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GENERAL REMARKS 

1) The compound numbers, figure numbers, scheme numbers and reference 

numbers given in each chapter refer to that particular chapter only. 

2) All melting points and boiling points were recorded using electronic Melting 

point machine and are uncorrected. 

3) Commercial reagents were used without further purification. 

4) All solvents were distilled prior to use and then dried using standard 

procedures. 

5) Petroleum ether refers to the hydrocarbon fraction collected in the boiling range 

60 – 80º C. 

6) All reagents were prepared using literature methods. 

7) For normal and flash silica gel chromatography silica gel (60 – 120 mesh size) 

and (230-400 mesh size) were used. 

8) SephadexLH-20 (Pharmacia) was used gel permeation column 

chromatography. 

9) Thin layer chromatography (TLC) was carried out on Precoated kiesegel 60 

F254 (Merck) 

10) The UV and IR spectra were recorded on Shimadzu UV-2401 PC and 

Shimadzu FTIR-8201 PC spectrometers. 

11) UPLC was performed on Waters ACQUITY machine. 

12) NMR (
1
H, 

13
C, DEPT, HSQC and HMBC) data were obtained on Bruker 

Avance 300 and Bruker Avance 500 spectrometer with TMS as internal 

standard.  

13) EI-MS and HRESITOFMS were recorded on Shimadzu 2010 and QSTARXL 

MS/MS, Applied Biosystems, Switzerland. 

14) Optical rotations were measured on optical polarimeter ADP220 (Bellingham 

+ Stanley Ltd)  
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Introduction 

I.  Natural products 

Natural products (NPs) in simplest term are the chemical compounds, produced by 

living organisms. The cells of living organisms can be considered as micro chemical 

reactors producing large number of chemical compounds through metabolic 

reactions. These compounds can be categorized into primary and secondary 

metabolites. Primary metabolites such as proteins, carbohydrates, etc. are required as 

nutrients and source of energy for the organisms. The secondary metabolites, which 

may be categorized into different chemical classes depending on their biosynthetic 

origin such as terpenes, polyketides, alkaloids, etc. do not play a direct role in 

different functions within the organism, but have prominent role to play in an 

ecosystem.  

NPs unlike synthetic chemicals have low toxicity, complete biodegradability, 

availability from renewable sources and some cases low cost. It is because of these 

reasons that health care products and environmentally acceptable agricultural 

compounds are mainly natural products or are derived by modification of natural 

product leads. Moreover, nature provides compounds having unique and diverse 

chemical structures with potential biological properties, which are beyond the reach 

of human imagination. For the past many centuries man has been using these NPs or 

the extracts of the organisms (especially plants) containing these NPs for human 

benefit. Today agriculture along with health care industry has been the prime area of 

application of NPs, but it was mainly the treatment of diseases with the aid of NPs or 

more specifically extract containing these NPs was the main use of NPs in the ancient 

time. 

 

II. Evolution of natural product science 

Historically, the use of NPs as medicinal agents presumably predates the earliest 

recorded history as the earliest humans used various, but specific plants (terrestrial) to 

treat an illness. In India, Rishis or Vaidyas (doctors), who treated the diseases using 
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herbs, passed the knowledge orally to their disciples. It was only between 1,400 and 

1,000 BC that ayurveda got a written reference material. Ebers papyrus, written in 

about 1550 B.C., includes many of the plants used in Egyptian medicine. In the late 

1700s, studies like William Withering’s An Account of the Foxglove, and its 

Medicinal Uses (1785) began to appear.  

The effectiveness of natural products in mitigating illnesses has inspired 

pharmaceutical scientists to search for new directions in drug discovery. In 1928, the 

accidental, but the most important discovery of antibiotic penicillin from Penicillium 

notatum by A. Fleming revolutionized medicinal sciences. This discovery diverted 

the attention of the researchers from plants, towards microorganisms as new source of 

drugs, and many new antibiotics resulted from such studies in mid 1900s. The 

transition from fortuitous discovery to systematic screening through validation in 

experimental models has taken place since the 1930s. High-throughput screening 

(HTS) and high-throughput chemistry technologies developed in the last two or three 

decades have significantly improved the speed, scale and quality of this process. 

Many important natural products, like anticancer agent, taxol from Pacific yew tree, 

Taxus brevifolia in 1967 (Goodman, 2001), a cholesterol lowering agent, lovastatin 

from A. terreus in 1970 were discovered (Alberts et al 1990) from terrestrial sources.  

With ineffectiveness of some drugs in severe diseases, development of bacterial 

resistance to the antibiotics in use, emergence of deadly infections and diseases 

(Swine flu, SARS, Cancer, AIDS, etc) and limitations of the terrestrial resources, a 

need was felt for search of new resources and potent drugs. The oceans which were 

untouched until 1960 were recognized to be an alternative and undoubtedly the final 

frontier to be explored for the much needed source of NPs that could lead to the 

potent drugs.  

 

III. Marine Biosphere (Oceans): The final frontier of bioactive natural products. 

Over the past three decades or so, marine organisms have been recognized as an 

untapped resource for novel bioactive compounds. The oceans cover more than 70% 

of the earth's surface, and contain more than 300,000 described species of plants and 

http://en.wikipedia.org/wiki/Yew
http://en.wikipedia.org/wiki/Taxus_brevifolia
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animals. Yet until relatively recently, chemists were confirmed landlubbers and until 

about 1960, no one even thought of the ocean. The ocean environment is massively 

complex, consisting of extreme variations in pressure, salinity, temperature, and 

biological habitats. The marine environment ranges from nutrient-rich regions to 

nutritionally sparse locations, where only a few organisms can survive. The surface 

and internal spaces of the sessile marine organisms provide a unique micro-habitat, 

and several symbiotic microorganisms are reported to occupy sometimes up to 40% 

of their tissue volume. These microorganisms are proven to be highly specific in their 

relationship with filter-feeding organisms like sponges, soft corals, ascidians and 

marine plants. The unique metabolic and physiological functions resulting due to 

various stresses in marine environment offer a potential for the production of novel 

enzymes and bioactive metabolites having novel chemistry by these organisms for 

potential exploitation.  

The fact that the marine organisms have overcome, and adapted to all sorts of 

environments, and these creatures are constantly under tremendous selection 

pressure, including nutrition, space competition, predation, surface fouling and 

reproduction, is the opportunity for the researchers, to search for the potential drugs 

from the sea.  

 

IV. Marine natural product chemistry 

i) Opportunities and challenges 

Natural product chemistry represents enormous opportunity for the drug 

development, and therefore drug discovery has been the prime aim for the scientist to 

have diverted their attention towards marine natural products (Chin et al., 2006). 

Before a drug comes into market, its discovery goes through various phases of 

scientific studies which require several years. The scientists from various disciplines 

such as biology, chemistry, pharmacy, medicine and interdisciplinary sciences like 

biotechnology, biophysics, biochemistry and medicinal chemistry are engaged in the 

process. The process of drug discovery goes through mainly following phases; drug 

target identification, target validation, lead compounds identification, and its 
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optimization and lastly preclinical and clinical evaluation. It is the lead identification 

and optimization stages, where chemists with mainly organic chemistry knwoledge, 

are involved in the job. The process involves extraction of the compounds from an 

organism, their purification using various chemical and chromatographic techniques, 

followed by structural elucidation using chemical methods and spectroscopic analysis 

like IR, NMR, MS. etc. Furthemore efficient synthesis and structral modification of 

the NPs are needed to facilalitate the further processes.  

As the process of drug discovery being a multidciplinary, technical deficiencies of 

one discipline has been the limitations to the development of the other, which has 

hampered the discovery of drugs from the ocean. Moreover, men fear the ocean as it 

is considered very hostile and inhospitable place to deal with. Intial obstacles of 

collection of organisms living beneath and on sediments below the ocean were 

overcome by development of SCUBA diving. The difficulties of retrieving a 

sustained, reliable harvest of marine organisms; leading to insufficient quantities of 

extracts and NPs was the main concern for natural product chemists. As the 

availability and reproducibility of sample was limited, natural product chemists did 

not have the luxury of working with large amount of the extracts, for the purification 

of NPs from the complex mixture, to allow the completion of chemical structure 

analysis with the available underdeveloped technologies.  

Organic chemistry itself is evolved from the study of NPs (terrestrial origin). Earlier 

large quantities of plant material were used to prepare the extract, and then further 

purification using solvent partition and chromatographic techniques. The structural 

elucidation would follow various degradative chemical reactions for determining 

elemental composition, molecular weight, carbon framework, functional groups and 

stereochemistry. For example elemental composition would be determined by 

estimation of CO2, H2O and N2 produced by pyrolysis of the sample and then the 

molecular formula hence, molecular weight would be determined. To test the 

presence of a functional group, specific chemical reactions would be carried out. For 

example, carbonyl functionality would be tested by reaction with 2,4-

dinitrophenylhydrazine or hydroxyl amine. A carbon-carbon double bond would be 

tested by KMnO4 or Br2-Acetic acid. Sterochemistry would be determined by 
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degradation or conversion of the compound to a chiral compound, whose chirality 

was known. These analysis would take decades to characterize the structure after its 

purification. The synthesis would follow this cumbersome process for the 

confirmation of the structure. Neverthless, these processes has led to the discovery of 

so many important reactions in organic chemistry. Glucose, the most important 

chemical as source of energy for living being and cholesterol almost found in all the 

organisms were assigned the structure after anylyses that took decades together.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

It would have been virtually impossible for the chemist to characterize the NPs from 

the seas, if the same methodologies had to be followed over last three decades. 

Fortunately, continuous parallel development in the purification methologies, such as 

flash chromatography, GC, HPLC, and very recently UPLC, SEP box and the 

spectroscopic methods such as UV-VIS, IR, MS and NMR, chemists were able to 

characterize the chemical structures with fewer evidences from classical chemical 

methods. Especially the discovery of the NMR in 1950 is conisdered to be the most  

wonderful discovery for the natural product chemistry. The advent and commercial 

availability of instrument with broadband excitation and fourier transform methods 

has been the  boost for sensitivity and  speed in the analyses.  Today, a spectrum can 

be recorded on sample quantities down to submilligram level. These advances in the 

instrumentaion techniques coupled with discoveries of two dimentional NMR 

correaltion methods such as COSY, HMBC, NOESY etc, have enabled chemist to 

assign complete structure even wthout the use of XRD. A relatively small number of 

marine plants, animals and microbes have already yielded more than 22,000 novel 

chemicals (Blunt et al, 2011), but majority of marine chemical biodiversity still 

remains to be fully realized.   

 

ii) Current status 

The technological advances over the past half century have seen the identification of 

several NPs from marine sources as well the minor constituents of terrestrial sources, 

which remained uninvestigated. As per the MarineLit database more than 22000 new 

compounds have been reported from the marine sources. These compounds have been 
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derived from 3,700 species from 2,255 genera belonging to 40 phyla (Blunt et al, 

2007). The number of metabolites reported annually is increasing every year. In the 

1960s decade, which marked the beginning of the marine natural product chemistry 

the number of new MNPs discovered were just over hundred (fig 1). The next decade 

(1970s) saw sharp rise in discovery of new MNPs and over 350 compounds were 

reported in this decade. A significant increase in the discovery of new MNPs was also 

observed in the subsequent decade. The marine natural product chemistry blossomed 

in 1990s and the last two decades have seen the discovery of nearly 14000 new MNPs 

accounting for 60% of total new MNPs discovered. More than 1000 new MNPs have 

been discovered in each 2008 and 2009 calendar years.   

 

Fig 1:  Annual output of marine natural products, 1965–2007. The average output/year 

for the period 1965 to 2005, in five-year periods, has been plotted with that for 2006 and 

2007 

 

The output by geographic region of collection of sources examined shows that seas 

around Japan, western Pacific region, Caribbean Sea and China Sea have been the 

major contributors to new MNPs for 1965-2007 as shown in the fig 2.  Not far behind 

them are Mediterranean Sea, Indian Ocean and seas around Australia. However, the 

comparison of this data with average annual distribution for 2001–2007 generates a 

snapshot of the differential changes in output by region that has taken place over the 

years. In the recent years China Sea has emerged as highly significant source of new 
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MNPs. The discovery of new compounds from China Sea from 2001-2007 has risen 

to around 230 per year from 50 compounds per year for 1965-2007, which is far 

ahead from other geographical regions. Nearly 75 new compounds on an average 

have been discovered from the seas around India and ranks 4
th

 behind China Sea, 

western pacific (100 compounds per year) and Caribbean Sea (80 compound per 

year) for the period 2001-2007 (Blunt et al., 2009). 

 

Fig. 2 Trends in geographic distribution of collection sources. For clarity the Polar 

Regions include Antarctic and Arctic; North Sea and Baltic Sea records are included 

with the Eastern Atlantic; Caspian Sea and Black Sea records have been added to the 

Russian region. 

 

Of the total new MNPs discovered 5% of them belong to bacteria (prokaryotes), 

while 95% are eukaryota in origin (Blunt et al., 2008). It is noteworthy that just three 

Phyla, Porifera, Cnidaria and Chromophyta, constitute 60% of the species examined, 

and that if a further five Phyla are added (Mollusca, Rhodophyta, Chordata, 

Cyanobacteria, Echinodermata), nearly 94% of all of the species recorded are 

accounted for (fig 3). The remaining 6% are scattered across another 14 Phyla. As in 

the recent years the marine natural product science has been bioactivity driven rather 

than chemistry, the sessile benthic organisms, mainly invertebrates such as sponges, 

ascidians, bryozoans etc attracted maximum attention.  

Marine Natural Products Chemistry is essentially a child of the 1970’s that developed 

rapidly during the 1980’s and matured in the two last decades. Several compound 
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have entered into the clinical trials and few of them have entered the market as well 

(Newman and Cragg, 2004, Jimenez et al., 2009; Faulkner, 2000). 

 

 

Fig 3:  New marine natural products reported in 2002 divided according to phyla (1) 

and biosynthetic origin (2)  

 

 

iii) Future of MNP science 

It was a big question whether marine natural products will play a major role in drug 

discovery in the future, when marine natural product research was in the beginning or 

even perhaps before the two decades (Grabbley et al., 2000). The steady arithmetic 

rate of discovery of new natural products is increasing since 1965, but recent few 

years have not seen any increase in the discovery of natural products. It might be that 

marine natural product discovery research have attained its peak, as last three years 

have seen nearly or over 1000 metabolites being discovered per year. It appears that 

trend will continue over next several years at least due to shift towards unexplored 
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microorganisms. There is any doubt left that discovery of natural products from 

macro-organisms is going to slow down as many of them have been explored but 

their associated fauna and flora represents huge biodiversity for exploration. 

Microbial diversity constitutes an infinite pool of novel chemistry, making up a 

valuable source for innovative biotechnology. So far we have only scratched the 

surface of it. The most recent estimates suggest that by now we only know approx. 

5% of the total species of fungi and may be as little as 0.1 % of the bacteria. Among 

the ones already described, only a small fraction has been examined for metabolite 

profile (Lange, 1996; Debbab et al., 2010). If the previous era saw change from 

terrestrial natural products to marine natural products, the coming era will turn out to 

be a change from marine macroorganisms to marine micro-organisms natural 

products. 

 

V. Marine Natural product chemistry at National institute of Oceanography 

(NIO), Goa 

A group of scientist at Bio-organic Chemistry Laboratory, NIO is engaged on a major 

project “Drugs from the sea” and several other related projects funded by various 

Indian government organization and a project “Marex” funded by European 

commission involving European institutes besides NIO. The group also has 

collaborations with CNR Institute of Biomolecular Chemistry, Italy; Piramal Life 

Sciences Limited, Mumbai and these programs uses different strategies for discovery 

and development of MNPs.  

The MNP research at NIO has resulted in isolation of several novel and known 

bioactive molecules from marine resources obtained from seas around India. The 

novel compounds discovered by the research group at NIO include antitumor alkaloid 

jorumycin from Joruna funebris (Fontana et al., 2000), caulerpenyne from alga 

Caulerpa sp. (Fontana et al., 1999), kahalalide R and S from green alga Bryopsis sp 

(Tilvi et al., 2007),  γ-pyrone propionates from molluscs Placobranchus ocellatus 

(Manzo et al., 2005), peroxycarnoic acid C and D (Fontana et al., 1999), 

bromotyrosine alkaloids from sponge Psammaplysilla purpurea (Tilvi et al., 2004),  
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ceramide from sponge Haliclona sp. (Tilvi et al., 2005), armatols A-F and 

glycerolipids from red alga Chondria armata (Al-Fadhli et al., 2006; Ciavatta et al., 

2001); pregnenes from octocoral Carijoa sp (Ciavatta et al., 2004)  and several other 

known compounds from these macroorganisms.  

The microbial bioactive products those have been discovered include mainly  known 

compounds cyclosporine and terrein from fungus A. terreus; kojic acid and 

cyclopiazinic acid from fungus A. sulphereus; auroglocinnsa and anthraquinone 

derivatives from fungus Eurotium sp.;  4,4′-oxybis[3-phenylpropionic acid] from  

bacterium Bacillus licheniformis. A novel antibiotic, cyclic peptide PM181104 from a 

bacterium Kocuria sp. associated with a marine sponge having potent antibacterial 

activity has been patented (Patent application number: 20090076094). 

A strong research interest in the field of organic chemistry made me to join the 

bioorganic chemistry group to pursue research career in the field of marine natural 

product chemistry. During the course of my research work, I was involved in 

isolation, structure elucidation and bioactive properties of the metabolites from 

marine-derived fungi of genus Aspergillus; marine invertebrates, a sponge and a soft 

coral; and synthesis of amathamide alkaloids, the metabolites of a bryozoan. The 

investigation carried out is the subject of present thesis. The thesis is divided into four 

chapters. 

Chapter 1 contains a review of literature on the metabolites of marine fungi with 

special reference to metabolites isolated in year 2010 

The content of Chapter 2 forms chemical investigation of three marine derived fungi. 

It has been sub-divided into five sections 

In sections 2.1, 2.2 and 2.3 isolation, structure elucidation and bioactivity of 

metabolites of the fungi A. flavipes, A. terreus, and A. aculeatus respectively has been 

described. 

Section 2.4 deals with comparison of metabolic profile of the two fungi A. flavipes 

and A. terreus using electrospray ionization tandem mass spectrometry (ESI-

MS/MS). 
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Section 2.5 describes the effect of seawater concentration on production of an 

important metabolite, butyrolactone I from A. terreus.    

Chapter 3 presents the investigation carried on chemical constituents of two marine 

invertebrates and it is divide into two sections. 

Section 3.1 describes the isolation and characterization of metabolites from 

antibacterial extract of rarely investigated a marine sponge Oceanapia sp.  

Section 3.2 describes the metabolites isolated from a soft coral Lobophytum crassum 

In Chapter 4, the studies carried out toward the synthesis of amathamides and their 

biological activity is reported.            
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