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chauvinism on the part of modern science therefore negates 
its own origins. It is important that the relationships 
between the ancient and modern are understood before the 
ancient knowledge is destroyed by the ever-encroaching 
onslaught of technological standardization.
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ABSTRACT

. The sterol constituents of senita cactus Lopho- 
cereus schottii were investigated. In addition to lophe- 
nol and schottenol, six new sterols were identified in 
this plant: cholest-7-en-3^-ol, campest-7-en-3y^-ol,
choles ta-8, l4-dien-3|/j>-cl, stigmasta-7* 22-dien-3^j>-ol,
24-methylenelophenol and locereol, a new phytosterol of 
the structure 4Q<-inethyl-cholesta-8, l4-dien-3^-ol. A 
possible pathway for senita sterol biosynthesis is pre
sented and the relationship between senita cactus and the 
fruit fly Drosophila pachea is discussed.
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INTRODUCTION

Senita cactus, Lophocereus schottii (Bngelmann) 
Britton and Rose, belongs to a family of succulent plants 
known as Cactaceae and is related to both the saguaro and 
organ pipe cactus. It is a large columnar cactus whose 
range extends over the states of Sonora, Baja California 
and northern Sinaloa in Mexico (1, 2).

Due to the harsh conditions of the desert, one 
might expect to find that the chemistry of the cacti is 
more complex and unusual than that of other species of the 
plant kingdom which live under more favorable circumstan
ces. Senita cactus is an example of a plant that is indeed 
out of the ordinary.

Several investigations of the lipids in senita 
have been made over the past 21 years. Between 1957 and 
1962, Djerassi and his associates identified three alka
loids in senita (3-5)! lophocereine, pilocereine and pilo- 
ceredine. The latter two are the largest alkaloids to be 
found in cacti to date. Djerassi et al. (6) characterized
and named the two principal sterols in senita, lophenol [ \J  

and schottenol /h/, neither of which had ever been 
encountered in nature before. They also isolated the *

* Structures of sterols followed by bracketed 
numbers are shown in Fig. 15. p. 42.

1



common triterpene, lupeol /%/, in the cactus. The prin
cipal fatty acids were reported by Kircher (7) to be the 
usual ones found in plants and include oleic, palmitic, 
linoleic and linolenic acid. In the same article Kircher 
also indicated the presence of at least three sterols in 
senita other than lophenol and schottenol which, based on 
GC and TLC evidence he called A, B and C. Two of these 
were postulated to be 8,14 dienes, a class of sterols 
which is rarely found in nature.

In addition to being phytochemically interesting, 
senita also plays a part in an unusual ecological relation
ship. It has been demonstrated (8, 9) that insects need 
dietary sterols which they use for structural and repro
ductive purposes as well as for the synthesis of the in
sect hormone, ecdysone /4/, necessary for maturation and 
reproduction. Heed and Kircher (10) discovered that the 
fruit fly Drosophila pachea Patterson and Wheeler is com
pletely dependent on senita cactus in the Sonoran Desert 
because only this plant provides the insect with a source 
of a unique sterol which the fly requires for the comple
tion of its life cycle. They studied the ability of D. 
pachea to mature and reproduce when fed a number of dif
ferent sterols including the lophenol and schottenol pre
viously found in senita by Djerassi et al. (6). They
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found that D. pachea was the first insect studied that 
could not mature or reproduce when cholesterol [ 5j % a 
sterol, was the only dietary sterol. In contrast, it 
could grow, develop and reproduce on 7-cholestenol,
5,7-cholestadienol or schottenol, which had been either 
extracted from senita or synthesized from sitosterol.
When the other senita cactus sterol, lophenol (4o<-methyl- 
cholest-7-en-3/5«-ol), 7~ergostenol or other common plant 
sterols were incorporated into the diet, the D. pachea 
larvae died in early instars. The conclusions of this 
study were the following: l) the sterol furnished to D.
pachea by senita is schottenol, 2) D. pachea lacks the 
biochemical machinery to introduce a double bond in
the sterol molecule for biosynthesis of ecdysone and 3)
D. pachea cannot eliminate a methyl group in the 40^ or 
24y5 positions but can eliminate a 2 4 0  ethyl substituent. 
Subsequent unpublished research by Kircher (11) has shown 
that the schottenol from senita and that which had been 
synthesized from sitosterol were not pure. A significant 
amount of other sterols were found to contaminate the
natural and synthetic schottenols used in the D. pachea 
experiments. In light of these new findings, the conclu
sion that schottenol is the sterol provided to B. pachea 
by senita needs further experimental work.
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For both phytochemical and ecological reasons, 
therefore, the need to determine the structures of the 
remaining sterols of senita cactus existed. The isolation 
and identification of the unknown sterols of senita cactus 
was the purpose of this work.



EXPERIMENTAL METHODS AND MATERIALS

Instruments
Infrared spectra (IR) were recorded with a Perkin- 

Elmer Model 337 Grating Spectrophometer using 0.5 mm 
sodium chloride cells and carbon disulfide as solvent.

Gas chromatography (GC) was carried out with a two
meter stainless steel column in a Research Specialties Co.

„ 90Model 600 Gas Chromatograph with a Sr detector. Argon
was used as the carrier gas. A 5% OV-101 packing was used

oat approximately 250 C for all GC work. Gas pressure was 
usually 40 psi but occasionally 20 or 30 psi was used.
All relative retention times (RRT) are relative to choles
terol or cholesterol acetate.

Gas chromatography-mass spectrometry (GC-MS) was 
done with a Finnigan 9500 Gas Chromatograph-Mass Spectro
meter. Base peaks are denoted by an asterisk and mass 
peaks are underlined in the text of this thesis.

Melting points (m. p.) were determined with a 
Thomas Hoover Capillary melting point apparatus and are 
reported as corrected values in vacuo.

Nuclear magnetic resonance spectra (NMR) were 
taken with a Varian EM36OL NMR Spectrometer using carbon 
tetrachloride or deuterated chloroform as the solvent.

5



6
Ultraviolet spectra (UV) were obtained with a 

Perkin-Elmer 202 Ultraviolet-Visible Spectrophotometer 
using 1 cm sample cells and 95% ethanol as the solvent.

itSolvent evaporation was done on a Buchi Rotovapor 
R rotary vacuum evaporator using a water aspirator vacuum 
system.

Thin Layer Chromatography
Thin layer chromatography (TLC) was used for 

analytical purposes only. No preparative plates were used 
in this work. The TLC was done with commercially available 
Merck Precoated 0.2 mm thick Silica Gel 60 on 20 x 20 cm 
aluminum sheets.

When TLC plates needed treatment with AgNO^, they 
were prepared by developing fresh plates in 25 ml of a 
saturated AgNO^-methanol solution overnight in a vented 
TLC tank.

Solvent systems used for TLC analysis were:
a) Silica gel plates for free sterols using 

60/40 (v/v) hexane-ethyl acetate
b) AgNOg plates for free sterols using 95/5 

(v/v) chloroform-acetone
c ) AgNO^ plates for acetylated sterols using 

l/l (v/v) carbon tetrachloride-chloroform 
or chloroform only.
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All plates were sprayed with 30% HgSO^ and heated 

oat 110 C until the sterols became visible.

Column Chromatography
All columns used for column chromatography were 

packed with 2/1 (w/w) 100 mesh Mallinkrodt Silica Gel- 
Celite or 2/l Silica Gel-Super Cel. The AgNO^ columns 
were prepared by dissolving the necessary amount of AgNO^ 
in water and adding this solution to the silica gel-celite 
in an evaporating dish on the steam bath with stirring and 
extra water to insure a uniform distribution. The amounts 
of AgNO^ used in this work were 5% and 20% of the weight 
of the carrier. All column packings were activated for 
24 hours in a drying oven at 110°C and cooled in a desic
cator prior to use.

Solvents used to elute the columns were mixtures 
of 5, 10, 15, 20, 30 and 60% benzene in hexane depending 
on the nature of the separation. After each separation 
was complete, the column packings were washed for reuse 
with either ether-benzene for AgNO^ packings or methanol- 
benzene for untreated packings and reactivated in the 
drying oven.
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Source of Senita Cactus

The senita cactus samples used in this work were 
collected near Sonoyta, Sonora in Mexico by Dr. H. V. 
Kircher with permission from the Mexican government. Two 
samples were collected for this work on two separate occa
sions. The first was a complete cactus arm and the second 
was about half of a growing arm.

Extraction and Saponification of Senita Lipids
Sun dried senita cactus was ground in a 4 liter 

Waring Blender using enough 2/1 (v/v) chloroform-methanol 
to give a thin slurry. The slurry was passed through a 3 
liter coarse sintered glass funnel and washed 3 times with 
2/l chloroform-methanol.

The extract was evaporated to near dryness on a 
Rotovac but due to frothing had to be poured into an 
evaporating dish and evaporated to dryness on the steam 
bath.

The weight of the dry crude lipid extract was 
estimated and it was saponified in 10 times its weight of 
10% alcoholic KOH on the steam bath for 3-4 hours. When 
hydrolysis was complete, the saponified extract was poured 
into a 2 liter separatory funnel, distilled water added 
and the mixture was vigorously shaken with ether. After 
standing, three layers appeared which, from top to bottom, 
were ; ether, interface and water.



The alkaline water layer, containing fatty acid 
soaps, was discarded and the interfacial layer placed in 
a one liter separatory funnel and re-extracted with water 
and ether. The two ether layers were combined and extrac
ted with IN HC1 to remove the acid soluble alkaloids of 
senita and then washed with water 4 times to remove excess 
acid. The ether layer, containing the non-saponifiables, 
was then evaporated to dryness on a Rotovac. The sterols 
were thus ready for further purification and separation.

Acetylation of Sterols and Hydrolysis of Acetates
When necessary, the sterol mixtures were acetylated 

in beakers on the steam bath for 4 hours by adding an 
amount of acetic anhydride equal to 10 times the weight 
of the sterols and enough benzene to insure a clear solu
tion. In cases where the sterol being acetylated was 
unstable or possibly unstable, pyridine was used instead 
of benzene and the reaction was carried out overnight at 
room temperature. The acetylated samples were then 
recrystallized from methanol.

Hydrolysis of sterol acetates was done on the 
steam bath with 10̂ e alcoholic KOH. This procedure was 
similar to the saponification procedure described earlier.

9



10
Separation of Sterols

A small sample of senita non-saponifiables was 
acetylated for GC analysis. A typical GC trace is shown 
in Fig. 1. On the trace, the sterols lophenol and schot- 
tenol can easily be found as can the triterpene lupeol.
The unknown sterols which Kircher first indicated (7) are 
denoted as A, B and C following his method. Kircher*s B 
was buried beneath A and lophenol so its relative position 
is noted on the GC baseline in Fig. 1. Lophenol and A 
were by far the most abundant sterols in the senita cactus 
samples investigated in this research.

The acetylated and free sterols were also run on 
TLC using the three solvent systems described previously. 
Typical TLC separations are shown in Fig. 2. Excluding 
lupeol which is a triterpene, four spots representing four 
distinct sterols or four mixtures of similar sterols were 
detected by TLC.

Based on these TLC results and previous work by 
Kircher (7), the crude senita non-saponifiables (free 
sterols) were first separated on silica gel columns with 
30# benzene in hexane into three fractions consisting of:
1) lupeol, 2) lophenol and 3) schottenol. Fraction 1 con
sisted of lupeol only. Fractions 2 and 3 contained the 
unknown senita sterols. The unknown sterols which were
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Lophenol

Schottenol

Figure 1. Gas chromatogram of acetylated senita sterols.
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Figure 2. Senita sterols on TLC before column chromato 
graphy.
(Note: A = 7-cholestenol, B = locereol and
C = 8,14-cholestadienol.)

a) AgNO plate with chloroform solvent for 
acetylated non-saponifiables
1) C2) B and 24-methylenelophenol
3) lupeol4) lophenol, schottenol, A, cx-spinasterol 

and f-campestenol
b) Si plate with 60/40 solvent for free non- 

saponif iables
1) schottenol, A, 7-campestenol, C and 

CX-spinasterol
2) lophenol, 24-methylenelophenol and B
3) lupeol

c) AgNO^ plate with 95/5 solvent for free non- 
saponif iables
1) C2) 24-methylenelophenol and B
3) schottenol. A, cx-spinasterol and 

7-campestenol
4) lophenol
5) lupeol.
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eluted from the silica gel column with lophenol (fraction 
2) were deduced to have a 4Q<-methyl group, as does lophe
nol , which sterically hinders the 3 ^  hydroxyl group giv
ing a higher on TLC. Those unknown sterols which were 
eluted from a silica gel column together with schottenol 
in fraction 3 were assumed to have no substituents at the 
four position and consequently a lower than the sterols 
of fraction 2.

Fractions 2 and 3 were respectively acetylated and 
separated on AgNO^ columns based on the TLC results shown 
in Fig. 2a. The lophenol fraction (fraction 2) was sepa
rated on a 20% AgNO^ column by elution with 20% benzene in 
hexane. The schottenol mixture (fraction 3) was separated 
on a 5% AgNO^ column by elution with 15% benzene in hexane. 
Typical TLC R^ values of samples put on these columns are 
shown in Fig. 3. The fractions coming off these columns 
were monitored by AgKO^ TLC and occasionally by GC if the 
purity of the material needed to be known.
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Figure 3. TLC separations of acetylated senita sterols 
before introduction onto a AgNO^ column.
a) acetylated fraction 2 on a AgNO„ plate 

with CHClo solvent **
1) 24-metnylenelophenol and locereol
2 ) lophenol

b ) acetylated fraction 3 on a AgNO_ plate 
with CHClo solvent
1) 8,l4-cnolestadienol
2) schottenol, f-cholestenol, 7-campestenol 

and cx -spinasterol.



RESULTS

Specific Separation, Purification and 
Identification of the Sterols

Introduction
A thorough analysis of the various fractions ob

tained by column chromatography led to the identification 
of six new sterols in senita cactus in addition to 4q <- 
methyl-cholest-7-en-3y5-ol (lophenol), 7-stigmasten-3^-ol 
(schottenol) and lup-20 (30 )-en-3/5-ol (lupeol), isolated 
by Djerassi et al. (6). The new sterols are: cholesta-
8,1^—dien-3^-ol (8,14-cholestadienol), cholest-7-en-3^ ~ol 
(lathosterol), campest-7-en-3/^-ol (7-campestenol), 
stigraasta-7,22-dien-3y^-ol (CX~spinasterol), ^QC-methyl- 
cholesta-8,l4-dien-3^-01 (locereol) and 40f-methyl- 
ergosta-7,24(28 )-dien-3yQ -ol (24-me thylenelophenol ),*

* From this point on, it will be assumed that all 
sterols mentioned are 3/5 sterols and trivial names will 
be used wherever possible.

15



16
Lupeol

This triterpene [2tJ had been identified in senita 
by Djerassi et al. (6) in 1958 and it was easily separa
ted and identified from senita samples used in this work.

Because of the dimethyls at the U position, the 
hydroxyl group of the free sterol is sterically hindered 
to such a degree that the of lupeol on a plain TLC plate 
is higher than that of the sterols of senita (see
Fig. 2b).

Free lupeol was obtained by chromatography of the
senita non-saponifiables on a silica gel-celite column.
It was the first to elute from the column and after
recrystallization from methanol and thorough drying gave a
melting point of 208-211°C. Djerassi et al. (6) reported 

o211-213 C. The RRT of lupeol was shown experimentally to 
be 2.13. The RRT of a standard lupeol sample obtained 
from Dr. H. W. Kircher also had a RRT of 2.13.

An IR spectrum of lupeol was taken and compared to 
that of a standard supplied by Dr. H. IV. Kircher. The spec
tra were identical. The same was done for acetylated lupeol 
and the spectra were identical in this case as well.
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Lophenol

Lophenol [ l ] t first discovered by Djerassi et al.
(6), was separated from the other constituents of fraction
2 by AgNO^ column chromatography. It was recrystallized
from methanol and the product obtained in this way gave
these physical constants: m. p. free sterol, l47-l49°C,
m. p. acetate, 116-118°C, RRT free sterol, 1.30 and RRT
acetate, 1.26. Reported values for lophenol are: m. p.

o ofree sterol and acetate, 149-151 C and 119-121 C, respec
tively (6) and RRT free sterol and acetate, 1.30 and 1.27, 
respectively (12).

The IR spectrum of lophenol is shown in Fig. 4 and 
proved to be identical to the IR spectrum of a lophenol 
standard sample obtained from Dr. H. W. Kircher. It also 
compared will to a published IR spectral analysis of free 
lophenol (13).

In previous work published on senita (7). lophenol 
was shown to be a principal sterol in the cactus. In the 
samples analysed for this research, lophenol was also one of 
the principal sterols found in the cactus. Because only 
two samples were analysed, it cannot be stated with certainty 
whether lophenol or 7-cholestenol is the principal sterol in 
the cactus (see Fig. 1). According to Kircher (7)« sterol 
makeup in senita varies with age, climate, tissue investiga
ted, etc.
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Figure 4 IR spectrum of lophenol
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24-Methylenelophenol

A component of fraction 2, 24-methylenelophenol 
acetate [ 6]  % MW 454 (by mass spectrometry), was separated 
by column chromatography on a 20# AgNO^ column and was 
recrystallized from methanol. The physical data for this 
senita sterol is presented in Table 1 and is compared to 
published values for 24-methylenelophenol.

Table 1. 24-Methylenelophenol physical data.

PhysicalProperty Senita Sterol Published Ref,
H.p. 166-1 6 7 .5 0 C 166 °C (14)
H.p. acetate 130-1310 c 133-133° C (14)
MS m/e > 200 213. 225. 2 2 7. 2Ul, 267, 327", 370. 3 7 9, 39U, 439, 454

225, 2 2 7, 243, 267, 269, 295. 302, 310. 327", 329. 335, 370 379, 394, 439, 4j4

(15)

RRT 1.65 1.65 (1 2)
RRT acetate 1 .6 0 1 .6 0 (1 2)

The IR spectrum for senita 24-methylenelophenol 
acetate is shown in Fig. 5 and is identical to the IR 
spectrum of lophenol acetate with the addition of methy
lene absorptions at 885 and 1648 cm ^ (16),
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Figure 5. IR spectrum of 2U-methylenelophenol acetate
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Locereol, a New Phytosterol

A previously undescribed sterol, locereol F 7]  

(^CX-niethyl-chol esta-8, lU-dien-3y^ -ol), MV 440 (by mass 
spectrometry), was also isolated as the acetate from frac
tion 2 by AgNO^ column chromatography and was recrystal
lized from methanol. Since there were no literature refer
ences with which to compare it, its structure was deter
mined from its m. p., RRT and its MS, NMR, IR and UV spec
tra. Locereol corresponded to Kircher1s B (7) and its physi
cal constants are presented in Table 2.

Table 2. Physical constants of locereol acetate.

2U9 nro
€ 20,700
Me p# 9 2 .9 4 0 C
RRT 1.16
NMR One vinyl proton at 5.35 ppm
IR absorption at 800 cm"1
MS Parent peak at W+0

The name ’locereol* comes from the botanical 
name for senita, Lophocereus schottii.



The mass spectrum of locereol acetate, shown in 
Fig. 6, was compared to that of 8,l4-cholestadienol ace
tate under the assumption that the spectra, at least in 
the region m/e^> 200, should be similar after 14 mass 
units for the It Os-methyl of locereol were added. The 
principal m/e peaks for C (8,l4-cholestadienol acetate), 
C+14 and locereol acetate are shown below.

'C (199), 211. 238. 253. 299. 313. 351*. 366, 411, 426
'C ♦ 14 2 1 3, 225, 2 5 2, 267, 313, 327. 365, 380, 425, 440
Locereol 213, 225, 252, 267, —  327. 365", 380, 425, 4*0

Besides showing good correspondence to 8,14- 
cholestadienol acetate, the mass spectrum of locereol ace
tate exhibited a definite parent peak at 440, as antici
pated.

22

Figure 6. Mass spectrum of locereol acetate.
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The NMR spectrum of locereol acetate showed a 

single vinyl proton at 5*35 ppm as shown in Fig. 7•

Figure 7. NI1R spectrum of locereol acetate.

The IR and UV spectra of locereol acetate are shown 
in Figures 8 and 9*
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Figure 8. IR spectrum of locereol acetate
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Figure 9 • UV spectrum of locereol acetate. hoVi
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The GC relative retention time for locereol acetate 

was predicted by the following proportion using RRT values 
reported by Patterson (12).

8,1
cholestenol acetate 
cholestadienol acetate

lophenol acetate 
z

1.12 - 1.27 
1.03 x

x « 1.17

observed RRT = 1.16

The UV maximum absorption at 249 nm corresponded 
to an 8,14 conjugated diene. The molar extinction coef
ficient of 20,700 was also in the approximate region for 
an 8,14 diene (17).

A carbon-hydrogen analysis was run on locereol 
acetate (Chemalytics Laboratory, Tempo, Arizona) and the 
results of the analysis were 81.46% carbon and 11.35% 
hydrogen. Calculated values were 81.75% carbon and 
10.98% hydrogen, indicating that locereol acetate had 
the number of carbons and hydrogens predicted by the 
molecular formula of 4c*-methyl-cholesta-8,l4-dien-3/^“Ol
acetate
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8,l4-Cholestadienol

A component of fraction 3. 8,14-cholestadienol 
acetate /8/, MW 426 (by mass spectrometry) was separated 
by AgNO^ column chromatography and recrystallized from 
methanol. For comparative purposes, the same sterol ace
tate was synthesized according to the method of Fieser and 
Ourisson (18) and the physical constants were determined 
and compared to those of the senita sterol acetate. The 
IR and NMR spectra were identical for the senita and syn
thetic sterol acetates. The physical data for 8,l4-choles 
tadienol is summarized in Table 3 and the IR, NMR and mass 
spectra of this sterol are shown in Figures 10-12.

Table 3. Physical data for 8,l4-cholestadienol acetate.

PhysicalProperty Senita Sterol Synthetic Sterol Published

M o
-23.1° — -2 1* (18)

^EtOH 2*#9 nm * 24? nro 250 nm (18)
6 15.936 • 18.978 18,100 (18)
RRT 1.03 1.03 1.03 (1 2 )
M* p« 97-98°C 94-96°C 99-100*C (18)
MS Parent peak at m/e 426 — —

NMR Vinyl proton at 5,35 ppm Vinyl proton at 5.35 ppm —

IR . A 8»lU at 800  cm~l A 8,11* at 800cm- 1
—

• Value determined on a Beckman Acta MYI Spectrophotometer
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Figure 10. IR spectrum of 8,l4-cholestadienol acetate
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Figure 11. NMR spectrum of 8,l4-cholestadienol acetate.
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Figure 12. Mass spectrum of 8,l4-cholestadienol acetate.

With a RHP of 1.03, this sterol corresponded to 
Kircher's C (7) and together with locereol confirm his 
hypothesis that two of the unknown sterols of senita are 
indeed 8,l4 dienes.



Lafchosterol, 7-Campestenol,
Oc'-Spinasterol and Schottenol

After separation of 8,14-cholesfcadienol acetate 
from fraction 3* it was assumed that the remaining sterol 
would be schottenol acetate. However, after recrystal
lization from methanol and thorough drying, the sterol had 
am. p. range of ten degrees centigrade indicating sub
stantial impurity. To determine the amount and type of 
impurity, the material was injected into the GC and four 
peaks resulted. One of the peaks corresponded to Kircher’s 
A (7).

An attempt was made to separate the four sterol 
acetates by recrystallization. Sterol A was recovered to 
approximately 85% purity but the other three could not be 
separated from each other. The relative amounts of the 
sterols could be manipulated but separation was impossible.

GO-MS was used to identify the four components of 
the sterol mixture. In addition to schottenol, which had 
been previously isolated from senita by Djerassi et al.
(6), three new sterols were identified: Ox-spinasterol [ s j  %

7-campestenol /"10/ and lathosterol /'ll/. The latter sterol 
was Kircher’s A (?). GO and GC-MS data for these senita 
sterols is presented in Table U and compared to published 
or standard spectra. The mass spectra of the four sterols 
is shown in Fig. 13.
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Table U. Mass spectral and RRT data for the acetates of 

lathosterol, 7-campestenol, cX-spinasterol and 
schottenol as compared to literature or stan
dard values.

Sterol Source R R T Principal peaks above m/e • 200 Ref.
Sen!ta 1.11 201,

353. 213, 2 2 9. 255, 273. 315. 
3 6 6, 413. 6 2 6«Lathos terol Lit. 1.12 213. 229. 247. 255*. 273. 315.(12) 353. 3 6 8. 371. 428 (15)

7-Campestenol*1

Senita 1.42 201,
315. 213. 229, 255. 273. 288. 367. 382, 427, 642»

Lit. 1.46 213. 229. 255. 273. 315. 367.(12) 382, 427, 442" (19)
Senita 1.57 211, 241. 253. 313*. 342. 351. 394, 411. 4 3 9. 454

0<-Splnasterol 379.
Std. 1.57 213. 229, 241. 253. 255. 288.. 342. 351. 379. 411. 439.313*454
Senita 1.78 201,381. 213*. 229. 255. 273, 315. 396, 441. U J 6Schottenol
Std. 1.78 213. 229, 255. 313*. 315. 381.396, 441, 442 , 4£6

aIt must be pointed out that through GC and GC-MS 
it was not possible to determine if the sterol which has 
been identified as 7-campestenol was in reality 7-campes
tenol or 7-ergostenol. In all probability, both sterols 
are present in the cactus (20). For convenience, the name 
7-campestenol acetate will be used.
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DISCUSSION

Introduction
TLC of senita sterols on a silica gel plate with 

6o/kO hexane-ethyl acetate gave three spots which corres
ponded in Rf to lupeol, lophenol and schottenol when run 
against standards of these same sterols. However, TLC on 
AgNO^ plates and GC showed the presence of other sterols.

AgNO^ TLC of sterol acetates differentiates sterols 
by degree and type of unsaturation whereas TLC of free 
sterols on plain silica gel plates differentiates sterols 
by the accessibility of the polar hydroxyl group (both 
procedures requiring specific solvent systems to accomplish 
the separations). Silica gel TLC of free senita sterols 
therefore indicated substitution or lack of it at the k  

position. Lupeol has 2 methyl groups at the 4 position 
which give it the greatest degree of steric hindrance of 
the hydroxyl group and consequently the highest R̂ ..
Lophenol has only one methyl group at the 4 position and 
although the 3y^ hydroxyl group is also sterically hin
dered, the degree of hindrance is less than that of lupeol 
and hence lophenol has an R^ lower than that of lupeol. 
Schottenol has no 4 position substituents and therefore 
no hindrance of the 3/3 hydroxyl group. Its R̂ . is lowest.
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These factors were instrumental in determining the 

structures of the new senita sterols. Silica gel TLC gave 
evidence of three sterol families and, based on that fact, 
silica gel column chromatography was used to separate the 
senita non-saponifiables into three fractions correspon
ding to lupeol, lophenol (plus 4-monomethyl unknowns) and 
schottenol (plus 4-desmethyl unknowns). AgNO^ TLC and 
column chromatography of acetylated fractions 2 and 3 
separated the unknowns, respectively, from lophenol and 
schottenol based on the degree of unsaturation. Lophenol 
and schottenol are monounsaturates, hence they were eluted 
first from their respective columns. 24-Methylenelophenol 
acetate followed by locereol acetate were next off the 
lophenol acetate column. 8,l4-Cholestadienol acetate 
separated easily from schottenol acetate on AgNO^ but the 
other three fraction 3 sterols were detected only by GC 
and their identify proven by GC-MS.

Referring to Fig. 1, it might be pointed out that 
locereol acetate, Kircher’s B (7). was buried under A and 
lophenol acetates. 7-Campestend acetate is the small 
peak preceding schottenol acetate. 24-Methylenelophenol 
and Ox-spinasterol acetates are buried between 7-campes- 
tenol and schottenol acetates on the GC trace. Kircher's 
compound C (8,l4-cholestadienol) had the lowest RRT and 
is noted in Fig. 1.



36
2^—Methylenelophenol

The physical constants of this senita sterol, as 
well as its acetate, compared well to the reported values. 
The 24-methylene group showed the predicted IR absorbance 
at 885 and 1648 cm"^ (16). The GC relative retention 
times were comparable to literature values. Particularly 
valuable structural evidence was obtained when it was dis
covered that the RRT of the free sterol was higher than 
that of the acetate (they are usually the same). Both RRT 
values were confirmed by Patterson's published values (12).

The mass spectra indicated the anticipated MV of 
454 and the fragmentation pattern, including base and par
ent peaks, of senita and published spectra (15) were nearly 
identical. Slight discrepancies in the spectra could be 
attributed to differences in the MS ionization voltage. 
Melting points for both free sterol and acetate were within 
a degree of published values (14).

Locereol
The first hint at the structure of locereol was 

given by 60/40 hexane-ethyl acetate TLC and column chroma
tography. The sterol was quickly shown to be structurally 
similar to lophenol in that it was methylated at the 4 
position and formed a part of fraction 2 eluting from a 
silica gel column together with lophenol and 24-methylene- 
lophenol. The UVmax at 249 with a molar extinction



coefficient of 20,700 is characteristic of an 8,lU- diene 
(17). The possibility existed that the conjugation was 
of the 6,8 diene variety because that system also absorbs 
near 250 nm. However, the possibility was ruled out when 
the NMR showed evidence for only one vinyl proton. The 
6,8 diene would show two vinyl protons.

Side chain substitution was ruled out by the MS 
parent peak of WfO which, taking into account the 4CX- 
methyl group, indicated a cholesterol side chain. Com
parison of the spectra of locereol acetate with that of 
8,l4—cholestadienol acetate showed the two to be almost 
identical in the region m/e >  200 if 14 mass units for 
the 4cX-methyl group of locereol were added to each peak 
in the spectrum of 8,L4—cholestadienol acetate.

The melting point of locereol acetate was in the 
appropriate range. Also, the RRT predicted by proportion 
coincided with the experimentally determined RRT of locer
eol acetate. The carbon-hydrogen analysis showed 81.46% 
carbon and 11.35% hydrogen. Calculated values for locereol 
acetate were very close to the experimentally determined 
values: 81.82% carbon and 10.98% hydrogen.

As was stated previously, NMR showed the presence 
of only one vinyl proton which is consistent with the 
8,l4 diene configuration.

37



38
8,l4-Cholestadienol

The sterol acetate from senita showed a band in 
the IR spectrum at 800 cm-"*", an absorption also evident 
in the synthetic 8,l4-cholestadienol acetate spectrum. 
Comparison of the two IR spectra showed them to be iden
tical in all respects. The mass spectrum of the senita 
sterol acetate confirmed the molecular weight of 426 and 
the relative retention time on GC for the senita and syn
thetic sterol acetates were identical to the published 
value (12). UV spectral analyses of the senita and syn
thetic sterol acetates were slightly different but this 
could be attributed to slight impurities detected by GC. 
Melting points of the synthetic and senita sterol acetates 
were comparable to literature values (18) and the NMR spec
tra for the two were identical and showed the presence of 
only one vinyl proton.

Lathosterol, 7-Campestenol and 
CX-Spinasterol

The mixture of sterols whose Rf on TLC (silica gel) 
corresponded to schottenol was inseparable. TLC and GC 
data established that three of the sterols in the mixture 
were £ 7  sterols. A special TLC using a AgNO^ plate with 
l/l (v/v) carbon tetrachloride-chloroform solvent two 
times up the plate indicated a small amount of either a



or a
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^7»22 gterol which has an R̂ . on this TLC system 
slightly below the Z 7̂ sterol R^. This was later con
firmed by the presence of Q<-spinasterol, a sterol.
GC (12) and GC-MS (15» 19) literature values for the three 
sterols were comparable to those found experimentally for 
the senita sterols, all of which are relatively common 
phytosterols.

The mass spectra of the three unknown sterols 
exhibited a definite parent peak which ruled out the pos
sibility of a A5 sterol. According to Knights (15). a 
A5 sterol would exhibit no parent peak at all. Espe
cially valuable in the mass spectra were the molecular 
weight confirmations of the three sterol acetates. Anal
ysis of these spectra and their comparison with either 
spectra of standards or published spectra (15* 19) 
together with RRT comparisons (12) confirmed the struc
tures.

Possible Biosynthetic Pathway of 
Senita Sterol Production

A possible pathway for senita sterol biosynthesis 
is presented in Fig. lk. The pathway includes all known 
senita sterols at the time of this writing. To avoid 
speculation as to the order of demethylations, saturations, 
isomerisations, etc. intermediates that have not been 
isolated from senita have been purposely omitted. The
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Ô* —

♦7-campestenol1.̂2

steps

1 step »
WO

♦Seho ttenol 1.78 • o<-splnasterol 1 .3 7

07-choles tenol 
1.11

Note 1 Since lophenol and 
7-cholestenol are the principal senlta sterols, pathway P may or may not exist. The two 8,14 dienes could be the Intermediates that precede the synthesis of these two sterols which are the final products of pathway L. S and L represent the two distinct pathways of senlta sterol production.S involves side chain substitution, L does not.

Figure l4# Possible biosynthetic pathway of senlta sterol production
4rO



41
free sterol RRT for each sterol is presented with its name 
and an asterisk denotes sterols which to date have been 
isolated from senita. (The RRT of locereol is of its ace
tate. The free sterol would probably have a slightly 
higher RRT as is the case with lophenol and 24-methylene- 
lophenol.)

For comparative purposes, see Figure 15 which 
shows not only senita sterols but other common plant ster
ols (those which have been referred to in the text of this 
work followed by bracketed numbers). Brief inspection of 
Fig. 15 will show that senita is indeed an unusual sterol 
producer.
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Figure 15. Structures of sterols presented

lophenol 1 Rj * methyl, Rg # H 
schottenol 1 R1 - H, R̂  . ethyl 
lupeol 0 

eedysone 7
cholesterol A R̂  - H, Rg - H
24-methylenelophenol 5 R̂  * methyl, Rg - methylene
locereol C R̂  - methyl, Rg - H 
8,14-oholestadienol C R̂  * H, R2 • H
Q<-sptnaet#rol B R% • H, Rg * ethyl
7-campostonol 1 R^ - H, Rg # methyl

7-cholostenol I Rx • H, R2 • H

sitosterol A Rx - H, Rg • ethyl
Rx - H, Rg - methyl

stigmasterol D R1 - H, R2 - ethyl

in this work.
Note: The number preceding each sterol is the reference number used in
the text. The letter after each sterol name refers to the basic ring 
system for that sterol in the diagram e. g. A, B, C, etc. each of which 
shows a particular double bond configuration. and R2 refer to the
substituents which when attached to the basic ring system indicated 
finalize the structure of each sterol. 4r
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CONCLUSION

With the completion of this work, the principal 
sterol constituents of senita cactus are known. They are: 
lophenol and schottenol, as discovered by Djerassi et al. 
(6), 8,l4-cholestadienol, locereol, 7-campestenol, lathos- 
terol, C^-spinasterol and 24-methylenelophenol.

It appears that senita cactus has an unusual reg
ulatory factor, possibly its alkaloids, which causes the 
buildup of intermediates in its sterol biosynthetic pro
duction. Normally the principal sterol constituents of 
plants include such compounds as sitosterol /l2/, campes- 
terol [ YiJ and stigmasterol /l4/, to mention a few. In
stead, IS? sterols and 8,14 dienes are found in the cactus. 
Although these are not unknown in nature, they are not 
among the principal phytosterols found in plants. It is 
uncommon to find these sterols exclusively with the typi
cal phytosterols totally absent.

The discovery of two new sterols as well as a
^\7,24(28) ̂ a 22 an(j two ^8,14 sterols necessitates
a reinvestigation of the senita - D. pachea relationship.
As was stated earlier, the conclusion that the fly required
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the schottenol in senita is no longer valid in that the 
schottenol samples used in the D. pachea experiments were 
later found to contain significant amounts of at least 
one other sterol, 7-campestenol (11). It has been
conclusively demonstrated that D. pachea cannot use a ZX^ 
sterol or sterols which are methylated at the 4(3K or 
positions (10).

It would be expected that D. pachea could not 
mature and reproduce on locereol, the new phytosterol 
found in senita, because of its 4 0  methyl group. For the 
same reason, it is probable that the fly cannot metabolize 
24-methylenelophenol.

Further work may show that D. pachea cannot metab
olize the 24(0 ethyl group present in both schottenol and 
Qt-spinasterol. It may be that D. pachea was utilizing 
the schottenol contaminants rather than the schottenol 
itself in the experiments of Heed and Kircher (10).

The knowledge gained from this research will add 
to the pool of information on plant sterols and phyto- 
sterol biosynthesis. Also, with the proven existence in 
senita of sterols in addition to lophenol and schot
tenol, as well as the 8,14 dienes, the relationship be
tween Drosophila pachea and senita may be further explored
until its exact nature is discovered.
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