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ABSTRACT

A chemotaxonomic investigation of the family Zoanthidae,
phylum Coelenterata, with sterols as the chemical parameter
showed that most of the species contained a mixture of from four
to six individual sterols. Each sterol mixture was characteristic
of a given zoanthid, as shown by reproducible gas chromato-
graphic patterns. Fingerprint gas chromatograms are therefore
a valid tool to aid in the classification of zoanthids.

Previous work had established the presence of 24-methylene-
cholesterol in Zoanthus proteus and palysterol in Palythoa
mammilcsa. Reinvestigation of ''palysterol" from Palythoa sp.
proved it to be a mixture of at least five compounds which could
be separated by preparative gas chromatography. The major
component (ca. 60% of the palysterol mixture) was shown to be
identical with 22,23-dihydrobrassicasterol, a sterol which had not
been previously isolated from marine or other natural sources.

A second sterol (ca. 20% of palysterol) was shown to be identical
with gorgosterol. Structural investigation of gorgosterol has not

led to complete structural elucidation. The remaining three sterols
of the palysterol mixture were shown to be identical with cholesterol
(10-15%), brassicasterol (1-2%), and 24 £ -ethylcholesterol (1-2%).

""Zoansterol'", a sterol mixture isolated from Zoanthus



ii
confertus, was shown to be composed of four sterols. Three
sterols were shown to be identical with cholesterol, brassica-
sterol, and 24§ -methylcholesterol. The fourth component,
24-methylenecholesterol, was indicated by gas chromatographic
behavior,

A sterol isolated from a toxic Palythoa sp. consisted of
essentially a single compound which proved to be 24-methylene-
cholesterol.

The sterols of members of five classes of the phylum
Echinodermata were studied. The results indicate a close
relationship of sea stars and sea cucumbers on the one hand, and
of brittlestars, sea urchins, and sea lilies on the other.

Five sterols isolated from the sterol mixture of the sea

star Acanthaster planci were shown to be A7-cholestenol,

24 ¢ -methyl- g—cholestenol, 24 { -ethyl- A(—cholestenol, 24 §{ -methyl-
7,22 _ 7 |

N -cholestadienol, and the A -analogue of gorgosterol. Mass

spectra and gas chromatograms of the sterols were used to distin-

guish A7- from A5—sterols.

The sterols of the sea cucumber Holothuria atra proved

to be closely analogous to those found in the sea star.

Cholesterol was shown to be the major sterol in the sterol

mixture of the sea urchin, Echinothrix diadema. It was associated

with minor quantities of 24§ -ethyl- and 24 §{ -methyl-cholesterol.
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From the sterol mixture of the brittlestar Ophiocoma
insularia five sterols were isolated. The major sterol was iden-
tical with cholesterol., The second most abundant component was
identified as 24-ethylidinecholesterol (fucosterol?) with small
inseparable impurities of 24 { -ethylcholesterol. Brassicasterol,
24 % -methylcholesterol, and stigmasterol were identified as the
minor components,

Gas chromatographic and mass spectrographic evidence
indicated the presence of 22-dehydrocholesterol, cholesterol,
brassicasterol, 24 %-methylcholesterol, stigmasterol, and 24 {-ethyl-
cholesterol in the sterol mixture of a crinoid Antedon sp.

The sterol mixture of a sponge, Halichondria magnicanu-

losa, was shown to consist predominantly of cholesterol and minor

quantities of brassicasterol and 24 {-methylcholesterol,
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I. INTRODUCTION

The sterols comprise a group of natural products which
possess a substituted tetracyclic skeleton (I) and which are widely
distributed in the plant and animal kingdoms. Many sterols of
animal origin are structurally related to cholesterol (II) and have

been isolated from marine invertebrates (l). 21 22

\ 3 26
\/'\ 5
13 27
1 19
15
\
HO
4 6 I

Although sterols do not occur in large quantities, they
are metabolic products of biological processes and are capable of
undergoing rapid transformation into other substances required by
the life of the organism. Some of them are used as starting
materials for the syntheses of pharmacologically active steroid
hormones.

A. Literature Survey

Pioneering research dealing with the sterols of marine
invertebrates was carried out as early as 1904 by Henze (2),

whose observations on the sterol of the sponge Suberites domuncula

led to the conclusion that in invertebrates exist '"cholesterols"

which differ from the cholesterol of vertebrates. Five years



2
later Doree (3) first pointed out the possible significance of vari-
ation among marine sterols and isolated two new sterols, cliona-

sterol from the sponge Cliona celata, and a new sterol from the

sea star Asterias rubens; he recognized that these sterols dif-

fered from cholesterol. His observation was corroborated by
Kossel and Edlbacher in 1915 (4) who found that in tissues of the

sea star Astropecten aurantiacus cholesterol (C O, m.p. 1480)

27146

is replaced by a substance of the formula C27H44O, and named

it stellasterol. Besides stellasterol they also isolated an alco-
o
hol, astrol, of the formula CZSH4803’ m.p. 717, Page (5)

reported the presence of a sterol-like compound of melting point

71° from the sea star Asterias forbesi. Believing this compound

to be different from the previously described astrol, Page named
it asteriasterol. However, subsequent investigation (6) revealed
that both asteriasterol and astrol are identical with batyl alco-
hol (ITI).
CH3(CH2)16—CHZ-O-CI-IZ-TI—I-CH2
OH OH
111

Research in the field of marine sterols remained dormant
until 1932 when the structure of cholesterol (II) was established.
In 1933 Bergmann (7) initiated a series of investigations

of the sterols of marine invertebrates and isolated a new sterol,



microcionasterol, from the sponge Microciona prolifera. Rein-

vestigation of earlier sponge sterols showed them to be mixtures.
Doree's clionasterol (3) was found to be a mixture of diunsatu-
rated poriferasterol {IV) and a monounsaturated clionasterol (V)
(8). These two sterols were subsequently found to be the most

common components of sponge sterol mixtures. The sponge

sterol of Henze (2) was later separated into cholestanol (VI),

and the unique neospongosterol (VII) (9).

Y\ ~7
o H P S

v v
Microcionasterol proved to be a complex mixture of cholesterol

(II), cholestanol (VI), a diunsaturated and a monounsaturated

sterol, neither of which was identified (10). Similarly, the

"stellasterol' previously isolated by Kossel et al. (4) from a sea

Q- N
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star was found to be a mixture of monounsaturated stellastenol

(VIII) and diunsaturated stellasterol (IX), neither of which was

entirely homogeneous (11).

The commonly known sterols of marine invertebrates may
be divided into three groups according to the number of carbon

atoms (C,_-C

27 29). Cholesterol is the prominent member of the

C27 group, but it is neither the most typical nor the most promi-
nent sterol of the lower invertebrates (). However, it is the
characteristic sterol of higher animals and a few species of red
algae (12). Cholesterol has also been identified, but rather
inadequately, in some protozoans (13, 14).

A postulated important intermediate in cholesterol biosyn-
thesis, 24-dehydrocholesterol (desmosterol) (X), has been isolated

from a barnacle Balamus glandula (15) and synthesized (15, 16).

22-Dehydrocholesterol (XI), an analogue of cholesterol, was
previously suspected to occur in natural sterol mixtures. It has

been synthesized (17) and isolated from red algae (18) and more



recently from a scallop (19).

~ L=

A7—cholesten01 (XII), previously isolated from mammalian
skin (20), is the common CZ? sterol of a few sea stars (21, 22),
one sea cucumber (23), and certain primitive mollusks (24, 25).

The other marine sterols possess 28 or 29 carbon atoms
and may be regarded as derivatives of the corresponding C,y
sterols with an additional methyl or ethyl group at the C-24 car-
bon atom. Location of a double bond in the side chain introduces
another element of variation. The most c“:)mmonly encountered
unsaturation in the side chain of marine sterols is a double bond
at C-24 or C-22. An example is 24-methylenecholesterol (XIII)

which appears to be widely distributed among marine invertebrates

such as sponges (26), sea anemones (27), and mollusks (28).

Jealmpenl:

CH
NS
XTI XIII



Before its structure was definitely established by Idler and co-
workers on the basis of degradation (28) and partial synthesis
(29), and later by Bergmann and Dusza (30), it had been

believed to be the 24-epimer of brassicasterol (XIV) and had been
described under a variety of names, e.g., chalinasterol, ostrea-
sterol, etc. Bergmann (1) suggested that in addition to ostrea-
sterol (chalinasterol), pectosterol, pincsterol, conchasterol, and
meretriasterol, which are diunsaturated bivalve sterols named by
Japanese workers, might also consist essentially of 24-methylene-
cholesterol. Thus the common names given to the inhomogeneous
and poorly characterized marine sterols on the basis of their
sources have created considerable confusion and ambiguity in the
existing marine sterol literature.

Episterol (XV), a A7—ana10gue of 24-methylenecholesterol,
was first obtained as a minor yeast sterol and has novs} been
isolated from starfish (31). Reduction of the methylene group
could give rise to either a 24«- or a 24B-methyl group. A re-

presentative of the 24&-configuration is campesterol (XVI), which is

(< ~Nk

f HOLKY“



7
widely distributed in plant sterol mixtures. 24B-Methylcholesterol
(dihydrobrassicasterol) has not been isolated, but its occurrence
in animals has been Suggestéd. Brassicasterol (XIV), previously

isolated from Brassica rapa (32), has been isolated from the

mussel Modiolus demissus (33) and is suspected in a coral (1).

Tl ~Kl
19

XVI XVII

X

HO —

Presence of a C-20 substituent, as in cholesterol and of a
C-24 alkyl group, gives rise to asymmetry at these two carbon
atoms. The C-20 and C-24 epimers are therefore capable of
existence. In fact, poriferasterol (IV) and clionasterol (y-sito-
sterol) (V) have been suggested to be the C-24 epimers of

stigmasterol (XVIII) and A-sitosterol (XIX), respectively. In

U

| !
Et Et

gn
NOONeS

XVIII XIX

X N
Ty S

recent years Y -sitosterol of plant sources (34) has been found to

be a mixture of B-sitosterol (XIX) and campesterol (XVI), and



Y-sitosterol of animal origin (35) to be a mixture of cholesterol
(I1), campesterol (XVI), and B-sitosterol (XIX).

Hitodesterol which was isolated from different sea stars by
Japanese workers (36, 37), has been shown to be identical with
K-spinasterol (XX) previously isolated from spinach (38) and
other plant sources (39, 40). Chondrillasterol (XXI) obtained

from the sponge Chondrilla nucula and also from green algae has

been characterized as the A7,22—diene derived from 24 £ -stigma-~

stanol (41).
A7—stigmastenol (XX1I), a recognized plant sterol (42), has

also been found in sea stars (43).

N

;oC
Et

XX XX

The vast majority of sterols possesses the cholesterol
configuration at C-20. However, the natural occurrence of a C-20
isomer has long been suspected in haliclonasterol and in palysterol

(44), but this point has not been proved. However, the synthesis

eald

HO N HO A
XXIT XXIII



of the C-20 epimer of 22-dehydrocholesterol (45) and of C-20
isocholesterol (4'6) has been accomplished. On the other hand,
Tsuda et al. (47) isolated sargasterol (XX1II) from the seaweed

Safgassum ringgoldianum and demonstrated on the basis of

degradation studies that it is the C-20 epimer olf fucosterol (XXIV).
Its partial synthesis has been carried out (48). JRecently the

same species of Sargassum yielded a unique sterol, saringosterol
(XXV), which has been proved to be 24-hydroxy-24-vinyl-

cholesterol on the basis of spectral data and partial synthesis (49).

XXIV XXV

This survey indicates that marine sterols differ from each
other by subtle structural and stereéchemical features. Structures
have been proposed for most of these sterols, but few are known
with certainty. Among the chief reasons are the difficulties
encountered in the separation of closely related components and in
the assignment of correct empirical formulas based on conventional
combustion analyses of sterols and their derivatives. The differ-
ence between the calculated carbon and hydrogen values for

homologous sterols, their acetates, and their benzoates are quite
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small and well within the limits of experimental error of ordinary

analytical techniques (See Table I).

Table I. Carbon and Hydrogen Percentage Composition of
Monounsaturated Sterols and Their Derivatives

C-n Sterol Acetate Benzoate

C H C H C H
C-27 83. 87 11. 99 81. 25 11. 29 83, 21 10. 27
C-28 83.93 12.08 81. 39 11, 38 83,28 10, 38
C-29 83. 99 12.15 81. 52 11. 48 83.34 10. 49

Thus it seems that this field suffers from an overabundance of
preliminary observations coupled with a paucity of substantial
definitive data. This is evident from the fact that widely differing
physical properties have been reported for presumably the same
sterol (50). The dearth of suitable reference compounds may be
inferred from the fact that no synthesis of a 24-alkylcholesterol
of known configuration has yet been accomplished.

Bergmann (1) demonstrated that a great diversity of sterols
exists in the most primitive animals such as the sponges, and that
on an evolutionary basis, one would expect to find remnants of the
sponge sterols among coelenterates, which constitute a phylum of
animals less primitive than sponges and more representative of the
mainstream of evolution (51). As yet little is known about the
nature of the sterols of coelenterates. Cholesterol and 24-

methylenecholesterol are the only two compounds which have been



11
definitely identified. Palysterol (44), once thought to be a C-20
epimer of Y-sitosterol (V), but later recognized as a new sterol
of unknown structure, has been isolated from the colonial sea

anemone Palythoa mammilosa. In addition, sterols of doubtful

structure and homogeneity have been isolated from other coelen-
terates (See Table II). These include gorgosterol (52), the
sterols of madrepora corals (52) and actiniasterol (53). The
latter, once believed to be pure, has since been shown to be a
mixture of two As-sterols of unknown structures (54).

Similarly, the sterols of echinoderms, with the exception
of the asteroids, have been inadequately investigated. Isolation
of g-cholestenol, L£-spinasterol (hitodesterol), A7- stigmastenol,
and A7-24-rnethy1enecholestenol from various sea stars (Table III)
has been reported in the literature. However, separation and
identification of individual sterols in sterol mixtures has not been
achieved, This same situation holds true for the sterols of
holothurians which apparently are of the g-unsaturated type.

In constrast to the sterols of holothurians and asteroids,
the sterols of crinoids (sea lillies), ophiuroids (brittlestars), and
echinoids (sea urchins) are of the As-type, with the possible
exception of a sterol from a slate pencil sea urchin (55), Chol-
esterol has often been reported as the major sterol of sea

urchins. The As-sterols of the brittlestars (Table III) are sus-



12
pected to consist of poriferasterol (IV), clionasterol (V) and
probably also of B -sitosterol (XIX), stigmasterol (XVIII) (56),
rather than cholesterol (II). However, it is doubtful that any
pure sterol has yet been isolated from ophiuroids. Little is
known about crinoid sterols except that they are also of the
A3-type.

The taxonomy of family Zoanthidae whose genera are
characterized by wide variability has been relatively neglected by
zoologists. On the other hand, the use of chemical constituents
of plants as a parameter in the systematic classification of fami-
lies or genera has yielded promising results in many cases.
Thus chemotaxonomy, or biochemical systematics, has gained in
importance in recent years. The use of alkaloids (57), flavones
(58), glycosides (59), etc., has been used as an aid to the chemo-
taxonomic classification of families and/or genera. But no sys-
tematic approaches using sterols as a criterion for classifying
invertebrates have been made, because basic data were lacking.
However, Bergmann had made the suggestion some time ago that
a thorough investigation of the sterols of marine invertebrates
might provide useful data for the taxonomy of these animals. He
also stressed that these findings might provide data for compara-
tive biochemistry and for the tracing of the evolutionary trends

among animals.,
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B. Research Objective

In the preceding section it was shown that a great diver-
sity of sterols exists in the more primitive animals such as
sponges, echinoderms, and coelenterates, whereas a single sterol,
cholesterol, predominates in higher animals. An attempt was
also made to demonstrate that the entire field of marine sterol
literature suffers from an abundance of trivial names and proposed
structures and from a paucity of substantial definitive chemical
and physical data.

It therefore seemed appropriate to undertake a systematic
investigation of the sterols of some marine invertebrates, chiefly
the sterols of members of the family Zoanthidae, phylum Coelen-
terata, and those of members of the phylum Echinodermata, with
a two-fold purpose: first, to replace the existing fragmentary data
with comprehensive and accurate information; and second, to
explore a possible relationship between sterol composition and
taxonomic classification. In order to tackle this problem it was
necessary to develop an improved method for the separation of
mixtures of closely related sterols which have been notoriously
difficult to separate by classical techniques. It was also desir-
able to record physical data of pure sterols other than melting
point and rotation in order to end once and for all the confusion

which has long existed in the literature of marine sterols.



Table II. Sterols of Coelenterata
Sterol Class Order Organism Reference
1. Cholesterol Hydrozoa Siphonophora Velella spirans 60
Anthozoa Actiniaria Bolocera tuediae 51
" " Actinostola callosa 51
" " Anthopleura elegantissima 1
" " Actinia equina 3
" " Tealia crassicornis 3
" " Calliactis japonica 61
" " Metridium marginatum 1
" Madreporaria Meandra areolata 52
2. 24-Methylene-
cholesterol " Zoantharia Zoanthus proteus 44, 30
" Actiniaria Chondylactis gigantea 44
3. Brassicasterol " Madreporaria Porites porites 1
4. B-Sitosterol " Actiniaria Anthopleura japonica 61
5. Palysterol " Zoantharia Palythoa mammilosa 44
6. Actiniasterol " Actiniaria Anemonia sulcatis 63
7. Gorgosterol " Madreporaria Plexaura flexusa 52

14!



Table III. Sterols of Echinoderms
Sterol Class Family Organism Reference

1. Cholesterol Echinoidea Diadematidae Diadema antillarum 52
" Arbaciidae Arbacia punctulata 64

" Strongylocentro- Strongylocentrotus
tidae pulcherrimus 65
" Toxopneustidae Tripneustes esculentus 64
" Echinometridae Echinometra subangularis 1
" Scutellidae Echinarachnius pasma 1
" Clypeastridae Clypeaster japonicus 65
" Echinometridae Echinometra lucunter 67
2. A7 ~Cholestenol Holothuroidea Cucumariidae Cucumaria chronhjelmi 23

Asteroidea Asterinidae Asterina pectinifera 21, 43
" Asteriidae Asterias amurensis 22
3. B-Sitosterol Ophiuroidea Gorgonocepha- Gorgonocephalus carvi 68
lidae
" Ophioplocus japonicus 56
4, KL -Spinasterol Asteroidea Asteriidae Asterias amurensis 36
(Hitodesterol) " Asterinidae Asterina pectinifera 37
5. A'Y—Stigmastenol " Asterinidae Asterina pectinifera 43
" Luididae Luidia quinaria 43
6. 24-Methylene-

A -cholestenol " Asteriidae Pisaster ochraceus 31
7. Stigmasterol Ophiuroidea Ophioplocus japonicus 56
" Ophioplocus japonicus 56

8. Poriferasterol

g1



II, EXPERIMENTAL SECTION

A. General Information

The melting poiﬁts were determined on a Fisher-Johns
melting point apparatus and a;re uncorrected.

Optical rotation measurements were taken using an ETL-
NPL automatic polarimeter Type 143A,

Ultraviolet (UV) absorption spectra were recorded on a
Cary 14 recording spectrophotometer,

All infrared (IR) absorption spectra unless otherwise stz;-
ted were measured as potassium bromide pellets with a Beckmann
IR-5 automatic recording spectrophotometer, and infrared inten-
sities are designated as strong (s), medium (m), weak (w), broad
(b) and shoulder (sh).

All nuclear magnetic resonance spectra (NMR) unless
otherwise stated were recorded with a Varian A-60 (60 Mc) analy-
tical proton spectrometer. All values are expressed in parts per
million (ppm) referred to tetramethylsilane (TMS) having § = 0.

The mass spectra unless otherwise stated were recorded
with an AEI-MS 9 mass spectrometer operating with an ionization
energy of 70 ev, at Stanford University, or on a Hitachi-Perkin-
Elmer RMU-6D mass spectrometer at the University of Hawaii,

having direct inlet systems.
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All analytical and preparative gas chromatography was
carried out with an Aerograph A-705 automatic preparative
chromatograph equipped with a hydrogen flame detector. Amnalyt-
ical and preparative gas chromatograms were recorded with a
Varian G-10 (0-10 mv) recorder.

Permutit Decalso (synthetic sodium alumino-silicate,
Matheson, Coleman and Bell) ground to 60 mesh size was used as
adsorbent for column chromatographic separation.

Silica gel G, aluminum oxide G, kieselguhr and silica gel
HF254 was used as supplied by the manufacturers. The plates
were prepared according to the method of Stahl (69) using a
Desaga/Brinkmann variable applicator (Brinkmann Instrument, Inc.).
After development the chromatograms of sterols and sterol
acetates were examined with a saturated chloroform solution of
antimony trichloride.

B. Procurement of Animals

The collections of zoanthids for a chemotaxonomic study
were made during 1964-1967 from various locations including the
islands of Oahu, Tahiti, Maui, and Eniwetok Atoll, Marshall

Islands (See Table IV). One sample of Parazoanthus lucificum

(SA-26, Table IV) was obtained from LaJolla, California. Speci-
mens S A-5 and S A-6 (Table IV) of different genera were col-

lected from different tide pools at the same location, while the



Table IV. Zoanthid Specimens, Collection Data
Code Location Time Tentative Name
Ours Biology of Collection A

S A-1 COC-10A Coconut Island May, 1964 Palythoa sp.

S A-2 TAH Atimaono, Ava Raa Pass, April, 1964 Palythoa sp.
Tahit

S A-3 TAH Point Venus, Tahiti April, 1964 Palythoa sp.

S A-4x% TAH Atimaono Ava Raa Pass, April, 1964 Palythoa sp.
Tahiti

S A-5 OAH-16 Lanai Lookout, Oahu July, 1964 Palythoa sp.

S A-6 OAH-16 Lanai Lookout, Ozhu July, 1964 Zoanthus confertus

S A-7 MAU Hana, Maui (Tide Pool) July, 1964 Palythoa sp.

S A-8 OAH-25 Makapuu, Oahu July, 1964 Zoanthus sp.

S A-9 MAU Hana, Maui July, 1964 Palythoa sp.

S A-10% COC-14 Coconut Island Aug., 1964 Zoanthus confertus

S A-11 MAU Hana, Maui July, 1964 Palythoa sp.

S A-12 MAU Hana, Maui July, 1964 Palythoa sp.

S A-13 COC-9C Coconut Island Jan., 1965 Zoanthus confertus
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Table IV. Zoanthid Specimens, Collection Data (Continued)
Code Location Time Tentative Name

Ours Biology of Collection A
A-14 COC-8A Coconut Island Jan., 1965 Palythoa sp.
A-15 COC-7A Coconut Island Jan., 1965 Palythoa sp.
A-16 ENI-1 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-17% ENI-2 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-18% ENI-3 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-19 ENI-4 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-20 ENI-5 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-21 ENI-6 Eniwetok Dec., 1964 Palythoa tuberculosa?
A-22 OAH-29 Hanauma Bay July, 1966 Isaurus sp.
A-23 OAH-18C Wawamalu Beach Park, July, 1966 Zoanthus sp.

Oahu
A-24 OAH-18A Wawamalu Beach Park, July, 1966 Palythoa sp.

Oahu

S A-25 OAH-25 Makapuu, Oahu July, 1966 Zoanthus sp.

A-26 LaJolla, California Jan., 1967 Parazoanthus lucificum

fmmd
O
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specimens numbered S A-23 and S A-24 (Table IV) of different
genera were collected from the same pool.

The specimens were sealed in plastic bags or kept in
bottles containing 95% ethanol and tagged at the time of collection.
Local samples were either extracted immediately after collection
or were frozen and stored for later extraction. Samples collected
from other islands were kept frozen until extracted. Represent-
ative specimens of each sample were preserved in aqueous
formalin solution.

The zoanthids indicated by asterisks (Table IV) were
obtained in sufficient quantity for the isolation of sterols for
structural studies. Also obtained for sterol composition was one

member of a sponge, Halichondria magnicanulosa, which was

collected at Coconut Island in April, 1966.

A few species representing the main classes of the phylum
Echinodermata were also collected in quantity for structural
studies of their sterols (See Table V).

Table V. Echinoderm Specimens, Collection Data

Code No. Genus & Species Class Location
Sw  Acanthaster planci Asteroidea Waikiki, Oahu
Sj " " " Johnston Island
Be . Ophiocoma erinaceous Ophiuroidea Makaha, Oahu
Bi Ophiocoma insularia " " "
Ed Echinothrix diadema Echinoidea Kaneohe Bay, Oahu
Ha  Holothuria atra Holothuroidea Kailua Bay, Oahu

An  Antedon sp. Crinoidea Eniwetok, Marshall Is.
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C. Isolation of Sterols1

1. For chemotaxonomic studies (Scheme I)

Since our initial aim was to determine what if any cor-
relation existed between toxicity and sterol composition of
the zoanthids, an isolation procedure was developed for the
extraction of water soluble toxic material and sterols. The
entire scheme for isolation of sterols using 70% ethanol-
water for initial extraction is summarized in a flow sheet in
Figure 1.

The wet polyps were freed manually from adhering impu-
rities and were soaked in 95% ethanol overnight. The etha-
nolic extract was decanted and the polyps were homogenized
in a Waring Blendor (large samples) or macerated with sand
(small samples of a few polyps) along with 3 volumes of 70%
ethanol-water for 3-4 min. The resulting suspension was
kept for 1 hr. and the clear extract was decanted., The res-
idue was re-extracted with a similar volume of 70% aqueous
ethanol and filtered. An aliquot of the combined extract was
evaporated to dryness under vacuum and the residue dissolved

in 0. 9% sodium chloride solution. The brown suspension was

The term sterol will be used for these compounds and also
for their separated constituents, throughout the text.
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Wet Polyps
95% Ethanol

70% Ethanol-Water

Homogenized
|
Ethanol—LVater Ext. Ground Polyps
Aliq[uot Major |Ext. Acetone
l Concentrated
Toxicity Aqueous [Concentrate Chloroform-

Acetone (1:1)
Extracted
with Benzene

Aqueous Ext, Benzene Ext, Chloroform- Residue
Acetone Ext.
(Discarded) , (Discarded)
Evaporated

Greenish Brown Mass

Isooctane

Decalso
Isooltane
5% Ether-Isooctane
10% Ether-Isooctane

25% Ether-Isooctane

Free Sterols

Figure 1. Isolation of Sterols for Chemotaxonomy
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filtered and 0.5 ml. of the clear solution was injected irtra-
peritoneally in'3-6 mice (Closed Carworth Farms Webster
Strain, 20 to 25 g.). A blank of 0.5 ml. sodium chloride
solution was also injected into one mouse. Time-~to-death was
noted and amount of toxin was calculated from the toxicity
curve of poisonous Palythoa sp. (Hana, Maui) crude extract
(Figure 2). The rest of the alcohol extract was concentrated
in vacuum at 40-50° to remove ethanol and the aqueous con-
centrate was extracted several times with benzene until the
benzene phase remained colorless.

After extraction with 70% ethanol-water, the ground
polyps were extracted once with acetone and twice with 50%
acetone-chloroform. The combined acetone-chloroform
extracts were mixed with the total benzene extract, and the
solvent was stripped off. The residue was dissolved in a
minimum quantity of isooctane and the solution was introduced
onto a column of 60 mesh Decalso (the ratio of adsorbent to
extract was usually 30:1), The column was washed with
isooctane, 5% and 10% ether-isooctane. Cetyl palmitate, which
could be crystallized from acetone, was generally obtained
from the isooctane fraction. Elution with 25% ether-isooctane
removed essentially all free sterols. These were crystal-

lized from isooctane. The approximate percentages of the
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free sterols based on the estimated dried weight of polyps of
different samples are given in Table VI.

2. Large scale extraction for structural work (Scheme II)

The above extraction procedure was modified for large
scale extraction of sterols from zoanthids. Ethanol (70%)
was replaced by 95% alcohol. Further extraction with
acetone and 50% acetone-chloroform was omitted since pilot
experiments showed that after several extractions with
ethanol no sterol was obtained from the acetone-chloroform
extract. Sterols were isolated from these zoanthids by the
following procedures:

a. From Palythoa tuberculosa - Eighteen hundred

grams of wet polyps (estimated dried weight ca. 900 g.)
was homogenized and continuously extracted with reflux-
ing ethanol for 48 hr. in a soxhlet. Ethanol was stripped
off and the residue was digested with benzene at 50-60°.
The combined benzene extracts on removal of solvent
yielded 24 g. of brown oily material.

Part of the benzene extract (0.331 g.) was saponified
with 10 ml. of 5% methanolic potassium hydroxide for 2
hr, under nitrogen. The reaction mixture was cooled
and 20 ml. of water was added. The unsaponifiable matter

was extracted with benzene and ether. The combined
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Table VI. Percentage of Free Sterols and Toxicity Data

Code No. Toxicitya Estimated Wt. (g.) Free Free

of Dried Animal Sterol Sterol
Wwt. (g.) Yield, %

S A-1 0 250 0.038 0.'015'

S A-2 1 135 0.037 0.027

S A-3 0 065 0.021 0.032

S A-4 3-4 - - -

S A-5 | 09C 0.055 0.061

S A-6 0 005 0.005 0.1

S A-7 0 090 Spoiled -

S A-8 0 060 0.106 0.176

S A-9 5 025 0. 012 0.048

S A-10 0 - - -

S A-11 0 030 0,015 0.05

S A-12 1 065 0.043 0.06

S A-13 0 090 0.15 0.17

S A-14 0 060 0.078 0.11

S A-15 0 030 0.039 0.11

S A-16 0 135 ' 0.027 0.02

S A-17 0 228 0.074 0.032

S A-18 0 162 0.056 0.034

S A-19 0 020 Spoiled -

S A-20 0 220 0.100 0.045

S A-21-26 nt ss - -

% Numbers refer to degree of toxicity: O=nontoxic, l=ca. 0.1 mg.
palytoxin/kg. wet animal or less, 2=ca. 1 mg. /kg., 3=ca. 10
mg. /kg., 4=ca. 100 mg./kg. and 5=ca. 1000 mg. /kg. (very
toxic). nt=not tested, ss=small samples.
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ether-benzene extract was washed with water until the
wash liquid was neutral to litmus, dried over anhydrous
magnesium sulfate and evaporated to dryness, yield 0.056 g.
(L7%) of unsaponifiable fraction.

Twenty-three grams of the benzene concentrate was
dissolved in isooctane and introduced onto a column of
60 mesh Decalso (450 g.) and eluted with isooctane. Two
yellow bands moved down the column (probably carotenes).
About 2500 ml., of the eluate was collected. Evaporation
gave an oil from which essentially pure cetyl palmitate
was obtained after 2-3 crystallizations from acetone.

The column was then washed successively with 2500 ml.
of 5% and 10% ether-isooctane. Further elution with
2500 ml. of 25% ether-isooctane eluted 1.43 g. of crude
sterol.

The crude sterol was further purified by a second
chromatography on Decalso (40 g.). The column was
successively washed with isooctane, 5% and 10% ether-
isooctane. Elution with ca.” 400 ml. of 25% ether-
isooctane yielded ca. 650 mg. of a white solid which was
crystallized from methanol-ether and gave ca. 556 r;lg.
(0’.06%) of a colorless crystalline solid (P-sterol) m.p.

139-141°,
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b. From Zoanthus confertus - Twelve hundred grams

of the wet polyps (estimated dried weight ca. 500 g.)
was extracted exhaustively with 95% ethanol and the
combined ethanol extract, processed as described before,
gave ca. 35 g. of benzene soluble material which was
chromatographed on 700 g. of Decalso. The column was
washed successively with 3000 ml. each of isooctane,

5% ether-isooctane and 10% ether-isooctane. The crude
sterol was obtained by eluting the column with 3000 ml.
of 25% ether-isooctane. Rechromatography of the crude
sterol fraction on a Decalso column (100 g.) yielded ca.
2.4 g. of whitish yellow solid from 600 ml. of 25%
ether-isooctane, and recrystallization from methanol-ether
gave ca. 1.9 g. of crystalline Z-sterol which melted at

139-141°,

c. From poisonous Palythoa - Twenty-four grams of the
benzene soluble lipid residue was obtained by extracting

ca. 4 kg. of wet polyps with 95% ethanol and processing

as described earlier. Chromatography of the above

lipid residue on Decalso (500 g.) yielded ca. 3.7 g. of
crude sterol fraction. This was rechromatographed

using the same solvent system described above on a Decalso

column. The white solid obtained from the 25% ether-



isooctane fraction showed 2 slow-moving impurities on
T.L.C. on silica gel G. So the sterol was sublimed
and crystallized once from isooctane and again from a
methanol~ether mixture to give a white crystalline M-

sterol, m.p. 140-142°,

d. From echinoderms and a sponge - Since the echino-
derms were primarily obtained for isolation of their
quinoid pigments, the extraction procedure for isolation
of their sterols was modified in accordance with the pig-
ment isolation. Thus the lipid extracts for isolation of
sterols were prepared by the scheme shown in Figure 3.
In the case of sea stars, brittlestars, and sea
urchins, the entire animal including shell was soaked in
acetone for 2 days, while the fleshy portion of crinoids,
the skins of sea cucumbers, and the whole sponge were
cut into small pieces and homogenized with acetone in a
Waring Blendor. In both cases the initial acetone ex-
tracts were filtered through glass wool. The homogenized
residue in the second case was then continuously extracted
with acetone in a soxhlet, while the whole animals were
further extracted with more acetone until the filtrate was
colorless, and then twice extracted with chloroform.

The removal of last traces of lipid soluble pigments



30
(carotenoids, etc.) from the material was taken as an
indication of complete extraction of the sterols. In each
case the acetone (Fractions I and II, See Figure 3) and
chloroform-acetone (Fractions I and III) were combined,
the solvent was removed in vacuo, and the re;'naining
aqueous suspension was extracted with benzene until the
benzene phase remained colorless. All benzene extracts
were combined and the lipid residues were obtained after
removal of the solvent.

Preliminary experiments with the lipid residues of
sea urchins, crinoids, a sponge, and sea cucumbers
showed that these animals contained small quantities of
free sterols. Therefore the lipid residue of these animals
was saponified to obtain the sterols from the unsaponifi-
able material. Saponification was done by refluxing the
benzene concentrate with a 10% solution of potassium
hydroxide in methanol for 1.5 - 2 hr. under a nitrogen
atmosphere. Two to three volumes of water were added
to the saponified solution which was then extracted with
several portions of ether and benzene, The combined
ether-benzene extracts were washed with water until the
aqueous washings were neutral to litmus, and finally dried

over anhydrous sodium sulfate. The filtered ether-benzene
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solution was evaporated to dryness under vacuum. The
resulting material represented the unsaponifiable lipid
residue.

The sterols present in the lipid residue (Fraction IV,
Figure 3) and in the nonsaponifiable lipids (Fraction V)
were isolated by column chromatography on a Decalso
column by the method described earlier (Fig. 1). The
sterols were obtained mainly from the 25% ether-iso-
octane fraction. They were crystallized once or twice
from methanol-ether without rechromatography on a
Decalso column. The sterol composition was determined
by gas liquid chromatography (GLC) aﬁd mass spectrometry.

All yield data are summarized in Table VII.

D. Characterization of Sterols

The following general methods including preparation of various
sterol derivatives, color tests, thin-layer chromatography, spec-
tral data, and gas chromatography were employed to characterize
the different sterols isolated during this research.

1. Color tests - (a) The Liebermann-Burchard (70) reaction

was carried out by treating approximately 1 mg. of the

sterol dissolved in 0.5 ml. of chloroform successively with 3

drops of acetic anhydride and 1 drop of concentrated sulfuric

acid, A transient purple color changing to blue and then
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Table VII. Echinoderm and Sponge Sterols, Isolation Data

Code No. Weight of Weight of Weight of Percentage of Weight of
Animals, g. Lipid Residue Unsaponifiable . Unsaponifiable, Sterol, g.
v, g. vV, g. g.
Sw - 11. 00 - - 1.09
Sj - 10. 00 - - 1.00
Be 1100 (Wet) 11. 50 - - 0.28
Bi 1000 (Wet) 12,00 - - 0.20
Ed - 13. 50 1.3 10 0.25
Ha 300 (Wet Skin) 1.10 0.25 25 0.01
An 50 (Driéd) 1. 40 0.27 19 0.10
Sponge 250 (Wet) 2.50 0. 40 16 0.11

a‘See Table V. Echinoderm Specimens, Collection Data

€e
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green was taken as a positive reaction of a sterol. (b) In
the Fieser test (71) for A7, 58, and A5’7-unsaturated
sterols, 1 mg. of the sterol was dissolved in 0.5 ml. of
benzene and treated with 1 ml. of 0.1 M selenium dioxide
solution (prepared by dissolving 1.1l g. of selenium dioxide
in 2 ml. of water by heating, and diluting with acetic acid to
a volume of 100 ml.). A positive reaction is indicated by "
the liberation of selenium, detectable first as a yellow col-

loidal solution and then as a red precipitate, within 0.5 hr.

The results of color tests are shown in Tables IX and XIII.

2. Thin-layer chromatography - The purity of three zoan-
thid sterols and their acetates was determined by thin-layer
chromatography using various adsorbents and solvent systems.
The chromatograms were visualized by spraying with a satu-
rated solution of antimony trichloride in chloroform which
rendered the sterols and their acetates pink to purple. The
R, values for the three sterols and their acetates on three

f
different adsorbents are given in Table VIII. Since Rf values
are dependent on various factors (e.g., adsorbent, solvent
system, thickness of the layer, concentration of the solute,

etc.), the values are only valid for direct comparisons on the

same plate.
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Table VIII. Thin-Layer Chromatography of Zoanthid Sterols
and Sterylacetates

Compound Rf Values
Silica Gel G Kieselguhr G Alumina G
(benzene-petroleum ether- (Cyclohexane) (benzene)
ethyl acetate, 60:15:25)
P-Sterol 0. 46 0. 37 0. 32
- acetate 0. 85 0.98 -
Z-Sterol 0.46 0. 40 0.32
- acetate 0. 85 0.98 -
M-Sterol 0. 46 0.43 0. 35
- acetate 0.83 - -

Table IX, Color Reactions of Zoanthid Sterols

Color Tests Compound
Z-Sterol M-Sterol P-Sterol
Liebermann-Burchard + + +
Reaction

Fieser Test - - -




36
3. Derivatives - The following derivatives were prepared
for the three zoanthid sterols, A summary of the physical
and spectral data of the sterols and their derivatives are
given in Tables X - XiI. -
a., Digitonide - (i) Digitonides of two sterols, Z-sterol
and P-sterol, were prepared by the following method.
Twenty milligrams of the sterol dissolved in 2 ml. of
hot 95% ethanol was treated with 10 ml. of a 1% solution
of digitonin in 80% ethanol. The copious white precipitate
obtained was cooled for 4-6 hr., filtered, and washed
with 95% ethanol and ether. The combined filtrate and
wash solutions were then treated with the digitonin solu-
tion until no more digitonide precipitate was obtained.
The digitonides were dried to constant weight at ca. 105°,
and multiplication (72) of this weight by. 0. 25 yielded the
weight of the sterol present in the sample. Nearly 75 mg.
of P-sterol and 78 mg. of Z-sterol digitonides were
obtained from 20 mg. of the sterols. (ii) The digitonides
were cleaved by the modified method of Issidorides et al.
(73). Fifty milligrams of the digitonide was mixed with
3 ml., of dimethyl sulfoxide (DMSO) in a 10 ml. -erlenmeyer

flask., The mixture was heated in a hot water bath for

10-20 min. until all the digitonide had dissolved. After
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cooling ca. 30 min, at room temperature a nicely crys-
talline solid separated out. The reaction mixture was
then extracted with three portions (30 ml. each) of
hexane,. The combined hexane extract was washed with
water and dried over anhydrous sodium sulfate, filtered,

and evaporated to dryness in vacuo.

b. Acetate - (i) P-sterol acetate: Fifty milligrams of
the P-sterol was dissolved in 5 ml. of an acetic anhy-
dride-pyridine mixture (2:1) and kept for 20 hr., at ca.
50°. The solvent was removed in vacuo, and the residue
was crystallized three times from methanol, yielding
colorless plates, m.p. 144-145°, (ii) Z-sterol acetate:
Five hundred milligrams of Z-sterol was acetylated
according to the above procedure. After crystallization
from methanol it yielded ca. 460 mg. of the acetate, m.p.
140-142°, An additional 30 mg. of the acetate was
obtained from the mother liquor. (iii) M-sterol acetate:
One gram of M-sterol on acetylation by the earlier pro-
cedure yielded ca. 1 g. of the crude acetate. Three to

four crystallizations from methanol gave colorless plates,

m. p. 132-134°,

c. Tetrabromo acetate - (i) One hundred and fifty
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milligrams of M-sterol acetate were dissolved in 0.6 ml.
of anhydrous ether, and to the chilled solution 1 ml. of
a 10% bromine solution in glacial acetic acid was added
dropwise. The brominated solution was kept in a refrig-
erator at 4° overnight and the crystalline solid which had
separated out was filtered off and washed with 1 ml. of
ether. Approximately 160 mg. of the crude product was
obtained from this one filtration and subsequent concen-
tration of the mother liquor. Recrystallization from
methanol-chloroform gave a tetrabromo acetate, m.p.
152-154°. (ii) From one hundred and fifty milligrams of
Z-sterol acetate dissolved in 1.5 ml. of anhydrous ether,
the same procedure yielded 80 mg. of the tetrabromo
derivative (ZABrlI), m.p. 189-190°. (iii) Fifty milli-
grams of P-sterol acetatAe when treated according to the
procedure described above, failed to give a tetrabromi-

nated acetate.

d. Jones oxidation (74) - (i) To a magnetically stirred
solution of 250 mg. of P-sterol in 25 ml. of purified
acetone (distilled over KMnO4) under nitrogen was added
dropwise over 5 min. 0.25 ml, of chromic acid (prepared

by dissolving 27 g. of CrO3 in 23 ml. of conc. HZSO4

and diluting to 100 ml. with water). When a change in
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color in the reaction mixture from orange to green was
observed, the mixture was diluted with 150 ml. of water
to precipitate the ketone. The precipitated ketone was
extracted from the mixture with three portions (150 ml.)
of anhydrous ether, and the combined ether extracts
were washed successively with 50 ml. portions of sodium
carbonate and water until the wash solution showed a
neutral pH. The ether solution was dried over anhydrous
sodium sulfate, filtered, and evaporated to dryness giving
ca. 230 mg. of the crude ketone. Crystallization from
methanol yielded 150 mg. of a white powder, m. p. 126—1280,
after softening at 1240. (i) Four hundred milligrams of
Z-sterol were oxidized by the Jones method described
above. From 370 mg. of the crude stenone, after crys-
tallization from methanol, there was obtained ca. 250 mg.

of a white solid, m.p. 112-113°,

e. Hydrogenation - (i) Fifty milligrams of P-sterol
were dissolved in 10 ml. of ethyl acetate and were hydro-
genated in the presence of 30 mg. of platinum oxide
(hydrate) catalyst under one atmosphere of pressure for
5 hr. The catalyst was filtered off and the filtrate was
concentrated to dryness in vacuo. Recrystallization of

the crude product from a methanol-ether mixture yielded



Table X. Physical Data of Zoanthid Sterols and Their Derivatives
Compound M, P,, °c Optical Rgtation Combustion Analysis
[«1D Found Calculated
(% Conec. CHC13) C H C H
P-Sterol 139-141 -48.5 83. 96 12,14 For C,_.H,_O
(c 1.92) 28 48
83. 66 12.01 83,92 12, 07
For C29H500
83. 99 12.15
-acetate 144-145 -55.8
(c 2.50)
P-Stanol 135-137 -13.9
(c 1.41)
M-Sterol 140-142 -38 83, 35 12.13 For C,_ H,6,O
(c 2.15) 28 746
¢ o 84.11 12. 05 84. 35 11. 61
-acetate 132-134
-tetrabromo
acetate 152-154
M-Stanol 137-138
Z-Sterol 139-141 -55.5
(c 2.16)
-acetate 140-142

V374
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white needles, m.p. 135-137°. (ii) One hundred milli-
grams of M-sterol were hydrogenated as described
above, yielding ca. 100 mg. of crude product. Recrys-
tallization from methanol-ether yielded a crystalline

solid, m.p. 137-138°,

4. Optical rotation - Optical rotation of the zoanthid sterols
and some of their derivatives was determined in a 0.1 dm
cell of ca. 0.9 ml. capacity with chloroform as the solvent.
A total of 10 reference and 10 sample reading was taken in
each case. The samples were dissolved in 1 ml. of chloro-
form (Baker Analyéed Reagent), and the percent concentration

is given in Table X.

5. Spectral data - Spectral data for the zoanthid sterols
and some of their derivatives, for the sterols of echinoderms

and of one sponge are given in Tables XI, XII, and XIII.

a. Infrared spectra (IR) - The values for major bands
are recorded in the Tables for ca. 2-3 mg. of the sterol

in 250-300 mg. of potassium bromide (KBr).

b. Nuclear magnetic resonance spectra (NMR) - The
NMR spectra of most of the samples were either taken

in CDC13 or in CC14 with TMS as the internal standard.



Table XI. Spectral Data of Zoanthid Sterols and Some of Their Derivatives
Compound UV Spectra IR Spegfra NMR Spectra Mass Spectra
A max. {5) cm S values
P-Sterol 3400(s), 2945(s), CDCl5:0. 67, 426(20), 414(4), 412(02),
1460(s),1380(s), 0.71, 0. 80, 400("‘), 398(09) 386(22),
1055(s), 960 (m), 0.90, 1. 01, 382(21), 314(29), 289(20),
840(m), 800 (m). 3.5, b5.3. 271(29), 255(20), 213(14).
(Figure 4CQ)
P-Stenone  240(s4, 800) strong band at 1720 cm”
M-Sterol 3400(s),2945(s), 426(03), 414(03), 412(03),
1640(m), 1460(s), 400(15), 398(32), 386(09),
1375(s),1055(s), 383(15),380(06), 365(06),
955(m), 885(s), 314(%), 299(21),296(20),
840(m), 800(m). 271(28),255(13), 213(17).
(Figure 4A)
-acetate 2945(s),1730(s), CCly:0. 68, 396(04), 394(03), 380(%),
1640(m), 1465(s), 0. 81, 0,95, 368(06), 365(05),296(09),
1370(s), 1250(s), 1. 01, 1, 07, 281 (03),255(04), 213 (04).
1042 (s), 960(m), 1. 92, 4. 62,
885(s), 840(m), (7;4C/S),5.3
805(m). (3;5C/5S).
-1 (Figure 5)
M-Stenone 240(¢3,200) strong band at 1720 cm
Z-Sterol 3400(s), 2945(s), 400(60),398(%),386(56),
1460(s),1385(s), 383(11), 380(06), 314(21),

Z-Stenone 240(¢ 3, 300)

1052(s), 970(m),
960(m), 840(m),
800(m).
(Figure 4B)

strong band at 1720 cm-1

300(26), 273(15), 271(22),
255(24), 213(10).

*Base peak (100%);

Molecular ion peaks for sterols.

(4%
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Table XII. IR Spectra and Mass Spectra of Echinoderms
and a Sponge Sterol
Code No. 1 IR Spectra Mass Spectra
Bi-Sterol 3400(s), 2945(s), 414(11), 412(8), 400(06),
1460(s),1375(s), 398(07), 386(68), 371(23),
1050(s), 958(m), 368(30), 353(23), 314(57),
840 (m), 800(m), 301(31), 300(14), 275(41),
273(22), 271(18), 255(34),
231(24), 231(24), 229(22),
213(34)
Base peak at m/e 55% (100%).
Be-Sterol Same as above 414(22), 412(12), 400(09),
398(16), 386(6l), etc.
Base peak at m/e 55% (100%).
Ed-Sterol Similar to Bi- 414(14),  412(03), 400(06),
sterol 398(04), 386(%, 371(33),
368(39), 301(36), 275(57),
273(24), 255(36), 247{(17),
213(39)
An-Sterol Similar to Bi- 428(06) ?, 412(06)?, 414(59),
sterol excgi)t band 412(36), @(46), 398(),
at 970 cm 386(96), 384(60), 371(36),
368(42), 355(20), 353(36),
314(50), 300(72), 275(36),
271(65), 255(96), 213(48)
Sponge Sterol Similar to Bi- 414, 412, 400
sterol 398, E, etc.
Sw-Sterol 3400, 2900, 426(01), 414(01),  412(01),
1460(s), 1375(s), 200(%), 398(07), 386(48),
1040(s), 978(m), 384(05), 371(13), 273(35),
848(m), 830(m), 255(95), 246(22), 231(38),
942 (m), 795(m) 229(34), 213(39)
Sj-Sterol Same as above -
Ha-Sterol Similar to Sw- 428(03) ?, 426(03) ?, 414(32),
sterol 412(20), 400(20), 398(25),
386(72), 384(20), 371(20),
300(24), 273(56), 271(%),
257(20), 255(96), 246(36),
231(40), 229(40), 213(40)

*Base peak (100%);

See Table V.

Molecular ion peaks of sterol
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c. Mass spectra - The relative intensities of the various
fragments in the mass spectrum are based on the largest
peak of the spectrum, which is indicated by an asterisk
(*). The solid lines () indicate the different sterol
molecular ion peaks present in the spectrum. The partial
mass spectra of the zoanthid sterols (Table XI), the

echinoderm sterols, and one sponge sterol (Table XII)

are given in the various tables mentioned.

d. Ultra-violet spectra (UV) - Quantitative UV spectra
of the sterols and ketones were obtained in 95% ethanol.
5,7 ) )
Amounts of p -sterol present in some of the echino-
derm sterols were estimated from the absorption band
at 282 mu and based on the molecular extinction coeffi-

cient (¢) 11,900 for ergosterol as the standard.

Gas-liquid chromatography (GLC)

The zoanthid sterols seemed to be homogeneous on the

basis of thin-layer chromatography, but the mass spectra

showed them to be mixtures of 3-6 sterols of different mole-

cular weights. Thus GLC was used to characterize and check

the purity of various sterols isolated from zoanthids, echino-

derms, and sponge.

Analytical gas chromatography was carried out using a
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Table XIII. UV Spectra and Color Tests of
Echinoderm and Sponge Sterol
Code No. UV Spectra Liebermann- Fieser Test
ca. % A’ Z Sterol Burchard
Reaction
Be-Sterol + -
Bi-Sterol + -
Ed-Sterol <1 + -
An-Sterol 2.9 + -
Sw-Sterol 2.0 + +
Sj-Sterol 2.1 + +
Ha-Sterol <1 + +
Sponge Sterol + -
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2m. x 4mm. glass coil packed with 1% SE-30(#1), 1% NGS (#3),
and 1% GE XE-60 (#2) on Gas-Chrom Q (Applied Science
Laboratories, Inc.) and 1. 6% SE-30 (#4) on Chromosorb W,

A, W. (acid-washed), HMDS (hexamethyldichlorodisilazane
treated), 60/80 mesh (Johns-Manville).

All preparative GLC was performed using a 3m. x 9mm.
glass coil packed with either 1.6% SE-30 on 60/80 mesh
Chromosorb W, A, W, HMDS (prep #l), or 3% GE XE-60
(nitrile gum) on 110/120 mesh Gas-Chrom Q (prep #2).

Nitrogen was used as the carrier gas, and hydrogen for
the flame detector. The flow rate at the exit and at the
flame tip was determined with a 10 ml. soap-bubble flow meter.
All preparative and analytical injections were made with a
50- and a 10-microliter (M1) Hamilton syringe respectively.

The support Chromosorb W, AW, 60/80 mesh was
silanized according to the method of Bohemen et al. (75).
This was carried out by suspending one hundred grams of
the support in 600 ml. of a 5% solution of HMDS in petroleum
ether (60—1100) and refluxing the suspension for 10 hr. The
mixture was cooled, and the excess solution decanted. The
support was washed once with 400 ml. of petroleum ether
followed by decantation to remove any fine particles. A

second wash with petroleum ether was slurried and poured
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into a sintered glass funnel fitted with a filtration flask, and
the solvent was removed under suction. At the end of the
wash the suction was broken, the support was slurried with
methanol and then suction-filtered. The methanol wash was
repeated twice. After suction had been continued for 1 hr.
the support was transferred to a clean pyrex crystallizing
dish and dried at 100-120° for ca. 6 hr.

Gas-Chrom Q, 110/120 mesh (silanized Gas-Chrom P)
was used as supplied by the manufacturer (Applied Science
Laboratories, Inc.).

The liquid phase (1% SE-30, NGS, and XE-60) was
applied to the Gas-Chrom Q according to the method of
Horning et al. (76). Ten grams of the support were added to
a 250 ml. filtration flask containing 50 ml. of a 1% solution
of the liquid phase in methylene chloride. The air bubbles
were removed by applying intermittent suction. After stand-
ing for 15 min., the mixture was filtered through a sintered
glass funnel to remove the excess solvent and to partially
dry the support by suction. The support was then transferred
to a pyrex crystallizing dish and dried at 100-120° for 12 hr.

For preparative column #l, 50 g.-batches of the silanized
Chromosorb W, 60/80 mesh, were coated with 300 ml. of
1% SE-30 in methylene chloride as described above. The

amount of liquid phase on the support was found to be 1. 6%
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by extracting 3 aliquots (1 g, each) of the coated support
with methylene chloride in a soxhlet apparatus and weighing
the support before and after the extraction.

For preparative column #2 the support Gas-Chrom Q was
coated with 3% XE-60 by an evaporation technique. Two and
four-tenth grams of XE-60 were added to 500 ml. of methyl-
ene chloride the evening before use. The following day 80 g.
of the support was slurried with the XE-60 solution and
allowed to stand for 15 min. with occasional shaking. The
solvent was then slowly removed under slightly reduced pres-
sure using a Rinco rotating evaporator. The last traces of
solvent were removed under reduced pressure at about 80°
water bath temperature. The support was then transferred
to a pyrex crystallizing dish and dried at 100-120° for 2 days.

The glass wool used to pack the flash heater (injector)
side and the exit (detector) side was also silanized with a 5%
solution of dimethyldichlorosilane (DMCS) in toluene, and
washed with methanol to neutrality.

All columns were packed by applying water pump suction
at the exit end and tapping lightly with a piece of pressure
tubing as the support was added through a funnel at the other
end. For preparative columns vacuum pump suction was

applied after filling.
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The trimethylsilyl ethers (TMS ethers) were prepared
according to the method of Eneroth et al. (77). One milli-
gram of sterol was dissolved in 0.1 ml. of a 50% solution
of HMDS in dimethyl formamide (DMF, pretreated with
calcium hydride and distilled and stored over neutral alumi-
num oxide, Woelm, Grade 1), The tubes were tightly corked
and kept overnight. One to three microliters of the sterol
TMS ethers were injected directly from the reaction mixtures
for analytical purposes.

The sterols and their acetates were dissolved in freshly
distilled tetrahydrqfuran, and 1-3 41 of a 1% solution was
injected.

The optimum operating conditions for the analytical
columns (#1-4) were determined by trial and error. The

isothermal conditions for the various columns were as follows.

Col. # Col. Inj. Det. Carrier Gas,
Temp., °C Temp., C Temp., °c psi
1 230 270 260-70 30
2 220 270 260 20
3 220 (205)  270-80 260-70 18
4 230 280 270 17

The relative retention time (Rc) of different peaks were
calculated relative to that of cholesterol (Rc=l), The relative

retention time (Rc) of a number of known sterols and some
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of their derivatives were determined on analytical column #l,
#2 and #3, to aid in the identification of unknown sterol mix-

tures and are shown in Table XIV.

a. GLC of Zoanthid sterols - Sterols isolated from
various zoanthids (Table VI) were analyzed on analytical
columns #l and #2, and their relative retention times
are given in Table XV. These values are uncorrected
and are based on only one chromatogram of each speci-
men., Quantitative sterol composition was not determined.
A typical gas chromatogram of one of the non-
poisonous Palythoa species is shown in Figure 6. A
similar gas chromatographic pattern was observed for
other Palzthoa species (SA 1-3, 5, 11, 12, 14-18, 20, 2i,
and 24). Peak 3 was the major component in all cases
while peak 2 was minor and was visible in some cases
but absent in others. Peaks 1 and 5 were always present
and their intensities varied from sample to sample.

The two specimens of Zoanthus confertus (SA 6 and

and 10), collected from different locations, gave similar
gas chromatograms (Figure 7). In both cases peak 2
was the major one.

A gas chromatogram ‘completely different from the

earlier mentioned zoanthids was obtained from two highly
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Table XIV. Relative Retention Times (Min.) of
Known Sterols and Their Derivatives
Compound col. #1 col. #2 col. #3
Cholesterol 1.0% 1.0° 1.0°
-TMSE - 1.22
~-acetate - 1. 40 -
Desmosterol - 1.09
Brassicasterol 1.13 1.12
-TMSE 1.14
Campesterol 1.33 1. 30 -
-TMSE - 1. 66 1. 37
-acetate - 1. 84
Ergosterol 1. 25 1.22
-TMSE - - 1. 57
Stigmasterol 1.43 1.37
-TMSE - - 1.47
~Sitosterol 1. 66 1. 60
-TMSE - - 1.71
-acetate - 2.3 -
Sargasterol 1. 63 1. 60
-TMSE 2.0
Lanosterol TMSE 1. 68
Actual retention times of cholesterol: 26.0 min. , b?. 5 min.,

and Scholesterol TMSE, 14.0 min.
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Table XV. Relative Retention Times (Rc)
of Zoanthid Sterols

Code No. Gas Chromatographic Peaks

I I III Iv v
S A-1 1.0 1.13 1.29 - 2.04
S A-2 1.02 1.13 1.31 - 2,09
S A-3 1.0 1.1 1,29 - 2.07
S A-4 - - 1.27 - -
S A-5 1.0 1.1 1.27 - 2.04
S A-6 1.02 1.13 1. 30 - -
S A-8 - - 1,29 - -
S A-9 - - 1.29 - -
S A-10 1.02 .1 1.29 - -
S A-11 1.0 1.1 1.29 - 2.04
S A-12 1.0 1.10 1.29 - 2.04
S A-14 1.02 1.13 1.31 - 2.07
S A-15 1.0 1.1 1. 30 - 2.05
S A-16 1.0 - 1.29 - 2,06
S A-17 1.0 - 1.28 - 2,04
S A-18 1.0 - 1. 30 - 2,01
S A-20 1.0 - 1.29 - 2.11
S A-21 1.0 1. 07 1.28 - 2,10
S A-22 1.0 1.11 1.32 1. 62 -
S A-23 1.0 - 1.31 - -
S A-24 1.0 - 1. 30 - 2.16
S A-25 1.0 - 1.31 - -
S A-26 1.0 L.1? - - -
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toxic Palythoa species (SA-4 and 9). A similar chroma-
tographic pattern was also obtained for Zoanthus sp.

(SA-8) (Figure 8).

One sample of Isaurus sp. (SA-22) collected from
Hanauma Bay, Oahu, also afforded a unique chromato-
gram (Figure 9). 1In this case a new peak, P-4, appeared
which was not observed in earlier chromatograms.

Also noteworthy was the chromatogram shown in
Figure 10, which was obtained from one sample of

Parazoanthus lucificum.

b. GLC of Sponge and Echinoderm Sterols - The sterols
isolated from a few species of echinoderms, representing
the main classes of that phylum, and one specimen of
Porifera (sponge) were analyzed on analytical column #2,
The relative retention times of different peaks in the
chromatograms are given in Table XVI and the chromato-
grams are shown in Figures 11-16. The values for rela-
tive retention times (Rc) are uncorrected and are based
on one gas chromatogram of each animal sterol mixture,
The two specimens of the sea star Acanthaster
planci (Sw and Sj, Table VII) obtained from different
locations gave similar chromatograms (Figure 11),

The chromatogram shown in Figure 12 was obtained
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Table XVI. Relative Retention Times (Rc) of
Sponge and Echinoderm Sterols
on Analytical Column #2
Code No. Gas Chromatogram Peaks
1 2 3 4 5
Sw- sterol 1.00 1,13 1.24 1.55 1.8 2.45
Sj-sterol 1.13 1. 24 1.55 - -
Ha- sterol 1.01 1.13 1. 25 1. 57 1. 81 -
Bi-sterol 1.0 - 1.25 1. 35 1. 60
Be-sterol 1.01 1.1 1.28 1,37 1. 60
Ed- sterol 1. 00 - 1.23 - 1. 55
An-sterol 0. 88 0.99 1.10 1.24 1.36 1.56
Sponge sterol 1. 01 1. 09 1.25 - 1.56
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for one member of the class Holothuroidea, Holothuria
atra.

More or less similar chromatograms (Figure 13)

were obtained for two brittlestars, Ophiocoma erinaceous

and O. insularia, representing the class Ophiuroidea.
One representative of the class Echinoidea, Echino-

thrix diadema, furnished the chromatogram shown in

Figure 14, and similarly one member of the class
Crinoidea, Antedon sp., furnished that shown in Figure 15.
The gas chromatogram obtained for the sponge specimen

Halichondria magnicanulosa is shown in Figure 16.

E., Separation of Sterol Mixtures

Initial attempts to separate P-sterol and Z-sterol by TLC
of the sterols and their derivatives on various adsorbents were
unsuccessful.

In initial investigations designed to determine the feasibility of
separating the different sterols of the P- and Z-sterol mixtures on
GLC analytical columns #l, 2 and 4 were used. Under the oper-
ating conditions mentioned before the same gas chromatographic
patterns were obtained for Z-sterol and its TMSE on all three
'columns. A typical chromatogram (Figure 7) showed three major
peaks, two of which (Z-1 and Z-3) were completely separated on

columns #1 and 2, while Z-1 and Z-2 were nicely separated on
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column #4. Therefore, the liquid phase SE-30 and the support
Chromosorb W were chosen for preparative column #1.

Next an attempt was made to separate and isolate pure
samples from the indicated mixtures using preparative column #l.
In an initial experiment temperature programming from 150-230°
gave no better resolution of thene peaks than what was found in
isothermal conditions., The TMSE derivatives were preferred
over the sterols per se, as the latter trailed and were thus poorly
resolved on the column. Isothermal conditions for preparative
column #1 were as follows: Column temp.: 240-45"; Inj. temp.:
280-90°; Det. temp. : 270-80°; Carrier gas pressure: 15 psi.

(100 ml. /min.); Attenuation: 4X; Sample volume per injection:
15-30 1. (3-5% solution). Injection and collection was done
manually in order to get better separation of comnstituents. Col-
lection was made with tubes bearing glass wool aerosol scrubbers
at the top.

1. Zoanthid sterols

a. Z-Sterol mixture - The mass spectra of one of the
pilot batches of Z-sterol showed an intense peak at m/e
426. This mixture, therefore, was of prime impor-
tance for the isolation of the corresponding sterol.
Under the conditions mentioned before for preparative

column #l1 the preparative gas chromatogram showed only
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three peaks which were also observed in the analytical
chromatogram shown in Figure 7. An initial batch of
20 mg. of sterol was converted to its trimethylsilyl
ether (TMSE) by the method mentioned earlier. Approx-
imately 0,6-0.9 mg. (20-30 41., 3% sterol TMSE) of
sterol TMSE was injected in each run and three frac-
tions (Z-1, Z-2, and Z-3) were collected., These were
dissolved in tetrahydrofuran and tested for purity on ana-
lytical columns #3 and 4. All these were found to be
pure on column #4 but Z-3 turned out to be a mixture
of two components on column #3; there Z-sterol TMSE
separates into four distinct peaks (Z-1, Z-2, Z-3, and
Z-4) as shown in Figure 17. Thus the separation of
Z-3 and Z-4 was not achieved on prep. column #l and
no attempts were made to prepare another preparative
column based on analytical column #3, because of low
thermal stability of the neopentyl glycol succinate (NGS)
liquid phase.

The mass spectra of Z-1 and Z-2 showed mass
peaks at m/e 458 (386 + 72) and 470 (398 + 72) cor-
responding to the sterol TMSE, while no mass peak at
m/e 426 was observed in the mass spectrum of the

Z-sterol used for the preparative separation. Therefore
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the 426 mass peak might have been due to some impuri-
ties in the previous sample of Z-sterol.

In preliminary experiments it was observed by GLC
on analytical column #3 that crystallization of the Z-sterol
acetate from acetone led to a decrease in intensity of the
Z-1 and Z-4 peaks in the crystalline products. There-
fore, repeated crystallization of the acetate followed by
GLC was employed to separate Z-3 from Z-4.

Four hundred milligrams of the crude Z-sterol ace-
tate (ZA) gave ca. 130 mg., after one recrystallization
from acetone (ZA-1). Successive recrystallization of
ZA-1 from acetone gave ca. 50 mg. of ZA-l3 (zA-1
recrystallized three times), very rich in Z-2 and Z-3
as shown by GLC on column #3. From the mother
liquor an additional 40 mg. of ZA—l3 was obtained,
after repeated crystallization from acetone.

Eighty milligrams of ZA—l3 were dissolved in 10 ml.
of 2% potassium hydroxide in methanol and refluxed for
3 hr. under nitrogen., The reaction mixture was cooled
and 20 ml, of water was added. The unsaponifiable
material was extracted with ether. The combined ether
solution was washed with water until the wash liquid was

neutral to litmus, dried over anhydrous sodium sulfate,
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filtered, and concentrated to dryness, to give 65 mg. of
a white solid (Z—13) which on recrystallization from a
methanol-ether mixture gave ca. 55 mg. of crystalline
material. GLC on column #3 as the TMSE showed only
two peaks, Z-2 and Z-3,

The sterol mixture Z-13 obtained as described above
was then converted to the TMSE derivative for prepara-
tive separation on preparative column #l. For each
preparative run 20-25 U1, of a 3% solution of the TMSE
derivative was injected. After repeated runs nearly
17 mg. of Z-2 and 9.8 mg. of Z-3 TMSE were obtained.

Analytical GLC of various ZA crystallization frac-
tions on column #3 showed one to be particularly rich
in Z-1., Consequently, this fraction was saponified as
described above and approximately 25 mg. of the free
sterol was separated and converted to the TMSE. Pre-
parative separation by GLC on prep. col. #l resulted in
the isolation of ca. 7.5 mg. of Z-1, 2 mg. of Z-2, and
5 mg. of Z-3 TMSE.

All the respective TMSE fractions were then hydro-
lyie.d ’1-3y dissolving them in hot methanol and refluxing

the solution for 2 hr. The solvent was removed under

reduced pressure and the product was dried in vacuo for
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several hours to remove all volatile impurities.. The
product was then recrystallized several times from
methanol-ether to obtain a pure sample for a mass spec-
trum. After hydrolysis and crystallization Z-2 and Z-3
were obtained as needles of m. p. 146-147° and 152-1530,
respectively, Z-1 did not crystallize and was obtained
as a white solid mass.

The isolation of Z-2 acetate was achieved by the
classical method of Windaus and Hauth (78), through
bromination of the Z-steryl acetate in ether-acetic acid,
followed by debromination of the tetrabromo acetate.
Z-steryl tetrabromo-acetate (ZABrI), obtained as previ-
ously described was debrominated as follows.

Eighty milligrams of the tetrabromo acetate (ZABrI)
were suspended in 4 ml, of ether, and to this was added
10-15 drops of glacial acetic acid and 100 mg. of zinc
dust in small portions. The mixture was shaken vigor-
ously until all the white solid had disappeared, diluted
with water, and repeatedly extracted with ether. The
ether extracts were combined, washed with water to neu-
trality (litmus), dried over anhydrous sodium sulfate, and
filtered, The residue obtained after evaporation of the

ether was crystallized from methanol-ether to give ca.
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50 mg. of steryl acetate (ZAI) of m.p. 150-151°. Ana-
lytical GLC on column #3 still showed the presence of
small quantities of Z-1 and Z-3 acetates. Therefore
ZA-1 was again brominated by the earlier method to give
ca. 30 mg. of the tetrabrominated product (ZBrZ) which
after crystallization from ethyl acetate melted at 190-191°.
This compound (ZBrz) after debromination by the proce-
dure described earlier gave acetate (Z-2 acetate), melt-

ing at 158—1590 after two crystallizations from methanol,

and showed only one peak in the gas chromatogram.

b, P-sterol mixture - When the P-sterol mixture was
subjected to a preparative GLC run on preparative column
#1, a new minor peak P-4 was revealed (Figure 18) which
had not been observed on the analytical chromatogram
(Figure 6). In order to achieve complete separation of all
components, ca. 0.8-1.2 mg., of the sterol TMSE (20-30M1.
of a 4% solution) was injected and separated into five frac-
tions.

A major preparative run of 120 mg. of P-sterol

mixture as the TMSE derivative gave the following results:
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Fraction Retention Time, Weight
# min. mg.
P-1 31.8 7
P-2 35.0 2
P-3 42.0 42
P-4 50.5 1
P-5 69.0 18

The major fractions, P-1, P-3, and P-5, were tested
on an analytical column for purity and were found to be
contaminated with the thermal decomposition productsof
the liquid phase. This was evidenced by two to three
peaks close to the solvent peak in the chromatogram.

The free sterols were recovered by hydrolyzing the
TMSE fractions in methanol as described earlier. After
two recrystallizations from methanol-ether approximately
12 mg. of P-5, m.p. 180-182° and 26 mg. of P-3, m.p.
152-153° were recovered. P-1 did not crystallize and
was obtained as a white solid mass. P-2 and P-4 were
present in very small quantities and were found to be
contaminated with impurities just preceding and following
the components.

Preparative GLC was repeated until sufficient quan-
tities of the desired sterols were obtained. The efficiency

of the column and the sensitivity of the detector decreased
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considerably after two to three weeks of continuous use.
Therefore, during the preparative runs it was necessary
to repack the column with freshly coated support and to

clean the detector at least every two weeks.

c. P-stenone mixture - The Jones Oxidation product,
P-stenone was found to be a mixture of 4-5 products by

TLC on silica gel HF One hundred milligrams of the

254°
P-stenone absorbing in UV at 240 mu (£ca. 4,800) were

chromatographed on a silica gel HF 4 plate (0.5 mm.

25
thick) using hexane-ethyl acetate (85:15). It separated

into five bands. Only the main UV-absorbing band was
eluted with chloroform and evaporated to dryness, yield-
ing 45 mg. of a compound, »max. 241 mu ({ca. 13,000).
There were some slow moving and fast moving bands which
were not characterized.

In preliminary experiments, the above ketone, desig-
nated P-j, was tested on analytical column #2 which re-
solved it into two major and two minor peaks. As pre-
parative column #l was suitable only for separating the
TMSE derivatives, a second preparative column (#2) was
developed on the basis of analytical column #2 to separate
P-j. This column consisted of Gas-Chrom Q coated with

3% GE XE-60 and was operated at the following isothermal
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conditions: col., temp.: 2400; inj. temp.: 2800; det. temp.:
2700; gas inlet pressure: 20 psi; attenuation: 4X,

Under these conditions approximately 40 mg. of P-j
ketone was separated on preparative column #2 into the

following components:

Fraction Weight Collected, Appearance
mg.
P-jl 1.4 oily
P-j2 1.3 oily
P-j3 8.4 white solid
P-j5 5.5 white solid

The major components P-j3 and P-j5 were crystallized
once from methanol to give P-j3 of m.p. 98-1000, and
P-j5 of m.p. 128-130°, Further attempts of recrystal-
lization from methanol-ether gave only oily products, and
these fractions were therefore considered to be very labile.
Since the minor fractions P-jl and P-j2 were obtained as
oily masses, they were characterized by their UV spectra
in 95% ethanol only. Both had a A max. at 241 mu.
Preparative column #2 was subsequently uséd for the
separation of more P-sterol, in order to obtain more
P-5. On this column the first three TMSE fractions P-1,
P-2, and P-3 were poorly resolved. Consequently, only

P-3 and P-5 were collected from this column. The major
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consideration was the isolation of pure P-5. Because of
the higher percentage of liquid phase on the support,
column #2 had a greater capacity than #l, and this was
utilized to increase the resolution. Larger quantities
(1.5-2.5 mg.) of the sterol TMSE were injected in each
run, and the total running time per run was decreased

from 75 to ca. 50 min.

Echinoderm sterol mixtures

Only two echinoderm sterols, isolated from the sea star

Acanthaster planci (Sw-sterol) and brittlestar Ophiocoma

insularia (Bi-sterol) were separated by preparative GLC to

study the structure of the major sterols.

a. Separation of Bi-sterol - The preparative GLC of the
Bi-sterol mixture showed five peaks, all of which except
Bi-2, were also present in the analytical chromatogram
(Figure 13). The peaks Bi-3 and Bi-4 were not very well
separated.

One hundred fifty milligrams of the sterol were sepa-
rated as the TMSE derivative into the following compo-

nents on preparative column #l.



81

Fraction Weight Collected, mg.
Bi-1 42
Bi-2 6
Bi-3 3
Bi-4 2.5
Bi-5 20

All fractions were hydrolyzed with methanol and crystal-
lized from methanol-ether to give crystalline Bi-1 m. p.
147-148° and Bi-5 m.p. 121-122°. The fractions Bi-2,
Bi-3 and Bi-4 did not crystallize and were obtained as
white solid masses in quantities only sufficient for mass

spectra.

b. Sea star (Sw-sterol) sterol mixture - Separation of
Sw-sterol was achieved by preparative GLC on column #2.
The isothermal conditions for this separation were as
follows: col. temp.: 235-2400; inj. temp.: 2700; det.
temp. : 2650; carrier gas pressure: 17 psi; collect. temp.:
250°. Under these conditions six peaks were revealed

in the preparative chromatogram, all of which had also
been observed in the analytical chromatogram (Figure 1l).

Fifty milligrams of the Sw-sterol mixture were

separated as the TMSE derivative into the following six

components.
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Fraction Amount Obtained, mg. Appearance
Sw-0 1 oily mass
Sw-1 1.5 white solid
Sw-2 5.7 " "
Sw-3 10. 7 " "
Sw-4 1.5 " "
Sw-5 1.8 " o

All fractions were hydrolyzed with methanol and filtered
to remove the suspended glass wool. After removal of
solvent, crystallization from methanol-ether gave Sw-1

of m.p. 124-126°, Sw-2 of m.p. 154-156°, and Sw-3 of
m. p. 145-146°. The fractions Sw-4 and Sw-5 did not
crystallize and were obtained as white solid masses,
while Sw-0 remained a yellow oily mass. Fractions Sw-1
through Sw-5 were obtained in quantities sufficient only

for mass spectral characterization.

F. Characterization of Sterol Constituents

The minor sterols obtained by preparative GLC of the zoanthid
and echinoderm sterols were characterized by spectral and gas
chromatographic retention data. The general description of the
various instruments and methodology were the same as described
earlier. The physical and spectral data of various sterols are

tabulated in Table XVII.

Characterization of compound P-5 is described separately.



Table XVII., Characterization Data of Sterol Constituents of
P-Sterol, Z-Sterol, Bi-Sterol and Sw-Sterol
Compound M. P., ° [&JIZDZ, ° IR Spectra, NMR Spectra Mass Spectra
(% Conc. CHCl,) cm™! § values
z-1 - - 3400(s), 2950(s), CCl,:0. 66 386(100),  371(40),
1465(s), 1375(s), 0. 81, 0.91, 368(48), 353(41),
1055(s), 955(m), 0.99,1.18, 301 (43), 275(75),
840(m), 800(m). 3.35, 5.25 273(22), 255(28),
247(16), 231 (21),
213 (38).
P-1 - - Same as above -DO- -DO-
B-1 147-148 -36 -DO- CDCl5:0. 67, 398(02), 386(100),
{c 1.14) 0. 81, 0.91, 371 (33), 368(45),
1.01, 1.18, 353(36), 301 (45),
3.4, 5.35. 275(75), 273(30),
247(20), 231(30),
229(12), 213 (50).
(Figure 19A)
Sw-1 122-124 398(04), 386(100),
371(26), 368(04),
353(06), 301(04),
300(06), 275(04),
273(30), 271 (26),
255(72), 246(26),
231(28),  229(29),
213 (28).

(Figure 19B)




Table XVII, Continued
o 22 o
Compound M.P,, C [dc]D s IR Spectra NMR Spectra Mass Spectra
(% Conc. CHC13) em™! S values
Z-2 146-147 -58. 6 3400(s), 2950(s), CCl1,: 0. 68, 398(75), 383(09),
(c 0. 418) 1460(s), 1370(s), 0. 8%, 0.95, 380(13), 365(09),
1050(s), 970(m), 1.0, 1.03, 337(14), 300(38),
960(m), 832(w), 3.4, 5.1-5.3 355(08), 285(09),
800 (m). 271(38), 255(62),
(Figure 20A) 246(03), 231(07),
229(10),  213(19).
(Figure 21A)
Brassicasterol Synthetica
(Natural) 148-148.5 -62 Superimposable - 412(03), 398(100),
(Figure 20B) 383(13), 380(13),
365(13), 337(22),
300(62), 285(1 6),
271(56), 255(78),
246(08), 231(11),
229(13),  213(24).
Z-2 acetate 158-159 -64 2950(s), 1720(s), CC1 :0. 68, -
(c 0.75) 1460(s), 1370(s),  0.77; 0.87,
1250(s), 1040(s), 0.95,1.0,
970(m), 960(m), 1.03,1.93,
890{m), 875(m), 4,5, 5.15,
835(m), 803(m). 5. 3.

(Figure 22)

aGift of Professor K. Tsuda.
bGift of Dr. G. Just.
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Table XVII. Continued
o 22 o
Compound M.P., C D’ IR Specltra NMR Spectra Mass Spectra
(% Conc. CHC13) cm” Svalues

P-2 - - Similar to Z-2 - 400(imp), 398(75),
386(imp), 383(15),
365(10), 300(50),
285(15), 271(50),
255(55), 231(30),
229(25), 213(55).

B-2 - - - - 398(100), 386(imp),
383(15),  380(L5),
355(09), 365(15),
337(23), 300(45),
285(15), 271(42),
255(70), 246(10),
231(18), 229(1 8),
213(33).

Sw-2 154-156 398(40), 386(10),
383(15), 380(02),
365(02), 355(09),
337(04), 300(20),
273(45), 271(86),
255(58), 246(32),
231(20), 229(29),
213(22).

(Figure 21B)
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Table XVII. Continued
o . 222 0
Compound M.P., C Lv(’]D s IR Spectra NMR Spectra Mass Spectra
(% Conc. CHCl; — S values
Z-3 152-153 -33 Similar to Z-1, CC14:0.67, ﬂg(lOO), 385(34),
(c 0.333) characteristic 0.72, 0. 80, 382(46), 367(32),
bands at 840(m), 0. 83, 0.90, 315(42), 300(06),
and at 800(m). 0.95, 0. 99, 289(54),  273(25),
3.35, 5,25, 271(1 6), 255(32),
246(06), 231(24),
229(13),  213(40).
(Figure 23A)
P-3 152-153 -47.3 Similar to Z-1, CDCl3:0.67,  400(100),  385(33),
(c 1. 66) characteristic 0.71, 0.80, 382(44), 367(3 1),
bands at 840(m), 0.82, 0.89, 315(39), 300(02),
and 800 (m). 0.95, 1.00, 289(48), 273(22),
1.55, 3.46, 255(26), 246(05),
5. 30. 231(29), 229(08),
213(31).
P-3 acetate  146-147 -49.1 2950(s), 1724(s),  CDCl,:0. 67,
{c 0.562) 1460(s), 1370(s), 0.72, 0. 80,
1333(s), 1250(s), 0.82, 0.90,
1136{m), 1040(s), 0.95, 1.00,
960(m), 840(m), 2.01, 4.60,
805(s). 5. 35,
(Figure 24)
P-3H 142-143 +17. 4 3400(s), 2940(s), CDCl3: 0. 65,
(c 0.574) 1450(s), 1370(s), 0.71, 0. 80,
1035(s), 955(m). 0.90, 1.20,

no signal at 5.3,
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Table XVII, Continued
Compound M, P.,OC [oCJZDZ,O IR Spectra NMR Spectra Mass Spectra
(% Conc. CHCls3) cm” svalues
Pj-3 98-100 2945(s), 1670(s), Singlet at 412(03), 398(100),
(Stenone) 1614{w), 1460(s), 5.75. 383(14), 356(30),
1375(s), 1266{m), 275(42), 271(1 8),
max. 241 1230(m), 1190(m), 229(63), 211(09),
{ 14,000) 960(m), 935(m), 187(92), 161(12),
900 (W), 860{m). 149(24), 135(24),

133(15),  124(90).

Bi-3 - - - - 412(imp), 400(100),
385, 382, 367, 315
(52), 300, 289(52),
273, 271, 255, 231.

Sw-3 145-146 412(06),  400(100),
385(35), 382(04),
367(07), 315(03),
300(13), 289(03),
273(48),  271(48),
255(87), 246(18),
231(35), 229(33),
213(35). (Figure 23B)

Bi-4 - - - - 412(100), 397(14),
394(12),  369(27),
351(31), 314(16),
300(57), 285(15),
271(80),  255(87),
353(12), 241(12),
231(19), 229(17),

213(34).
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Table XVII. Continued

Compound M, P, oC (<] ;2’ ° IR Spectra NMR Spectra Mass Spectra
(% Conc. CHCl3) cm™1 s values

Stigmasterol - - - - 412 (71), 397(09),
394(09), 369(20),
351 (28), 314 (12),
300(40), 285(12),
271 (42), 255(50),
241(10), 231 (13),
229(15), 213 (28).

(Figure 254)

P-4 - - - - Has high molecular
wt. impurities and
molecular ion peaks
at 414, 412, and also
peak for preceding
P-3(400).

Sw-4 - - - - Has some higher

mass impurities and
intense molecular ion
peak at 414 associated
with weak molecular
ion peaks for the pre-
ceding 412 and 400.
Also showed signifi-
cant peaks at 314, 271,
255, 246, 231, 229 and
at 213.
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Table XVII, Continued
o .22 o
Compound M.P., C (<] D’ IR Spectra NMR Spectra Mass Spectra
(% Conc. CHCl,) cm™! S values
Bi-5 121-122 -37 3400(s), 2950(s), CDCl3: 0. 68, 414 (67), 412 (22),
1460(s), 1375(s), 0.76, 0.91, 399(21), 397(15),
1050(s), 958{m), 1.00, 1.02, 396(27),  394(03),
840(m), 823(m), 1.25, 1.51- 329(24), 314 (100),
800 (m). 1.61, 3.40, 303(32),  299(33),
5. 33, 296(20), 281 (33),
(Figure 26A) 273(24),  271(27),
231(33),  229(45),
213 (51).
Sargasterol - - Superimposable CCl,: 0.68, 412 (11), 397(04),
0.91, 1.01, 394(02), 314 (100),
1.04, 1.51- 299(18), 296(11),
1.61, 3.45, 281(18),  271(13),
5.33. 231(07),  229(18),
(Figure 26B) 213 (12).
(Figure 25B)
Sw-5 - - - - 426(18),  411(06),
355(10), 337(04),
314 (20),  301(11),
300(10), 299(09),
283(09), 271 (100),
255(15),  246(20),
231 (12), 229(10),
213 (13).

68



RELATIVE INTENSITY

30

20

10

;‘ 1 Hl

213

247

4T e e

s,’l )

I),

|
|

;' 'rl | l! '[I m )t

J4f,

l, n

}} fl’.L_ﬂ i

] S0 110

uﬁ! hf |I| u

1‘0

255

Il

JUEM
156

"J

” 'm

’ 246
[]l llll‘ll ”"'J”’l' lx'l,1 o ! =

I
l
l

g 130

.» ._L-

MASS NUNRER (m/s)

Figure 19.

273

b __LJ’J A, Jil_lL_L,lu_;L

250

273
27y

270

01

310

:'H"v _J-UL.,..(“R B —

368

37

350 370

386

i IM HM_L_L'JL_L_L__

350

310

Mass Spectra of Compounds Bi-1 (A) and Sw-1 (B)

330

06



s OB PeaC ST Cmat) om) MO SRk SATAENTS | AR TIOn §AROBS, w1 & L]

“WAYENUMEER !

EECTE NN

w0 40 390 2500 2000 N 1500 1400 1300 200 100 1000
(e AR irens ol SR NTUIHIRRES RRRES ORI A I I U P01 B LS R 8 LML AL TET T VTR S I ey

3

WAVELENGTH IN MCRONS

LTI e —.T SHOIT (NS O WX MCEasn BT T, W | RALATON, CASOS, 1 3
WAVENUMLER Ca?

000 4000 3000 2500 2000 1500 1400 1300 1200 100 1000 .
AR LA AL O LN AN (L I SN B i o i I N AR PR R e R (Etan ARk n A RN NN NS R R RE)

m'::_i;'--r_

WAVELENGTH IN MICRONS

Figure 20, Infrared Spectra of Compounds Z-2 (A) and Brassicasterol (B). RE—

16



RELATIVE INTENSITY

|

il
Ll»_JJ?\ JM: !Il‘ ﬂi'i!

Figure 21.

213

il gl g )
160 200 220 240

]J!LL, l!LL!?_ll
- 7200 22

(]

MASS NUMBER (m/e)

Mass Spectra of the Compounds Z-2 (A) and Sw-2 (B)

398

,,—'L"st L

. 83
. L IL Il I,
340 360 380 400
398
383
i ll Judi Ll![ ]
340 360 3eo 400

26



A
PPM (3)

,To : 7i° . slo — s‘o — ﬁ‘lo f — :Io . - :f ~ ; 10 .
} + T T T T T EELl T T
“To rH>
500 40 309 200 100 o s
i
\(!o '
50

: v
it ,r%,‘il';‘f ]
/ . fins
! | I w1 ¥
T l ”uf"_.i
I f l\ it JnI' w
l l,l 3 f‘Ui \“,.( Ih h 7 }j) !!-‘l]""ll"“ ' i lh,}' |l ‘1; ,& H‘“?’} - ”} ': “ , ‘| 'J.l 1 lj” L” Jll,; l’ a * W “{]l:, g '
il t\f‘ni' i fl 1* g i 1"'"1’]&[ ‘\i et Pl-nl“"]]( Tt {1 f iy ]’lq“ll‘l’l‘n w1 "' ‘{ (l‘n‘” (
| | ey N SRS EE TSI ST CEPIDT PRSP E TP ST S | N B | )i
e L ad N v 1. e I ] ! | 1 | ' 1 1 1
5.0 70 6.0 50 ] 40 3.0 2.0 1.0 0 PPM {3)

Figure 22. Nuclear Magnetic Resonance Spectrum of Z-Z acetate

€6



RELATIVE INTENSITY

05
90
80
70
60
50
40 l H
30

20

0o,

90

80

70

60

40

20

213

160 180

I

220

JMJML v nﬂio ,,l' bl Ao

MASS NUMBER (m/s)

240

]

255

260

289

35

273

u.,hlil;l_l .MLMMMMJ o .!thﬁlgm_’, P .

400

332

367

300 320

271 273

360 380 400

280 300 320 340

Figure 23. Mass Spectra of Compounds Z-3 (A) and Sw-3 (B)

6



2.0 20 40 50  FPAIT) 60 7.0 8.0 ! 9.0 10
T L T ' L ‘ ] N —l T H T —’ T '_r T ] A
T v o T ¥ 1) v T T T L T v 0 M |
o]
rH>
sclwo 100 300 200 10 \ o o5
250
00
50
;

—

y

g, J

gyt

{:;'-

AASPERTA
Rl AT A Wt ipeend Wea Sl ptevinas

”f.)#.h-'v"fWW‘-""\«’V“'#’A&'-‘3'4»'7:‘st='12‘}'—'-=-’&b‘nvﬂvri':'f:':"xw‘#w[\'-‘

s | ! - N | . L . 1 s f N | - ] !
{ i) { 1 [ e o 1 | 1. 1 L | 1 ] . 1
8.0 7.0 ¢ 50 EOM(8) 40 3.0 20 10 )

Figure 24. Nuclear Magnetic Resonance Spectrum of P-3 acetate

S6



2

€0

70

50§ -

3¢

-
[

-1 o

i o

P

I
2,

RELATIVE INTENSITY

w

i

281 299
271 296 |‘ 412
1

I‘L_JIL ”".1' i II|||‘| lh.d__ﬂ.zth._-__L"' lu“ﬂ__umjv? ...;[. h, II.L_J : 394357 |

280 300 320 340 360 380 400 420

,L
60

(1

412

(2]

255

b Lo b 1

.J_J'JLN_.L,J__]JLv mz lll[M 'LI uu”l' ””LL,J ,,L” m”'”’l "“! lhl" IL'M_L‘ ur-JL._M!m e, LU Jg-om. "'l"li:o l

| "
o €0 B0 100 160 320 340 360

420

MASS NUMBER (m/e)

Figure 25. Mass Spectra of Stigmasterol (A) and Sargasterol (B)

- 96



1Y) 8 as s a3 18 28 1 o e
T T T T T T T T T T T 1 T T T
T T T —- T t
T >y
x0 « 0 20 xw o o
m
m
2

v‘l

W v,\“t‘\ ’Q"V“‘\-gf "W' o

l
H

1, ,“\‘ i
!
o W L .
P* "},\»"/u,', qu‘,l ‘\,”ﬁ." A A3l .' N ,n‘u,,‘lt“.;‘L_ r-l.? N 1,«, .rvr ni\m) P \N{H ‘,i} J -

Pt Wy A u'y 3 -7
L] 1 13 L 1 : 1 . - 1 (N
1 A L N [} 1 _[ I 1 1 1 3 i L 1 L
7] 35 w 35 (e 38 35 C3 TR

Figure 26. Nuclear Magnetic Resonance Spectra of
Compounds Bi-5 (A) and Sargasterol (B)

1 1 1 1 1
PSR 1 n ] pary 1 n 1
35 25 T LT
' .
s 28 1 +m o
T T T T T 7 T T
T ma — T u
=]
»nd>
30 = x 2 o o3
2P
1

L6



98
The methods used for the preparation of some derivatives of P-3

are given below,

1. Acetylation of P-3 - Fifteen milligrams of P-3 were dis-
solved in 4 ml. of acetic anhydride-pyridine (3:1) and kept at
ca. 40° for 40 hr. After removal of the solvent under vacuo

the residue (ca. 16 mg.) was crystallized once from methanol

and recrystallization from methanol-ether gave colorless plates

m.p. 146-147°,

2. Hydrogenation of P-3 - Twelve milligrams of P-3 were
dissolved in 6 ml. ethyl acetate-acetic acid (l:1) and hydrogen-
ated over 30 mg. platinum oxide catalyst at room temperature
for 5 hr. The solvent was removed under reduced pressure
and the residue was extracted with 50 ml. ether. The solu-
tion was washed with water, dried, and evaporated to dryness,
to give a white compound (ca. 1l mg.), which after two crys~-

tallizations from methanol, yielded the product m. p. 142-143°,

3. Jones oxidation product (Pj-3) - This compound was

obtained by preparative GLC of P-j ketone.

4, Compound P-5
a. Crystallization and melting point - Compound P-5

crystallized in fine white needles from methanol-ether,

m.p. 180-182°,
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b. Optical rotation - A sample of 9.25 mg. of crystal-
line P-5 dissolved in 1 ml. of chloroform had £ = -0, 417°

21 o]
£ = -
or[]D 44.8".

: 1
c. High resolution mass spectrometric analysis - The

high resolution mass spectrum of P-5 gave the following

values:
ml/e 426
Expected Compound C30H5OO
Actual Compound CSOHEOO
Ref. 1 413. 97751
Mass Ratio 1,29974
Measured Mass 426.386072
Calculated Mass 426.386147
. 2
d. Infrared absorption spectrum - The IR spectrum

of ca. 1.5 mg. of P-5 in ca. 150 mg. of potassium
bromide showed the following bands (Figure 27): 3390(bs),
3035(sh), 3018(sh), 2945(s), 1650(b), 1465(s), 1380(s),
1370(s), 1330(w), 1310(w), 1255(w), 1220(w), 1190(w), 1160(w),
1135(w), 1060(s), 1040(w), 1030(w), 1010{w), 990(w), 970(w),

960(m), 925(w), 860(w), 840(m), 800(m), 740(w).

High resolution mass data were obtained by courtesy of
Professor Carl Djerassi, Stanford University, Stanford,
California.

2
Kindly run by Mr. S. N. Ghosh at Beckman IR-9.
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e. Nuclear magnetic resonance spectrum - The 60 Mc
and 100 Mc NMR3 spectra of P-5 were run in three sol-
vents and the values of different signals are recorded in
Table XVIII. The 60 and 100 Mc NMR spectrum of P-5
in pyridine is shown in Figure 28 and 60 Mc NMR of
gorgosterol (Figure 29A) and P-5 (Figure 29B) in deuterio-

chloroform is shown in the figure mentioned.

f.  Decoupling experiment4 - Decoupling experiments in
deuteriochloroform showed that observation of the signal
at 0.44 S while irradiating at about -0.12 § caused the
four line pattern to collapse to a perturbed doublet (large
J remains). Conversely, observation of the signal at
-0.13 S while irradiating at about 0.47 S led to a doublet for
this signal. The decoupling experiments in deuteriopyri-
dine indicated that irradiation at about 0.26 S caused the
doublet at 0.99S8 to collapse; on the other hand, irradia-
tion to lower fields, in the vicinity of 1.55J, caused the
other two doublets at 0.88 S and 0.96§ to collapse. The

olefinic doublet became a singlet upon irradiating at ca. 1.7¢.

3Kindly carried out by Dr. Lois J. Durham, Stanford
University, Stanford, California,

4Kindly carried out by Dr. Lois J. Durham, Stanford Uni-

versity, Stanford, California, using a Varian HR-100 Mc
NMR spectrometer by the method described by L, F, Johnson
(Varian Technical Information Bulletin, Vol. III, No. 3 1962).
The spectra were recorded on the lower side-band.
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Table XVIII. 100 Mc NMR Spectra of P-5, S Values in
Different Solvents

o Solvent Number of  Coupling
Deuterio- Pyridine Benzene Protons Constants
chloroform CPS
3.4 (bm) 3.78 Solvated 1H
5.3 (d) 5.3 Obscured by 1H
solvent
0.65 (s) 0.70 0. 67 3H
0.89 (s) 0.92 0.90 3H
1. 00 1.07 0.93 3H
0.84 (d) 0.88 (4) 0.88 () 3H
0.95 (d) 0.96 (d) 0.93 (d) 3H
0.99 (d) 0.99 () 3H
0.44 0.48 0.48 1H (4 and 9)
0.06-0, 37 0.04-0.38 0.00-0.36 1H or 2H?
-0.13 -0.16 -0.14 1H (4 and 6)

bm: broad multiplets
d: doublet

s: singlet
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g. Mass spectrum - The mass spectrum of P-5 is repro-
duced in Figure 30. The relative intensities of the frag-
ments in the mass spectrum are based on the largest peak
in the mass spectrum (m/e 55, 100%) and are given in
Table XIX. The molecular ion peak is found at m/e 426.
The actual mass of the major peaks in the high mass
range was determined by high resolution mass spectro-
me’cry.5 The actual composition of the various peaks
were as follows: m/e 426 (C

0), 355 (C 0O,

30750
0), 301 (C

25 39

328 (C 0), 300

23H5 O, 314 (C

0), 299 (C

22 34 21 33

(C 0), 283 (021H31)’ 281 (C

21132
272 (C

21131
0), 271 (C

21 29)

0), 270 (C 0O), and 255

19728
).

19 27 19 26

(19 27

h. Gas chromatography - GLC relative retention times
of P-5 and of its derivatives on various analytical columns

are given in Table XX.

i, Hydrogenation - (i) Under mild conditions - Since IR
and NMR spectra indicated the presence of an olefinic
function, P-5 was hydrogenated. Four milligrams of P-5

" were dissolved in 5 ml. ethyl acetate-acetic acid (1:1)

High resolution mass data obtained by courtesy of Pro-

fessor Carl Djerassi, Stanford University, Stanford,
California.



Table XIX. Mass Spectrum of P-5, Relative Intensity
of Various Fragments

m/e RI m/e RI m/e RI
429 01 323 01 261 01
428 04 321 01 260 01
427 16 320 01 259 02
426 44 317 01 258 09
425 01 316 05 257 08
424 01 315 20 256 12
413 - 01 314 73 255 43
412 03 313 06 264 06
411 07 312 01 253 10
410 01 311 01 252 01
409 03 310 04 251 01
408 08 309 01 248 02
400 01 303 01 247 02
395 01 302 05 246 07
394 02 301 21 245 05
393 06 300 30 244 04
386 01 299 25 243 07
384 02 298 02 242 04
383 04 297 05 241 11
369 01 296 14 240 04
368 01 295 o7 . 239 07
367 01 289 01 237 01
366 02 288 01 236 01
365 05 287 02 235 01
358 01 286 03 234 01
357 02 285 10 233 03
356 08 284 09 232 06
355 17 283 39 231 15
354 01 282 11 230 09
353 01 281 33 229 27
342 01 275 01 228 11
341 02 274 04 227 11
340 01 273 19 226 02
339 03 272 47 225 05
338 09 271 69 223 01
337 27 270 19 220 01
330 01 269 03 219 02
329 03 268 03 218 03
328 09 267 06 217 11

327 01 266 01 216 06
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Table XIX., Continued
m/e RI mle RI m/e RI
215 23 171 11 131 22
214 09 170 01 130 05
213 30 169 04 129 08
212 03 168 01 128 04
211 13 167 01 127 01
209 01 166 01 126 01
206 01 165 04 125 05
205 03 164 05 124 06
204 03 163 20 123 18
203 10 162 07 122 07
202 05 161 24 121 28
201 10 160 11 120 15
200 03 159 46 119 30
199 14 158 15 118 07
198 03 157 15 117 12
197 07 156 02 116 01
196 01 155 02 115 02
195 01 154 03 114 01
194 01 153 03 113 01
193 01 152 03 112 02
192 01 151 25 111 13
191 05 150 03 110 09
190 03 149 18 109 40
189 10 148 07 108 12
188 05 147 34 107 45
187 13 146 10 106 09
186 05 145 41 105 40
185 11 144 08 104 02
183 03 143 16 103 03
182 01 142 03 100 01
181 01 141 02 99 04
180 02 140 01 98 32
179 02 139 01 97 43
178 04 138 02 96 08
177 12 137 13 95 51
176 08 136 05 94 12
175 15 135 24 93 40
174 05 134 12 92 08
173 18 133 55 91 34
- 172 04 132 08 87 01
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Table XIX. Continued

m/e RI m/e RI m/e RI
86 01 71 27 54 01
85 05 70 14 53 09
84 07 69 78 52 01
83 78 68 09 51 01
82 26 67 41 50 01
81 66 66 02 49 01
80 06 60 01 45 01
79 34 59 01 44 03
78 03 58 02 43 66
77 11 57 35 42 04
74 01 56 07 41 49
72 02 55 100

105
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and hydrogenated over 30 mg. platinum oxide for 6 hr. at
room temperature. The mixture was filtered and after
removal of solvent Lrl vacuo, the residue crystallized from
methanol-ether to give the dihydro compound, m.p. 165-
168°. The mass spectrum of this compound showed a.
molecular ion peak at m/e 428 and significant peaks at m/e
413(8), 341(50), 339(24), 316(81), 302(95), 287(41), 273(75),
257(75), 233(32), 231(18), 217(45), 215(42), and a base peak
a.t.m/e 109 (100%). (i) Under acidic conditions -

As the 100 Mc NMR spectrum of P-5 indicated the pres-
ence of high field cyclopropane ring protons, attempts
were made to open up th.e cyclopropane ring. About 9 mg.
of P-5 was hydrogenated in 10 ml. glacial acetic acid in
the presence of 100 mg. platinum oxide at ca. 50° for

12 hr. The mixture was filtered, concentrated in vacuo,
and the residue was extracted with 50 ml. ether. The
ether solution was washed with water until the wash liquid
showed a neutral pH and was dried over anhydrous sodium
sulfate, filtered, and concentrated. The residue crystal-
lized from methanol-ether to give a colorless solid, m.p.
140-145°, The mass spectrum showed molecular ion
peaks at m/e 430 and at 414. The NMR spectrum indi-

cated the absence of high field protons. The band at
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3400 cm-1 in the infrared spectrum was of weak intensity
as compared to that of P-5.
In another experiment the above hydrogenation was
repeated with 2 mg. P-5 at room temperature under the
identical conditions. The mass spectrum of the product

showed the same molecular ion peaks at m/e 430 and 414.

jo Acetylation - Thirteen milligrams of the sterol P-5
were dissolved in 2 ml. acetic-anhydride-pyridine (3:1)
and kept at ca. 40° for ca. 40 hr. The solvent was
removed on the pump and the residue (ca. 14 mg.) recrys-
tallized from methanol-ether.after a first crystallization
from methanol, to give colorless plates, m.p. 156-157°.

A sample of 7.62 mg. of P-5 acetate (P-5A) was dis-
solved in 1 ml. of chloroform gave « =-0.0406° or

<] 2]'31= -53.2°., The NMR spectrum showed signals at the
CDCl3 2. -0.1, 0.04 to 0.27, 0.37,

™S —
0.65, 0.8, 0.89, 1.00, 2.01, 4.6, and at 5.4.5. The

following § values:

mass spectrum (Figure 31A) did not give any molecular
ion peak, the base peak in the mass spectra was at m/e
408 (M-60); other significant peaks appeared at m/e 393(5),
365(4), 337(12), 310(9), 296(52.); 283(22), 281(13), 255(24),

253(16), 228(13), 213(15).
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k. Hydrogenation of P-5 acetate - (i) Under acidic
conditions - In another attempt to open up the cyclo-
propane ring, P-5 acetate (10 mg.) was hydrogenated in
freshly distilled glacial acetic acid (6 ml.) over platinum
oxide (100 mg.) catalyst, for 12 hr. at room temperature.
It was filtered and the solvent was remo(red_i_n vacuo.
The residue was worked up as described earlier and
yielded a white solid, whose NMR spectrum showed high
field cyclopropane signals and no olefinic protons.

The above product {ca. 8 mg.) was dissolved in 6 ml.
of glacial acetic acid and hydrogenated for another 12 hr,
as described above. The NMR spectrum of the product
still showed high field protons.

The product obtained after renewed hydrogenation of
the above compound (ca. 6 mg.) in glacial acetic acid over
platinum catalyst for 24 hr. at 40-50° still showed very
weak signals in the high field region. Intensity of acetate
peak had decreased and the signal at 1.23 (CHZ) had
increased. There was a gradual increase in intensity of
the signal at 0.89 § and two new peaks appeared at 0.65
and 0.85 § after the second and third hydrogenations.

(ii) Under mild conditions - Twenty milligrams of P-5

acetate were hydrogenated in 10 ml. ethyl acetate-glacial
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acetic acid (1:1) over platinum oxide (hydrate), for 5 hr.
at room temperature. The catalyst was removed by
filtration and the solvent was evaporated under reduced
pressure. The residue was crystallized twice from
methanol-ether to give colorless needles, m.p. 171-173°.
A sample of 8.0 mg. of the crystalline product dissolved
in 1 ml. of chloroform had o = +0.0033° or [«] le= +4.1°.
The NMR spectrum (Figure 32A) of the hydrogenated
acetate (P-AH) showed signals at about -0.10, 0.08, to
0.27, 0,37, 0.63, 0.8, 0,90, 1.00, 1.22, 2.01, and 4.6¢.
The mass spectrum of P-5AH (Figure 31B) revealed mass
peaks at m/e 470 molecular ion peak[(M) (55)],, 455(5),
427(5), 372(3), 367(8), 358(100), 344(49), 339(44), 329(13),

315(90), 285(70), 257(66), 215(35).

1. Acid isomerization of P-5AH - Fourteen milligrams
of the dihydroacetate (P-5AH) in 10 ml. glacial acetic
acid and 0.4 ml. concentrated hydrochloric acid were
refluxed for 2 hr. After removal of the solvent in vacuo,
the product was dissolved in 40 ml. ether, and the ether
extract was washed with water until the wash liquid
became neutral to litmus. It was dried over anhydrous

sodium sulfate, filtered, and concentrated to dryness.
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The residue crystallized from methanol-ether to give
P-5AHI, m.p. 145-147°, The mass spectrum (Figure
31C) indicated a molecular ion peak at m/e 470(45), and
significant peaks at m/e 427(75), 372(43), 367(47), 358(10),
344(18), 339(04), 329(07), 315(70), 285(37), 257(67), 215(26).
The actual composition of the molecular ion peak and
two other peaks in the high mass range was determined
by high resolution mass spectrometry,6 and were as
follows: m/e 470 (C

427 (ngH 02) and 367

32H540,) 47

(C The NMR spectrum of P-5AHI (Figure 32B)

27H43)'
in deuteriochloroform showed signals at 0,71, 0.83, 0.97,
1.25, 1,50, 2.0l and 4.8S. This compound decolorized

bromine in carbon tetrachloride and showed a single peak

in GLC. The relative retention time of P-5AHI is listed

in Table XX.

m. Pj-5 ketone - This compound was obtained by pre-
parative GLC of the Pj ketone mixture. It was crys-
tallized from methanol to yield a coldrless solid, m.p.
128-130°.  The mass spectrum showed a molecular ion
peak at m/e 424, and indicated some high molecular
weight impurities. An NMR spectrum was taken in

deuteriochloroform and deuteriobenzene on a Varian HR-

Data obtained by courtesy of Professor Carl Djerassi,
Stanford University, Stanford, California.
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100 Mc NMR spectrometer.7 Signals were observed at
the following § values. In deuteriochloroform: -0,12,
0.05 tb 0.35, 0.45, 0.69(s), 0.83(d), 0.93(s), 0.97
(2 d coinciding), 1.18(s) and at 5.73(s). In deuterio-
benzene: =-0.13, -0.03 to 0.36, 0.52, 0.64(s), 0.78(s),
0.94(s), 0.92(d), 0.97(d) and/or 1.04(d), and at 5. 86(s).
The ketone Pj-5 absorbed at )\ max. 241 (£15,200) in
the ultraviolet region. GLC retention time of this com-

pound is given in Table XX.

n. Moffatt oxidation (79) of P-58 - The compound P-5

(5.7 mg., 15. 7A moles) was dissolved in benzene (0.05 ml.)
and anhydrous dimethyl sulfoxide (DMSO) (0.05 ml.)

together with N, N'-dicyclohexyl carbodiimide (DCC) (1.1 mg.,
53 skmoles). Dichloroacetic acid (L4l., 12 .4 moles) was
added and after 15 min. a small aliquot (2 Ml.) was
removed and evaporated to dryness under high vacuum.

Thin layer chromatograpﬁy using chloroform-benzene (1:1)
showed complete reaction giving a strong, non-ultraviolet

absorbing spot (R¢, 0.64) plus some of the faster moving

7Due to courtesy of Dr, Lois J. Durham, Stanford Uni-
versity, Stanford, California.

8Kind1y carried out by Dr. John Moffatt by courtesy of
Professor Carl Djerassi, Stanford University, Stanford,
California.
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compound. A 0.2% solution of sodium hydroxide in
degassed methanol (0.25 ml.) was directly added and the
mixture was stored under nitrogen for 15 min. Thin layer
chromatography of the small evaporated sample showed
disappearance of the A5-3-one and formation of an ultra-
violet absorbing spot just ahead of the starting P-5. The
entire mixture was diluted with ether (5 ml.) and filtered
through glass wool to remove dicyclohexylurea. The
solution was extracted four times with water to remove
dimethyl sulfoxide (DMSO), etc., dried, evaporated to
dryness and chromatographed on a silica gel plate using
chloroform-benzene (3:2). The main UV absorbing band
was eluted with methylene chloride and evaporated to dry-
ness. It was redissolved in methylene chloride, filtered
and re-evaporated leaving 3.2 mg. (56%) of a compound
that crystallized. The entire material was dissolved in
2.0 ml. of methanol and 10 41, was diluted to 1 ml. with
methanol for UV spectral determination giving » max.
242 (¢, 17,000). An optical rotatory dispersion (ORD)9
curve of this compound (Figure 33) showed the following

absorptions:

9C)RD data obtained by courtesy of Professor Carl Djerassi,

Stanford University, Stanford, California.
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m cm—1 Shape m cm"1 Shape
589 -75 322 -3570 shoulder
364 - 1090 trough 320 -3944 "

350 - 1466 " 317 -4885 "

341 -751 peak 314-312 -5260 "

337 -610 " 308 -5355 "

334 - 1033 " 304-300 -5224 "

328 -3193 shoulder 285 -7330 "

325 -3382 " 275 -8270 "

There was verystrong absorption below 250 m . Further
dilution showed no peaks. The mass spectrum showed
a molecular ion péak at m/e 424 (20) and other peaks at
m/e 409(03), 353(17), 327(l1), 312(20), 299(21), 281(08),
271(34), 245(18), 229(12), 175(11), etc., and a base peak
at m/e 55 (100%). T.he NMR spectrum was similar to

that of Pj-5.

o, Ozonolysis of acid-isomerized product (P-5AHI) -

The acid ‘isomerized acetate (12 mg.) in dry chloroform
(2 ml.) was treated at -4° with ozonized oxygen for 90
sec, Water (3 ml.) was added and the mixture was then
refluxed for 30 min. The reaction mixture was steam
distilled and the distillate (ca. 20 ml.) was collected in

a flask containing an ice cooled solution (2 ml.) of
2,4-dinitrophenylhydrazine in 2N hydrochloric acid., After
standing for 4 hr. the hydrazones were extracted with

three portions (50 ml. each) of ether. The combined
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ether extracts were washed with 50 ml. of 1 N hydro-
chloric acid and with two portions (50 ml. each) of water,
dried, evaporated to dryness, and chromatographed on
silica gel G plates (0.5 mm.) using benzene as the eluant.
The main hydrazone band (TP-3) was eluted with chloro-
form. The hydrazone TP-3 separated into two clear
bands (TP-3-1 and TP-3-2) by chromatography on alumina
plates using benzene-ether (8:2)., These had Ry values
compatible wi_th acetone and acetaldehyde 2,4-DNPH,
respectively. The mass spectrum of TP-3-2 showed
molecular ion peaks at m/e 238 and 224 (major) corre-
sponding to the molecular ion peaks for acetone and
acetaldehyde hydrazones.

The nonvolatile product was extracted with ether, dried
over anhydrous sodium sulfate, and filtered. After
removal of the solvent an oily product was obtained which
did not crystallize from common solvents. The NMR
spectrum of this product lacked the signal at 1.5 § which
was originally present in the isomerized product. Thin
layer chromatography of the nonvolatile product on silica
gel G using heptane-ether (3:1), indicated at least four
products, while on preparative TLC using the same solvent

system four more spots showed up., Attempted separation
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of these spots did not yield a homogeneous product.

p. Attempted osmium tetroxide oxidation of P-5AHI -
About 11 mg. of P-5AHI were dissolved in benzene (1 ml.)
and a solution of osmium tetroxide (10 mg.) in benzene
(0.7 ml.) was added with one drop of pyridine. After
stirring for 48 hr. at room temperature the solvent was
removed and the residue was dissolved in 5 ml, of
ethanol. To this solution sodium sulfite (0.12 g.) in 1 ml.
of water was added and stirred for 5 hr. at ca. 50-60°,
It was extracted with ether and ethyl acetate (20 ml. each)
and filtered through Celite. The combined filtrates were
evaporated to dryness and the residue was dissolved in
water and extracted with ether and ethyl acetate (15 ml.
each)., The combined solvents were washed with water,
dried, and evaporated to dryness yielding a white residue.
The NMR spectrum of this product was similar te- that of
the starting material (P-5AHI), except that the acetate
function was partially hydrolyzed during the work-up. On
the other hand, the model compound stigmasteryl acetate
underwent this reaction in 18 hr. which was indicated by
a color change of osmium tetroxide in benzene from
yellowish green to black and by isolation of a diol by the

above procedure.



Table XX. Relative Retention Times of Individual Sterols and Their Derivatives

Compound Column #12 Column #2 Column #3
Sterolb TMSE Acetate Sterol® TMSEd

P-1 1.00 1,00 1.23 1.00 1. 00

P-2 1,13 1, 12 1.34 1. 10 1. 14

P-3 1.33 1.33 1. 62 1. 90 1. 35 1. 37

Pj-3 1. 70

P-4 1. 59

P-5 2. 16 2.18 2,63 3.09 2.54 2.71

P-5AH 3.20

P-5AHI 2.57

Pj-5 2. 86

Gorgosterol 2.20

Z-1 1.00 1,00 1.23 1. 40 1. 00 1. 00

Z-2 1,13 1. 13 1,38 1. 60 1. 10 1, 14

Z-3 1.30 1.30 1. 60 1. 84 1.35 1.37

Z-4 1.25 1.26 1. 45 1. 50

M-sterol 1.26 1. 26 1. 57 1. 86 1. 45 1.50

(2) Retention time of cholesterol 6.0 min; (b) 7.5 min.; (c) 26.8 min.; (d) retention time of
cholesteryl TMSE 14,0 min,

911
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II. DISCUSSION OF RESULTS

A, 1Isolation and Separation

In this research, free sterols were isolated from twenty-

four zoanthids and one species of Parazoanthus (See Table VI)

for a chemotaxonomic study of the family Zoanthidae. A method
was developed for the isolation of toxic materials and of sterols
and is shown in Figure 1. Yields of free sterols in zoanthids™
varied from 0.015 - 0.175%, based on dry weight of animal,

Three zoanthid sterol mixtures, P-sterol, M-sterol and Z-
sterol were isolated in sufficient quantities for structural work.

Isolation of sterols from a few species representing the main
classes of the phylum Echinodermata and from one sponge was
carried out by a slightly modified procedure shown in Figure 3.

A preparative gas chromatographic method was developed
during this investigation to supplement widely used thin layer
chromatography which was found to be inadequate for the separa-
tion of closely related, complex sterol mixtui:es. Trimethylsilyl
ether derivatives were used for the preparative gas chromatography
because of their high volatility as compared with the free sterols.
They were prepared by a modified method of Eneroth (77) using
50% hexamethyldisilazane (HMDS) in dimethylformamide (DMF).

No trimethylchlorosilane was used because it formed a white pre-

cipitate of ammonium chloride which was cumbersome to remove.
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It was observed that 3-5 hours were sufficient to make the TMS
ethers for analytical purposes. For preparative work the reac-
tion mixtures were kept overnight in tightly stoppered 1 ml.

volumetric flasks. The reaction between the hydroxyl group of

the sterols and the reagent may be represented as follows:

CH H
BE |CH3 CHy

2 ROH + CH,-Si-NH-Si-CH,  DME _ = 3 (RO-Si-CH,)
CH, CH, CH,

The TMS ethers were not isolated but injected as such from the
HMDS-DMF reaction mixture in solution form. This had the
advantage that the excess HMDS reduced active site formation on
the support and thereby decreased tailing in the chromatogram.
SE-30 and GE-XE-60 liquid phases were preferred because
of their high thermal stability. Chromosorb W was silanized by
the method of Bohemen et al. (75) with hexamethyldisilazane in
order to reduce the active sites on the support. The following

mechanism has been suggested for the reaction of HMDS with the

surface hydroxyl groups of the support: CI—I3
|
I-I3C— Si- CH3
OH OH O
|
-5i-0-Si + (CH3)381-NH—51(CH3)3 S —%1-0—8\1— + NH3
7
H3C—S\1-CH3
CH

3
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The coated supports were packed in glass ceils so as to minimize
the number of active sites. Copper columns were found to be
useless at temperatures above 200° because at these temperatures
copper formed oxides which caused adsorption and decomposition
of sterols.

Recovery of sterols from GLC varied from 40 to 60%. Simi-
lar recovery figures have been noted by others in the field of
fatty acids and steroids (80). Nearly 8-10% of the sterol was lost
to the detector, and part of the loss may be caused by irrevers-
ible binding of the sterols on the column support. Another reason
for loss may be the collection of the sterols in the vapor state.
Generally the recovery was poor when the column was overloaded.

The collected sterol TMSE were always found to be contam-
inated with the bleed of the column. The sterol TMSE were easily
hydrolyzed by refluxing in boiling methanol for two hours, and the

free sterols were isolated by crystallization from methanol-ether.

B. Zoanthid Sterols

1. M-sterol

The homogeneity of M-sterol was evident from a single
spot in the thin layer chromatogram and only one peak in the
gas chromatogram (Figure 8), The infrared absorption

spectrum of M-sterol (Figure 4A) proved to be quite useful.
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The bands at 840-800 cm-1 indicated the presence of a tri-
substituted double bond. A strong band at 885 cm"1 and a
band of medium intensity at 1640 cm'-1 suggested the presence
of a terminal methylene group in the molecule.

The NMR spectrum of M-steryl acetate (Figure 5) show-
ing signals at 5.358 (1H, trisubstituted double bond) and
another doublet at 4.65 S5 (J=4 cps) further confirmed the
presence of a terminal methylene group in the molecule.

A survey of the literature showed that the physical prop-
erties of M-sterol and of some of its derivatives (Table XXI)
and the IR spectra of the sterol and its acetate were quite
similar to those of 24-methylenecholesterol reported previously.

Table XXI. Physical Data of M-sterol and of 24-Methylene-
cholesterol and of Some of Their Derivatives

Compound M-sterol 24-methylenechole éterol
M. P, ©  Natural (28) Synthetic (30)
2 DC]D’
°c : M. P. , [£],, ° M.P., 1«]p °
140-142 -38 142 -35 145-146 -42,2
-acetate 132-134 136 -42.4 134-135 -46.7
-tetrabromo
acetate 152-154 156-158

" The structure of M-sterol was further indicated by its
mass spectrum which showed two characteristic peaks, base

peak at m/e 314 ascribed to an elimination of C6H from

12

the molecular ion and the other significant peak was at m/e
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271 due to loss of the side chain (R) at C-17 plus two hydrogen

atoms., This is illustrated in the following scheme.

HO

/
g
4+
‘ 4 \
R =H, m/e 398 (M) m/e 398 m/e 314 R c U
6712
R’=CH3, m/e 412 (Sargasterol) m/e 271
/M- (R+2H)/

A similar mass fragmentation pattern was observed in the
mass spectrum of sa,:rgas’cerol9 (R'=CH3) shown in Figure 25B,
which also showed a base peak at 314 due to loss of C7I-I14
and a peak at m/e 27l. We may therefore conclude that

M-sterol is identical with 24-methylenecholesterol (XIII).

2. Z-sterol

Initial determinations of the melting point and optical
rotatién of Z-sterol showed it to be different from the common
sterols described in the literature. It was therefore given
the trivial name zoansterol.

Zoansterol showed infrared bands at 970 cm-1 and 840-

9Sargasterol isolated from authentic sea weed Sargassum
f T.

ringgoldianum obtained from Japan by courtesy of Dr.
Yoshida.
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800 cm—l (Figure 4B) indicating the presence of AZZ_ and
A5-doub1e bonds.

The ketone obtained by Jones oxidation of zoansterol
showed ultraviolet absorption at X\ max. 240 mu (£, 3, 300).
After adding 1 drop of base, a high extinction coefficient
(¢, 8,400) was observed for the same wavelength, suggesting
that the A5-3-one had isomerized to a A4-3-one with base
treatment. Thus further evidence of the presence of a AS-
double bond was obtained.

The mass spectrum (Table XI) of zoansterol showed it to
be a mixture of three sterols with molecular ions appearing
at m/e 386 (Z-1), 398 (Z-2), and 400 (Z-3).

Gas chromatography of the sterol and its TMSE derivative
on columns #l, 2, and 4 revealed only three peaks (Figure 7),
while four peaks were evident on analytical column #3 (Figure
17).

The sterol mixture which was obtained after cleavage of
the zoansterol digitonide gave the same GLC pattern as
zoansterol, thus suggesting that all sterols in zoansterol have
a 3-OH group.
| Bromination of zoansteryl acetate gave a tetrabromoacetate
of m.p. 188-189°. Debromination yielded an acetate of m.p.

150-152° which still showed impurities of Z-1 and Z-3.
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Further bromination and debromination of the insoluble tetra-
bromo product of m.p. 190-191° gave an acetate which after
two crystallizations from methanol yielded a Z-2 acetate, m.p.
158-1590, and which was found to be pure by GLC.
Zoansterol was separated into three major components,
Z-1, Z-2, and Z-3.

a. Compound Z-1 - GLC, IR, NMR, and mass spectral

data for Z-1 were identical with those for cholesterol {i).

b. Compound Z-2 - Z-2 was the major sterol of the

zoansterol mixture. The IR spectrum (Figure 20A) of Z-2
showed bands at 835-800 cm-1 (A.S) and 970 cm“1 (AZZ) which
were confirmed by the appearance of signals at 5.35§ (1H,A5)
and at 5.15S (2H, AZZ) in the NMR spectrum of the sterol and
its acetate (Figure 22).

The GLC retention time of Z-2 (Table XX) and its IR
spectrum (Figure 20A) were identical with those of an authen-
tic sample of brassicasterol (Figure 20B).

The mass spectrum of Z-2 (Figure 21A) showed mass
peaks at 398 _/_?no].ecular jon (Ml—/, 383 [I\_/I—IS (methyl_)?, 380
/M-18 (H,0)/, 365 /M- (15+18)/, 355 /M-43/, 337 /M- (18+43)/,
300 /M-98/, 271 /M-(sidechain (R) + 2H)/, 255 /M- (R+18)/,
and at 213 /M- (R+42+18)/.

The above fragmentation pattern was identical with that
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of synthetic brassicasterollo (Table XVII). A typical mass
spectral fragmentation pattern of sterols having a AZZ double
bond was observed for brassicasterol (Z-2) (Figure 214)
22-dehydrocholesterol and stigmasterol (Figure 25A), These
showed molecular ion peaks for their respective masses and
significant peaks due to the loss of a methyl radical (A),
water (B), methyl plus water (C), isopropyl radical (D), and
isopropyl plus water (E). Three strong peaks were ch‘a.rac-
teristically observed in all spectra. One of these at m/e 271
was ascribed to the elimination of the side chain at C-17
(below called R) plus two hydrogen atoms. This fragmentation
was facilitated due to the activation of the allylic double bond
at AZZ and was stronger (Figure 25A) than that observed in

the case of sterols having a A24(28)

double bond (e.g.,
sargasterol (Figure 25B) and 24-methylenecholesterol). The
other peak at m/e 255 arose from the loss of the side chain
plus water _/__I:/I- (R+18):/, while the third peak was observed at
m/e 300 due to the loss of the unsaturated fragment from the
side chain. A plausible mechanism for the fragmentation is

shown in Figure 34. The cyclic mechanism shown may be

the first step in a three step fragmentation which yields the

10Gift of Professor K. Tsuda.
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fragment of mass 300. The next step presumably involves an
elimination of the vinylic side chain plus two hydrogens to
give a 271 fragment, or the vinylic side chain plus water
which affords a 255 fragment.

The melting point and optical rotation of Z-2 and Z-2A
were comparable with those reported[for brassicasterol in the

literature (Table XXII).

Table XXII. Melting Points and Specific Rotations of Z-2 Sterol
and of Brassicasterol and Their Acetates

Compound Z-2 sterol Brassicasterol
M. P., °C (<] D,° Natural (32)  Synthetic (81)
o (o] (0] (o]
M. P., °CH,, M.P..°C [,

Sterol 145-146 -58.6 - 148 -64 146-147 -58.7
-acetate 158-159 -64.2 152 -62.2 155-156 -63.3

The above evidence conclusively proved that Z-2 was iden-

tical with brassicasterol (XIV).

c. Compound Z-3 - Sterol Z-3 crystallized from methanol-

ether as needles melting at 152-153°, The infrared spec-
trum was not very informative except for a band at 840-800
cm” indicating a trisubstituted double bond, which was
confirmed by a signal for olefinic protons at 5.35§ in the

NMR spectrum.

The mass spectrum of Z-3 (Figure 23A) showed the
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c [M-t8+15)]

D[M-43] | Z[Q]\A[M-’IS]

®

HO

: -
R=H, m/e 384 - (22-Dehydrocholesterol)

R':CH;;, m/e 398 (Z-2," Brassicasterol)
R'=CoHg, mle 412 (Bi-4, Stigmasterol)

4
Ko
m/e 300 P+
1 N
-R+18
2 > X
"o < m/e 255
mle 271

' R 2
Figure 34. Fragmentation of a A\ Z-Sterol.
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following mass peaks:

m/e Fragment m/e Fragment

400 M 289 M-111

385 M- 15 273 M-R

382 M-18 261 M-139

367 M- (18+15) 255 M- (R+18)

315 M- 85 231 M- (R+42)
213 M- (R+42+18)

A plausible mechanism for the formation of the above
fragments is depicted in Figure 35,

The presence of mass peaks at m/e 261, 289, and 315
corresponded to those observed for cholesterol (Bi-sterol,
Figure 19A) except for a difference of 14 mass units (m/e
247, 275, and 301). This indicated that Z-3 was a homo-
log of cholesterol either by a one carbon elongation or a
branching of the side chain. The mass spectral data do not
distinguish between the two possibilities.

The GLC retention data of Z-3 were quite similar to those
for campesterol, which indicated that Z-3 was a 24-methyl-
cholesterol. Since the spectral data and GLC cannot distinguish
between the £ - and [3 -isomers at the C-24 position, the only
solution was to make some derivatives and compare them with
those reported in the literature. However, lack of sufficient

material prevented further work on Z-3. There was sufficient
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m/e 231 m 367 (M-33)

-H, 0 l |
Q! * I
Os . — 385 (M-~15)

. A
\ ) .
LHO \ _ Me
» +
- m/e 261 : ©
PN e m/e 289
! - m/e 315

|

Figure 35. Fragmentation of a a°-Sterol.
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evidence, however, to assert that Z-3 was 24% ~-methyl-

cholesterol (XXVI).

XXV1

d. Compound Z-4 - The GLC retention time of Z-4

(Table XX]' in zoansterol and its derivatives (TMSE and
acetate) on analytical column #3 were identical with that of
M-sterol and its derivatives, thus indicating that Z-4 was

24-methylenecholesterol (XIII).

3. P-sterol

Initial determination of the melting point and optical rota-
tion of P-sterol and some of its derivatives showed very
>close resemblance to those for palysterol (Table XXIII). No

spectral data for palysterol are reported in the literature.

Table XXIII, Melting Point and Specific Rotations of P-sterol,
Palysterol, and Some of Their Derivatives

Compound P-sterol Palysterol (44)
M.P,°C  [dp MP.°C  [p°

sterol 139-41 -48.5 140-41 -46. 7

acetate 144-45 -55.8 152.5 -52.4

stanol 135-37 +13.9 139-40 +14.5




137

The mass spectrum (Table XI) of P-sterol showed it to
be a mixture of six sterols with molecular ions at m/e 386
(P-1), 398 (P-2), 400 (P-3), 412, 414 (P-4), and 426 (P-5).
Of these P-3 amounted to 60-65% of the mixture, P-5 was
20-25%, and P-1 was 10-15%. P-2 and P-4 were present
only in trace quantities.

Preparative gas chromatography of P-sterol (Figure 18)
as TMSE confirmed five peaks corresponding to the above mass
peaks. The major components (P-1, P-3, and P-5) were iso-
lated in sufficient quantity for structural studies.

a. Compound P-1 - P-1 has been identified as cholesterol

on the basis of spectral data (Table XVII) and GLC retention

time (Table XX).

b. Compound P-Z2 - The infrared spectrum of P-2 showed
a band at 970 cm“.1 which ;\Vas also oﬁsérved in brassicasterol
(2-2). GLC and the mass spectrum revealed some impurities
of P-1 and P-3. On the other hand, the GLC retention time
of the major peak and the major peaks in the mass spectrum
(Table XVII) were found to be identical with those of brassica-

sterol.

c. Compound P-3 - This sterol showed considerable

resemblance to Z-3, one of the components of zoansterol.

It gave a stenone (Pj-3), m.p. 98-1000, A max. 241 mAay
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(4, 14,000), suggesting the presence of an «, 3 -unsaturated
cyclic ketone. The NMR spectrum of Pj-3 showed a singlet
at 5.75§ indicating a A4-3—one which was further confirmed
by the presence of bands at 1670 and 1614 cm"1 in the infrared
spectrum (Table XVII).

The mass spectrum of Pj-3 showed peaks at m/e 398
(M, molecular ion), 356 (M-42), and a huge peak at m/e 124,
A similar pattern was observed by Djerassi et al. (82) in the
case of other steroidal A4—3-ketones.

These observations together with the IR bands at 840-800
cm_1 and the olefinic proton signal at 5.358in the NMR of
both the sterol and acetate (Figure 24) conclusively proved
the presence of a AS double bond in compound P-3.

The mass spectrum of P-3 and its GLC retention time,
as well as the NMR of the sterol, were identical with those
of Z-3, strongly suggesting that P-3 was a 24-methyl-
cholesterol.

Compound P-3 formed a monoacetate and was hydrogena-
ted to the stanol. The hydrogenated product lacked IR bands
at 840-800 cm-1 and the olefinic proton signal at 5.35§ in
the spectrum (Table XVII).

Since the spectral data cannot differentiate between the

L£- or B -isomers, positive identification was sought through
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comparison of the optical rotation and melting point of P-3
and its derivatives with those reported for campesterol
(24 L-methylcholesterol) and for 22,23-dihydrobrassicasterol
(24 B-methylcholesterol). These data are shown in Table XXIV.

Table XXIV, Melting Point and Specific Rotation of P-3 and
Some Known Sterols and Some of Their Derivatives

Compound Campesterol (83) P-3 22,23-dihydro-
brassicasterol (84)

o (o] (o} o (0] (o]
M.P,, C [o(']D, M.P., Cup: M.P,, C [oc]D,

Sterol 158 -33 152-153 -47 158 -46
Acetate 138-139 -35 146-147 ~-49 145 -46
Stanol 146-147 +31 142-143 +17.4 143 +16

From the above comparison it appears that P-3 is 22,23-
dihydrobrassicasterol (XVII) rather than campesterol (XVI).

d. Compound P-4 - GLC relative retention time of P-4

showed that the major peak corresponded to B -sitosterol.
This was further supported by an intense molecular ion peak
at m/e 414 in the mass spectrum. Since the compound was
not absolutely pure, the mass spectrum also showed some
high molecular weight ifnpurities.

e. Compound P-5 - The long retention time of P-5 and

the poor recovery of it from the column were the main diffi-
culties encountered during the isolation of this compound. In

general, the yield of P-5 from 100 mg. of P-sterol mixture
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ranged between 6 to 10 mg.

The pure sterol crystallized from methanol-ether, m. p.
180-182°, [DC]D -44,7°, The unusually high melting point of
P-5 demonstrated its dissimilarity from commonly known
sterols. A search of the literature showed one compound
called gorgosterol (52) with as high a melting point, viz.
184-185°, [«] = -45°,

D

The mass spectrum, NMR spectrum in deuteriochloroform
(Figure 29B), and GLC retention time (Table XX) of P-5 were
identical to those of an authentic sample of gorgosterol11
(Figure 29A) from gorgonians. The relative retention time
of P-5 (Table XX) was different from those of reference
compounds available to us. The high retention time indicated
either thé presence of an extra double bond or of a cyclo-.
propane ring, both of which are known to increase the reten-
tion time in comparison with their saturated analogs.

The infrared spectrum (Figure 27) showed bands at 3400
— (OH), 840-800 em™ (trisubstituted double bond), and
3035, 1030, and 860 cm—1 indicating the presence of a cyclo-
propane ring (85, 86).

P-sterol had the same GLC pattern before reaction with

digitonin and after cleavage of the digitonide. This demon-

11Gift of Professor Leon S. Ciereszko.
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strated that the 3 B-OH group was present in all P-sterol
constituents, including P-5. The Moffatt oxidation product of
P-5 after treatment with base showed absorption in the UV
region at 242 mu (¢, 17,000), indicating the presence of an
£ » B -unsaturated cyclic ketone., The ORD curve (Figure 33)
of this ketone was typical for A4-3—ketone.

The NMR spectra of P-5 and of the ketone Pj-5 were
very informative. The 100 Mc NMR spectrum of P-5 in
perdeuteriopyridihe is shown in Figure 28. The presence
of functional groups observed in the IR spectrum was also
confirmed by the NMR spectrum (Table XVIII) which revealed
a broad signal for a proton attached to the same carbon atom
as the hydroxyl group (1H, 3.495), an olefinic proton of a tri-
substituted double bond (1H, 5.35), singlets (3H) for three
tertiary methyl groups (0.70, 0.92, and 1.07S), doublets
for three secondary methyl groups (ca. 0.88, 0.96, and 0.999),
and most interestingly three or four high field protons - one
at 0.48 S (J=4 and‘ 9 cps), one or two at 0.04-0.38 S, and
one at -0.16 S (J=4 and 6 cps). These high field protons in
the NMR spectrum indicated the presence of a cyclopropane
ring, This finding was very interesting, because the only
known sterols with cyclopropane rings are 9,19-cyclosterols

(cycloartenol, XXVII, cycloeucalanol, XXVIII, etc,) all of which
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have cyclopropane proton signals at about 0.33 § (20 cps) and

0.58 S (35 cps) (87, 88).

qr
W

XXVII XXVIIL

Double resonance studies performed in deuteriochloroform
indicated interaction between the signals at -0,13§ and the
one at 0.44 § (J=4 cps), and also revealed that one of the
protons in the region 0.06-0.375 was causing the remaining
splitting of the -0.13 § signal. These data suggested that
three of the protons were present on a cyclopropane ring

system as follows (XXIX).

H H

R

AN
R XXIX R

The decoupling experiments excluded the possibility of two

independent cyclopropane systems or the possibility of a
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mixture of related material from slightly differently shielded
cyclopropane systems.

The decoupling study in perdeuteriopyridine showed that
irradiation at about 0.26 S caused the doublet at 0.99 S to
collapse, an indication that the group giving rise to the signal
at 0,99 S was coupled to something in the cyclopropyl region.
On the other hand, irradiation in the vicinity of 1.55 § also
caused the two secondary methyl doublets at 0.96S5 and 0.88S
to collapse.

The NMR spectrum of Pj-5, which showed signals at
5.73 S in deuteriochloroform that shifted downfield to 5.86 S in
deuteriobenzene indicated the presence of H-4 in the A‘?c-3—
ketone. Signals for three tertiary methyl groups appeared at
0.69, 0.93, and 1.18 § in deuteriochloroform. The signal at
1.18 § (C-19) shifted to 0.78 §, while that at 0.69 S (C-18)
moved to slightly higher field at 0.64 S in deuteriobenzene.
This high field shift in the case of the C-19 methyl group and
the slight shift of the C-18 methyl group was found to be in
agreement with those observed for the C-19 and C-18 tertiary

methyls of the compounds XXX and XXXI shown below.
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c-19- 1+ 18 (CDCL,) 0-18{3133 §gD§1)3)
0.74 (C H) © c-19{1-19 (CDCL,) OH 676
0.75 (C H 18
: 6
9 19 | w
AN
ONF 0PN,
H H
5.73 (CDCL,) 5.73 (CDCL)
5.81 (C/H/) 5.83 (C,H,)
XXX XXXI

All these data indicated that P-5 has the partial structure

XXXII.
R 1 tert. methyl
18
1 3 sec. methyl or 1 sec.
19 I ] methyl and a CH
~ R -cul 3
~
CH
HO X H H 3
XXXI11 '
1 H R
—_ K R
= Sty

The mass spectrum of P-5 (Figure 30) showed mass peaks
at 426 /molecular ion (M)/, 408 /M-18/, 411 /M-15/, 393

/M-(18+15)/, 383 /M-43/, 355 [M-71 (CoH )/, 337 /M- (71418) /,

328 /M-98 (C_H, )/, 314 /M-l2 (C 283 /M- (125+18)/,

g6/
281 /M-(127+18)/, 271 /M-(R+2H)/, 255 /M-(R+18)/, 231 /M-~(R+42)/,

229 /M-(R+2H+42)/, and 213 /M-(R+42+18)/. The mass peak
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at m/e 213 was the principal peak in the mass range 205-245
and was useful in finding the length of the side chain R by the
following empirical relationship (89).

R = M- LTPrincipal peak in mass range 205 to 245)
+ (3 carbon fragment) + (18 for each -OH group

or 60 for each acetate)_—/

For sterols:
R = M- _/_TPrincipal peak in mass range 205 to 245)
+ (42) + (18)/ |

For acetate:
R =M- LTPrincipal peak in mass range 205 to 245)
+ (60) + (42)/

By substituting the experirnental values in the above relation-

ship, we find,
R =426 - (213 + 42 + 18) = 426 - 273 = 153

that is, R has a molecular weight of 153 and molecular
formula CllHZI'

The strong peaks at m/e 314 and 271 in the mass spectrum
(Figure 30) indicated either the presence of a double bond or
the secondary formation of a double bond at C-24, These two
fragments have been noted in the case of 24-methylene-
cholesterol (M-sterol) and in the mass spectrum of sargasterol
(Figure 25B) which has a double bond at C-24 (28).

Thus it seemed logical that the cyclopropane ring might

be present at C-24 and opens up under electron impact in the
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mass spectrometer to yield fragments at m/e 314 and 271.
On the basis of the mass spectral data, plausible struc-

tures may be written for P-5 with a cyclopropane ring at C-24.

Woul JWetaly

\/K) I~
HO

XXXIII XXXIV

HO

24

K

HO XXXV

However, structures XXXIII and XXXIV can be discarded on
the basis of NMR data. Structure XXXIV has four secondary
methyl groups and XXXIII has four tertiary and one second-
ary methyl groups, while the NMR spectrum of P-5 showed
three tertiary and three secondary methyl groups. Thus the
most plausible structure is XXXV which agrees with the NMR
data and with some of the mass fragmentation shown in Figure
36.
Since the spectral data alone were not conclusive,

attempts were made through degradation studies to locate the
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Figure 36. Possible Mass Spectral Fragmentation of P-5,
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exact position of the cyclopropane ring in P-5.

Initially hydrogenolysis of the ring was preferred over
oxidative or acid isomerization methods. Since such a reac-
tion should give simple isomeric products and chromic acid
oxidation of these compounds should give simple ketones and
acids, identification of the oxidation products could be used
to trace the location of the small ring.

Attempted hydrogenation of P-5 (XXXV) in glacial acetic
acid over platinum oxide catalyst for 12 hours at ca. 50°
gave a product whose NMR spectrum showed the complete
absence of olefinic and all high field protons. The mass
spectrum indicated two molecular ion peaks; one was at m/e
430 due to the uptake of two moles of hydrogen (XXXVI)

(one mole to saturate the double bond and the other to open
up the cyclopropane ring); and the other was at 414, possibly
due to the hydrocarbon (XXXVII) formed by simultaneous
dehydration and hydrogenation. This was also indicated by
the weak OH band at 3400 cm"1 in the IR spectrum of the
reaction product (i.e. mixture of XXXVI and XXXVII) in com-

parison with P-5.
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-
XXXVII
m/e 414
XXXV
m/e 430 XXXVI

Hydrogenation of P-5 at room temperature under the
above conditions also gave the same products as indicated by
an identical mass spectrum of the hydrogenated product. The
hydrogenation of P-5 sterol as such in glacial acetic acid was
dropped because it led to mixtures of product due to dehydra-
tion. Therefore hydrogenation of P-5 acetate under the above
condition was attempted.

Compound P-5 formed a monoacetate melting at 156-157°,
[eC]D -53.2°. The NMR spectrum showed signals at 5.4 §
(trisubstituted double bond), 4.6 S (broad multiplet) for a proton
attached to the same carbon as the acetyl group, and high
field protons at about 0,39, 0,04-0,3, and -0.1S. The mass
spectrum (Figure 31A) of the acetate showed no molecular ion
peak at 468, but did show a base peak at 408 _/_T\-/I-é()_—], 393

/M-(60+15)/, 365 /M-(60+43)/, 337 /M-(60+71)/, 310 /M-(60+98)7,
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296, 255 [/M-(R+60)/, 213 /M-(R+42+60)/.

Hydrogenation of the acetate P-5A was then attempted in
freshly distilled glacial acetic acid under the same conditions
as for P-5. The first hydrogenation run gave the product
whose NMR spectrum showed the presence of high field protons
but no olefinic protons. Renewed hydrogenation for 12 hours
again failed to eliminate the high field protons in the NMR
spectrum, as did a third attempted hydrogenation for 24 hours
at 40-50°, It thus became evident tl';at hydrogenation would
not be fruitful. ‘

Therefore acid-isomerization was investigated in the
hope of opening up the ring to provide some clue as to its
location., Hydrogenated P-5A was preferfed to P-5 for this
work to minimize chances of dehydration and to protect the
AS double bond.

P-5A was hydrogenated in ethyl acetate-acetic acid (1:1)
over platinum oxide for 5 hours to give the crystalline
dihydroacetate of m. p. 171-—1730, [‘]D +4.1°.,  The NMR
spectrum of this compound P-5AH (Figure 32A) showed high
field protons at about 0.39§, 0.08-0.27S, and -0.18§.
Absence of olefinic proton signals at 5.4 $ indicated that under
the above conditions only the AS double bond was hydrogenated.

The mass spectrum (Figure 31B) showed mass peaks at
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470 [molecular ion (M)/, 455 /M-15/, 427 /M-43/, 372 /M-98/,
358 /M-112/, 344 /M-126/, 315 / M-155 (R+2H)/, 257 /M-(R+60)/,
and 215 /M- (R+42+60)/.

Acid-isomerization of P-5AH (XXXVIII) gave a product
P-5AHI (XXXIX) which crystallized from methanol and melted
at 145-147°, A molecular formula of C32H5402 was determined
from high resolution mass spectral data. This indicated that a
new isomeric product was formed during the reaction, which
was further supported by a different mass spectral fragmenta-
tion pattern (Figure 31C). In this case mass peaks at 427 and
367 due to the loss of the isopropyl ion (M-43) and the iso-
propyl plus acetate ion L_M- (43+60)__/ were quite strong in com-
parison to those for P-5AH (Figure 31B). The NMR spectrum
(Figure 32B) showed a strong peak at ca. 1.5 § and complete
absence of high field protons. This suggested that the cyclo-
propane ring had indeed been opened. The signal at 1.5§ may
be assigned to methyl groups attached to a tetrasubstituted

double bond.

AcO AcO
XXXVIIn XXXIX
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The isomerized compound (P-5AHI) decolorized bromine in
carbon tetrachloride, thus indicating the presence of a double
bond in the molecule. GLC analysis of P-5AHI revealed one
peak, but with shoulders suggesting a mixture of closely
related compounds as might have hbeen expected. The rela-
tive retention time of P-5AHI (XXXIX) was 2.57 min. while
that of P-5AH was 3.2 (Table XX). The low retention time
in comparison with P-5AH further supported the opening of
the ring in this reaction.

Ozonolysis of P-5AHI in chloroform at ca. -4° gave
volatile products identified as acetone and acetaldehyde from
the mass spectra of their 2,4-dinitrophenyl hydrazones which
showed mass peaks at 238 (acetone) and 224 (acetaldehyde).
Acetaldehyde was attributed to ethanol preservative present
in the chloroform solvent and oxidized during ozonolysis.
There was a very small quantity of another hydrazone which
was not identified.

The non-volatile products were obtained as oils which
could not be crystallized. The NMR spectrum showed the
absence of a signal at 1.5§, and .TLC showed it to be a mix-
ture of three or four products.

Oxidation with osmium tetroxide was attempted to hydroxy-

late and then cleave the double bond. However, even after
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48 hours the compound failed to undergo any reaction as
indicated by similar NMR spectra for the starting material
and reaction product. On the other hand, the reference
compound stigmasteryl acetate reacted in 18 hours,
Lack of material prevented further studies of P-5, From
the observations made thus far, structure XXXV may be

proposed for P-5,

24 25

K

HO

XXXV

As I mentioned earlier previous work had established

the presence of 24-methylenecholesterol in Zoanthus proteus

and palysterol, an unknown sterol, in Palythoa mammilosa,

belonging to the family Zoanthidae, phylum Coelenterata.
We have now thoroughly investigated the sterols of three mem-
bers of family Zoanthidae and have demonstrated the identity

of P-sterol isolated from Palythoa tuberculosa with the pre-

viously described ''"Palysterol' which proved to be mixtures
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of at least five compounds. Five sterols have been isolated
by preparative GLC., The major component (P-3) has been
identified as 22,23-dihydrobrassicasterol (XVII), a sterol
which had not previously been isolated from marine or other
natural sources. A second sterol designated as P-5 has been
shown to be identical with gorgosterol by comparison of NMR
spectra, mass spectra and GLC retention time with those of
an authentic sample. The structure of gorgosterol has not
previously been established and only the melting point and
specific rotation of the sterol and its derivative are reported
in literature, We have now demonstrated that gorgosterol has
the molecular formula C3OH5OO, a steroidal skeleton, &5
double bond, 3 B-OH group, 3 secondary methyl (or one sec-
ondary methyl and an isopropyl), 3 tertiary methyl groups,

and a unique cyclopropane ring in side chain (C The

11H21)'
actual location of the cyclopropane ring has not been rigorously
proved. Although a plausible structure (XXXV) based on the
spectral data and ozonolysis studies has been proposed for
gorgosterol. The femaining three of the palysterol mixture
have been found to be identical with cholesterol (II), brassica-
sterol (XIV) and 24%f -ethylcholesterol.

The sterol (M-sterol) isolated from toxic Palythoa sp.

consists essentially of a single compound which has been
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identified as 24-methylenecholesterol.
""Zoansterol', a trivial name given to the sterol isolated

from Zoanthus confertus, has been shown to be composed of

four sterols, Three have been demonstrated to be identical
with cholesterol (II), brassicasterol (XIV) and 24 { -methyl-
cholesterol (XXVI). The fourth minor component is shown as
24-methylenecholesterol on the basis of GLC behavior.

Thus the trivial names, palysterol given previously to
the sterol of P. mammilosa and zoansterol to the sterol of
Z. confertus, must be discounted since these ''compounds"

are mixtures.

C. Chemotaxonomy of the Family Zoanthidae

The chemotaxonomic studies conducted in this research are
based on typical fingerprint chromatograms (GLC) (Figures 6-10)
of the sterols of 24 zoanthids and on the infrared and NMR spectra
of some of the major constituent sterols.

It is evident from the IR spectra (Figure 4) that particular
sterols exhibit specific bands in the fingerprint region. For
example, the bands at 885 cm_1 and 1640 crn—1 in M-sterol (Figure
4A) distinguishes it from P-sterol (Figure 4C) which lacked both
bands. Similarly, Z-sterol (Figure 4B) had characteristic bands

at 970-960 cmm1 (trans double bond) which were absent in P-sterol
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and M-sterol,

Considerable similarity was found in the gas-liquid chromato-
grams for members of the same genus Zoanthus (SA 8 and SA 25,
Table IV) collected at different times at the same location.
However, different chromatograms were obtained from members
of two different genera, Palythoa (SA 24) and Zoanthus (SA 23,
Table IV), growing closely together in the same tide pool. It is
apparent from examining these chromatograms (Figures 6-10)
that there were some peaks that could be used to characterize a
given zoanthid., For example, the non-poisonous Palythoa specimens
collected from different locations gave rise to the typical chromato-
gram shown in Figure 6, which showed one significant peak P-5
of very high relative retention time (Rc) (2.05+0.1) and one other
major peak P-3 of comparable relative retention time (Rc) as
campesterol.

One major peak in the chromatograms of two poisonous
Palythoa species (Figure 8) also had a relative retention time
quite close to that of campesterol and could easily be distinguished
by its IR absorption spectrum as indicated above.

In the sterol of Isaurus sp. there appeared a new peak (Figure
9) whose relative retention time of 1. 62 corresponded to that of
B -sitosterol (Table XIV).

Also, in some zoanthids studied there were two peaks in the
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gas chromatograms of relative retention times of 1.040.03 and
1.1+0. 05, which indicated that the sterols from these animals
included cholesterol and brassicasterol, respectively. In the case

of two Zoanthus confertus specimens (Figure 7) the brassicasterol

peak was found to be the major one.

In order to make a comprehensive and thorough study of the
chemotaxonomy of the family Zoanthidae additional species of
different genera will have to be examined. Also essential is a
thorough understanding of the morphological identification of the
various genera, which is being carried out in the Department of
Zoology. However, from these investigations it appears that sterol
composition may be used as a taxonomical criterion for the sys-

tematic classification of the family Zoanthidae,

D. Echinoderm Sterols

1. Brittlestar sterols -

The sterols isolated from two brittlestars closely resem-
bled each other with respect to their infrared and mass spectra
and their GLC chromatograms. Therefore only one repre-

sentative, Bi-sterol, isolated from Ophiocoma insularia, was

used for preparative GLC separation of the sterol constituents.

5
Bi-sterol contained A double bond, the presence of

which was inferred from IR absorption bands at 840-800 cm-l.
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The mass spectrum (Table XII) showed a mixture of at least
five sterols. Molecular ion peaks were observed at 386
(Bi-1), 398 (Bi-2), 400 (Bi-3), 412 (Bi-4), 414, 412 (Bi-5) and
also at m/e 426 (?). The analytical gas chromatogram (Figure
13) of Bi-sterol showed four peaks, the peak for Bi-2 being
obscured. The following constituent sterols were obtained by
preparative GLC of Bi-sterol TMSE.

Compound Bi-l1l - The gas chromatogram of Bi-sterol

(Figure 13) indicated that Bi-1 was the major constituent.
This was also supported by the intensity of the m/e 386 peak
in the mass spectrum of Bi-sterol (Table XII).

Bi-1 crystallized from methanol-ether and melted at
147-1480, [aC]D -36°. NMR, mass spectrum (Figure 194) and
GLC retention data conclusively identified Bi-1 as cholesterol (II).

Compound Bi-2 - The GLC behavior of Bi-2 was identical

with that of brassicasterol. It is obvious from the gas chroma-
togram (Figure 13) that Bi-2 was masked by Bi-1 and was not
completely separated. Consequently the mass spectrum of Bi-l
showed some fragments for cholesterol (Bi-l). In addition,
peaks of high intensity in the mass spectrum matched those
observed in the mass spectrum of brassicasterol (Z-2 and P-2).

Compound Bi-3 - The GLC retention data and mass

spectrum (Table XVII) of Bi-3 were identical with those for
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24 ¥ -methylcholesterol (Z-3).

Compound Bi-4 - Bi-4 was a minor sterol of the Bi-sterol

mixture. The retention time of the sterol and its mass spec-
trum were identical with those of stigmasterol (Figure 25A).
The mass spectrum (Table XVII) showed peaks at m/e 412
(parent peak M), 397 (M-15), 394 (M-18), 369 (M-43), 351
/M- (18+43)/, 314 (M-98), 300 (M-112), 271 /M-(R+2H)/, 255
/M-(R+18)/, 213 /M-(R+42+18)/. A plausible mechanism for
the fragmentation of AZZ double bond is shown in Figure 34,

Since GLC and the mass spectrum do not differentiate
between the £ - and B-isomers, it was not possible to deter-
mine the stereochemistry of the Zé—ethyl group with the small
sample studied. - However, since stigmasterol is widely dis-
tributed in nature, Bi-4 may tentatively be assigned the struc-
ture of stigmasterol (XVIII).

Compound Bi-5 - Bi-5 was also one of the major sterols

of the Bi-sterol mixture. It crystallized from methanol-ether
and melted at 121-122°, <1, -37°.  The infrared spectrum

of the sterol exhibited bands at 3400 cm-1 (OH), 840 and

800 cm"1 (As), and at 823 crn“1 for a second trisubstituted
double bond. The presence of these functional groups was also
confirmed by the NMR spectrum (Figure 26A), which revealed

a broad signal for a proton attached to the same carbon atom
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as the hydroxyl function (IH, 3.55S), and olefinic proton of
a trisubstituted double bond (1H, 5.355), and an ethylidine
group (\,C=CH-CH3) attached to a carbon atom (l.56S, J=7
cps), similar to those observed for sargasterol (Figure 26B).

The mass spectrum showed parent peaks at m/e 414 and
412, indicating a mixture of a monounsaturated and a diun-
saturated C-29 sterol. The base peak at m/e 314 may be

.explained by the loss of C I—I14 (98) from the parent peak 412.

7
This type of fragmentation was also observed in the case of
sargasterol (Figure 25B) which had a base peak at m/e 314.

A plausible fragmentation is shown in the case of M-sterol
where R'=CH3. These observations suggested that Bi-5 was a
C-29 sterol having a fucosterol-type side chain. The presence
of mass peaks at 303 and 329 corresponding to 289 and 315

in methyl cholesterol indicated the presence of small amounts
of 24-ethylcholesterol in Bi-5, Although the base peak at m/e
314 indicated that Bi-5 was mainly a sterol with an ethylidine

side chain at C-24 as observed in sargasterol (XXIII) and

fucosterol (XXIV).

2. Sea star sterols
The two sea star sterols isolated from the same species
collected from different locations (Table V) were similar, as

indicated by the IR and the GLC pattern (Figure 11). Thus
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only one sterol, Sw-sterol, was investigated for its sterol
composition. _

The IR spectrum of Sw-sterol (Table XII) showed a sharp
band at 830 crn"1 which indicated the presence of a A7-doub1e
bond. It gave a positive Fieser test, which further supported
this observation. The mass spectrum (Table XII) showed
molecular ion peaks at m/e 384 (Sw-0), 386 (Sw-1), 398 (Sw-2),
400 (Sw-3), 412, 414 (Sw-4) and 426 (Sw-5). Peaks corre-

sponding to these mass peaks were also observed in the GLC

chromatogram (Figure 11). All components were isolated.

a. Compound Sw-0 - The mass spectrum of Sw-0 was

7,22 -chole sta.dienol1

similar to the synthetic sample of A
(Figure 37B') and showed a molecular ion peak at m/e 384.
Since this compound was a minor component and was not very
well separated from Sw-1l, it was not obtained in crystalline
form. Thus the mass spectrum also showed impurities of
higher mass.

An increase in retention time has been observed by

AS(M) ¢ AM

Tsuda et al. (90) in the order AS £ < A7 for

the double bond at various positions in the cholesterol ring

22
structure, while a double bond at A was found to decrease

1G'1ft of Professor K., Tsuda.
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the retention time (80). Thus on the basis of its relative
retention time (1.0) and mass peak at m/e 384, Sw-0 may be

7 9

, 22 . . . . .
the A'’““-dienol of Sw-1 which has a relative retention time

of 1.13 and a parent peak at m/e 386.

b. Compound Sw-1 - Sw-1 was obtained as a crystalline
solid of m., p. 122-124°., Its relative retention time of 1.13
was similar to that reported for A7-cholestenol (90). The
parent peak m/e 386 in the mass spectrum (Figure 19B)
corresponded to a monounsaturated C-27 sterol. Mass spec-
tral fragmentation of Sw-1 was very different from that observed
for cholesterol. The mass peaks at m/e 368 (M-18), 301
(M-85), 275 (M-111), and 247 were of very weak intensity as
compared to those of cholesterol (Bi-l) (Figure 19A), There-
fore fragments at 247, 275, and 301 seemed to be facilitated
by the AS double bond as shown in Figure 35 (R'=H). A sig-
nificant peak at m/e 246, which was found to be absent in
c;holesterol, may be attributed to an unusual fragmentation
across ring D (91) initiated by the proximity of the double

bond at the C-7(8) or C-8(14) position.
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These observations indicated that Sw-1 was A7-cholestenol.

c. Compound Sw-2 - The GLC retention time of this
compound was different from that of any reference compound
available to us. Its mass spectrum (Figure 21B) showed a
molecular peak at 398, indicating a diunsaturated C-28 sterol.
The mass fragmentation pattern of this sterol resembled that

. 7,22 . .

of synthetic A -cholestadienol (Figure 37B), except for
a difference in molecular size. This suggested that Sw-2

. . . 7,22 . .
might be a higher homolog of A ~-cholestadienol, possibly
having an additional methyl group at the commonly occupied
C-24 position. The GLC retention time of this compound was
higher than that of its AS- analog (Z-2), and the intensities of
some of the fragments in its mass spectrum (Figure 21B) were
different. For example, the mass peak at m/e 271 and the

: : 5
one at 273 was more intense than that in the A - analog (Z-2)
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spectrum (Figure 21A). The characteristic mass peak for
A7- at m/e 246 (Figure 21B) was again strong and m/e 380
(M-18) was of less than 10% intensity as compared to AS
which has a M-18 peak always of greater intensity than 10%.
Because of lack of material it was not feasible to determine
the stereochemistry of the C-24 methyl group. The evidence

7,22

suggested that Sw-2 was a 24 { -methyl- - cholestadienol

structure (XLI).

\l;i\
ealy
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HO
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d. Compound Sw-3 - The parent ion m/e 400 in the mass
spectrum (Table XVII) corresponded to a monounsaturated
C-28 sterol. The relative retention time of the compound
was rather higher than that of its AS_ analog (Z-3 or P-3).

As in Sw-1, the mass peaks (Figure 23B) at 382 _[K/I-lg/,
367 /M-(18+15)/, 315 /M-85/, 289 /M-111/ were found to be

of weak intensity as compared to Z-3 or P-3 which have a
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a5~doub1e bond (Figure 23A), while mass peaks at m/e 255
_/_K/I- (R+18_)_7 and 246 were more intense than in their &5—
counterparts. These observations suggested that Sw-3 is a

A7—analog of Z-3, viz., 24%-methyl- A7—cholestenol.

e. Compound Sw~4 - The mass spectrum of this compound
showed two parent peaks at m/e 414 (major) and 412 (minor)
corresponding to both a mono- and diunsaturated C-29 sterol.

It seemed to be mainly 24§ -ethyl- A7—cholestenol.

f. Compound Sw-5 - The GLC retention time of Sw-5
was unusually high and close to that of P-5, indicating that
this compound might have as interesting a side chain as P-5.
The ratio between 'the relative retention times of Sw-5 and P-5
was 1.16 (2.45/2.06) and for Sw-1 and cholesterol it was 1.13,
thus suggesting that Sw-5 differed from P-5 by having a double
bond at C-7. The mass spectrum (Figure 38) showed a
molecular ion peak at m/e 426 and a significant peak at m/e
314, 271 (base peak), 255, 231, and 213. A characteristic
peak for A7- double bond at m/e 246 further supports the
presence of A7- double bond in the molecule.

The molecular ion peak at m/e 426 indicated that
Sw-5 was a C-30 sterol and may be the A7—analog of P-5

(gorgosterol).
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3., Sea cucumber sterols (Ha-sterol)

About 300 g. of wet skins of the sea cucumber Holothuria
atra gave only 1.1 g. (0.36%) of benzene-soluble lipids, and
ca. 10 mg. of sterol. The crude sterol showed considerable
resemblance to the sea star sterols (Sw-sterol and Sj-sterol),
and gave a positive Fieser test. The IR spectrum of this
compound exhibited a strong band at 830 cm-l, indicating the
presence of a A7— double bond. The A,B’j sterol content of
the crude sterol was < 1%.

The mass spectrum (Table XII) showed molecular ion
peaks at m/e 428, 426, 414, 412 (Ha-4), 400 (Ha-3), 398
(Ha-2), 386 (Ha-l) and 384 (Ha-0).

The analytical gas chromatogram (Figure 12) also revealed
five peaks corresponding to the mass peak.

From the relative retention times of the different peaks
(Table XVI) and the mass spectra, it seemed that Ha-sterol
and Sw-sterol had similar sterol compositions which differed
only in proportions of the individual components as was
evident from the gas chromatograms (Figures 11 and 12).

Thus, Ha-sterol was concluded to consist of A7’22-cholestadienol
(Ha-0), A7-cholestenol (Ha-1), 24{—methyl—A7’Zz—cholestadienol
(Ha-2), 24% -methyl- A7-—cholestenol (Ha-3), and 24% -ethyl- A7-

cholestenol (Ha-4).
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4, Sea urchin sterol (Ed-sterol)

The sterol isolated from Echinothrix diadema gave a

negative Fieser test and showed IR bands at 840 and 300 cm-1
indicating the presence of a /—\5 double bond in the molecule.
GLC of the crude sterol (Figure 14) revealed one major
peak and two minor ones corresponding in relative retention
times to cholesterol, methylcholesterol, and ethylcholesterol.
The mass spectrum further supported the above evidence and
peaks were observed at m/e 386, 400, and 414. It was
evident from the gas chromatdgram (Figure 14) that cholesterol
was the main sterol of Ed-sterol, and this finding was con-
firmed by the mass spectrum which had significant peaks at
m/e 247, 275, and 301 corresponding to those observed in

cholesterol (Bi-1) (Figure 19A),

5. Sea lily sterol (An-sterol)

An-sterol isolated from Antedon sp. contained ca. 2.9%
of A5’7— sterols as determined by quantitative UV spectra
based on the extinction coefficient of ergosterol (£, 11, 900)
at 282 mu.

The IR spectrum exhibited bands at 970 cm-1 (AZZ) and
840~ 800 cm"1 (trisubstituted double bond). The sterol gave
a negative Fieser test indicating no A7-bond in the molecule.

The mass spectrum (Table XII) showed molecular ion
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peaks at 384 (An-0), 386 (An-1), 398 (An-2), 400 (An-3),
412 (An-4), 414 (An-5), 426, and 428 (?). The base peak
in the spectrum was at 398, in agreement with the 970 cm—1
band in the IR spectrum.

The GLC (Figure 15) also showed six peaks, correspond-
ing to the various molecular ion peaks in the mass spectrum.
Presence of a peak at relative retention time 0.88 (An-0)
was very interesting and may be due to 22-dehydrocholesterol.
As mentioned earlier the Azz-double bond causes a reduction

in the retention time as compared with the stanol. The

separation factor (SF) was calculated for a AS’ZZ_ dienol as
follows:
2
Re of A”" %% dienol
SF = 5 —
Rc of A”-stanol

Thus the following values for separation factors- for the ergostane
series (brassicasterol/methyl cholesterol) and the stigmastane
series (stigmasterol/ 3 -sitosterol) based on experimental reten-
tion times were calculated, Table XXV summarizes these
separation factors.

Table XXV. Separation Factors for the Ergostane and
Stigmastane Series

Column Rc dienol SF Series
Rc stanol
#1 1. 13/1, 33 0. 85 ergostane
#2 1.09/1. 30 0. 84 "
#3 1. 14/1. 37 0. 83 "
#1 1.43/1. 66 0. 86 stigmastane
#2 1.51/1. 60 0. 86 "

#3 1.47/1.71 0.84 "
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For both series the separation factor between the ASLZZ
dienol and the 4\_5- stanol was equal within experimental limits.

Clayton (80) has reported the separation factor of 0. 86
for the ergostane C-28 series and 0.88 for the stigmastane
C-29 series for the &5-sterol methyl ethers and the corre-
sponding A?’zz-dienol methyl ethers. Our values are thus
in good agreement with his values.

The separation factor calculated by the same relationship
from the relative retention times of 22-dehydrocholesterol and
cholesterol as reported by Tsuda et al. (90) was 0.92, which
also was in close agreement with our value 0. 88 obtained for
An-0, Thus the GLC retention time and the presence of the
m/e peak at 384 in the mass spectrum of An-sterol indicated
that An-0 was 22-dehydrocholesterol.

The gas chromatogram of An-sterol was similar to that
of Bi-sterol, except that the third peak, An-2, corresponding
to brassicasterol in relative retention time (Rc) was the major
peak. The relative retention times of the various peaks also
correlated quite well with those of reference compounds (Table
XIV). Based on mass spectral data and the GLC retention
times An-sterol was found to consist of the following sterols:

22-dehydrocholesterol (An-0), cholesterol (An-1), brassicasterol

(An-2), 24§-methy1cholesterol (An-3), stigmasterol (An-4),
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and 24 $ -ethylcholesterol.

We have mentioned earlier that the sterols of the phylum
Echinodermata were inadequately investigated and that their
structures had been mainly established on the basis of com-
parison of melting points and specific rotation, of sterols and
their derivatives. We have now examined for the first time
representatives of all five classes, asteroids (sea stars),
holothurians (sea cucumbers), ophiuroids (brittle-stars), echi-
noids (sea urchins) and crinoids (sga lillies) with the aid of
gas chromatography and mass spectrometry, as well as by
c1assica1»physica1 methods., This made it possible to identify
most components of various st;erﬂo_l mixtures and to search for
any relationship between sterol composition and the phylogeny

of echinoderms.

From the sterol mixture of the asteroid, Acanthaster

planci we have isolated and identified A7-cholestenol,

, 22
24 § -methyl- A7 -cholestadienol, 24 { -methyl- A7-chole stenol

and 24 { -ethyl- A7—cholesten01. The presence of A7’22-- -
cholestadienol, a sterol which has not been isolated from
natural sources but synthesized (92) was indicated by GLC and
its mass spectrum. In addition to these known compounds

we also isolated a new sterol of molecular weight 426 (mass

spectrum) which seems to be a A7—analogue of P-5 (gorgo-
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sterol).
A7-cholestenol had previously been isolated and identified
from sterol mixture of holothurians (Table III); we have now
demonstrated in a holothurian, Holothuria atra, the presence

, 22 , 22
of A7 2 ~-cholestadienol, A7=—cholestenol, Z4§—rnethy1- A7 -

cholestadienol, 24 { -methyl- A7-cholestenol and 24 § -ethyl- ol
cholestenol.

Examination of the sterols of two species of ophiuroids,

Ophiocoma erinaceus and O. insularia revealed a situation in
sharp contrast with that found in the asteroids and holothurians.
These animals produce a mixture of sterols which is parallel
to that which we encountered in zoanthids, From O. insularia
we isolated and identified cholesterol, brassicasterol, 24§ -
methylcholesterol, stigmasterol, and a unique sea weed sterol,
24-ethylidinecholesterol (fucosterol) associated with small
quantities of 24 { -ethylcholesterol.

Previous investigation had revealed that echinoids synthe-
sized predominantly cholesterol except in the case of a slate

. . . . 7
pencil urchin (binomial not given) which produces a A - sterol

(55). In the sterol mixture of Echinothrix diadema we have
demonstrated the presence of cholesterol as the major sterol
associated with minor quantities of 24 { -methylcholesterol and

24 § -ethylcholesterol.
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The early investigations of the sterols of crinoids (sea
lilies) presented an uncertain picture. Toyama et al. (65)
isolated a sterol, m.p. 134-138°, [oC]D -38.4 from the

5
crinoid Comanthus japonica and concluded it to be a 4 -sterol.

Similar observations were made by Bergmann (1) and by
Bolker (64). These workers suggested that crinoid sterols
were of the AS type. We had the opportunity to isolate the
sterols from the fleshy portion of a crinoid belonging to the
genus Antedon, and have demonstrated the presence of 22-
dehydrocholesterol, cholesterol, brassicasterol, 24§ -methyl-
cholesterol, stigmasterol and 24§-ethylcholesterol.

These findings therefore indicate a close relationship
between the sterol composition of echinoids, ophiuroids and
crinoids on one hand, and that of asteroids and holothurians
on the other. A similar relationship was postulated previously
by Bergmann (1) on the basis of optical rotation data of crude
sterols., He reported the occurrence of Lf—sterols in echi-
noids, ophiuroids and crinoids and of A7-sterols in asteroids
and holothurians. The distribution of other chemical para-
meters such as quinoid pigments studied by Scheuer et al.
(93) and steroidal glycosides examined by Hashimoto and his
group (94) pointed to the same relationship among the echino-

derms. All these findings agree closely with the classical
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embryological theory (95) that asteroids and holothurians have
evolved from one common ancestor and that echinoids and
ophiuroids have descended from another, while crinoids

have derived from a third ancestry.

E. Sponge sterol
The presence of cholesterol, brassicasterol, and 24f-rnethy1-
cholesterol has been indicated in the sterol mixture of a sponge

Halichondria magnicanulosa in contrast to cholestenol and chol-

esterol previously reported (1) for the family Halichondriidae.
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Iv., SUMMARY AND CONCLUSIONS

Studies of sterols isolated from the family Zoanthidae,
phylum Coelenterata, from a few species representing the main
classes of the phylum Echinodermata, and from one sponge have
resulted in additional information and some clarification in the

field of marine sterols.

Palysterol, previously isolated from Palythoa mammilosa,

proved to be a mixture of at least five sterols and seemed to be
the common sterol of nonpoisonous Palythoa species. It consists
of cholesterol, brassicasterol, 22,23-dihydrobrassicasterol,

24 { -ethylcholesterol, and a new sterol designated P-5. The
identity of P-5 with one of the gorgonian sterols, gorgosterol,
was established by direct comparison of the NMR and mass
spectra and GLC retention time data. A plausible structure has
been proposed for gorgosterol based on spectral data and ozonolysis
studies. 'fhe presence of a A5- double bond, steroid nucleus,
C-18 and C-19 methyl groups, and a cyclopropane ring are indi-
cated by spectral and chemical evidence. The location of the
cyclopropane ring was not rigorously proven.

The sterol from Zoanthus confertus consisted of a mixture

of cholesterol, brassicasterol, Z24-methylenecholesterol and

24 § -methylcholesterol.
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Sterols of poisonous Palythoa species consisted mainly of
24-methylenecholesterol.

The GLC analyses of 24 zoanthid sterols shed some light
on the possibility of using sterol composition as a criterion for
the chemotaxonomy of the family Zoanthidae. Five typical GLC
patterns were characteristic of zoanthids and a parazoanthid.

Investigation of Echinoderm sterols gave a clear picture
of the individual sterols present in the sterol mixtures than what
had been reported in the literature and indicated a close relation-
ship of sea stars and sea cucumber on one hand and of sea urchins,
brittlestars and sea lilies on the other,

The sterol of a sea star, Acanthaster planci, consisted of

a mixture of A7-cholestenol, 24 { -methyl- A7’ 22—choles,tadienol,
7 : 7 7,22
24 ¢ -methyl- 4 -cholestenol, 24 §-ethyl-A -cholestenol, a -
7
cholestadienol and a new A =-sterol of molecular weight 426, a

A'?-analogue of gorgosterol (?).

The crude sterol of the sea cucumber Holothuria atra

contained a mixture of sterols similar to those found in the above
sea star except for the 426 sterol.

Mass spectral fragmentation of compounds having AS— and
A7- double bond were characteristic for the particular double
bond. Similarly the mass spectra could distinguish between the

isomeric compound having different locations of double bond in
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the side chain, e.g. AZZ_ and A24(28)-doub1e bond as found in

stigmasterol and sargasterol, respectively.

The brittlestar Ophiocoma insularia contained a mixture

of cholesterol, brassicasterol, 24§-methylcholesterol, stigmasterol,
and a mixture of 24-ethylidinecholesterol (fucosterol?) and
24-ethylcholesterol.

The crude sterol of the crinoid Antedon sp. consisted of
a mixture of 22-dehydrocholesterol, cholesterol, brassicé.sterol,
24§ -methylcholesterol, stigmasterol, and 24¢-ethylcholesterol.

The crude sterol of one specimen of the echinoid

Echinothrix diadema contained mainly cholesterol and small quan-

tities of 24 ¢ -methylchole sterol and 24 - ethylcholesterol.

The sterol of the sponge Halichondria magnicanulosa

contained predominantly cholesterol, associated with small quanti-
ties of brassicasterol, 24% -methylcholesterol.

In conclusion, it might be said that the marine sterols
are mostly mixtures of closely related compounds and are more

numerous than previous studies have indicated.
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