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Fatty aczuk Mixture from acldlc part of the petrol extract; elutlon with C6H6 (Slhca 
gel), and crystalhzatlon (Me,0 + MeOH) (m p , IR, methyl esters, GLC analysis) 
behemc acid (C,,), hgnocerlc acid (C,,), cerotlc acid (C,,), montamc acid (C,,). 

Oleanokc aczd (m p , [a]*, IR, NMR, and m/e 456 (M+), one COOH gp. and one 
ethylemc linkage). Acetate, methyl ester, methyl ester-acetate, lactone and ketone (m p 
and IR) From acidic part of the petrol extract after chromatography (S&a gel), elutlon 
with benzene-Et,0 (4 I), and crystalhzatlon (MeOH) 

Oleanohc acid G oleanomc acid (Found * C, 79 45 %, H, 10 60, (&H,,03 

required C, 79.29, H, 10 I4 “/o> 
Otherproducts Two trlterpemc ketones (M+, m/e 456 and 454), and an acid (M+456) - 

(m p , [a&,, IR, UV and NMR) From petrol, CsHs and MeOH extracts, chromatography 
and crystalhzatlon Belong to oleanohc acid senes and are under mvestlgatlon The acid 
appears to be 3-epl-oleanohc acid Ash of the plant material also has been analysed 
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Rastoa, C D R I , Lucknow, respectively for IR and mass spectra of tnterpemc acids, GLC analysis, and 
for micro and spectral analyses of the products 
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St LOUIS, Mlssoun 63104, U S A 

(Recezved 4 May 1971, m revlsedform 15 June 1971) 

Abstract-By means of column chromatography, TLC, GLC and GLC-mass spectrometry, the followmg 
sterols and tnterpenes were found m free form m the pitcher plant, (Nepenthes albomargmata) cholesterol, 
campesterol, stlgmasterol, sltosterol, lsofuctosterol, &amyrm and a-amyrm No 4a-methyl sterols were 
found m the free form The followmg sterols and tnterpenes were ldentdied m the ester&d form choles- 
terol, campesterol, stlgmasterol, sltosterol, Isofucosterol, obtuslfohol, cycloeucalenol, c8trostadleno1, 
cycloartenol and 24-methylenecycloartanol Sltosterol was the maJor 4desmethyl sterol m both the free 
and ester&d fractions Previous exammatlon of a glycosgde fraction of N sangumea yleldecl sltosterol as 
the maJor component 

INTRODUCTION 

OF THE various known carmvorous plants, those of the genus Nepenthes (Nepenthaceae) 
are the most promment. To the best of our knowledge the nonsaponifiable constituents of 

* Part II of the series, Part I of this senes IS Ref 1 “Nonsapomfiable constituents of MalaysIan Plants”. 
Requests for reprmts should be addressed to. Dr H J Ntcholas, Institute of Me&al Education and 
Research, 1605 S 14th St St LOUIS, Mlssoun 63104, US A 
’ A S WAN, R T AEXEL and H J NICHOLAS, Phytochem lo,2267 (1971) 
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this genus have not been exammed. In a continuation of our studies on sterol and tnterpene 
esters in plants, with the objective of determining the function of these compounds in plant 
tlssue,2*3 the sterol and trrterpene constituents and the esters of two species of Nepenthes 
have been mvestlgated. One species was identified as N sangumea, and the other as N. 
albomargmata. 

Exammatlon of N sangumea 
RESULTS 

The nonsapomfiable fraction from N. sungumea was of sufficient quantity to subject the 
material to column chromatography on alumma and to attempt identification of the major 
constituents by m p , optical rotation, etc The material eluted with petrol was a deep red, 
mobile oil It appeared very complex by TLC and could not be fractronated further. The 
sterol fractions indicated the likelihood of the usual sltosterol-campesterol-stlgmasterol 
mixture, but no well defined compound was obtamed. However, from the highly polar 
fractron eluted with ethanol, a mixed glycoslde of atosterol+ampesterol-stigmasterol was 
obtained, identified by m.p and hydrolysis to its constituents, which were verified by GLC 
Extensive analysis by GLC or GLC-mass spectrometry was not available when this material 
was examined. 

Exammatlon of N. albomargmata 
The ethanol extract (70 g), of N. albomargmata, a black, vrscous gum with a pungent 

odor, was chromatographed on alumma. Elutlon wrth petrol yielded a whrte crystalline 
hydrocarbon fraction. The first few benzene fractrons yrelded the ester fractron (661 mg). 
Fractions were subsequently eluted with benzene, dlethyl ether (gradually mcreasmg the 
percentage of drethyl ether m benzene), and finally ethanol. All fracbons were momtored by 
TLC. Throughout the text TLC solvent systems will be designated as those found m Table 1. 
Fractions were combined accordmg to their content as, 4-desmethyl- (653 mg), 4u-methyl- 
and 4,4_dlmethyl sterols (326 mg) Further purrficatlon of each region was accomplished by 
preparative TLC 4 

TABLE 1 TLC SOLVENT SYSTEM 

TLC 
Desgnatlon Solvent 

Ratlo 
(vol) 4&s- 

methyl 
sterol 

R, 

4a- 
methyl 
sterd 

4,4 dl- - 
methyl 
sterol 

AMlyt1cal 

Preparative 

Trunethyl pcntaneethyl 
acetate-a&w acid 
Ethyl ether-benzene (3) 
Ethyl acetate-hexane (1) 

60 30 06 047 0 55 0 65 

12 88 044 0 54 064 
13 

z F F Knapp and H. J. NICHOLAS, Z’hytochetn 8,209l (1969). 
3 F F Knapp and H. J Nicholas, Phytochem lo,85 (1971) 
4 R. RAHMAN, K SHARPLESS, T A SPENCER and R B CLAYTON, J Bwl Gem 245,2667 (1970) 
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(b) 

m/e 
41, 

m/e 
FIG 1 MASS SPECTRA OBTAINED BY GLC-MS ANALYSIS OF ISOLATED PRODUCTS FROM PITCHER 

PLANT 
(a) cholesterol, (b) lsofucosterol , (c) obtuslfohol , and (d) cltrostadlenol 
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IdentiJcatron of CDesmethyl Sterols 

Free GLC of the Cdesmethyl regton yrelded 5 major peaks. Peak 1 (1 per cent) had the 
same retentron time (RT) as cholesterol. Combmed GLC-MS of this substance (Frg. la) 
yrelded a spectrum Identical to a spectrum obtained for cholesterol under the same condl- 
trons and was similar to that obtained by other mvesttgators.5 The second (8 per cent), 
third (24 per cent), and fourth (52 per cent) peaks had the same RT on GLC as campesterol, 
sttgmasterol and sltosterol respecttvely. GLC-MS of these compounds produced spectra 
rdenttcal to spectra obtained from authentic compounds and to previously pubhshed 
spectra 5,6 The fifth peak after conversron to an acetate had the same RT on GLC (3 y0 
OV-17) as standard rsofucosterol acetate (A5-avenasterol acetate). GLC-MS of this com- 
pound, as the free compound (Fig. lb) was identical to the spectrum obtamed by other 
mvesttgators.’ The fragment at m/e 314 IS mdlcatlve of sterols havmg a A24(28) double 
bond.s 

Esterzjied The ester fraction yielded a Cdesmethyl sterol fraction whose content was 
identrcal to that of the free sterols. The dlstrrbutlon was as follows : cholesterol lx, campes- 
terol 8 %, stlgmasterol 8 %, sltosterol67 %, and rsofucosterol 16 %. 

Identlficatlon of 4a-Methyl Sterols 

Free A careful analysts by GLC revealed that there were no major rdenttfiable trrter- 
penes m the 4a-methyl sterol regron. 

Esterzjied GLC analysis of the b-methyl region of the estenfied sterols revealed three 
major peaks The first peak (45 per cent) had the same RT on GLC as obtusrfoliol. GLC- 
MS of this compound (Fig. lc) confirmed Its identity as obtustfohol. The presence of a 
C-24 methylene group was indicated by the fragment at m/e 327 ’ The spectrum was 
Identical to that obtained by others.9 The second peak (24 per cent) had the same RT on 
GLC as cycloeucalenol and the spectrum obtained from GLC-MS was identrcal to a spec- 
trum of cycloeucalenol analyzed under the same condmons and spectra obtained by 
others 6*9.10 The third peak (31 per cent) had the same RT as crtrostadtenol(26ethyhdene 
lophenol) on GLC. GLC-MS produced a spectrum (Fig Id) identical to a spectrum ob- 
tamed from authentic cltrostadtenol and was srmrlar to the spectra obtained by other 
investigators 11*12 

Ident&atlon of Tetracychc and Pentacyclic Truerpenes 

Free. A major portion of the crude free 4,Cdlmethyl sterol fraction, obtained from 
column chromatography, was found to be a senes of ahphatrc alcohols. The first crystal- 
hzatlon yielded white flocculent crystals, m.p. 77.5-79” GLC on 1% SE-30 and 3 % OV-17 
mdlcated the presence of the following alcohols- C24, C26, C28, Cso and Cs2 A linear 
relatlonshtp was exhibited when the log of the RT was plotted agamst carbon number. The 
plot was supenmposable with a plot obtained from a series of standard ahphatrc alcohols 

GLC analyses of the mother liquor indicated two major peaks The first peak (39 per 

5 B KNIGHTS, J. Gas Chromatog 5,223 (1967) 
6 F F KNAPP and H J NICHOLAS, Phytochem 8,207 (1969) 
’ G GIBBONS, L J GOAD and T W Goo~wr~, Phytochem 7,983 (1968) 
8 J BERGMAN, B 0 LINJX+REN and C SVAHN, Acta Chem Stand 19,166l (1965) 
9 L J GOAD, B L WILLIAMS and T W GOODWIN, Europ J Wochem 3,232 (1967) 

lo H E AUDIER, R BEUGELMANS and B C. DAS, Tetrahedron Letters 4341 (1966) 
I1 P BENVJINISTE, L HIRTH and G OURISSON, Phytochem 5,31 (1966) 
I2 B. L WILLIAMS, L. J GOAD and T W GOODWIN, Phytochem 6, 1137 (1967) 
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cent) had the same RT as Samyrm on GLC. GLC-MS produced a spectrum identical to a 
spectrum obtained from authentic /I-amyrm The second peak (61 per cent) had the same 
RT as a-amyrm on GLC and GLC-MS produced a spectrum identical to a spectrum 
obtained from authentic a-amyrm. The spectra obtamed from both &amyrm and a-amyrm 
are slmllar to those obtamed by previous mvestlgators X3.14 We noted however, that while 
@-amyrm and a-amyrm had the same major fragmentation pattern, subtle differences existed 
m the spectra which enables dlstmctlon between them. The most notable difference is 
found m the relative mtensltles between m/e 189 and 203 In /3-amyrm, m/e 189 had a rela- 
tlve intensity of 15 % and m/e 203 had 45 %, while m a-amyrm m/e 189 had 38 % and m[e 
203 had 44%. 

Estenjied GLC of this fraction yielded two major peaks and one very minor peak. The 
minor constituent (1 per cent) had the same RT as /?-amyrm on GLC. A trace amount of 
a-amyrm was also detected m the mass spectrum of the second major peak GLC analysis 
of the first major peak (68 per cent) indicated that It had the same RT as cycloartenol and 
the second major peak (38 per cent) the same RT as 24-methylene cycloartanol. GLC-MS 
produced spectra identical to that obtamed from authentic samples and were comparable 
to the fragmentation data reported by other investigators 6,10*12 

DISCUSSION 

The composltlon of the free and esterlfied fractions of pitcher plant seems to be novel. 
No evidence has before been presented m the literature for such a clear cut dlstnbutlon of 
unestenfied pentacychc and esterlfied tetracychc trlterpenes The identlficatlon of penta- 
cychc tnterpenes m the same plant tissue with measurable amounts of tetracychc triterpenes 
IS rare, but not unknown. It 1s unique, however, m the case of the pitcher plant that all the 
la-methyl tetracychc tnterpenes present were m the esterlfied form. In contrast, the 4- 
desmethyl phytosterols were present m about the same dlstrlbutlon m both free and ester 
fractions 

An extensive study of the dlstnbutlon of free and estenfied sterols and tnterpenes m 
maize Indicated a dlstnbutlon completely opposite of that seen m the pitcher plant.15P16 
Free and estenfied sterol and tnterpene fractions from maize showed no sign&cant dlf- 
ferences of composltlon, what was present m the free was present m the correspondmg 
ester fraction A similar situation was seen with 5’trychno.s nux-vomxal’ and banana 
skins 2*3.6 There were no sterols present m the estenfied form that were not present also m 
the free form Why such differences with regard to dlstrlbutlon between free and estenfied 
forms should be seen m this plant 1s unknown, but must be related to the function of these 
two forms m the pitcher plant 

EXPERIMENTAL 
Nepenthes sanguinea, largely the pitcher and the lmmedlate tend&, was collected m the Cameron 

Highland area of Malaya on the slopes of Mt Gunong Asung N albomargmata consstIng of the pitchers 
and the Immediate adJacent tendrils was collected on Penang Island, Malaya The plants were carefully 
cleaned to remove any msects, dried, ground and extracted exhaustwely with hot EtOH 

Alumma (Merck acid-washed) was used m column chromatography Analytical TLC was performed 
on S111ca Gel G (250 p) and for preparative purposes, Slhca Gel H (500 p) was used In both systems, com- 

I3 H BUDZE~WICZ, J M WILSON and C DJERAN, J Am Chem Sot 85, 3688 (1963) 
I4 C DJERASSI, H BUDZIKIEWICZ and J M WILSON, Tetrahedron Letters 263 (1962) 
Is R J KEMP and E I MERCER, Bzochem J 110, 111 (1968) 
” R J KEMP and E I MERCER, Blochem J 110, 119 (1968) 
I7 F F KNAPP and H J NICHOLAS, Mel Cryst Lzq CryJt 6, 319 (1970) 
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pounds were revealed wth either 20% SbCls or 5 % amsaldehyde m 95 % ethanol-H,SO,, 19.1 v/v GLC 
was performed usmg a 3 % OV-17 and a 1 y0 SE-30 column, at 270” and 240” respectively Multlple analyses 
were made for each sample with reference samples bemg run before and after each sample GLC-MS was 
performed on a LKB Model 9000 smgle focusmg gas chromatograph-mass spectrometer A 3% OV-17 
column was used at a column temperature of 280” 

A nonsapomtiable fraction was prepared from the ester fraction by refluxmg it for 2 hr m a H,O- 
benzene-EtOH (l/l/8, vol) solution contalmng 15 % KOH, followed by extraction wth Et,0 

Isolatton of sterol glycoslde mutture from N sanguzneu The EtOH eluate (from an alumma column) 
ylelded 300 mg of a sohd meltmg about 290” to a dark red melt Repeated crystalhzatlon yielded a white 
solid, m.p 275-280’. [a]g’ - 44 08 (pyrldme). Reported sitosteryl P-D-glycoside, m p 285”. with optical 
rotation at [IZ]~: - 41 5 (pyrldme) I8 (Calc for C3sH60, C, 72 87, H, 10 45 (@sltosteryl glycoslde), Found. 
C, 7223, H, 1045%) Acetate formed from AczO and pyrldme (1 1 vol), m p 172-173”, [a]r 0” 
(CHC&), (Calc for G3H68010 C, 69 32, H, 9 20 (sltosterohn tetra-acetate) Found- C, 69 30, H, 9 12% ) 

Hydrolyses of the sterol glycoslde from N sanguInea Reflexed (20 hr) m EtOH- HCI (5 1 vol ). Mixture 
after ddutlon with HzO, extra&on with Et,0 and dlstdlatlon of the latter ylelded a white crystallme sohd 
Repeated crystalhzatlon gave wlute crystals, m p 137-139”, acetate, m p 127-129” GLC of the free sterols 
mdlcated the presence of campesterol(5 “/,), stlgmasterol (10 %), and sltosterol (85 %) 
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Abstract-The major alkaloids of the above-ground parts of Argemone grandrfiora Sweet subsp grandzrfloa 
were found to be berberme, a-allocryptopme, and protopme, (+)-laudanosme, (+)codamme, (-)chedantlu- 
fohne, corypalmme, sangumarme, and chelerythme were ldenttied as nunor alkaloids This species IS placed 
m Alhance IVa of the Sternutz classlficatlon, and appears to be a phylogenetlcally young member of the 
genus 

INTRODUCTION 

THE ALKALOIDS of Argemone species are of Interest on account both of then pharmacological 
propertles, and then potential use m the systematlcs of the genus. Thus the discovery’ that 
‘epldemlc dropsy’ m India was caused by contammatlon of cooking 011s with Argemone 
mexzcuna L seed-011 was followed by the demonstratlon2 that the alkaloid sangumarme, 
present m the seed-oil, increased mtra-ocular pressure and caused dropsy and glaucoma m 

1 S L SARKHAR, Ind Med Gaz 61,62 (1926), C A 20,2022 (1926) 
f S A HAKIM, Br J Ophrhal 38, 193 (1954) 


