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yielded substance E (1.22 g) as light citron coloured needles 
from EtOH-CHCI,. The EtOAc eluates were cone and crys- 
tall&d from EtOH to yield substance F (@16 g). Substance 
A, mp 125”, r@b + 46”, Cq,HqzO. IR v,., cm-‘: 3450 (OH), 
1658,- 889 (@Hz), lO& (cy&propane). NMR (CDCi,): 8 
0.30 and 0.58 (2H. d. J 5Hz. cvclooronvl H): 0.80-1.05 f18H. 
6Me), 1.63 (3k. s, M&C&), 3.3 (lb, K CH’OH) and 4.7% (2g 
C=C&. MS m/e: 440 (M+) 425, 422, 407, 379, 353, 315, 300, 
297. 185. Monoacetate. mn 120”. C,%H,,O,. M+ at m/e 482: 

1” __ _I 

monobenzoate. mp 19?‘, ‘C,sH,,02, M+ at m/e 544. ‘It was 
oxidised to a keto derivative, mp 114”, C31HS00, M’ at m/e 
438, having a six membered ring carbony function (1710 
cm- ‘) and yielded formaldehyde on ozonolysis. It was identi- 
tied as cyclolaudenol [S]. Substance B, mp 138”, [a&,-40”, ace- 
tyl derivative mp 128”, was confirmed as sitosterol (mmp). 
Substance C, mp 278”, [u]D-46”, gave a positive Fiegel’s test. 
It was hydrolysed with 6N HCl which yielded sitosterol and 
glucose. It was, therefore, established as SitOSterOl-/?-D-@CO- 

side. Substance D, mp 3’09-lo”, &,H4s03, v,,,., cm-‘: 3380 
(OH), 2900,2840, 1700 (COOH), 1390, 833 (-CH=C-). Mono- 
a&ate, mp 265”; methyl ester, mp 198-200”; methyl ester ace- 
tate, mp 21&20”. It was identified as oleanolic acid (mmp, 
TLC, IR, NMR). 

Substance E (queretaroic (30) cafiate). mp 23&Y, 
[ab + 152”, R, @2 (CHCl,-MeOH 96 :4). IR v,, cn-I: 3380 
(OH), 2900, 2850, 1710 (COOH), 1380, 840 (C=CH). UV &,, 
nm: 217, 254 302 and 333 (log E 4.219. 4.185, 4.247, 4,346). 
NMR: 6 076, 0.85 (6H each, s, 4 Me), O-9, 1.03 (3H each, 
s, 2 Me), 3.2 (lH, m, C&OH), 45 (2H, s, CHzO-), 5.73 (lH, 
m, CFCH), 6.5, 7.85 (2H, d, J 16Hz, trans CH=CH), 7.3-745 
(3H, Ar). MS m/e: 634 (MC). (Found: C, 73.71; H, 8.46. 
Cs9H5407 requires C, 73.82; H, 8.52%). 

Acetvl derivative. mp 225-8”. IR v,rcm-l: 2900.2850, 1790 
(ArOA& 1735 (OAc), 1710 (COOI-$l380, 840. UV & nm: 
222. 280 (loa E 3.96. 4091 NMR: S 0.78-10 (18H. s, 6 Meb 
2.05 (3ti,‘s,YOCOMk), 253 (BH, S, 2 ArOCO‘Me), 435 @I% 
m, CH20), 4.5 (lH, m, CHOAc), 5.73 (lH, m, C=CH), 6.5, 
7.82 (2H, d, J 16H2, CH=CH), 7.3-7.45 (3H, Ar). (Found: C, 
7089; I-I, 7.81. C45HS0010 requires C, 71QO; I-& 7.89%). 

Methylester acetate. Reaction of the a&y1 derivative with 
ethereal CHaNz gave colourless needles from MeOH, mp 
212-7”. IR v,,,, cm -l: 2970, 2860, 1785 (ArOAc), 1730 (OAc), 
1735 (COOMe), 1380, 1685, 1250, 1205, 1176, 1111, 903, 845. 
NMR: 6 072-1.05 (18H, s, 6 Me), 2.05 (3H, s, OCO Me), 
2.25 (6H, s, 2 x ArOCO Me), 3%0 (3H, s, COOMe), 43 (2H, 
d, J 7Hz, CH#-), 4.5 (lH, m, CHOAc), 5.6 (lH, m, C=CH), 
6.5, 7.82 (2H, d, J 16H2, CH=CH), 7.25, 7.55 (3H, Ar). MS 
m/e: 774 (M+) 

Alkaline hydrolysis of substance E. A soln of substance E 
(500 mg) in 10% alcoholic NaOH (30 ml) was kept for 48 
hr at room temp. The reaction mixture was acidilied and 
extracted with CHCls followed by EtOAc which yielded two 
products, E-Al and E-A2, respectively. E-Al crystallised from 

MeOH-CHC13, mp 318-20”. It gave a violet colour with 
SOCI, and a yellow colour with tetrauitromethane. IR v,, 
cm-‘: 3480,2950,2860, 1710 (COOHA 1395, 833. 1475, 1050. 
NMR: 6 08-1.08 (18H, 6 Me), 3.3 IlH, m, CHOH). 3.86 (2H. 
r/, J 7H2, CH,0),‘578.(1H, ‘m, &.I%), &m/e:‘472 (M+)r 

EAl acetate. mo 295-Y. IR v,.. cm-‘: 2950. 2870. 1750. 
1710, 1377, 1480, i250, 835. Nti%i 6 07%095 il8H, h Me): 
2.05 (6H, s, 2 OCOMe), 4.15 (2H, CH,OAc), 4.53 (lH, m, 
CHOAc), 5.61 (lH, m, CXH). MS m/e: 496 (M+ - 60). 

EAl methylester acetate. mp 210”. IR v,,,, cm-’ : 2970, 2850, 
1735 (OCOMeX 1730 (COOMe). 1375, 1450, 12.50, 908, 835. 
NMR: 6 202, 2.05 (3H each, s, OCOMe), 3.65 (3H, s, 
COOMe), 414 (2H, -CH,OAc), 45 (lH, m CHOAc), 5.62 
(lH, m, C&H). MS m/e: 510 (M+ - 60). Component E-A2 
mn 209” decomp., pale yellow, gave green colour with ferric 
chloride. IR v,,,,~~&- I: j400,16% (uniaturated COOH), 1610, 
1535. 1450 (coniuaated nhenvl). 860. 822 (1,24-trisubstituted 
pheiyl), 121‘5,9&ind 7215. Li\; &, nm: 268 (Sh), 326, NMR 
(acetone d,): 6 6.23, 7.50 (1H each, d, J 16H2, -CH=CH), 
6.67-7.20 (3H, m, Ar). MS m/e: 180 (M+), 173, 162, 77, 63 
and 51. Acetyl derivative, mp 198”. IR v-. cn-‘: 1754, 1205 
(ArOAc). 

Methyl ester. mp 179”. IR ti cm-‘: 2835,1695,1639, 1613, 
1525, 845, 822, l&O, 1429, 980 and 774. MS m/e: 208 (M+), 
193. 161. 133. 119. 91. 77. Substance F. mu 281”. CqnHa~Ox. 
Monoa&& mp’d5”; methyl ester; rnb 170”: It -Gas.&- 
firmed as ursolic acid (TLC, IR, NMR and MS). 
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We recently reported the isolation of a new iridoid, racenia$ava. We also confirmed the antitumor activity 
sarracenin, frorn the roots of the insectivorous plant Sar- in the roots of this plant and isolated the known anti- 

tumor agents lupeol and betulin along with itosteroZ 
* To whom inquiries should be sent. a-mYr;n and large quantities of betultic acid. The 
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parts of this plant showed 
ivity (“/* T/C 150 at a dose 

level of 50 rngjkg against p. 388 lymphocytic leukemia 
in BDF, mice) [l-3]. We now wish to report the isoia- 
tion of hetulinaldehyde (1) and traces of bet&n (2) from 
the most active fraction af the benzene extract. 

The benzene extract, atIer removaf of a large quantity 
of betulinic acid (3), was subjected to column chroma- 
tography. Fractions which retained the highest antileu- 
kemic activity upon repeated cohrmn chromato~aphy 
yielded ~tu~al~~hy~ and sarracenin along with traces 
of botulin. Although betub is a known antitumor agent, 
the amount iIf thi* c~:Smp.~und present in the most active 
fraction doe> m_.t WIT? rbz relatively high activity. Sar- 
race&t was ~1~8 tr;uliJ 1.1 he inactive in the preliminary 
cytotoxicity tests. This seems to indicate that betulin- 
aldehyde is the compound responsible for most of the 
activity in the potent fraction. 

A relatively large amount of ~tu~naldehyde is 
required for detailed tests of its probable antileukemic 
activity. Methyl hetuhnate [4] was converted to the tetra- 
hydrop~rano ether @HP-ether) (4). Vitride reduction [5] 
of (4) furnished the THP-ether of bet&n which was 
smoothly oxidized by active manganese dioxide [6] to 
the I-HP-ether of betulinaldehyde (5). Betulinaldehyde 
(1) was then obtained by ‘hydrolysis of this ether in 28 
molar methanohe p-toluene sulfonic acid. The over all 
yield was approximately 40%. 

Although betulinaldehyde is a known compound [8,9), 
it has been found in only a few plants 143 and usually 
in very small quantities, whereas, the related compounds, 
betulinic acid, betulin anfl lupeol, are present in many 
plants in larger quantitiei. The relative lack of stability 
of ~tulinadehyde might, preclude its isolation when 
betulinic acid, bet&n and lupeol are also present. The 
partial synthesis from betulinic acid, provides an easy 
access to the alslehyde. 1 

EXPERIMfCNTAL 

Mp’s are uncorrected. Si gel G (Woelm) was used for 
column chromatography, Chromatography was monitored by 
TLC on Si gel G plates witg Me2CO-C6H6-CHC13 fi:2:17) 
as deveioper. All new compcunds gave satisfactory elemental 
analysis. 

Isolation of betulinuti&y& (1). Dried and ground plant 
material (5 kg) was extracted with hexane for 24 hr (Soxhlet), 
Residual pIa& material was’then extracted wittl CaHB for 36 
hr. C&H6 extract was cone to 2 1. and cooled. Betulinic acid 
was removed by filtration and the f&ate further concentrated 
and chromato~phed over a column (74 x 4 cm) and 500 
ml fractions were eluted successively with C,H,-hexaue 1:1 
(A I 1. C,H, (4 1.b c,H,-CHC~, 9:i -(30 1.) and C,H,-CHCI, 
4:l (20 I.. Fraction A). Fraction A (5 g) was rechromato- 
graphed on a column (40 x $5 cm) and 500 ml fractions were 
efuted successively with benzene (4 I.), C&-CHC& 4:l (10 
1.1. C’,,iI, CHC& 1:l (9 1.: Fraction B). Fraction B (1.5 9) 
was rechromatographed over a column (30 x 2.5 cm) and 
elutcd yucccbhively with C6He-CHC13 9:l in 200 ml fractions. 
Fractions 5 through 9 on evaporation and ~~tai~tion from 
hexane gave transparent nee#es, mp 188-190”, m/e 440 (M+); 
v,,,,, (Nujol) 3340 (OH), 1750 (-CHO) and 895 cn-‘. The 
compound gave a precipitate with 2+dinitropbenylhydrazine 
reagent and its other spectral properties are identical with 
those reported [4] for ~tu~~dehyde, A direct comparison 
was not possible because an authentic sample was not avail.. 
able. 

Isolarioa c$ Sarracenin. Fractions 10 through 17 of the 
~ornato~a~~ of Fraction B were ~romato~aphed on 

a column (45 x 3 cm) and 500 ml fraction were collected suc- 
cessively with hexane, hexane-CeH6 1: 1 through 1:9 (24 I.), 
C,H, (25 l.), C,He-CHCl, 9:l (8 1.) and CsHe-CHC13 4:f 
(1 1.). The last 12 1. eluate alter concentration and crystalliza- 
tion from hexane gave transparent needles, mp 127-128”, 
~~-688 (CHCls), identical with sarracenin in all respects 

-4 
T--“-i 

Rl 

RO fl .-’ 

(1) R = Ii, I?,= CHO 

(;ZfR = H, R,= CH20H 

(II)R = H, R,= CQ,H 

(41 R = 
Q 

Rq = CO@48 

(5) R = Q R,= CHO 

Z-HP-ether of methyl bet&note (4). Methyl bctulinate (9.4 
g) from betutinic acid [4] was refkxed in CC& (50 ml) with 
dihydropyran (1.68 g) and ptoluene sulfonic acid monohyd- 
rate (1.9 g) for 2 hr. Removal of the solvent in uacuo gave 
a residue which was treated with cold Hz0 and extracted 
with CHC& The CHC13 extract was washed (sat. NaHCOs 
and HxO), dried (Na$SO,) and evaporated. The residue was 
crystallized from hexane in white needles (8.35 g, 75:/,), mp 
198-200”, mze 554 (M’), v,, (KBr) 2900-1720, 1640, 885 
cm-‘. NMR (CDCI,), 6 086 (6Hs) 093 (3H, s), IQ2 (3H, s), 
1.05 (3.05, s), 1.80 (3H, s), 480 (lH, m), and 4.96 (IH, m). 

THP-ether OJ” betulia Vitride reduction of I-HP-ether of 
methyl betinate [S]. THP-ether of methyl betulinate (8.34 g) 
in Et,0 (200 ml) was treated with a 700/, CeH* soln of sodium 
bis-(2-me~~yethoxy) aluminum hydride (22.5 g) dropwise 
with stirring and the mixture refluxed for 1 hr. The excess 
reagent was decomposed, ether removed and the residue 
extracted with CHCl,, washed (HzO) and dried (Na2S04). 
Removal of CHCls gave a white solid which was crystallized 
from benzene in white needles, (5.14 g, 65x), mp 218-20”, 
v,,,,, (KBr) 33OO(OH), 2800, 1640 and 875 cn-‘; MS at m/e 
526 (M+), 495,425, 385, 313, 284, 256 and 85. 

THP-ether of betu6inakfekyde (5). THP-ether of betulin (5.0 
g) in methyIene chloride (500 ml) and active MnO, [6] was 
stirred at room temp. for 10 hr. The oxidation was mon~tered 
bv TLC. Alter all of the startina material disanneared. MnO, 
was removed and the filtrate evaporated. Residue wascrystal: 
lixed from &He-hexane (4.48 g, 90%), mp 164-167”. The 
compound gave a precipitate with ~~d~itrop~~ylhydr~e. 
v~, (KBr) 2890, 1710, 1640, 890, and 875 cm-‘. MS at m/e 
524(M+), 496, 439, 423, 395, 189, and 85. 

Be~li~aldehyde (1): hydroiysis of the ?-HP ether of bet&in- 
~~deh~e [7]. THP ether of ~tu~~dehy~ (4-O g) was dis- 
solved in MeOH containing 28 mMo1 of p-toluene sulfonic 

‘acid and the soln stirred at room temp. for 2 hr. MeGH was 
removed in yacuo and the residue treated with cold Hz0 and 
extracted with CHQ The organic layer was washed (sat. 
NaHCOs and HrO), dried and concentrated. The residue was 
crystallized from C&He-hexane (3.00, 9OyJ. v,, (KBr) 3300, 
2890, 1700, 1640, 885 cm-‘, MS at m/e 440 (M+), 411, 256, 
234, XY7, and 189. Calcd. for C3eH4sG2, MW 440. The 
compound was found to be identical with the natural betu- 
linaldehyde (vide supra) in NMR, and IR comparisons. 
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In an earlier ~~u~~tion Cl), the structure of mol- 
lugogenol-A, a new triterpenoid sapogenin isolated from 
&foilugo hirra, was proposed as 3&6aJ6/3,22-tetrahydrox- 
yisohopane (1) on the basis of the spectral analysis and 
chemical reactions. Mollugogenol-A was finally degraded 
to zeorininone (S), a degradation product of zeorin (3), 
a triterpene of the hopane series. However this work did 
not determine the ~r~h~s~y of the hy~oxyi~~o- 
pyl side chain at C-21. 

Hydrogenolysis of the side chain of mollugogenol-A 
in the presence of hydrogen and PQ in acetic acid was 
found to be very slow and furnished mainly, unreacted 
product together with a small amount of the saturated 

Arnold (8). Mollu~~ol-A therefore behaved like 
a member of the isohopane rather than of the hopane. 
series [2]. However, there was no conclusive chemical 
proof regarding the stereochemistry of the hydroxyiso- 
propyl side chain. With a view to obtaining more direct 
evidence the problem has been re-investigated and it has 
been possible to convert mollugogenol-A to ciketoisoho- 
pane (11) which has clearly established the ~~rien~tion 
(isohopane) 133 of the side chain. Thus the structure of 
mollugogenol-A has now been finally established as (1) 
and consequently that of mollugogenol-E [4] as (4), the 
oxidation product of which was correlated with the oxi- 
dation product of mollugogenol-A. Mollugogenol-A fur- 

R 

(1) I?,= Rs=< 
H 

; f?z=I( 
H 

OH “on 

fRf R, = Frs= (” 2-l ; R2=. 
OCOMe “‘OCOhis 

H 
(J) R, = R&” 

‘H 
;R,= <~n[c-as4 

P 
(*I Ft, = Rs=” 

'OH 
; %=o 


