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MARINE PROSTANOIDS - A REVIEW
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ABSTRACT

The occurrence and structure of prostaglandins induding clavulones, punaglandins
and claviridenones in marine organisms 1s reviewed. By comparison of the spectral data
reported the identity of 20-acetoxy claviridenonesb and ¢ with 20 acetoxy clavulones has been
established.

Prostaglandins represent a large and still expanding group of biologically potent
lipid acids first discovered in seminal fluids and extracts of Icelandic sheep (Bergstrom,
1967). They have also been known to occur in various terrestrial animal organs and in
recent years shown to be distributed in marine life such as fish (Nomura, 1978).

Several reviews which dealt with marine prostanoids include those of Nomura
Tadashi {1979) which has stressed the distribution, structure, biosynthesis and their
function in marine animals. Crabb¢ in 1979 discussed the synthesis of modified
prostaglandins from the PGA2 of corals. Prostaglandins of fish along with the hor-
monces of hypothalamus, pituitary glands, thyroid glands and sex glands have been
reviewed by Lin (1984) and finally in 1985 Nagasaka presented the chemistry and
synthesis of recently discovered anti-tumor marine prostanoids clavulones,
chlorovulones and punaglandins. From the biosynthetic point of view Corcy has
discussed this subject on several occasions.

1¢ present review an attempt has been made to review all known marine
prostanoids that have appearcd in the literature through December 1989. Emphasis
will be placed on the compounds actually isolated, and their chemistry. No synthetic
chemistry will be considered.

In1969 Weinhcimerand Spraggins made a remarkable discovery of the presence
in relatively large amounts of two non-mammalian type of prostaglandin derivatives
15-epi-PGA2(1) and its diester (2) in air dried cortex of the Caribbean scawiiip Plexaura
homomalla. They differed from the mammalian prostaglandins (3) in having the
unnatural R configuration at C1s and unlike the terrestrial ores they did not exhibit
blood pressure lowering effect. They do not occur in easily detectable amount in any
related corals or othcr marine animals investigated so far.

This interesting discovery brought considerable attention to P. homomalla par--
ticularly because of their high concentrations and aspotential synthetic precursors to
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biologically active prostaglandins A2, E2, or F2 and stimulated worldwide survey of
PG’s in marinc life. This resulted in isolation by Light and Samuclson (1972) of minute
amounts of 155 isomers besides the predominant 15R compounds consisting of
complex mixture including 11(15R) - dihydroxy-9-oxo-prost-5, 13-dienoic acid (5), its
methyl ester (6), (15R) - PGA2 ester (4) from P. homomalla of Florida. It is interesting
that P. homomalla from the Caribbean exclusively produce 155 prostaglandins and
some 15R isomers. Rarely did the samples contain both isomers (Schneider, Hamilton
and Rhuland, 1972). The presence of natural mammalian type (15S) - PGA2 (7) and
(15S) PGE2(8) was detected in some sample P. homomalla (Schneider, Hamilton and
Rhuland, 1972). It was observed that the two epimers differ only slightly in the
polarity and both the forms may be present in a single sample. The presence of (155}
- PGA2(7) was confirmed by its conversion to (155)-PGE2 and (155) - PGF2 and base
catalyzed rcarrangement to (155) - PGB2.

A re-examination of the extracts of P. homomalla var. (S) by Bundy, Daniel,
Lincoln and Pike (1972) allowed a more detailed analysis showing that more related
products were present to which the structure (155) - 15-hydroxy-9-oxo-(5 trans PGA2)
{9) was assigned.

Monoacctates of PGF2za methyl ester (10), PGFze methyl ester (11), PGF2 (12),
and small amounts of PGE2 (8) have been reported (Schneider, Bundy, Lincoln, Daniel
and Pike, 1977) in addition to (15S) - PGA2 (7) in P. homomalla from Cayman Island.
This gorgonian was also found to contain yct another prostaglandin characterized as
5,6 trans PG A2 (9) by its subsequent conversion to 5,6 trans PGEz (13). 13-14 Cis PGA2
-15acctate (14),13-14 dihydro PGAz acetate methylester (15) and 13,14 dihydro PGA2
internal Michael adduct (16) have been reported from the sample from Cayman Island
by Schneider, Morge and Henson in 1977, Compound (14) was identified by its
conversion to methyl ester whose configuration at Cis was established as 155 by its
ozonization to a - acetoxyheptanoic acid with an ORD curve identical to that of (s)
d-acetocyhepatonic acid obtained by ozonization of 15(S) - PG Az acetate methyl ester.
UV absorption of its methyl ester at 217 nm was shifted to 325 nm due to elimination
of CH3COOH on addition of a base. The HNMR of this elimination product (17) was
found to be identical to the one formed from PGA2 acetate methyl ester (Grudzinskas
and Weiss, 1973). IR of the methyl ester was indicative of absence of trans double
bond. 13-14 Cis nature of the double bond was established by alkaline epoxidation of
methyl ester to a mixture of 10, 11 epoxides which on reduction yielded PGE2 (18)
identical to the synthetic product reported by Kluge, Untch and Fried (1972). The
extract of the same gorgonian also contained the adduct (16) and 15 a-acetate methyl
ester (15) of (13) and (14).

Later on, by monitoring the activity towards isolated guinea pig ileum PGFaa
(19) was detected in the Japanese coastal gorgonian Euplexaura erecta (Komoda,
Kanayasu and Ishikawa).
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The occurrence of prostanoids in marinelife other than gorgonians hasalsobeen
reported. By monitoring the antihypertensive activity by bioassay towards the pen-
tabarbitone anacsthetized hypertensive rats Gregson, Marwood and Quinn, 1979,
isolated PGE2(20)$PGF2q from the marine red alga Gracilaria lichenoides. This is the
only report of the occurrence of prostaglandins in plants.

The Red Sea soft coral Lobophyton depressum was shown to contain four PGF
derivatives(155)-PGFa0-11-acetate methyl ester (21), its 18-acctoxy derivative (22) as
well as two corresponding free carboxylic acids (23) and (24).

More recently new prostanoids possessing antitumor activitics and having
oxygenated functions at C4, C-12 positions and olefeins at C-7, C-14 positions designated
as clavulones have been identified in Japanese the soft coral Clavularia viridis Quo and
- Gaimard (Hiroyuki, Yasumasa, Iguchi and Yamada, 1982). The structure of these
clavulones I, I and 111, (25), (26) and (27) was assigned on the basis of spectral data and
chemical evidence. The presence of a cross conjugated system was indicated by the UV
data of allylic alcohol (28) obtained by NaBH4 reduction of the clavulone (25) and the
ketone (29), a pyridinium chlorochromate oxidation product of the alcohol (28).

The UV data on the ketone (30) and the mass spectrum of its dihydro derivative
(31) obtained by hydrogenation of (25) with Pd/C established the nature and o~f
positions of the side chainin a «—§ unsaturated cyclopentenone system.

The stereochemistry of the chiral centres of these new prostanoids, clavulones,
at the C+4 position was established by isomerisation of (25) with oxalic acid in CH3OH
to (26) and (27) and by converting the aldchyde (32) obtained by ozonolysis of (25) to
the lactone (33) with known stereochemistry (unpublished data).

T+ examination of CD spectra of the p-bromobenzoate derivatives (34) and (35),
prepared from the clavulone established the stereochemistry at C-12.

The antileukemic effect of these compounds on human promyelocytic leukemia
(HL-60) cells has also been studied (Fukushima, Kato, Otao, Yamada, Kikuchi and
Kitagawa, 1983).

Further investigation (Iguchi and Yamada, 1983) on the same soft coral
Clavularia viridis led to the isolation of oxygenated prostanoids (36), (37) and (38)
having an acetoxy group at C-20 position. These were the first examples of C-20
oxygenated prostanoids from a marine source, 20-hydroxy prostaglandins are recog-
nized metabolites of mammalian prostanoids (Green and Samuélsson, 1976).

The structure and stereochemistry were obtained by CD spectraand comparison
of their 'H and "*CNMR with those of clavulones (25), (26) and (27).
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From the same source, C. viridis, Kitagawa and co-workers (1985) published the
isolation of claviridenonea, b, cand d (39), (40), (41), (42) and 20-acctoxy claviridenone-
b (43) and 20-acctoxy claviridenone ¢ (44), the stereostructure being determined on
the basis of physical and physico-chemical evidence including the application of the
CD excitation chirality method (Harada and Nakanishi, 1972; Harada, Iwabuchi,
Yokota, Uda and Nakanishi, 1981; Harada and Nakanishi, 1982). While preparing this
review we compared physico-chemical data of claviridenones ¢, b and 4 with that of
clavulonc L1 and I (25-27) and established that they arc identical. The comparison
of 'THNMR and PCNMR spectral data of (37) and (38) with the spectral data of (43)
and (4) isolated independently by two different groups of Japancse workers indicated
that they are also identical. .

Further, investigation of clavulone congeners from C. viridis resulted in the
isolation of scrics of new halogenated prostanoids, chlorovulones, with strong anti-
tumor activity. Their stercostructures were established as I IT, Hl and 1V, i.e. (45), (46),
(47), (48) on the basis of spectral data and CD measurcment of chlorovulone deriva-
tives (Nagaoka, Iguchi, Miyakoshi, Yamada and Yamada, 1986) and cnantio-sclective
synthesis of chlorovulone IT (46).

Chlorovulone 1(45), showed 13 times stronger antiproliferative and cytotoxic
activities in human promyeclocytic leukemia (HL-60) cells in vitro than clavulone L.

Recently, punaglandins (Baker, Okuda, Yu and Scheuer, 1985) characterized by
C-12 oxygen and unprecedented Cio chlorine functions, with the structure related to
those of clavulones isolated from Clavularia viridis were detected in Telesto riisie, and
octocoral that lacks symbiotic algae. The following structures were proposed original-
ly for PuG 1-6, i .. (49) - (54) based on the spectroscopic data and biosynthetic pathway
of rclated marine prostanoids clavulones or claviridenones but ‘later, the structures
of PuG 3 and 4i.e. (51) and (52) were first revised (Nagaoka, Miyaoka, Miyakoshi and
Yamada, 1986), followed by sccond revision (Suzuki, Mosita, Yanagisawa and
Noyori, 1986) of (52) to (57) and (58).

Therevision of structure was based on the synthesis of possible diastereoisomers
with respect to C-5, C-6 and C-12.

In the family of punaglandins, PuG-3, (51) and PuG-4, (52), have received
particular attention because of the potent inhibitory effect on L1210 leukemia cell
proliferation (Fukushima and Kato, 1984).

ACKNOWLEDGEMENT

The authors wish to thank Prof. (Dr.) A K. Bose, Stevens Institute of Technology,
New Jersey, USA for library facilities, Dr. B.N. Desai, Director, NIO and Dr. R. Sen



74 ‘"WAHIDULLA AND D’'SOUZA

Gupta, Head, Chemical Oceanography Division for their keen interest in the work.
We also thank Rajaram Patil for the secretarial assistance. This work was partly
financed by the Indo-US collaborative project, "Bio-active substances from the Indian
Ocean" (Grant No. PL-480-N-00014-82-C-0130) of the Office of Naval Rescarch, USA.

REFERENCES

Baker, B.J.,, R.K. Okuda, T.K.P. Yuand P.J. Scheuer, 1985. Punaglandins. Halogenated
antitumor eicosanoids from the octocoral Telesto rifsei. Journal of the American
Chemical Society, 107, 2976.

Bergstrom, S., 1967. Prostaglandins : Members of a New Hormonal System. Science,
157, 382.

Bundy, G.L., E.G. Daniel, F.H. Lincoln and ].E. Pike, 1972. Isolation of new naturally

occurring prostaglandins 5-trans PGA2 synthesis of 5-trans PGE2 and 5-trans
PGF2. Journal of American Chemical Society, 94, 2124.

Carmley, S., Y. Kashman, Y. Loya and Y. Benayahu, 1980. New prostaglandin (PGF)
derivatives from the soft coral Lobophytum depressum. Tetrahedron Letters, 21, 875.

Crabbe, P., 1967. The synthesis of modified prostaglandins from the PGA? of corals.
Oceanus, 10, 55.

Fukushima, M., T. Kato, K. Otao, Y. Yamada, H. Kikushi and 1. Kitagawa, 1983. The
anti-leukemic effect of clavulones on human promyelocytic leukemia (HL-60)
cells. Proceedings of Japanese Cancer Association, 42, 342.

Fukushima, M. and T. Kato, 1984. Icosanoids and Cancer. Raven Press, New York, 227
PP

Green, K., B. Samuelsson and B.J. Magertin, 1976. Decreased rate of metabohsm
mduccd by a shift of the double bond in prostaglandin F2q, from the A° to the
A’position. European Journal of Biochemistry, 62, 527.

Gregson, R.P., ].F. Marwood and R.J. Quinn, 1979. The occurrence of prostaglandins
PGE2 and PGFa in a plant - The Red Alga Gracilaria lichenoides. Tetrahedron
Letters, 4505.

Grudzinokas, C.V. and M.]. Weiss, 1973. Prostaglandin Faq from the Japancse coastal
gorgonian, Euplexaura erecta. Tetrahedron Letters, 141.

Harada, N. and N. Nakanishi, 1972. Exciton chirality method and its application to

configurational and conformational studies of Natural Products. Accounts
Chemical Research, 5, 257.

Harada, N., J. Iwabuchi, Y. Yokota, H. Uda and K. Nakanishi, 1981. A chiroptical
method for determining the absolute configuration of alylic alcohols. Journal of
American Chemical Society, 108, 5019.

Harada, N., Kagaku and K. Nakanishi, 1982. Circular dichroic spectroscopy - excita-
tion coupling in Organic Stereochemistry, Tokyo Kagaku Dojin, Tokyo.



MARINE PROSTANOIDS 75

Hiroyuki, K., T. Yasumasa, K. Iguchi and Y. Yamada, 1982. Clavulones, new type of
prostanoids from the stolénifer Clavularia viridis Quoy and Caimard
Tetrahedron Leters, 5171.

Iguchi, K. and Y. Yamada, 1983. Novel C2p oxygenated prostanoids, 20—acduxy
clavulones from the stolonifer Clavuria viridis. Quoy and Gaimard. Tetrahedron
Letters, 24,4433.

Kitagawa, 1., M. Koboyashi, T. Yasuzawa, W.B. Son, M. Yoshihara and Y. Kyogoku,
1985. New prostanoids from soft coral. Tetrahedron, 41, 995.

Kluge, A.F., K.G. Untch and J.H. Fried, 1972. New prostaglandin (PGF) derivatives
from the soft coral Lobophytum depressum., Journal of American Chemical Society 94,
9256.

Komoda, Y., T. Kanayasu and M. Ishikawa, 1979. Prostaglandins F2 from the japanese
coastal gorgonian, Euplexaura erecta. Chemical Pharmaceutical Bulletin., 27, 2491.

Light, RJ. and B. Samuelson, 1972. Identification of prostaglandins in the gorgoman,
Plexaura homomalla. European Journal of Biochemistry, 28, 232.

Lin, H., 1984. The trends in the rescarch of fish endocrinology. Shuisheng Shengwuxue
Jikan, 8, 363.

Nagaoka, H., T. Miyakoshi, K. Iguchi, S. Kareta, ]J. Kasaga and Y. Yamada, 1985.
Chemistry and synthesis of clavulones, chlorovulones and punaglandins. Ten-
nem Yuki Kagobutsu Toronkai Koem Yoshishu, 27,405.

Nagaoka, H., H. Miyaoka, T. Miyakoshi and Y. Yamada, 1986. Synthesis of punaglan-
dins 3 and 4. Revision of the structures. Journal of American Chemical Society, 108,
5019.

Nagaoka, H., K. Iguchi, T. Miyakoshi, N. Yamada and Y. Yamada, 1986. Dectermina-
tion of absolute configuration of chlorovulones by CD measurements and by
enantio-selective synthesis of chlorovulone I1. Tetrahedron Letters, 27, 2230.

Nomura, T., 1978. Biologically active substances produced by Marine Organisms
Nankuodo, Tokyo.

Nomura, T., 1979. Structure, biosynthesis and function of marine prostanoids, Kagaku
Sosctsu, 25, 235.

Schneider, W.P., R.D. Hamilton and L.F. Rhuland, 1972. Occurrence of esiers ol
(15S)-Prostaglandins A2 and E2 in corals. Journal of American Chemical Society, 94,
2122.

Schneider, G., L. Bundy, F.H. Lincoln, E.G. Daniels and E.J. Pike, 1977. Isolation and
chemical conversions of prostaglandins from Plexaura homomalla. Preparation of
prostaglandin Ez, prostaglandin Faa and their 5,6 trans isomers. /ournal of
American Chemical Society, 99, 1222.

Schneider, W.P.,, R.A. Morge and B.E. Henson, 1977. The occurrence of 13, 14 dihydro
and 13, 14 cis unsaturated prostaglandins in the coral, Plexaura homomalla,



76 WAHIDULLA AND D’'SOUZA

Synthesis of 13, 14 cis analogues of prostaglandin F2a and prostaglandin Fag.
Journal of American Chemical Society, 99, 6062.

Suzuki, M., Y. Morita, A. Yanagisawa and R. Noyori, 1986. Synthesis of (7E) and 72)
Punaglandin 4-Structure Revision. Journal of American Chemical Society, 108,
5021-22

Unpublished data from Tokyo Research Laboratories, Fujisawa Pharmaceutical Co.
Ltd.

Weinheimer, A.J. and R.L. Spraggins, 1969. The occurrence of two new prostaglandin
derivatives(15 epi - PGA2 and its acetate, methyl ester) in the gorgonian Plexaura
homomalla. Tetrahedron Letters, 5185.



