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The sterols and tetracyclic triterpenoids of
Digitalis purpurea L. seeds

F. J. EVANS
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29/39 Brunswick Square, London, W.C.1, U.K.

Three types of sterols were isolated from the non-saponified fraction
of D. purpurea seed oil. These were the 4,4'-dimethylsterols, the
4o-methylsterols and the 4-desmethylsterols. By combination of
tl.c., gl.c. and mass spectrometry, the first group were found to
consist of cycloartenol and 24-methylenecycloartenol, the second
group of 24-methyl-lophenol, 24-ethyl-lophenol, 24-methylene-
lophenol, 24-ethylidenelophenol, obtusifoliol, 4a-methylzymosterol
and cycloeucalenol. The third group of true phytosterols consisted
of cholesterol, campesterol, stigmasterol, p-sitosterol, fucosterol,
28-isofucosterol and 24-methylenecholesterol.  Possibly present
also in this group were 7-ene-cholestenol, 7-ene-campestenol, 7-ene-
22-dihydrostigmastenol, 7-ene-24-methylenecholestenol and 7-ene-
isofucostenol.

Interest in the phytosterols of Digitalis species has been stimulated by the discovery
that cholesterol (Caspi, Lewis & others, 1966; Tschesche & Lilienweiss, 1966) and
B-sitosterol (Bennett, Heftmann & Winter, 1969) are implicated in the biosynthesis
of cardenolide steroids, and that cholesterol is similarly implicated in sapogenin
biosynthesis (Tschesche & Hulpke, 1966). f-Sitosterol has also been converted to
stigmasterol by D. lanata (Bennett & Heftmann, 1969).

The sterols of Digitalis canariensis were identified as cholesterol, campesterol,
stigmasterol and B-sitosterol (Linde, Ergene & Meyer, 1965). Earlier work on the
phytosterols of Digitalis purpurea (Cowley, Evans & Ginman, 1971), showed that
it was possible to separate the sterols of both the leaves and the seeds into a glycoside
and a lipid fraction. The composition of the glycoside fraction was found to be
identical to that reported earlier by Jacobsohn & Frey (1967); however, the sterols of
the lipid fraction were much more complex. I now describe an investigation of the
non-saponified fraction of the seed oil, using a combination of chromatographic
methods together with mass-spectrometry.

METHODS AND RESULTS

Extraction. Crushed seeds (350 g) were extracted with light petroleum (b.p.
40-60°) in a Soxhlet apparatus. Removal of solvent gave an oil filtered in acetone
through Celite. The residue, after removal of acetone, was refluxed (3 h) with 6%
potassium hydroxide in 909 ethanol (400 ml). The cooled solution was diluted
to 2 litres with 1% aqueous ammonium sulphate and the non-saponified fraction
removed by ether extraction (300 ml). After removal of the solvent, the residue
(1-8 g) was separated into three main fractions on a column of alumina, eluting with
ether-light petroleum (b.p. 40-60°) (Williams, Goad & Goodwin, 1967). The eluate
was monitored by t.l.c. (Silica gel H, 250 pm, activated 110° 30 min, developed with
chloroform-isopropyl ether (98:2), visualized by 109, antimony trichoride in
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Table 1. The t.l.c. of the acetates of reference sterols and sterols from D. purpurea
on silver nitrate/silica gel.

Compound Ry value*

Cycloartenol acetate .. .. .. 0-59
24-Methylenecycloartenol acetate .. 0:41

Fraction 1 acetates .. .. .. 0:77; 0-59; 0-41
24-Ethylidenelophenol acetate .. .. 0-46

Cycoeucalenol acetate .. .. .. 0-37

24-Methylenelophenol acetate .. .. 0-27

Fraction 2 acetates .. .. .. 0-68; 0-55; 0-46; 0-37; 0-:27
7-Ene-cholestenol acetate .. .. .. 0-90

Cholestanol acetate .. .. .. 0-90

Sitosteryl acetate .. .. .. .. 0-84

Stigmasterol acetate .. .. .. 0-82

Fucosteryl acetate .. .. .. 0-70

Isofucosteryl acetate .. .. .. 0:60
24-Methylenecholesteryl acetate .. 0-55

Cholesteryl acetate .. .. .. 0-84

Campesteryl acetate .. .. .. 0-84

Fraction 3 acetates .. .. .. 0-90; 0-84; 0:70; 0-60; 0-55

* T.l.c. on air-dried silica gel H plates containing 209 w/w of silver nitrate. Plates werc
developed in benzene—hexane 1:1.

benzene), These fractions were collected. 1. 4,4’-Dimethylsterols (114 mg).
2. 4-Monomethylsterols (110 mg). 3. 4-Desmethylsterols (200 mg).

Fraction 1. Thin-layer chromatography of the derived acetates of this fraction
(Table 1) gave spots with the same Ry values as authentic specimens of cycloartenol
and 24-methylenecycloartenol acetates. Gas chromatography of the free sterols
and steryl acetates indicated the presence of the same two components (Table 2).
Separation of the acetates by p.l.c. (Table 1) gave three zones.

Zone 1 (Upper zone). This zone which gave no colour with the Liebermann
Burchard reagent (Cowley & others, 1971), was converted to the free alcohol and
recrystallized from hexane (yield 30 mg). A mass spectrum gave ions at m/e 326,
308, 228, corresponding to CH,[CH,]s-CH,OH minus water, where n = 20, 22 and
24. A series of fragment ions appeared at M—-18-(14), indicative of a long chain
primary alcohol, a characterization in agreement with the infrared spectrum.
G.l.c. of the acetates (SE30) gave a series of peaks. This non-steroidal zone was
not further investigated.

Zone 2. This gave a yellow colour (Amax 460 nm) with the Liebermann-Burchard
reagent. G.l.c. of the free sterols and steryl acetates (Table 2) indicated the presence
of cycloartenol. This was confirmed by the mass spectrum which exhibited a
molecular ion at m/e 468 with significant fragmentation ions at m/e 453, 408, 393,
365, 357, 339, 315, 297, 286, 271, 175 and 155. This corresponded to that from
authentic cycloartenol acetate (I) (Benveniste, Hirth & Ourisson, 1966; Audier
& others, 1966).

Zone 3. The Liebermann-Burchard reaction was similar to zone 2, but t.l.c.
(Table 1) and g.lc. (Table 2) indicated the presence of 24-methylenecycloartenol
(II). A mass spectrum had a molecular ion at m/e 482 and fragmentation ions at
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Table 2. The g.l.c. of reference 4-4'-dimethylsterols and sterols from D. purpurea.
Relative retention*
Formula Relative retention*
Compound No.t A B of acetates A**
Lanasterol 3-69 10-3 5-66
Cycloartenol .. .. 1 3-78 10-6 574
24- Methylenecycloartenol .. 11 4-34 119 611
Fraction 1. Zone 2 3-78 10-6 574
Zone 3 434 11-9 6-11

* Relative to cholestane.

A. 6ft x %in (glass
25 ml/min.

column) S.E.30.

1-59%,.

1% at 225°, N, 60 ml/min.

Free sterols analysed at 218°, N, flow of
Acetates analysed at 230°, N, flow of 40 ml/min.

B. 6ft X 4in glass column NGS.

** Mass spectra were obtained on about 10 ug of steryl acetates condensed from g.l.c. with

the SE30 column.
t See Figs 1 & 2.

m/e 467, 422, 407, 379, 353, 357, 335, 315, 313, 300, 297, 295 and 165.

An A.E.I. (MS-902) instrument was used with an inlet temperature of 212°.

This is

similar to the fragmentation of 24-methylenecycloartenol acetate (II) (Benveniste &
others, 1966; Audier & others, 1966).

Fraction 2. The acetates of this fraction produced five spots by t.l.c.,
which had similar R values to standard references (Table 1).
sterols gave four peaks (SE30) and five peaks (NGS) (Table 3).

three of
G.l.c. of the free
The acetates were

separated into four zones by p.l.c. (Table 1; Goad & Goodwin, 1967).

Zone 1 (Upper zone).

7-ene sterol.

and 24-ethyl-lophenols.

The Liebermann-Burchard reaction was typical of a
T.l.c. (Table 1) and g.l.c. (Table 3) indicated the presence of 24-methyl-
The mass spectrum of the acetate of the major component

(80%,) had a molecular ion at m/e 456, and significant fragmentation ions at 441,

396, 381, 315, 273, 255 and 213.
of 24-methyl-lophenol acetate (III) (Goad & Goodwin, 1967).

This is consistent with the fragmentation pattern

The minor com-

Table 3. The g.l.c. of reference 4a-methylsterols and sterols from D. purpurea.
Relative retention*
Formula Relative retention
Compound No.?t A B of acetates A**
Obtusifoliol . .. VII 265 67 4-41
24- Methylenelophenol o X 310 99 4-63
Cycloeucalenol .. .. VHI 3-47 7-8 5-33
24-Fthylidenelopheno! .. VI 4-63 122 611
Crude Fraction 2 2:65; 3-10; 347 6-7;7-8;99
4-63 12 2
Fraction 2. Zone 1 2:93; 4-56 9-74; 12-1 3-52; 4-56
Zone 2 4-40 11-3
463 12:2 4-11; 6-11
Zone 3 2:65 67
347 7-8 4-41; 5-33; 648; 7-22
Zone 4 3-10 9-9 4-63
* Relative to cholestane.
A. 6ft x }in glass column SE30. 1-59. Free sterols analysed at 218°, N, flow of 25 ml/

min.

B. 6ft X %in glass column NGS.

Acetates analysed at 230°, N, flow 40 ml/min.
1% at 225°, N, 60 ml/min.

** Mass spectra were obtained on about 10 pg of steryl acetates condensed from the SE30

column.
t See Figs 1 & 2.

An A.E.I (MS-902) instrument was used with an inlet temperature of 212°.
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ponent (20%) had a molecular ion at m/e 470 and fragmentation ions at m/e 455,
410, 395, 329, 269, 287, 227, this being similar to the fragmentation of 24-ethyl-
lophenol (1V).

Zone 2. G..c. (Table 3) gave compounds with similar Rt values to 4«-methyl-
zymosterol and 24-ethylidenelophenol. The identity of the acetate of the major
component (60%,) was confirmed by its mass spectrum, which gave a molecular ion
at m/e 454 and significant fragmentation ions at m/e 439, 394, 379, 287, 329, 269, 227.
This is identical to the mass spectrum of 4a-methylzymosterol acetate (V) (Rees,
Goad & Goodwin, 1968). The minor component had a molecular ion in the mass
spectrum at m/e 468 and fragmentation ions at m/e 453, 408, 393, 370, 327, 310
and 267. This is similar to the fragmentation pattern of 24-ethylidenelophenol
(VD) (Goad & Goodwin, 1966; Benveniste & others, 1966).

Zone 3. This had a similar Ry value to cycloeucalenol acetate (Table 1). It pro-
duced a yellow colour with the Liebermann-Burchard reagent (Amax 460 nm).  G.l.c. of
the acetates of this fraction gave four peaks (Table 3), the major component having
a similar Rt value to obtusifoliol acetate, and a second major peak to cycloeucalenol
acetate. The mass spectrum of the first compound had a molceular ion at m/e 468,
and fragmentation ions at m/e 453, 408, 393, 385, 329, 325, 269, 267, 287 and 227.
This is similar to the fragmentation pattern of obtusifoliol acetate (VII) (Barrera,
Breton & others, 1967). The second major component had a molecular ion in the
mass spectrum at m/e 468 and fragmentation ions m/e 408, 453, 393, 383, 365, 353
and 300, corresponding to cycloeucalenol acetate (VIII) (Audier & others, 1966).

Zone 4. The Liebermann-Burchard reaction indicated that this fraction con-
sisted of a 7-ene sterol. T.lc. (Table 1) and g.l.c. (Table 3) indicated the presence
of 24-methylenelophenol. This was confirmed by the mass spectrum which had a
molecular ion at m/e 454 and fragmentation ions at m/e 439, 394, 379, 371, 327, 287,
267 and 227. This is similar to the fragmentation of 24-methylenelophenol (IX)
{Bergman, Lindgreen & Svohn, 1965).

Fraction 3. T..c. (Table 1) of the acetates produced six spots, five of which had
R values similar to sitosteryl acetate, stigmasteryl acetate, fucosterylacetate, iso-
fucosteryl acetate and 24-methylene cholesterol. The sixth spot had a similar R,
value to cholestanol and 7-ene-cholestenol. G.l.c. (Table 4) indicated the presence
of cholesterol, 24-methylenecholesterol, campesterol, stigmasterol, B-sitosterol,
fucosterol, isofucosterol and 7-ene-isofucostenol. P.l.c. of the acetates produced
three zones (Table 1).

Zone 1 (Upper zone). The Liebermann-Burchard reaction indicated the presence
of a mixture of 5-ene and 7-ene sterols and g.l.c. (Table 4) demonstrated the presence
of B-sitosterol, campesterol, stigmasterol and cholesterol. Four compounds were
collected by preparative g.l.c. The first had a molecular ion in the mass spectrum
at m/e 428 and fragmentation ions at m/e 413, 368, 353, 315, 273, 255, 247, 223, 213,
145 and 119. This follows the expected fragmentation pattern for cholesteryl acetate
(X) (Friedland, Lane & others, 1959). The presence of a molecular ion suggests
that a trace of 7-ene-cholestenol (XI) was also present (Standifer, Derys & Barbier,
1968). The second peak was similarly identified as campesteryl acetate (XII) (mass
spectrum, molecular ion at m/e 442, fragment ions at m/e 427, 382, 367, 315, 273,
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Table 4. The g.l.c. of reference 4-desmethylisterols and sterols from D. purpurea.

Relative retention* of derivatives

Formula Relative retention*

Compound No.T Column A Acetates TMS-ethers
Ax* B A C
3-Sitosterol .. .. .. XV 343 4-61 8-48 430 4-12
Isofucosterol .. . XVII 343 4-62 9-38 432 520
Fucosterol .. .. .. XVIL 3:43 462 895 4-30 5-00
Stigmasterol .. .. XIvV 2:86 392 7-29 3-65 332
24-Methylenecholesterol .. XX 221 342 7-07 2-85 277
Campesterol .. .. XH 2-57 391 691 3-20 319
Cholesterol .. .. X 2-00 278 519 2:50 2:33
Crude Fraction 3 .. .. 3-43; 2-86 — — 4-3; 3-65; 3-20 —
2:57; 221 2:-85; 2:50
2:00
Fraction 3. Zone 1 .. 2-00; 2-57; 2-86 2:78; 3-15; 5-19; 6:29 2:50; 3-20 412 3:32
343 361;392; 691;729 65; 4:30 3-19; 2:33
4-62 8:48; 9:57
10-62
Zone 2 .. 3:43; 222 3-15;3:58; 5:14; 629 4-32; 3-80 5-00; 5-20
463 7-76; 8-95
9-38;
10-0;
11-33
Zone 3 .. 221 342 7-05 285 277

* Relative to cholestane.
A. 6ft x Yin glass column SE30. 1-59;. Free sterols and TMS-ethers analysed at 218°, N, flow 25 ml/min.
Acetates at 230, N, flow 40 ml/min.

B. 6ft x }in glass NGS. 1:0% at 225°, N; flow 60 m]/min.
C. 6ft » }in glass column EGSP. 2% at 201°, N, flow 20 ml/min.

** Mass spectra were obtained on about 10 ug of steryl acetates condensed from g.l.c. with the SE30 column. An
A.E.l. (MS-902) was used with an inlet temperature of 212°.

t See Figs 1 & 2.

255, 269, 213, 261, 119 and 111), and a trace of 7-ene-campestenol acetate (XIII),
the third peak was stigmasteryl acetate (XIV) (mass spectrum, molecular ion absent,
fragment ion M-60 at m/e 394 and other significant fragmentation ions at m/e 379,
315, 273, 255, 281, 213, 145, 119 and 111). The final peak was identified as §-
sitosterol acetate (XV) (mass spectrum, molecular ion at m/e 456, and fragment
ions at m/e 441, 396, 381, 315, 275, 273, 283, 213, 119 and 111), also present was a
small proportion of 7-ene-22-dihydrostigmastenol acetate (XVI). The bulk of
zone | was reconverted to their alcohols and recrystallized from methanol (yield
15 mg, m.p. 138°) until only one product was produced by g.l.c. (98%). The infra-
red spectrum of this substance was identical to an authentic sample of B-sitosterol
(XV).

Zone 2. The Liebermann-Burchard reaction again indicated the presence of
5-ene- and 7-ene-sterols. The acetates by t.l.c. were found to be composed of fuco-
steryl acetate (XVII) and 28-isofucosteryl acetate (XVII) (Table 1). G.l.c. (SE30)
produced three peaks and (NGS) five peaks, the major component corresponding
to 28-isofucosteryl (Table 4), and a minor component tentatively identified as 7-ene-
isofucostenol (XIX). The mass spectrum of the acetate had a molecular ion at
m/e 454 and fragmentation ions at m/e 394, 379, 356, 313, 281, 296, 255, 253, 173,
119 and 111. Tons were also present at m/e 327 and 267 corresponding to the
elimination of CgH,¢ + 15 and CgH;¢ + 15 + 60. The relative intensities of the
ions at m/e 296 and 55 indicated that the isomer 28-isofucosterol acetate formed the
bulk of the mixture. The bulk of zone 2 was reconverted to their alcohols and
recrystallized from methanol (yield 10 mg, m.p. 122°) until only one component
was produced by gl.c (95%). The infrared spectrum of the product was similar
to an authentic sample of fucosterol, with the exception that the peak at 8§25 cm~!
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due to out of plane bending frequency of hydrogen at C,s was present at 812 cm—?
indicating the presence of the 28-isomer (XVIII).

Zone 3. By tl.c. (Table 1) and g.l.c. (Table 4) 24-methylenecholesterol appeared
to be present. This was confirmed by the mass spectrum which had a molecular
ion at m/e 440, indicating the presence of a trace of 7-ene-24-methylenecholestenol
acetate (XXI), and fragmentation ions at m/e 425, 380, 365, 313, 358, 296, 281, 253,
259, 267, 213, 119 and 111. This is similar to the fragmentation of an authentic
sample of 24-methylenecholesterol acetate (XX) (Knights, 1968).

DISCUSSION

Three types of sterols were isolated from Digitalis purpurea, and were classified
by means of the number of methyl groups at carbon four of ring A. The first group
were the 4,4-dimethylsterols, consisting of cycloartenol (I) and 24-methylene-
cycloartenol (IT). No trace could be found of the triterpenoids « and S-amyrin
reported to be present in D. purpurea leaves by Tsukamoto, Yagi & others (1968).
Cycloartenol is widely distributed in plants (Benveniste & others, 1964) (Schrieber
& Osske, 1962), and is often accompanied by the 24-methylenecycloartenol (Goad
& Goodwin, 1966). This observation has significance with regard to the bio-
synthesis of sterols in Digitalis species because Goad (1967) has suggested that
cycloartenol is the cyclization product of squalene in plants, and not lanasterol, as in
animal tissues. Lanasterol could not be detected in D. purpurea, even though
specifically searched for.

The second type of sterols are the 4a-methylsterols, which may be divided into
four groups. The first group have a saturated side chain and consist of 24-methyl-
lophenol (III) and 24-ethyl-lophenol (IV); previously these compounds have been
reported in larch leaves (Goad & Goodwin, 1966). The second group are the

Ra Ra = .
M/ K R
cycloartenol
i - O
HO=>< Yy ~y
Ji
A R 24-methylene cycloartenol HO- IxJsene A HO 7ene B
Rb b- \I/\J\( m R A chotesterol X
2+methy! (ophenol TT 7 B senecholestenol i
HO W[r W A terol X
_ campester
24ethyl lophenol \I/vh/ -
B j/\)H/ X B 7-ene-campestenol  Xill
_ A stigmasterol Xiv
Re 24methylene lophenol M - K
i A peosteral v
_ sitostero
24.ethylidene lophenol Y\/tr =
= B 7-ene-22-dihydro-stigmastenolas Xvi
_ A fucosterol XVii
obtusifoliol =
YVY \Y M A ze-isofucosterol xviil
ax-methyl zymos terol = B 7-ene-isofucostenol XX
M A 2a-methylene cholesterol XX
I

7-ene-2amethylene cholestenol
XX

o
cycloeucalenol vl

F1c. 1. The 4,4’-dimethyl- and FiG. 2. The 4-desmethylsterols
4-monomethylsterols of Digitalis purpurea. of Digitalis purpurea.
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unsaturated homologues, 24-ethylidenelophenol (IV) which is known to be present
in several plant tissues (Benveniste & others, 1966; Goad & Goodwin, 1967; Williams,
Goad & Goodwin, 1967) and 24-methylenelophenol (IX), which also occurs in
potato leaves and sugar cane wax (Osske & Schrieber, 1965). The third group of
4o-methylsterols are characterized by the presence of an 8-ene double bond and a
14a-methyl group. These are obtusifoliol (VII), known to occur in tobacco cultures
(Benveniste & others, 1969), and 4o-methylzymosterol, which was isolated from
potato leaves (Rees & others, 1968). Cycloeucalenol (VIII) was also present,
and this compound is characterized by a 198-9-cyclopropane bridge. The presence
of this compound in plant tissues, together with the 8-ene, 14a,4«-dimethylsterols
and the 7-ene-4-methylsterols, led Williams & others (1967) to propose a linear
scheme of sterol biosynthesis. The presence together in D. purpurea of pairs of
compounds (I) and (II), (III) and (IV), (VI) and (IX) and (VII) and (V) suggest,
however, that the enzymes involved in side-chain methylation steps are not specific,
but rather that methylation can occur at all stages of the sequence from cycloartenol.
A scheme of biosynthesis involving non-specific methylation of this type would
account for the accumulation of the great variety of compounds in D. purpurea.

The third type of sterols isolated were the 4-desmethylsterols (the true phyto-
sterols). These consisted of mono- and di-unsaturated sterols, although it is possible
that stanols were present also. The mono-unsaturated sterols were cholesterol (X),
campesterol (XII) and B-sitosterol (XV). Possibly also present were 7-ene-cholestenol
(XI), 7-ene-campestenol (XIII) and 7-ene-22-dihydrostigmastenol (XVI), as minor
components. A complex mixture of 5-ene- and 7-ene-sterols have been identified
also from oatseed (Knights & Laurie, 1967). The presence of 5-ene- and 7-ene-sterols
in D. purpurea is of biochemical significance as the sequence of nuclear double bond
rearrangements: 7-ene — S-ene, 7-ene — S5-ene has been proposed by Dempsey,
Seaton & others (1964) as a stage in sterol biosynthesis. Previously (Jacobsohn &
Frey, 1967; Cowley & others, 1971) the 5-ene-sterols of this group were detected as
glucosides in D. purpurea seeds and leaves. However, no trace was found of the
T-ene-sterols, indicating that glucoside formation occurs selectively after the bio-
synthesis of phytosterols is complete. This also suggests that enzymes involved in
the formation of the glycoside bonds are extremely selective, utilizing only a few
of the total available compounds. The physiological significance of this observation
remains obscure at the present time. The di-unsaturated sterols consisted of
stigmasterol (XIV), large amounts of 28-isofucosterol (XVII), together with traces
of 7-ene-28-isofucostenol (XIX), small amounts of fucosterol (XVIII) and of 24-
methylenecholesterol (XX) and possibly also 7-ene-24-methylenecholestenol (XXI).
Fucosterol is a well known sterol of marine algae, and has been identified as a
component of higher plants (Anders & Kranwach, 1957; Baisted, 1969). However,
in plants it is the 28-isomer that predominates (Gibbons, Goad & Goodwin, 1968;
Knights & Brookes, 1969). Hugel, Vetter & others (1964) have suggested that
fucosterol is the immediate precurser of B-sitosterol. Later work by Van-Aller,
Chikamatsu & others (1968) has similarly implicated 28-isofucosterol. The occur-
rence of these two isomers in marine green algae lead Gibbons & others (1968) to
suggest that the transmethylation mechanism must involve an enzymatically con-
trolled stereospecific hydrogen elimination, to produce one or other of these isomers.
The presence together of fucosterol and 28-isofucosterol in D. purpurea indicates
that a similar mechanism must be retained by higher plants.



234 F. J. EVANS

Acknowledgements

I am indebted to Professor Klyne of the Steroid reference collection for samples
of lophenol, 5u«-cholest-7-ene-3-ol, and fucosterol acetate; to Dr. Bristed for fuco-
sterol, 28-isofucosterol, and 7-ene-isofucosterol; to Dr. Goad for cycloeucalenol;
and Professor G. Gonzalez for obtusifoliol. Mass spectra were kindly produced by
C. Simpson of the University of Sussex and by Dr. Millard of The School of
Pharmacy, University of London.

REFERENCES

ANDERS, B. & KRaNwACH, B. (1957). Acta chem. scand., 11, 997-1000.
AUDIER, H. E., BEUGELHAMS, R. & Das, D. C. (1966). Tetrahedron Lett., 36, 4341.
Baistep, D. J. (1969). Phytochemistry, 8, 1697-1703.

BARRERA, B. J., BRETON, J. L., MARTIN, J. D. & GonzaLEz, A. G. (1967). An. R. Soc. esp.
Ser., B62, 191-196.

Benvenistg, P., HirTH, L. & OurissoN, G. (1964). C.r. Hedb. Séanc. Acad. Sci., Paris, 259,
2284-2287.

BENVENISTE, P., HirTH, L. & OurissoN, G. (1966). Phytochemistry, 5, 31-45.

BenVENISTE, M. J., HEwLINS, E. & FRITIG, B. (1969). Europ. J. Biochem., 9, 526-533.
BERGMAN, J., LINDGREEN, B. D. & SvouN, C. M. (1965). Acta chem. scand., 19, 1661-1666.
BENNETT, R. D. & HEFTMANN, E. (1969). Steroids, 14, 403-407.

BENNETT, R. D., HEFTMANN, E. & WINTER, B. S. (1969). Phytochemistry, 8, 2325-2328.

Caspl, E., LEwis, B. O., Piatak, D. M., THiMaNN, K. V. & WINTER, M. (1966). Experientia,
22, 506-507.

CowlLEY, P. S., Evans, F. J. & GINMAN, R. F. A. (1971). Planta Med., 19, 249-257.

Dempsey, M. E., SEATON, J. D., SCHROEPFER, G. J. & TROCKMAN, R. W. (1964). J. biol. Chem.,
239, 1381-1387.

FRIEDLAND, S. S., LANE, G. H., LongMAN, H. T., GraiN, K. E. & O’NEIL, J. (1959). Analyt.
Chem., 31, 169-174.

GiBBons, G. F., Goap, L. J. & Goopwin, T. W. (1968). Phytochemistry, T, 983-988.

Goap, L. J. (1967). Aspects of Phytosterol Biosynthesis, from Terpenoids in Plants, pp. 159-189.
Editor: Pridham, J. B. London: Academic Press.

GoAD, L. J. & Goopwin, T. W, (1966). Biochem. J., 99, 735-746.

Goap, L. J. & GoopwiN, T. W. (1967). Europ. J. Biochem., 13, 357-362.
HgG%L,lévI. F., VETTER, W., AUDIER, H., BARBIER, M. & LEDERER, E. (1964). Phytochemistry,
Jacossonn, G. M. & Frey, M. J. (1967). J. Am. chem. Soc., 89, 3338-3340.
KnNiGguTS, B. A. (1968). Phytochemistry, 7, 1707-1708.

KNIGHTS, B. A. & BrookEs, C. J. W, (1969). 1bid., 8, 463-467.

KNiGHTS, B. A. & LAURIE, W. (1967). Ibid., 6, 407-416.

LinDE, ERGENE, N. & MEYER, K. (1966). Helv. Chim. Acta, 49, 1246-1249.

OsskE, G. & ScHRIEBER, K. (1965). Tetrahedron, 21, 1559-1566.

Reses, H. H.,, Goap, L. J. & GoopwiN, T. W. (1968). Phytochemistry, 1, 1875-1877.
ScHRIEBER, K. & OsskE, G. (1962). Kulturpflanze, 10, 371-373.

STANDIFER, L. N., DERYS, N. & BARBIER, M. (1968). Phytochemistry, 7, 1361-1365.
TscHEsCHE, R. & HULPKE, E. (1966). Z. Natursforsch, 21, 494-495.

TscHESCHE, R. & LiLIENWEISs, G. (1966). Ibid., 21, 294-295.

Tsukamoro, T., YacGl, A., KuniHiDE, M. H. & MOry, Y. (1968). Chem. Pharm. Bull., Tokyo,
16, 2123-2129.

VAN-ALLER, R. T., CHIKAMATSU, H., DE Souza, N. J., Joun, J. P. & NEs, N. E. (1968). Biochem.
biophys. Res. Commun., 31, 842-844.

WiLriaMs, B. L., Goap, 1.. J. & Goopwin, T. W. (1967). Phytochemistry, 6, 1137-1145.



