20%) 
218 (m) 218 (28%) 
204 (b) 204 (100%) 
189 (m) 189 (26%) 

Mctastabk peaks for 
loss of methanol from 

ion of series A IO 
corresponding ion of 

KrksR 
_.. .- 

-.-. .-.. - _ .---- 
m/e mle 

440 (Parent) 
425 (m) 
287 (I) 
273 (I) 
261 (b) 
234 (I) 
205 (m) 

__ 
mje 

440 (Parent) 
425 (I) 
222 (1) 
221 (I) 
218 (b) 
20s (I) 
203 (m) 
I89 (m) 
133 (I) 

mle 
440 (46 P,) 
425 (32 %) 
287 (6%) 
273 (20%) 
261 (100%) 
234 (8 %) 
20s (24 “/.) 

._ 
m/e 
440(7%) 
425 (2 %) 
222 (3 %) 
221 (7%) 
218 (100%) 
205 (3 %) 
203 (36%) 
189 (14%) 
I33 (10%) 

393 (21%) 363.4 363.4 
255 (10%) 226.6 226.6 
241 (18%) 212.8 212.8 
229 (77%) 201.0 200.9 
202 (8 %) 3 174.4 

m;r 

-(I%) 
393 (I %) 
190 (15%) 
I89 

378.5 378.3 
363.4 363.4 
162.6 162.6 
161.6 161.6 

378.3 378.3 
363.4 363.4 

? 303.8 
294.0 293.9 
226.5 226.6 
212.8 212.8 
201.0 200.9 

._ - -. ._ .- _. 

363.4 363.4 
2944 293.9 
226.5 226.6 
2128 212.8 
2001.0 200.9 

.- _-. - 

363.4 363.4 
255.2 2.55.2 
240.4 240.4 

-- 

observed Calculated 
-- 

- -. - -. .- 
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T~uue 3 (Conrd.) 
-. -. _ -. ._ _- ,-. - -.. -_ _-_ - 

mle mte mle 
440 (Parent) 440 (4%) 408(1X) 378.5 
425 (I) 425 (1%) 393 363.4 

222 (I) 222(5%) 190 (10%) 162.6 

221 (I) 221 (11%) 189 161.6 
218 (b) 218 (100%) 
205 (I) 205 (2 %) 
203 (m) 203 (14%) 
189 (m) 189 (14%) 
133 (2) 133 (8%) 

- ..- . -_. ..-. ---. - 
m/c mte mlc 
440 (Parent) 440 (70%) 
425 (h) 425 (lOO”%, 393 (61%) 363.4 
355 (I) 355 (9%) 323 (13%) 294.0 
287 (m) 287 (16%) 255 (30%) 226.6 

273 01) 273 (87%) 241 (52%) 212.8 
261 (I) 261 (10%) 22P (22%) 201.0 

l G&Uteri from fragmentation patterns established by Budzikicwicz cr A*’ 
I = low intensity 

m -7 medium intensity 
h - high intensity 
b-basepeak 

-. -_ _ 

a-Amy& methyl ether (VI) 
(Direct inlet system) 

Cylindrin (IX) 
(Direct inlet system) 

378.3 
3634 
162.6 
161.6 

363.4 
293.9 
226.6 
212.8 
200.9 

The abundances quoted for the ions arising by IDSS of methanol arc not corrected for contributions 
from fragments of the same mass arising from other modes of breakdown. 

sequence for the sterols, chair, chair, chair boat conformational sequence for sawa- 
milletin and chair, chair, chair, chair, boat conformational sequence for arundoin. 
An analogous situation has been reported for Fiew ~acrop~ylf~ Desf.sl where the 
same three cyciizations of all rruns squalene would account for the presence of 
cycloartcnol, lupeol and butyrospermol, and morctenol respectively. 

The mass spectra of the triterpenc methyl ethers as determined in the present work 
were in excellent agreement with the cracking pattern to be predicted from the work of 
Djerassi et aLm*” except for the presence in relatively high abundance of an additional 
series of ions (series B) of mass 32 units less than the ions containing the methoxyl 
group of the predicted series (series A). That this extra series of ions is related to the 
predicted”*n methoxyl-bearing ions by a one-stage loss of methanol is confirmed by 
the appearance of the appropriate metastable ions in the spectra. The predicted ions, 
the observed ions and the observed metastable ions pertinent to this loss of methanol 
are shown in Table 3. 

Although not the most favoured route of mass spectral fragmentation, similar loss 
of methanol also occurs as a minor route of fragmentation with simple methyl ethers 
as apparent from the tabulated data of Mclafferty .= Thus, in addition to providing 
further illustration that the fragmentation of the triterpene nucleus is a more favoured 
process than fragmentation about a functional group, as is seen with the tritcrpene 
aIcohoWn where the characteristic cleavage of simple aliphatic alcohols at the 

** M. N. Galbraith, C. J. Miiicr, J. W. L. Rawson. E. Bitchic, J. S. Shannon and W. C. Taylor, 
Ausrral. J. Chem. 18,226 (1965). 

” F. W. McIAferty, Anuly~. Chem. 79, 1782 (1957). 
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C-COH boadaa is subordinate to the nuclear fragmentations, the triterpene methyl 
ethers provide an example of a usually less important fragmentation process gaining 
prominence. 

It is of considerable interest that when the mass spectrum of arundoin was 
determined using a heated inlet system (Fig. 3a), in place of the direct inlet system 
routinely employed, loss of methanol became more pronounced. Thus a prominent 
peak becomes apparent at m/e 408 (parent minus 32) with an observed metastable ion 
at 378.3 (calculated for m/e 440 + 408, 378.3) whilst the ions at m/e 393, m/e 255 and 
m/e 241 become more abundant than the ions from which they are derived through 
loss of methanol. Also of interest is the appearance of an ion m/e 365 in the mass 
spectrum of arundoin when the heated inlet system is employed. That this peak is 
derived by loss of the isopropyl side chain from ring E of arundoin in the ion m/e 408 
is apparent from the existence of a metastable ion at 326.5 (talc. 326.5). The absence 
of this peak in the mass spectrum of arundoin determined using a direct inlet system, 
together with the lack of resolution of the isopropyl group methyl proton absorptions 
in the NMR spectrum of arundoin using a 40 megacycle instrument were factors which 
contributed to the earlier wrong assignment of structure to arundoin,a since it is well 
established that loss of side chain is one of the characteristic fragmentations undergone 
by steroids and triterpenes in the mass spectrometer.U.M 

An interesting facet of the NMR spectra of the triterpene methyl ethers which were 
determined in the course of the present work is the high field at which the signal from 
the3aproton occurs. In the original interpretation’ of the NMR spectrum of arundoin, 
the absorption at 6.62 T was concluded to have an intensity of 4 protons, but careful 
re-examination of the NMR spectrum of arundoin in conjunction with a study of the 
NMR spectra of the methyl ethers of r-amyrin, p-amyrin, bauerenol and multiflorenol 
shows that the absorption at ca. 660 T is of intensity 3 protons and so attributable 
to the O-CH, group, whilst a low diffuse absorption, intensity one proton, centred 

near 7.4 7 and ca. 30 c/s broad must arise from the O-CH< proton. This high field 

absorption by the 3a proton, which has also been observeti‘in the NMR spectra of 
arundoin and cylindrin by Dr. S. Natori to whom we are indebted for this information, 
is to be compared with the diffuse low intensity absorption of the 31 proton at 6.8 7 

in a-amyrin and /?-amyrin and at ca. 5.6 7 in 3&acetoxy triterpeneqsb and must be 
attributed to a high degree of shielding by the methoxyl group. 

EXPERIMENTAL 

All [z&,‘s were measured at 20’ using a Bellingham Stanley Pep01 60 instrument. The mass spectra: 
A.M. MS.9 doublafocusing mass spectrometer using a direct inkt system. cxapt in the case of 
arundoin where the mass spectrum was determined both with the direct inkt system and with a heated 
inkt system. The energy of ionizing ckctrons was 70 V, the ionizing current was 100 PA and the 
source tcmp was 150”. GLC: A standard Pye Panchromatograph, giving preheating of the argon car- 
rier gas and fitted with standard glaJs tubes, containing the column packing, of S feet in length and 
internal diameter ca. *inch. The detector was the standard Lovclock argon ionization type. fitted 
with a YIr souroc and the current from the detector was fed into a Honeywell Brown (Newhouse, 
Lana&shire. Scotland) pen recorder with sensitivity cl0 mV. 

” R. A. Fricdcl and A. G. Sharkcy, Anolyr. Chrm. 28,940 (1956). 
” R. I. Reed and P. de Mayo. Chm. & fnd. 1481 (1956). 
u H. Budzikiewiu and C. Djcrassi, J. Amer. Chum. Sot. 84.1430 (1962). 
” M. Sharma, R. E. Glick and R. 0. .Mumma, J. Org. Chm. 27.4512 (1962). 
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Direct inpaions (O-243 pl. of a chf sola of the camps under investigation) were made on to the 
column tbrwgh a siliconerubber ‘blind hole’ stopper with a 1 pl. syrinp (Hamilton Co. Inc. Whinier, 
Calif., U.S.&). Standard conditions wcrc as follows: column tanp, 240 f lo; detaaor temp. 
248 f 1” cx,apt in the cast of the QF-1 cohmms whcrc it was 225 f lo; argon flow rate, 60 mllmin 
al outlet (inkt prcssurc 10-12 lb/in*); nominal dctcctor voltage, 1000 V; sensitivity setting, 1 x lO_’ 

amp* 
The instrument cmploycd in the preparative gas liquid chromatographic work was an Aerograph- 

A.!?O.P, (Wilkens Imtnuntnl and Rcscarch Inc.. Walnut Creek. California) using He as the carrkr 
gas and fitted with standard Cu-tubes, containing tha cdurnn packing, of 10 fat in length and 
internal diameter ca. 4 inch. The dctcctor was of the tbcrmal conductivity type and the mt from 
the dctaztor m fed into a Kent Mark 3 rccordcr with sensitivity O-10 mV. 

Direct injections (15 to 20 ~1.) of a chf soh~ of the compds under investigation wtre made On 10 
the column through a siliconarubbcr ‘blind hok’ stopper with a SO ~1. sringe (Hamilton Co. Inc., 
Whittkr. California, U.S.A.). Standard conditions wcrc as follows: column tcmp, 280 f 1”; 
detector tcmp, 315 f 1”. Ife gas flow rate, lOOml/min. at outlet. filament current 195 milliamps, 
attenuation 32. 

Prcpurdon of cofumns. Column packings for the Pye Panchromatograph wcrc pmparcd on the 
silanc-trcatcd support, Gas-Chrom Z (Applied Sckncz Laboratories Inc., State College. Pennsylvania. 
U.S.A.) of 100-120 mesh. TbE coating with stationary phase was achkvcd by weighing out the 
rquircd quantity of the d&cd stationary phase, viz. Apiczon L grcasc (Edwards High Vacuum Ltd.. 
Manor Royal. Crawky, Sussex, U.K.); silicone polymer, SE-30, (Gcncral Electric Co., Schcncctady, 
N.Y., U.S.A.); fluorosiliconc polymer, QF-1 (Ef126S) (Wilkins Ins trumcnt and Research Inc., 
Walnut Creek, California, U.S.A.); or cyclohcxanc dimcthanol succioatc, CDMS (Applied Sciena 
Laboratories Inc., State College, Pennsylvania, U.S.A.), dissolving in AnalaR chf and adding the 
support to the soln so obtained. The chf was then rcmovcd by distillation in COCUD at 100” with the 
minimum of agitation and the coatcd supporting phase further dried for 1 hour in oucuo at 100”. 
Column packings so prcparcd contained 05% (w/v) Apiczon L, 1.5% (w/v) SE-U), 1.5% (w/v) QF-1 
and 1 .O % (w/v) CDMS. 

The glass tubes wcrc then tilkd with the rcquircd column packing with rcpcatcd gentle tapping. 
Before any freshly packed column was used for chromatography it was stabilii by heating at 250” 
for 24 hr in a slow stream of argon. 

Column packings for the Acrograph-A.9O.P. were prcparcd on the silanc-treated support Gas- 
Chrom Z (Applied Scicnoe Laboratories Inc., State Co@, Pennsylvania, U.S.A.) of 100-120 mesh. 
The coating of the stationary phase was echkvcd by suspending the support in 100 ml of 3 % SE-30 
in tolucnc and applying a gcntk vacuum to rcrnovc occluded air. After 15-20 min the suspension 
was poured into a Buchncr funnel with gcntk suction-the vacuum being rckascd as soon as filtrate 
ozascd to flow. The moist support was transfcrrcd to a filter paper, and after air-drying it was dried 
in an oven at 80” for 6 hr. 

The Cu-column used for the packing waz? trcatcd with d.ichlorodimcthylsilane in tolucnc. and then 
washed well with tolucm and MeOH and dried bcforc use. The column was packed by gradual 
addition of the coated support and rcpeatcd tapping. Columns thus prcparcd wcrc coiled and 
stabilized before w, by heating at 300” for 24 hr in a slow stream of argon. 

Deferminarion of rerenrion &to. Masuranc nts of rctcntion times on the Pyc Panchromatograph 
were made between the first displaccmcnt of the recorder pen after the inpction and the point 
corresponding to the peak of the rcsponsc to the compound conoemcd. The rccordcd ruponsc to 
the injection was obscrvcd 2&U see after the moment of injection and coincided with the return of 
the outlet flow rate from an ckvatcd lcvcl (due to the press wave from the evaporation of chf) to 
60 ml/min. Sz-Cholcstanc was included in most solutions used to mcasurc rctcntion times and these 
wcrc cxprcsscd as ratios rclativc to Saxhokstane, but in a number of experiments arundoin was 
cmploycd BJ a secondary rcfcrcnco standard. Good agrccmcnt bctwcen the rclativc retention times 
dctcrmincd with each standard was obtained. within the limits fO+OS for the Apicmn L cohunns 
5007 for the SE-30 cohunns. &O.lO for the QF-I columns and 50.15 for the CDMS columns. 

The cflkicncics of all columns, cxccpt the Apkzon L c&mn which gave thcorctical plate value 
of over 2,200 for all compounds studied. wcrc poor and it is to be conch&d that 95-30, QF-1 and 
CDMS supported on Gas Chrom Z arc not suitable stationary phases for the gas liquid chromatog- 
raphy of tritcrpenc methyl cthcrs. 
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Trircrpene nvrhyl crhcrs. The cylindrin employed in the gas liquid chromatographic studies was 
kindly provided by Dr. S. Natori, National Institute of Hygcnic Scknccs, Tokyo, Japan, to whom 
the present authors wish to cxprcss their appreciation. They also wish to cordially thank Dr. S. Abe, 
Yamazaki Works, Japan for gifts of miliacin. isomiliacin. sawamilletin and isosawamilktin, and 
Dr. C. J. W. Brooks of the University of Glasgow for a gift of taraxcrol. 

The methyl ethers of multiflorrnol and bauercnol wcrc prepared from multiflonnol and baucrcnol 
(isolated from the bark of Gc&niwn mufriporum A. Juss by the proadurc of Scngupta and Khastgiry’ 
by the same proazdure as was used in the preparation of the methyl ethers of taraxcrol, b-amyrin 
and z-amyrin, through adaptation of the method of Moricc and Simpson.- 

Triterpcnc alcohol (400 mg) and potassium sand (400 mg) were stirred in dry benzene (5 ml) at 
room tcmp under N for 3 hr. Me1 (1 ml) in dry benzene (2 ml) was added every 2 hr with refluxing 
for 12 hr. McOH was added to decompose unrcacted K, water added and the benzene layer separated 
and washed with water. The solid residue obtained from the organic layer, on removal c&the solvent 
was sub&ted to IR spbaral analysis in CCl, soln, to ensure the absence of OH absorption, and then 
crystallized from A&Et to constant m.p. 

In this way were prepared in ca. YO”,/, yield: 
MuQZxed methyl ether, m.p. IYO-lY3”, [I]= = .’ 32 (c n 1.9 in chf), E 4,300 at 205 m/c. 

(Found: C. 84.4; H, 11.4. C,,H,,O requires: C. 84.5; H, 11.9x.) 
Bawrenol methyl ether, m.p. 212-215”. [aIn - -32 (c = 1.2 in chf). E 4,100 at 205 mp. (Found: 

C, 84.6; H. 11.9. C1,HI,O rquircs: C, 84.5; H, 11.9x.) 
Methyl ether of z-amyrin, m.p. 221-223’. [I&, y +92 (c = 2-O in chf). L~I.,~ m.p. 221-222”. 

[QID = -i-93 (in chf). Methyl ether of H-amyrin. m.p. 247-248’. (z)D = i98 (c = 24 in chf). 
Lit a*_ m.p. 247~248”, [r)n = _’ 98 (in chf). Taraxcrol methyl ether. m.p. 276278”. Lit.,‘*’ m.p 
278”. 

Isolation of arundoin und sawamilktin from Cuban sl(par cane wax 

Substance W (4.68 g), isolated as previously described” by silica gel chromatography (4 columns) 
of the “unsaponifiablc Fraction LI” (92 g) obtained from the oily portion of Cuban sugar cane leaf 
wax (700 g>, was dissolved in light petroleum (b.p. 70-80”; 100 ml) and rcchromatographcd over 
silica gel (VEB Laborchcmk Apolda; 1 kg). Elution with light petroleum (hp. 70-80”~bcnzene in 
the ratios 7: 3 (I I) and 1: l(3.1 I) gave 205 fractions of 20 ml. Fractions 110-205 contained Substance 
W (3.4 g. over-all yield 2-3 % of the total unsaponifiabk material), a sample of which (300 mg) was 
crystallid from bcnttnc.McOH: m.p. 19&210”, [a): 7’ -;7.9 (c = 1.3 in chf). 

The so-obtained substana W (40 mg) was dissolved in chf (0.2 ml) and the soln automatically 
injaztcd. 15 to 20 141. at a time, onto a 3 ‘/, SE-30 column in the Aerograph-A9O.P. instrument. The 
fractions corresponding to the two well resolved peaks on !he traoc were collected as they cluted from 
the column in capillary glass tubes. After 8 cycles, were obtained Fraction A, corresponding IO 

Peak I in Fig. la, (IO mg) and Fraction B, corresponding to Peaks II and III in Fig. la, (12 mg). 
Fraction A had m.p. 276-278” which was undepresscd on admixture with authentic taraxcrol 

methyl ether. Further idcntit?cation of Fraction A as taraxerol methyl ether was achieved through 
comparison of IR and mass spectra. 

Fraction B had m.p. 235-236” which was undeprcsscd on admixture with authentic arundoin. 
The small amounts of the material corresponding to Peak II of Fig. 1 which were present had no 
perccptiblc influence on either the mass spectrum or the IR spectrum of Fraction B. which were 
identical with those of authentic arundoin. 

I7 P. Sengupta and H. N. Khastgir. T~rrolvdron 19, 123 (1963). 


