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"What is a weed? A plant whose virtues have not yet been discovered" /f‘ - =

Ralph Waldo Emerson (1803-1382)

"Renaissance” is defined as "A period of vigorous intellectual activity" by
Webster’'s New Collegiate Dictionary. Natural product chemistry is experiencing such a
dramatic evolution at the present time, due to the confluence of several recent
philosophical and technological factors: a developing realization that, increasingly, a
percentage of new medicinal agents, insecticides, herbicides and other biological agents
will  undoubtedly come from natural sources; the advent of sophisticated
chromatographic, high-field nmr and mass spectrometric techniques, coupled with
molecular force-field calculations, which have markedly enhanced the isolation and
structure elucidation of substantially more compiex and diverse natural products; the
biological and robotic advances that are occurring in the methodologies to evaluate the
biological activity of crude mixtures as well as purified compounds, from natural
product sources. These, as well as many other factors, have led to an enhanced
interest in the isolation of biologically active natural products in both academia and
the pharmaceutical industry.

There is pefhaps an underappreciation that many of the medicinal and biological
agents used on a world-wide basis are either natural products themselves, are
derivatives of them, or are modified templates of natural products. While the efforts
to find potential new medicinal agents from natural sources have been ongoing for over
185 years, it is only in the past few years, for the reasons mentioned above, that the
level of intellectual activity has burgeoned. This activity comes at a time when there
are global concerns about the rain forests, not only from environmental and climatic
perspectives, but additionally from the aspects of the loss of biological diversity and
ethnomedical tradition that occur as these forests disappear never to be replaced.

Sages who contemplate the contributions of this science to the future health
and welfare of mankind are increasingly concerned as to the origin of the drugs of the
2Ist century. Can we afford to rely on non-renewable resources for these drugs? Are
there new medicinal and biological agents to be discovered from renewable resources?
What is the time frame for such discoveries to be made in order to have an effect on
how we optimize our relationship with the environment 25, 50 and 100 years from now?
In this respect, Emerson’s comment can of course be applied to all sources of natural
products, not only terrestrial plants. We have a window of opportunity. How we

focus, rather than dissipate, our efforts in this relatively brief time period is likely to

1 (3997 3



VI

have a dramatic effect on the health and welfare of future generations; something for
which our generation may be ultimately held responsible.

This volume in the series edited by Professor Atta-ur-Rahman, comprises
twenty-five chapters contributed by a series of outstanding experts at the forefront of
their respective fields, describing various aspects of the structure elucidation,
synthesis, biosynthesis and biological properties of natural products from diverse
marine, fungal, bacterial, amphibian and insect sources, as well as lower and higher
plants.  Physical techniques such as nmr and mass spectral methods, are appropriately
emphasized, and advances on enzyme-substrate interactions are also featured. The
breadth of information encountered in these chapters provides ample testimonv to the
enormous potential for the future deveiopment of natural products from the marine and
terrestrial environments to provide the key biological agents for the future benefit of
mankind from renewable resources.

Geoffrey A. Cordell
University of Illinois at Chicago
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Foreword

Nature manifests its glory in many wondrous ways. The wide diversity of natural products
found in living organisms is illustrative of the array of enzymes involved in the s\ nthesis of a
fascinating variety of structures from terrestrial and marine sources. The advent of modern
spectroscopic techniques, including multi-dimensional NMR spectroscopy and new
ionization procedures in mass spectroscopy, has provided phytochemists with new powerful
methods for the structural elucidation of complex natural products.

The present volume, the ninth of this series, provides accounts of investigations of the
chemistry and structure of many interesting natural products conducted by some of the
leading scientists in this field. Some of the articles have been chosen from presentations at
the 4th International Symposium on Natural Product Chemistry organised by us recently. The
articles include those on terpenes from marine organisms, alkaloids, chalcogens, amphibious
venoms, corticoid hormones, antibiotics, peptide siderophores and biosynthesis. Accounts
of how the "detective" work of structure elucidation was conducted employing the latest
spectroscopic techniques should provide the readers with a stimulating description of recent
developments in this exciting area. It is hoped that these contributions from a galaxy of
eminent scientists would be of wide interest to many workers in this field.

| would like to thank Mr. Zahir Shah, Dr. (Miss) Khurshid Zaman and Mr. Ejaz Ahmed Soofi
for their assistance in index preparation and checking of the manuscripts, Mr. Habib Alam,
Mr. Kamran Faisal Khan, Mr. Asif Mehmood Raja, Mr. Mohammad Rais Hussain for the typing
work and Mr. Mahmood Alam for the secretarial help.

 Iwish to dedicate this volume to Prof. Carl Djerassi, who has been one of the leading scientists
in this exciting field, and who has contributed a fascinating account of the structure and

biosynthesis of marine sterols to this volume.

February 1991 Atta-ur-Rahman, Editor.



CONTRIBUTORS
Viqar Uddin Ahmad

John W. ApSimon
Iffat Ara

Sabira Begum
Barbara Blackwell
Lisa Blais

J. Brendel

Herbert Budzikiewicz
Richard Conrad
Cambie

Robert John Capon

Wayne W. Carmichael

Ching-Jer Chang

Mohammed Igbal
Choudhary

John Christel Clardy

Joseph Donald
Connolly

Carl Djerassi

George Ashraf Doss

e R B i L 3 SR o st

XIIT

H.E.J. Research Institute of Chemistry, Uni;/ersity of Karachi,
Karachi-75270, Pakistan.

Ottawa-Carleton Chemical Institute, ¢/o Department of Chemistry,
Carleton University, Ottawa, Ontario, Canada, K1S 5B6.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Plant Research Centre, Agriculture Canada, Ottawa, Ontario,
Canda, K1A 0C6.

Ottawa-Carleton Chemical Institute, c/o Department of Chemistry,
Carleton University, Ottawa, Ontario Canada, K1S 5B6.

Institut fiir Organische Chemie, Technische Universitdt Berlin,
Strasse des 17. Juni 135, D-1000, Berlin 12, F.R.G.

Institut fiir Organische Chemie, Universitdt zu K6ln Greinstrage 4,
D-5000 Koln -41, F.R.G.

Department of Chemistry, University of Auckland, Auckland, New
Zealand.

Department of Organic Chemistry, School of Chemistry, University
of Melbourne, Parkville, Victoria 3052, Australia.

Aquatic Biology/Toxicology, Department of Biological Sciences,
Wright State University, Dayton, OH 45435, U.S.A.

Purdue University, School of Pharmacy and Pharmacal Sciences,
Department of Medicinal Chemistry and Pharmacognosy, Robert
Heine Pharmacy Building, West Lafayette, IN 47907, U.S.A.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Department of Chemistry, Baker University, Cornell University,
Ithaca, NY 14853-1301, U.S.A.

Chemistry Department, University of Glasgow, G12 8QQ, U.K.

Department of Chemistry, Stanford University, Stanford, CA
94305, U.S.A.

Merck & Co., P.O. Box 2000, Rahway, NJ 07065, U.S.A.



XV

Clyde C. Doughty
Helmut Duddeck
Richard P. Evershed
Shaheen Faizi
David A. Fielder
Hiroshi Fukami
Gerd Gidde
Ghiasuddin

L. john Goad

Roy Greenhalgh
Cornelis J. P. Grim-
melikhuijzen

Charles E. Grimshaw
Hiroshi Irie
Gertrude Kasitu

V.K Kaul

Jennifer E. Kendall

Department of Biological Chemistry, University of Illinois at
Chicago, 1853 West Polk Street, A-312 CMW, Chicago, IL 60612,
US.A.

Fakultit fiir Chemie, Ruhr-Universitit Bochum, Postfach 102148,
D- 4630, Bochum 1, F.R.G.

Department of Biochemistry, University of Liverpool, P.O. Box 147,
Liverpool, L69 3BX, UK.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Plant Research Centre, Agriculture Canada, Ottawa, Ontario
Canada, K1A 0C6.

Pesticide Research Institute, Faculty of Agriculture, Kyoto
University, Kitashirakawa Sakyo - ku Kyoto 606, Japan.

Zoology Department, University of Cape Town, Private Bag,
Rondebosch 7700, South Africa.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Department of Biochemistry, University of Liverpool, P.O. Box 147,
Liverpool, L69 3BX, U.K.

Plant Research Centre, Agriculture Canada, Ottawa, Ontario
Canada, K1A 0C6.

Universitdt Hamburg, Zentrum fiir Molekulare Neurobiologie,
Martinistr. D-2000, Hamburg 20, F.R.G.

Department of Molecular and Experimental Medicine, Scripps
Clinic and Research Foundation, 10666 North Torrey, Pines Road,
La Jolla, CA 92037, US.A.

Pesticide Research Institute, Faculty of Agriculture, Kyoto
University, Kitashirakawa Sakyo - ku Kyoto 606, Japan.

Ottawa-Carleton Chemical Institute, ¢/o Department of Chemistry,
Carleton University, Ottawa, Ontario Canada, K1S 5B6.

CIMAP Regional Centre, Bonera - Pulwama 192 - 301, Kashmir,
India.

Ottawa-Carleton Chemical Institute, ¢/o Department of Chemistry,



Allick Royhit Lal -

H. Marschall-
Weyerstahl

- Jerry Loren McLaughlin

J. David Miller

Michio Namikoshi

Richard Neidlein
Hans-Peter Nothacker
Shahista Perveen

Azra Pervin
Atta-ur-Rahman
Rodney W. Rickards

Kenneth L. Rinehart

Peter Stewart Rutledge
David Stuart Rycroft
Marc Savard

Jan Schripsema

Xv
Carleton University, Ottawa, Ontario Canada, K1S 5B6.

University Chemical Laboratories, Lensfield Road, Cambridge,
CB2/1EW, UK.

Institut fiir Organische Chemie, Technische Universitidt Berlin,
Strasse des 17. Juni 135, D-1000, Berlin 12, F.R.G.

Purdue University, School of Pharmacy and Pharmacal Sciences,
Department of Medicinal Chemistry and Pharmacognosy., Robert
Heine Pharmacy Building, West Lafayette, IN 47907, U.S.A.

Plant Research Centre, Agriculture Canada, Ottawa, Ontario
Canada, K1A 0C6.

School of Chemical Sciences, University of Illinois, 444 Roger
Adams Laboratory, 1209 West California Street, Urbana, IL 61801,
US.A.

Pharmazeutisch-Chemisches Institut der Universitat Heidelhérg, Im
Neuenheimer Feld 364, D-6900 Heidelberg, F.R.G.

Universitit Hamberg, Zentrum fiir Molekulare Neurobiologie,
Martinistr. 52, 2000 Hamburg 20, F.R.G.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

H.E.J. Research Institute of Chemistry, University of Karachi
Karachi-75270, Pakistan.

H.EJ. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Research School of Chemistry, Australian National University,
G.P.O. Box 4, Canberra ACT 2601, Australia.

School of Chemical Sciences, University of Illinois, 454 Roger
Adams Laboratory, 1209 West California Street, Urbana, IL 61801,
US.A.

Department of Chemistry, University of Auckland, Auckland, New
Zealand.

Department of Chemistry, University of Glasgow, Glasgow, G12
8QQ, UK.

Plant Research Centre, Agriculture Canada, Ottawa, Ontario
Canada, K1A 0C6.

Centre for Bio-Pharmaceutical Sciences, Gorlaeus Laboratories,



XVI

M. Schréder

Alastair Ian Scott

Lois S. Shield

Bina Shaheen
Siddiqui

Salimuzzaman
Siddiqui

Kaarina Sivonen

David L. Smith

G. Spassov

Azra Sultana

V. Tarpanov

Anthony G.
Thompson

Tetsu Tsurushima

John H. Paul Tyman

Shafi Uddin

Tamio Ueno

University of Leiden, P.O. Box 9502, 2300 Ra Leiden, The
Netherlands.

Institute fiir Organische Chemie, Technische Universitdt Berlin,
Strasse des 17. Juni 135, D-1000 Berlin 12, FR.G.

Centre for Biological NMR, Department of Chemistry, Texas
A&M University, College Station, TX 77843-3255, U.S.A.

School of Chemical Sciences, University of Illinois at Urbana -
Champaign, 456 Roger Adams Laboratory, 1209 West California
Street, Urbana, IL 61801, U.S.A.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Department of Microbiology, University of Helsinki, Viikki,
Helsinki SF-00710, Finland.

Purdue University, School of Pharmacy and Pharmacal Sciences,
Department of Medicinal Chemistry and Pharmacognosy, Robert
Heine Pharmacy Building, West Lafayette, IN 47907, U.S.A.

Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.

H.E.J. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.

School of Chemical Sciences, University of Illinois at Urbana -
Champaign, 456 Roger Adams Laboratory, Box 8-5, 1209 West
California Street, Urbana, IL 61801, U.S.A.

Pesticide Research Institute, Faculty of Agriculture, Kyoto
University, Kitashirakawa Sakyo - ku, Kyoto 606, Japan.

Department of Chemistry, Brunel University, The University of
West London, Uxbridge, Middlesex UB8 3PH, U.K.

H.EJ. Research Institute of Chemistry, University of Karachi,
Karachi-75270, Pakistan.

Pesticide Research Institute, Faculty of Agriculture, Kyoto
University, Kitashirakawa Sakyo-ku, Kyoto 606, Japan.




Gerrit A. Veldink

Robert Verpoorte

1. Vlahov

Radosval Vlahov

Johannes F. G.
Vliegenthart

Wolfgang Voelter

H. - C. Wahlburg

P. Weyerstahl

Paul Desmond
Woodgate

XVII

Bijvoet Centre for Biomolecular Research, Division of Bio-organic
Chemistry, Utrecht University, Padualaan 8, 3584 CH Utrecht, The
Netherlands.

Centre for Bio-Pharmaceutical Sciences, Gorlaeus Laboratories,
University of Leiden, P.O. Box 9502, 2300 RA Leiden, The
Netherlands.

Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.

Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.

Bijvoet Centre for Biomolecular Research, Division of Bio-organic
Chemistry, Utrecht University, Padualaan 8, 3584 CH Utrecht, The
Netherlands.

Leiter der Abteilung fiir Physikalische Biochemie Physiologisch-
Chemisches Institut der Universitdt Tiibingen, Hoppe-Seyler-
Strasse 1, D-7400, Tiibingen, F.R.G.

Institut fiir Organische Chemie, Technische Universitit Berlin,
Strasse des 17 Juni 135, D-1000, Berlin12, FR.G.

Institut fiir Organische Chemie, Technische Universitit Berlin,
Strasse des 17 Juni 135, D-1000, Berlin 12, F.R.G.

Department of Chemistry, University of Auckland, Auckland, New
Zealand.



CONTENTS

Preface
Foreword

Contributors

X-Ray crystallographic studies on novel natural products
from marine animals
M.I. CHOUDHARY AND J. C. CLARDY

Marine norterpene cyclic peroxides: a stereochemical paper
chase
R.J. CAPON

Structure and biosynthesis of cyclopropane-containing sterols
of marine origin
C.DJERASSI AND G.A. DOSS

New natural products from terrestrial plants and marine
organisms
V.U. AHMAD, S. UDDIN, S. PERVEEN AND A. SULTANA

NMR in the elucidation of complex structures. Application
to two novel heptanortriterpenoid derivatives from the

stem bark of Entandrophragma utile (Meliaceae)
D.S.RYCROFT

NMR of chalcogen nuclei and their application in natural

products chemistry
H.DUDDECK

Principles and applications of modern 2D NMR techniques in structure

elucidation of complex natural products
ATTA-UR-RAHMAN, M.I. CHOUDHARY AND A. PERVIN

Rapid identification of trace amounts of indole alkaloids:

Analysis of the aromatic pattern from the TH-NMR spectrum
J.SCHRIPSEMA AND R. VERPOORTE

vII
by

35

51

109

127

163



X

The Fusarium genus: A versatile biosynthetic engine
J. W. ApSIMON, B. BLACKWELL, L. BLAIS, D. A. FIELDER,

R. GREENHALGH, G. KASITU, J. E. KENDALL, J. D. MILLER
AND M. SAVARD

Chemistry of self-inhibitors of fungal spore germination
T. UENO, T. TSURUSHIMA, H. FUKAMI AND H. IRIE

Structural elucidation of some natural products
J.D. CONNOLLY

Isolation and structural studies of constituents of Euphorbia fidjiana

R.C. CAMBIE, A.R. LAL, P. S. RUTLEDGE AND P. D. WOODGATE

Isolation and structure elucidation of new cytotoxic agents

from Nerium oleander and chemical constituents of Azadirachta

indica with reference to their biological activity

S.SIDDIQUI, B. S. SIDDIQUI, S. BEGUM, S. FAIZI, I. ARA AND GHIASUDDIN

The chemistry of non-isoprenoid phenolic lipids
J.H.P. TYMAN

"Bench-top" bioassays for the discovery of bioactive natdral
products: an update
J.L. McLAUGHLIN, C. - J. CHANG AND D. L. SMITH

Some advances in the research of corticoid hormones
R.VLAHOV, V. TARPANOV, I. VLAHOV AND G. SPASSOV

Bio-organic chemistry of ansamycin and mitomycin antibiotics
R.W.RICKARDS

Chromatographic and mass spectrometric methods for the

analysis of the steryl esters of plants
R.P. EVERSHED AND L.J. GOAD

Tandem mass spectrometry (FABMS/MS) studies of peptides
and proteins

K. L. RINEHART, M. NAMIKOSHI, A. G. THOMPSON, L. S. SHIELD,
G. GADE, G.J. P. GRIMMELIKHULZEN, H. -P. NOTHACKER,
W.W. CARMICHAEL, K. SIVONEN, C. C. DOUGHTY AND

C.E. GRIMSHAW

201

219

249

265

293

313

383

411

431

47

487

i
|
i
i
l
i



