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ABSTRACT 
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Briareum asbestinum, a soft coral, is a rich source of diterpenoid natural 

products. The secondary metabolites of B. asbestinum fall into four classes; 

asbestinins, briarellins, briareolate esters, and briaranes. Briareolate esters have 

been shown to possess biological activity and were previously only reported from 

Tobago. Our group recently isolated briareolate esters from a specimen collected 

off the coast of Boca Raton, Florida. 

To determine whether location has an impact on the chemistry produced 

by the organism, a method to discern between chemotypes was sought. Several 

techniques including thin layer chromatography (TLC), high performance liquid 

chromatography (HPLC), nuclear magnetic resonance (NMR), and sclerite 

analysis were employed, with NMR being the most successful method. 
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By utilizing both 1H and COSY NMR experiments, it is possible to 

differentiate between the chemotypes of B. asbestinum. Application of this 

method allowed analysis of chemical variability with respect to location.
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INTRODUCTION AND BACKGROUND 

 

1.1 Natural Products 

Man has long looked to nature to provide not just nourishment, but 

fragrances, cosmetics, dyes, spices, and most importantly, medicines. The desire 

to prolong life and ease suffering has driven the search for cures for disease in 

natural products, especially plants and, more recently, marine sources. More 

often, these cures are found in the form of secondary metabolites, compounds 

not necessary for life, but that instead confer some sort of advantage to the 

organism. Whereas a primary metabolite would be involved in growth, 

reproduction, or development, secondary metabolites would be involved in the 

protection of the organism producing it, such as defense against predation.1 

Secondary metabolites can be found in several classes of compounds including 

alkaloids, peptides, terpenoids, sterols, and polyketides.2 

A myriad of sources exist for natural products, namely plants, animals, 

microorganisms, insects, and the ocean. Natural products can be bioactive, 

displaying many therapeutic qualities. Some examples of medicinal 

characteristics include anti-tumor, anti-cancer, anti-inflammatory, anti-viral, 

analgesic, and anti-bacterial properties.  
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One particularly important example of a natural product with medicinal 

qualities is quinine (1), an alkaloid isolated from the bark of the South American 

Chinchona tree in 1820 by Pelletier and Caventou. However, prior to its isolation, 

the bark of this tree was used to treat malaria by South Americans before the 

arrival of the Spanish and was introduced in Europe for medicinal purposes 

around 1640.5 Quinine is still used to treat malaria, a deadly disease that kills 

between one and two million people a year, generally in impoverished regions of 

the world.4 In addition to being an effective treatment for malaria, quinine has 

been shown to be an effective antipyretic, analgesic, and anti-inflammatory 

agent. 

  

1 quinine 

While the discovery of quinine was due to the known medicinal properties 

of a plant by tradition, the discovery of taxol (2) was a man made endeavor, the 

result of collaboration between botanists and chemists in order to discover new 

antitumor compounds beginning in 1960. The extract of the yew tree Taxus 

brevifolia was one of more than 650 extractions tested and was found to be 

active against a melanoma cell line. Despite the difficulty in isolating the 
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compound and low yields, taxol is still used today to combat cancers of the 

breast, lung, prostate, and ovary.6 

 

2 taxol 

 

1.2 Marine Natural Products 

As the ocean covers approximately 70% of the surface of the earth, the 

biodiversity of marine species is unsurprising. Variations in factors affecting 

marine environments such as light, pressure, and temperature give rise to a 

remarkable number and divergence of species. Although marine environments 

remained largely unexplored until the advent of scuba diving in the 1940’s, some 

300,000 species have been identified from cyanobacteria to mammals. It is 

estimated that the number of marine species could exceed one million.9 

Biological diversity translates to chemical diversity and the potential for drug 

discovery. As such, of the more than 15,000 natural products that have been 

isolated from marine sources, more than 28 marine natural products are 

presently undergoing clinical trials for use as medicines as of 2010.9   
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Recently the search for new drugs from the sea has produced two notable 

examples; Prialt (3), a peptide isolated from a cone snail, and Yondelis (4), 

extracted from a tropical sea squirt. Prialt (ziconotide) is a synthetic form of ω-

conotoxin MVIIA used to treat chronic pain and upon approval by the Food and 

Drug Administration (FDA) in 2004 became the first marine natural product to be 

used as a drug in the United States. This analgesic was first isolated from the 

venom of a Pacific cone snail, Conus magus, in 1979 using a bioassay technique 

by Olivera’s group from the University of Utah. A peptide, ω-conotoxin MVIIA is a 

linear molecule comprised of 25 amino acids with three disulfide bridges between 

six cysteine residues. Complete synthesis was attained in 1987, allowing for 

clinical trial and subsequent approval by both the FDA and the European 

Commission.7 

 

 

3 Prialt 

 

Yondelis (trabectedin) is the first marine-derived anticancer drug to reach the 

public. Extracted from a tunicate, Ecteinascidia turbinate, trabectedin is an 

alkaloid possessing three fused tetrahydroisoquinoline rings with a thioether 

bridge connecting the third ring to the parent structure, forming a ten member 

lactone ring. The structure was first published in 1990, with a complete synthesis 
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following in 1996. In 2007, the European Commission approved Yondelis for the 

treatment of soft tissue sarcomas and clinical trials indicate the compound also is 

effective against solid tumors.7  

 

4 Yondelis 

 

1.3 Briareum asbestinum 

Kingdom: Animalia 

          Phylum: Cnidaria 

   Class: Anthozoa 

    Subclass: Octocorallia 

     Order: Alcyonacea 

      Suborder: Scleraxonia 

       Family: Briaridae 

        Genus: Briareum 

               Species: asbestinum 

Figure 1: Taxonomy of Briareum asbestinum 

 

The coral reef community is one of great diversity due to the sheer volume of 

animal life present. The diversity of a coral reef is unmatched, even by tropical 

rain forests.10 Octocorals are quite common members of the coral reef 
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community and are often the majority of the biomass found there. Much of the 

diversity of species on a coral reef is due to octocorals.8 

Octocorals are colonial marine invertebrates possessing eight-fold symmetry. 

Included in this class are soft corals, blue corals, sea pens, sea whips, and sea 

fans.  Octocorals are a subclass of the Anthozoa class of the phylum Cnidaria 

(Figure 1).11 As with all Cnidarians, the life cycle of an octocoral is comprised of 

an early motile phase (plankton) and then a more characteristic sessile phase.11 

 While octocorals visibly resemble the stony corals, they do not possess a 

stony skeleton. The colony is constructed of polyps embedded in mesogleal 

tissue, which is lined by an epidermis with numerous tiny channels. These 

channels interconnect the gastrovascular cavities of the polyps so that water and 

nutrients flow freely throughout the colony. The polyp itself has eight tentacles 

surrounding the mouth that opens into a pharynx that leads to the gastrovascular 

cavity. This pharynx is surrounded by eight radial partitions, called mesenteries.13 

The order Alyconacea consists of the soft corals. Soft corals do not possess 

calcium carbonate skeletons, but do contain sclerites. This microscopic skeletal 

material provides some support and deters predation, possibly against specialist 

fishes and other invertebrates.17 While soft corals were not traditionally 

considered reef builders, they have been shown to concentrate spicules into 

spiculite, contributing to the foundation of the reef.12  

Another common feature of the Alyconacea is the symbiotic relationship 

between soft corals and zooxanthellae, dinoflagellates of the genus 

Symbiodinium. The relationship is mutualistic with the coral providing the 



 

7 
 

zooxanthellae with the carbon dioxide necessary for photosynthesis, shelter, and 

protection. In return, the zooxanthellae supply the coral with the products of 

photosynthesis; glucose, glycerol, and amino acids. In this manner, the 

zooxanthellae can provide up to 100% of the energy requirement of a coral.14 

 B. asbestinum occurs in two growth forms; stalk and encrusting. The stalk 

form is commonly known as Corky Sea Fingers or Deadman’s Fingers. B. 

asbestinum has been found at varying depths between 1 and 750 m. in tropical 

and subtropical marine environments. This soft coral is typically located in the 

western Atlantic Ocean in the Caribbean, Florida, and the Gulf of Mexico. It is 

also known to be easily propagated in captivity, making it a popular choice for 

aquariums.15 

 

 

    Figure 2: Briareum asbestinum 

 

1.4 The Chemistry of Briareum asbestinum 

The wealth of secondary metabolites contained in the tissues of octocorals 

has generated excitement among chemists.13 Such abundance is unseen among 
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hard corals. This difference is attributed to the need for soft corals to defend 

themselves against predation, whereas hard corals possess physical deterrents. 

The soft corals are largely physically undefended from predation but remain 

rarely consumed. The need for chemical defense is evident when considering the 

conspicuous location and inability of soft corals to regenerate quickly.17 

Additionally, the complexity and concentration of these secondary metabolites 

indicate the production of such compounds must be expensive from a metabolic 

standpoint, indicating their importance.16 Other uses for the plethora of 

secondary metabolites in soft corals may include competitive, pheromonal, or 

reproductive roles but chemical defense seems most likely.17 

In Octocorallia, terpenoid chemistry dominates and B. asbestinum is no 

exception.13 The secondary metabolites extracted from B. asbestinum are 

derived from cembranes, cyclic diterpenes comprised of four isoprene (2-methyl-

1,3-butadiene) units. The biosynthesis of diterpenes is known to occur via 

geranylgeranyl diphosphate, which is derived from isopentyl diphosphate (IPP) 

and dimethylallyl diphosphate (DMAPP). There are two known pathways for the 

formation of IPP and DMAPP. The first is the mevalonate or mevalonic acid 

pathway (Figure 3).  
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Figure 3: Mevalonate Pathway 

 

Initially, acetyl-CoA (6) forms from D-glucose (5). Two equivalents of 

acetyl-CoA combine in a Claisen-like condensation reaction to afford acetoacetyl-

CoA (7), which upon an aldol reaction with another equivalent of acetyl-CoA 

produces 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) (8). This is followed by an 

enzymatic reduction with nicotinamide adenine dinucleotide phosphate (NADPH) 

to mevalonic acid (9). Phosphorylation is accomplished using adenosine 

triphosphate (ATP) and generates mevalonic acid diphosphate (10). This 

molecule then undergoes decarboxylation and dehydration to give rise to 

isopentyl diphosphate (11), which isomerizes to dimethylallyl diphosphate (12).3 
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 Alternatively, the deoxyxylulose phosphate pathway also affords both 

isopentyl diphosphate and  dimethylallyl diphosphate from D-glucose (Figure 4). 

 

Figure 4: Deoxyxylulose PhosphatePathway 

 

In the first several steps of this pathway, D-glucose (13) is converted to 

pyruvate (14). Pyruvate and thiamine diphosphate (15) combine to form a 

(hydroxyethyl)thiamine diphosphate which undergoes a condensation reaction 

with the aldehyde moiety of D-gyceraldehyde-3-phosphate (16). This 

intermediate then rearranges to relieve charge strain affording 1-deoxy-D-

xylulose-5-phosphate(DXP) (17). Through the action of DXP reductoisomerase, 

an intramolecular rearrangement and reduction take place giving rise to 2-C-

methyl-D-erythritol-4-phosphate(MEP) (18). Several steps and enzymatic action 
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convert MEP to 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate (19). Through 

mechanisms not fully understood this compound is transformed to isopentyl 

diphosphate(IPP) (11) and dimethylallyl diphosphate(DMAPP) (12).3  

 Finally, IPP and DMAPP undergo a series of reactions to form 

geranylgeranyl diphosphate, which upon dephosphorylation cyclizes to afford a 

cembrane (Figure 5). 

 

Figure 5: Cembrane Formation 

 

A cembrane (25) is a 14-member ring consisting of three double bonds each 

with methyl substituents and an isopropyl group. Due to the reactive nature of the 

double bond, cembranes often undergo further cyclizations and oxidations, as 

demonstrated by the secondary metabolites of B. asbestinum.   



 

12 
 

Secondary metabolites from B. asbestinum are of interest due not only to 

their diverse and remarkable chemistry, but because of the wide range of 

biological activity associated with them. These compounds have been found to 

have cytoxic and anti-inflammatory properties.20 

Specimens of B. asbestinum produce secondary metabolites with four 

different carbon diterpenoid skeletons; briaranes (26), an unusual briarane 

diterpenoid containing a C-19 methyl ester (briareolate ester) (27), asbestinins 

(28), and briarellins (29). All are comprised of fused six-member and ten-member 

rings. The briaranes have a ɣ-lactone ring while asbestinins and briarellins 

possess an additional 7-member heterocylic ring.  

 

  

 

The briareolate esters (27) resemble the briarane. Only produced by the 

asbestinum species, these molecules contain an unusual C-19 methyl ester 

instead of the typical ɣ-lactone ring. Furthermore, some have been shown to be 

biologically active. Briareolate esters have been only isolated from specimens 

collected off the coast of Tobago until recently when found in samples collected 

by our group off the coast of southeast Florida.20 

27 C-19 methyl ester 28 asbestinin 29 briarellin 26 briarane 
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The briaranes are the result of a 3,8-cyclization of a cembrane (25) 

followed by oxidation (Figure 6).19 We believe that briareolate esters (26) could 

be a precursor to briaranes (27). 

 

Figure 6: Briarane Formation 

 

Eunicellins (30) are also the product of a cyclization of a cembrane. A 

2,11-cyclization first leads to the formation of a eunicellin (30), a bicyclic 

precursor. Further cyclization and oxidation affords the asbestinin (28) skeleton. 

Briarellins (29) are the result of further oxidation and a 1,2 methyl shift of the 

methyl substituent of the six-member ring (Figure 7).18 

 

Figure 7: Asbestinin and Briarellin Formation 
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1.5 Research Objectives 

The objective of this research was to develop a qualitiative analytical method 

to differentiate the diterpenoid carbon skeletons, or chemotypes, found in B. 

asbestinum. An additional objective was to identify the presence of the unusual 

C-19 methyl ester diterpenoids, briareolate esters, in B. asbestinum from the 

southeast coast of Florida.  
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ANALYTICAL METHOD DEVELOPMENT 

Prior to developing a method of differentiating the chemotypes, an 

exhaustive literature search was conducted in order to catalog the many 

compounds isolated from Briareum sp. A database containing the structure of 

each molecule, its molecular weight and formula, and the location collected was 

compiled. Using this information, three categories of chemotype were classified; 

briareolate esters, briaranes, and eunicellins (asbestinins and briarellins). The 

most common chemotype is the briarane, with 292 compounds reported, and 

followed by the eunicellin with 60 reported compounds. The least common 

chemotype is the briareolate ester with only 14 reported compounds. 

 

2.1 Sclerite Analysis 

 Sclerites are comprised of calcium carbonate and provide a degree of 

structural support to soft corals while helping deter predation. The presence of 

sclerites in octocorals was first noted in 1755 and used for identification purposes 

in 1865. Sclerite morphology is seen as a species dependent attribute.21 As 

sclerite analysis is often used as a taxonomic indicator, it was a logical starting 

point in the analysis of B. asbestinum chemotypes. However, it became apparent 

that sclerites do not differ between members of the same species (Figures 8 and 

9). 
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Figure 8: Eunicellin Sclerite 

 

Figure 9: Briareolate Ester Sclerite 
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2.2 Thin Layer Chromatography 

 In another attempt to develop a method for distinguishing between the 

chemotypes, thin layer chromatography (TLC) was performed on the crude 

extract from each chemotype. However, this gave inconsistent results due to the 

complexity of the crude extract. In subsequent attempts, the extract was 

fractionated using a solid phase extraction (SPE) technique. The extract was 

fractionated on HP20 resin into three fractions; 40% acetone/water, 75% 

acetone/water, and 100% acetone. The 75% and 100% fractions were employed 

to avoid inconsistent chromatograms. Finally, a 10% MeOH/CH2Cl2 system gave 

the best separation of these fractions (Figure 10). 

 

 

Figure 10: TLC Chromatogram 

 The TLC chromatograms generated for each chemotype were too similar 

for differentiation. Rf values were virtually identical indicating the compounds 

present in the mixture are similar in polarity. Although this method of separation 

Briareloate Ester     Asbestinin           Briarellin               Briarane  

100%     75%           100%    75%       100%     75%       100%     75% 
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was unsuccessful for identifying the chemotypes, a difference may be seen in a 

more sophisticated separation. 

 

2.3 High Performance Liquid Chromatography 

 Reverse phase high performance liquid chromatography is a method for 

separating complex mixtures of small molecules. Reverse phase HPLC employs 

a non-polar stationary phase with a polar mobile phase. As such, polar 

compounds elute first, which is the reverse of normal phase. A variety of columns 

and solvents are available to separate many types of mixtures from peptides and 

proteins to steroids and biological molecules. With improved separation, perhaps 

a difference between the chemotypes could be seen in a chromatogram.  

 Due to the complexity of the crude extract, it was first subjected to solid 

phase extraction and separated into polar, medium polar and non-polar fractions. 

HPLC was then performed on each chemotype. 

 First, it was necessary to select an appropriate HPLC column. The first 

stationary phase employed was a semi-preparative C18 column. C18 is generally 

used for separation of small molecules via hydrophobic interactions between the 

stationary phase (octadecylsilane) and the analyte. However, it did not provide 

adequate separation and the results showed little difference between the 

chemotypes. 

 The next column utilized was a semi-preparative PRP-1, in which the 

stationary phase consists of poly(styrene divinylbenzene). While this column did 
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provide a better separation, it could be improved upon. Furthermore, the 

chromatograms showed little difference between the chemotypes. 

  The third stationary phase tried in an attempt to differentiate between the 

chemotypes was a semi-preparative pentafluorophenyl (PFP) column. The 

separation provided by this column was greatly improved and it was selected to 

complete the HPLC analysis. 

Next, the solvent gradient was optimized to bring about the best 

separation. This process began using an established gradient of MeCN/H2O that 

began at 20%. From 5 minutes to 35 minutes the gradient increased to 80%. 

From 35 – 40 minutes, the gradient increased again to 100% and remained 

isocratic until 50 minutes. The gradient was decreased from 50 – 60 minutes to 

20%. This method did not provide ideal separation. As this method was designed 

as a basic separation for all three fractions, including the polar 40% 

acetone/water fraction, it could be adapted for the medium polarity and non-polar 

fractions. 

Noting that most of the compounds elute after the gradient is at 50%, 

another method was employed beginning at 50% MeCN/H2O, increasing to 

100% over 15 minutes and remaining isocratic for 45 minutes. This method 

proved unsatisfactory due to the increase to 100% over just 15 minutes. The 

separation could be improved by utilizing a longer period of time over which to 

increase to 100%. 

In a subsequent attempt, a method was used that began at 60% 

MeCN/H2O then increased to 80% over 10 minutes. The gradient was increased 



 

20 
 

to 95% from 10 – 30 minutes and increased again to 100% from 30 – 50 minutes. 

From 50 – 60 minutes, the gradient was decreased to 60%. While this method 

gave the best separation amongst all the trials, it could be simplified. 

Finally, the method that gave the best separation began at 60% 

MeCN/H2O, increased to 90% by 30 minutes, increased again to 100% at 40 

minutes and remained isocratic until 50 minutes. The gradient was decreased to 

60% from 50 – 60 minutes. Analysis of the chemotypes was carried out 

employing this method and a PFP column. 

However, despite improved separation, the chromatograms remained too 

similar to allow for identification of chemotype based on these results. The 

polarity of the mixtures was congruous, resulting in chromatograms much like 

one another with retention times analogous between the chemotypes.(Figures 11 

- 13). Therefore, another method was required. 
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Figure 11: Eunicellin HPLC Chromatogram 

 

 

Figure 12: Briareolate Ester HPLC Chromatogram 
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Figure 13: Briarane HPLC Chromatogram 

 

2.4 Differentiation of B. asbestinum Chemotypes using NMR spectroscopy 

 The soft coral B. asbestinum has been found to contain four chemotypes.  

The presence of these compounds appears to vary significantly depending on 

the geographic location of the collected organism.  It is not known whether these 

variations are natural, as a result of environmental or genetic differences, or 

attributable to extraction, handing or preservation techniques. To establish some 

ecological relationships for this biochemical phenomenon, a sensitive, 

reproducible, and qualitative assay for the different chemotypes is needed.  The 

presence of a number of 1H NMR signals in each compound that would not 

overlap in a 1H NMR spectrum obtained on a mixture of all of the compounds 

indicated that it would be possible to use 1H NMR for the analysis. The main 
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advantage of quantification by NMR spectroscopy is that one does not 

necessarily need a pure, accurately weighted sample of the compound to be 

identified.   

 

2.5 Analytical Method 

 To use 1H NMR for analysis, the sample has to soluble in the NMR 

solvent and the compounds for analysis must be at a concentration that can be 

detected.  The high concentrations and complex nature of the extracts of B. 

asbestinum indicated that a pre-concentration and purification method was 

required. The concentration and purification steps outlined in scheme 1, were 

developed from scaling down the large-scale purification scheme of the isolation 

scheme of the briareolate diterpenoids.  

Due to the variations in the mass of wet weight soft coral samples, to 

obtain an accurate mass of soft coral tissue for analysis, the specimens were 

lyophilized to dryness and ground to a homogenous powder.  It was determined 

that 0.5 g would yield sufficient amounts of the compounds for quantitative 

analysis by 1H and COSY NMR.  The powder is combined with 6.0 mL of MeOH 

and sonicated for ten minutes. The resulting methanolic extract is filtered and 

added to the polymeric resin HP20. This is concentrated to dryness and 

transferred to a 25 mL syringe-barrel solid phase extraction column. After 

washing with water, the column is eluted drop wise with 15 mL aliquots of 1) 40% 

acetone/water 2) 75% acetone/water, and 3) 100% acetone. After drying in a 

vacuum centrifuge, the 75% fraction is transferred into an NMR tube using 
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CD3OD for NMR analysis. The use of 1H and COSY NMR was performed to 

distinguish the different chemotypes (Scheme 1). Using this methodology, 

efficient enrichment and purification of the analytes was achieved at sufficient 

concentration to allow qualitative differentiation of the different chemotypes by 1H 

and 1H-1H COSY NMR from a sample of soft coral. Due to the similarity of the 1H 

NMR’s of the asbestinin and briarellin chemotypes these were combined into a 

eunicellin chemotype.   

 

 

  

 

                                                        MeOH (6mL), sonication (10 mins) 

        EXTRACTION 

                  ____________________________________________ 

        LOADING 

                 _____________________________________________ 

        FRACTIONATION                                             acetone/water (15 mL) 

 

 

 

  

Scheme 1: Concentration and purification steps for the diterpenoids from B. 

asbestinum 

Solids Extracts 

3.0 g HP20, 

concentrate 

40% 75% 100% 

1H, COSY NMR 

Briareum asbestinum (0.5 g dry wt.) 
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2.6 Analysis of the Briareolate Ester Containing Chemotype 

 To validate the analytical method and establish reproducibility, a sample of 

B. asbestinum found to contain the briareolate ester chemotype was lyophilized 

and ground to a homogenous powder.  Samples of approximately 0.5 g were 

analyzed using the analytical protocol.  The 1H NMR spectrum of the 75% 

acetone/water fraction of the briareolate ester containing B. asbestinum 

chemotype is shown in Figure 14.  The presence of the briareolate esters were 

indicated primarily by the presence of the double bond resonances at H 7.68, 

6.62, 6.21, 6.07 that do not overlap with signals of other proton resonances in the 

other chemotypes.  These proton signals are found in briareolate ester G (31) 

and L (32) and correspond to H-6 and H-7 (Figures 15 and 16).  The difference in 

the chemical shift of H-6 and H-7 in these compounds is due to a change in the 

geometry of the double bonds.   

 

 

             31 briareolate ester G                              32 briareolate ester L 
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Figure 14: Typical 1H NMR spectrum of the 75% acetone/water fraction of the 

briareolate ester containing B. asbestinum chemotype (400 MHz, CD3OD) 
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Figure 15: 1H NMR spectrum of briareolate ester G (31) (400 MHz, CD3OD) 
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Figure 16: 1H NMR spectrum of briareolate ester L (32) (400 MHz, CD3OD) 

 

Comparison of the spectra for briareolate esters G and L with the mixture 

confirms the presence of these protons in the 75% acetone/water fraction (Figure 

17). 
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Figure 17: 1H NMR Spectrum Overlay, Briareolate Esters (400 MHz, 

CD3OD) 

   

In addition to the use of 1H NMR to identify the briareolate ester 

chemotype the use of 1H-1H COSY can be used.  In particular the 1H-1H COSY 

correlation observed between the H-6 and H-7 in both briareolate esters together 

G
 

L
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with the long range correlations observed from both H-6 and H-7 to the olefinic 

methyl signal H3-16 at δH 1.73 in briareolate ester L. 

 

 

Figure 18: Typical 1H-1H COSY NMR spectrum of the 75% acetone/water fraction 

of the briareolate ester containing B. asbestinum chemotype indicating cross 

peaks characteristic for the briareolate ester chemotype (400 MHz, CD3OD)  
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2.7 Analysis of the Briarane/Eunicellin Containing Chemotype 

 Diterpenoids belonging to the briarane chemotype give complex 1H 

NMR spectra due to the tendency to be highly oxygenated.  The 1H NMR 

spectrum of the 75% acetone/water fraction of the briarane and eunicellin 

containing B. asbestinum chemotype is shown in Figure 19.  This suggested that 

the use of 1H-1H COSY would be better at distinguishing this chemotype.  The 

briarane diterpenoid briarein G (33) and the eunicellin 11-acetoxy-4-

deoxyasbestinin B (34) are examples of the compounds isolated from this 

chemotype.  In order to identify diagnostic signals or correlations for these types 

of compounds, the 1H and 1H-1H COSY of briarein G (33) and 11-acetoxy-4-

deoxyasbestinin B (34) were performed for comparison.   

 

 

 

The 1H NMR (Figure 21) of briarein G (33) contains a significant number of 

deshielded protons signal between 5.0 and 6.0 ppm, which a majority were either 

correlated between each other or to the aliphatic region of the spectrum in the 

1H-1H COSY spectrum (Figure 22). The proton signals are from the large number 

33 briarein G 34 11-acetoxy-4-deoxyasbestinin B 
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of acetylated oxygenated methines or olefinic bonds commonly found in briarane 

diterpenoids. Of particular diagnostic importance is the signal resulting from H-7, 

a static feature of the briarane skeleton. C-6 is either bonded to a heteroatom or 

doubly bonded to C-5, resulting in a methine proton, H-6. H-7 resonates at δH 

5.00 and occurs as a doublet, being split by one proton at position 6.  

An overlay of the 1H-1H COSY spectrum of the 75% acetone/water fraction 

of the briarane and eunicellin containing B. asbestinum chemotype and briarein 

G (33) allowed key correlations diagnostic for the briarane carbon skeleton to be 

identified (Figure 23). One key feature in this spectrum is the number of 

correlations found between 4.5 and 6.0 ppm, which is not seen with other 

chemotypes. A significant correlation appears in both spectra at δH 5.30 and 3.75 

and is attributed to a coupling between H-2 and H-3. Also of diagnostic 

importance are the many correlations between the aliphatic region and the 

acetylated or olefinic region. 
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Figure 19: Typical 1H NMR spectrum of the 75% acetone/water fraction of the 

briarane and asbestinin containing B. asbestinum chemotype (400 MHz, CD3OD) 
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Figure 20: Typical 1H-1H COSY NMR spectrum of the 75% acetone/water 

fraction of the briarane and eunicellin containing B. asbestinum chemotype (400 

MHz, CD3OD)  
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Figure 21: 1H NMR spectrum of briarein G (33) (400 MHz, CDCl3) 
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Figure 22: 1H- 1H COSY NMR spectrum of briarein G (33) (400 MHz, CD3OD) 
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Figure 23: Overlay of the 1H-1H COSY NMR spectra of the 75% acetone/water 

fraction of the briarane and eunicellin containing B. asbestinum chemotype 

(black) and briarein G (red) indicating key regions diagnostic for the briarane 

carbon skeleton (400 MHz, CD3OD) 
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 The 1H NMR (Figure 24) of the asbestinin compound 11-acetoxy-4-

deoxyasbestinin B (34) contains fewer deshielded protons as the eunicellins are 

not as highly oxygenated or olefinic in nature. Several signals between 3.5 and 

4.0 ppm are attributable to the presence of two ether functionalities. Specifically, 

the methine hydrogens H-2 and H-9 and the methylene protons H-16α and H-16β 

give rise to these signals.  

An overlay of the 1H-1H COSY spectrum of the 75% acetone/water fraction 

of the eunicellin and briarane containing B. asbestinum chemotype and 11-

acetoxy-4-deoxyasbestinin B (34) permitted key correlations diagnostic for the 

eunicellin carbon skeleton to be identified (Figure 26). One indicative correlation 

is found at δH 2.25 and 5.25 between H-6 and H-7. Additionally, a correlation 

between H-16α and H-16β is seen at δH 3.60 and 4.25. A pattern of correlations 

in the oxymethine region is indicative of this chemotype.  
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Figure 24: 1H NMR spectrum of 11-acetoxy-4-deoxyasbestinin B (34) (400 MHz, 
CDCl3) 
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Figure 25: 1H- 1H COSY NMR spectrum of 11-acetoxy-4-deoxyasbestinin B (34) 

(400 MHz, CD3OD)  
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Figure 26: Overlay of the 1H-1H COSY NMR spectra of the 75% acetone/water 

fraction of the briarane and eunicellin containing B. asbestinum chemotype 

(black) and 11-acetoxy-4-deoxyasbestinin B (red) indicating key regions 

diagnostic for the eunicellin carbon skeleton (400 MHz, CD3OD)  
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2.8 Analysis of the Briarane-rich Chemotype 

 The final chemotype isolated fom B. asbestinum contains the briarane 

skeleton exclusively. The 1H NMR spectrum of the 75% acetone/water fraction of 

this chemotype is shown in Figure 27. Again, this spectrum is complex with many 

downfield signals from oxygenated and double bonds.  

 

11-hydroxybrianthein U (35) 

Another example of a briarane is 11-hydroxybrianthein U (35) and the 1H 

(Figure 29) and 1H-1H COSY (Figure 30) NMR spectra were used for comparison 

with the 75% acetone/water fraction of the briarane-rich chemotype. As with 

briarein G (33), this molecule has many olefinic and acetylated bonds appearing 

in the downfield region of the 1H NMR spectrum and as a multitude of 

correlations between 5.50 and 6.50 ppm in the 1H-1H COSY. As previously 

described, H-7 resonates at approximately δH 5.00 as a doublet, shown in Figure 

29. 

An overlay of the 1H-1H COSY spectrum of the 75% acetone/water fraction 

of the briarane-rich B. asbestinum chemotype and 11-hydroxybrianthein U (35) 

allowed key correlations diagnostic for the briarane carbon skeleton to be 

identified (Figure 31).  As with the previous briarane, there are many correlations 
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diagnostic of this chemotype in the downfield region. Also, couplings appear 

between the aliphaitic region and the downfield region as demonstrated by the 

correlation between δH 2.75 and δH 5.80 (H-10 and H-9, respectively).  A 

coupling between δH 3.60 and δH 4.60, H-13 and H-12, also is indicative of the 

chemotype. 

In conclusion, the briareolate ester chemotype is easily identified using 1H 

NMR via four specific resonances, all arising from the conjugated diene with 

either the (E,Z) or (Z,Z) configuration.  Further confirming the presence of a 

briareolate ester are the correlations between these same protons and to the 

methyl substituent at C-16. 

The briarane/eunicellin chemotype produces complex 1H NMR spectra. As 

such, the 1H-1H COSY NMR spectrum is used to analyze this chemotype. The 

briarane has many correlations amongst the acetoxy or olefinic protons as well 

as correlations from this region to the aliphatic region. The eunicellin chemotype 

is indicated by correlations amongst oxymethine protons as well as correlations 

from this region to the aliphatic region.  
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Figure 27: Typical 1H NMR spectrum of the 75% acetone/water fraction of the 

briarane-rich B. asbestinum chemotype (400 MHz, CD3OD) 
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Figure 28: Typical 1H-1H COSY NMR spectrum of the 75% acetone/water 

fraction of the briarane-rich B. asbestinum chemotype (400 MHz, CD3OD)  
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Figure 29: 1H NMR spectrum of 11-hydroxybrianthein U (35) (400 MHz, CDCl3) 
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Figure 30: 1H-1H COSY NMR spectrum of 11-hydroxybrianthein U (35) (400 

MHz, CD3OD) 
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Figure 31: Overlay of the1H-1H COSY NMR spectra of the 75% acetone/water 

fraction of the briarane-rich B. asbestinum chemotype (black) and 11-

hydroxybrianthein U (red) indicating key regions diagnostic for the briarane 

carbon skeleton (400 MHz, CD3OD) 
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2.9 Application to Location 

 Briareolate esters have unusual chemistry and interesting biological 

activity, but are few in number. Only fourteen of these molecules have been 

reported. The majority have been isolated from collections of B. asbestinum from 

Tobago. Recently, our lab isolated briareolate esters from collections off the 

southeast coast of Florida and the Florida Keys, which has not been reported. In 

order to assess whether location has an impact on the chemistry of B. 

asbestinum and if the rare briareolate ester has been isolated, it was necessary 

to apply the analytical method to several collections from this area. 

 After the analysis of fourteen samples from five collection sites (Key West, 

Big Pine Key, Lighthouse Point, Hillsboro Ledge (Deerfield Beach), and Boca 

Raton) off the coast of southeast Florida and the Florida Keys, it was determined 

that location does in fact affect the chemistry of this soft coral. It was noted that 

eunicellins and briaranes were isolated from a collection off Key West, the 

southernmost collection point. North of Key West, only briarane/eunicellins and 

briareolate esters were found. These two chemotypes were both found off Big 

Pine Key and off Hillsboro Ledge (Coconut Creek.) Only briarane/eunicellins 

were isolated off the coast of Boca Raton. This indicates a trend of increasing 

eunicellins in the north. (Figure 32.)  
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Figure 32: Location and Chemotype 

 

Of the fourteen samples collected, four were of the briareolate ester 

category, a deviation from the usual rarity of such compounds. The 

briarane/eunicellin skeleton was the most widespread, with seven of the fourteen 

collections belonging to this chemotype. While briaranes are the most widely 

briarane/eunicellin 
briarane 
 

briareolate ester 

briarane/eunicellin 

briareolate ester 

briareolate ester 
briarane/eunicellin 

briarane/eunicellin 
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reported class of secondary metabolites of B. asbestinum globally, in southeast 

Florida the lesser found eunicellin and the rare briareloate ester are abundant 

(Table 1.)  

 

Location Chemotype 

Key West briarane/eunicellin 

Key West briarane/eunicellin 

Key West briarane 

Big Pine Key briareolate ester 

Big Pine Key briarane/eunicellin 

Lighthouse Point briareolate ester 

Lighthouse Point briareolate ester 

Hillsboro Ledge (Deerfield Beach) briareolate ester 

Hillsboro Ledge (Deerfield Beach) briarane/eunicellin 

Hillsboro Ledge (Deerfield Beach) briarane/eunicellin 

Boca Raton briarane/eunicellin 

Boca Raton briarane/eunicellin 

Boca Raton briarane/eunicellin 

Boca Raton briarane/eunicellin 

 

Table 1: Location and Chemotype 
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STRUCTURAL ELUCIDATION OF (7E-11E)-3,4-EPOXY-7,11,15-

CEMBRATRIENE 

During the course of developing the analytical method, the presence of an 

unknown compound was identified in the non-polar 100% acetone fraction of B. 

asbestinum. After elucidating the structure via NMR data, this unknown 

compound was found to have been isolated previously from an unidentified soft 

coral collected at Canton Island in the South Pacific and was named (7E-11E)-

3,4-epoxy-7,11,15-cembratriene (36).22 

 

36 (7E-11E)-3,4-epoxy-7,11,15-cembratriene 

 

The methanolic extract of B. asbestinum was subjected to solid phase 

extraction on HP20 resin followed by column chromatography on HP20ss resin 

yielding 88 fractions. The fractions were pooled based on their similarities as 

shown by TLC. 
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(7E-11E)-3,4-epoxy-7,11,15-cembratriene was obtained as a white 

powder and had a molecular formula of C20H32O as determined by HRESIMS of 

the [M + Na]+ ion at m/z 311.2, indicating five degrees of unsaturation. Analysis 

of the 13C NMR data revealed three C-C double bonds accounting for three of the 

five degrees of unsaturation. The other two double bond equivalents could be 

attributed to the presence of two rings. A trisubstiuted epoxide containing a 

methyl substituent was elucidated from the signals of an oxymethine, a 

quaternary oxygen-bearing carbon, and a methyl singlet. The presence of 20 

carbons suggests a diterpene, a common skeleton produced by B. asbestinum. 

Therefore, it was deduced the molecule was a cyclic diterpene containing three 

double bonds and an epoxide.   
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Table 2: 1H and 13C NMR Data for 36 

  

 Position   1H    13C 

 1    2.07 m   48.12 (s) 
 2    1.95 dd   39.84 (s) 
     1.30 m 
 3    2.84 t    64.38 (s) 
 4         62.76 (s) 
 5    1.72 t (2H)   28.27 (s) 
 6    2.18 t    37.63 (s) 
     2.26 m  
 7    5.26 t            136.58 (s) 
 8                126.33 (s) 
 9    2.00 t    34.01 (s) 
     2.03 m     
 10    1.89 dt   24.16 (s) 
     1.48 m     
 11    5.16 t            124.21 (s) 
 12                136.92 (s) 
 13    2.02 t    36.73 (s) 
     1.74 t 
 14    1.52 m (2H)   30.28 (s) 
 15                150.81 (s) 
 16    4.67 d            111.31 (s) 
     5.14 d 
 17    1.77 s (3H)   20.19 (s) 
 18    1.33 s (3H)   18.19 (s) 
 19    1.69 s (3H)   17.15 (s) 
 20    1.57 s (3H)   17.88 (s) 
 

 

 

The structure of 36 was determined by a detailed analysis of the NMR 

data. The HSQC experiment showed a correlation from each proton to its 

respective carbon atom. From the 1H-1H COSY experiment (Table 2), 

correlations were found between H-1 and H-2, H-1 and H-14. Additional 

correlations aided in the establishment of a molecular framework; H-5 to H-4 and 
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H-6, H-8 to H-9, H-9 to H-10, H-10 to H-11, and H-13 to H-14. Furthermore, 

HMBC correlations between H-4 and C-3, H-9 to C-7 and C-8, and H-13 to C-14 

established the connectivity of the 14-member ring. The position of the methyl 

group at position 20 was verified by HMBC correlations from H-20 to C-13 and C-

11 and a COSY correlation from H-20 to H-11. The methyl substituent at position 

8 was demonstrated by correlations in both the COSY and HMBC experiments; 

H-19 to C-6, C-7, C-8, and C-9 and H-7 to H-19. The final methyl group was 

placed at C-12 and was verified by correlations between H-20 and H-11 as well 

as H-20 to C-11 and C-13. The isopropene substituent was placed at C-1 due to 

COSY correlations from H-14 and H-16 to H-17. HMBC correlations between H-

14 and C-15, H-16 to C-15 and C-17, and H-17 to C-15 and C-16 also verified 

the connectivity. The epoxide was found to be at C-3 and C-4 due to a COSY 

correlation from H-4 to C-3 and HMBC correlations from H-18 to C-3 and C-4. 

Overall, various NMR experiments allowed the structure of 36 to be elucidated 

unambiguously. 
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Table 3: Selected 1H-1H COSY and 1H-13C HMBC Correlations for 36 

 

 Position    COSY    HMBC 

 H-2    H-1    C-18 
 H-4        C-3 
 H-5    H-4, H-6 
 H-6    H5  
 H-7    H-9, H-19   C-6, C-19 
 H-9    H-10    C-7, C-8, C-11 
 H-10    H-11    C-11 
 H-13    H-14              C-1, C-12,C-14,  
         C-20                                      
 H-14    H-1, H-17   C-1, C-15 
 H-16    H-17    C-1, C-15, C-17 
 H-17        C-1, C-15, C-16 
 H-18    H-2    C-2, C-3, C-4 
 H-19        C-6, C-7, C-8, C-9 
 H-20    H-11    C-11, C-13  
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Figure 33: 13C NMR Spectrum of 36 (400 MHz, CD3OD) 
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Figure 34: 1H-1H COSY NMR Spectrum of 36 (400 MHz, CD3OD) 
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Figure 35: HSQC NMR Spectrum of 36 (400 MHz, CD3OD) 
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Figure 36: HMBC NMR Spectrum of 36 (400 MHz, CD3OD) 
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GENERAL EXPERIMENTAL PROCEDURES 

4.1 General Experimental Procedures 

 All 1D and 2D NMR spectra were obtained on a Varian MercuryPlus 400 

MHz NMR spectrometer, and all chemical shifts are expressed in parts per 

million (δ) relative to tetramethylsilane. 

 Solid phase extraction (SPE) was performed using HP20 resin (3.0 g) in a 

25 mL syringe-barrel column using an 10 port manifold . Semi-preparative HPLC 

separations were carried out on a Shimadzu HPLC system comprised of a 

Shimadzu D6U-20AF online degasser, Shimdazu LC-20AT quaternary solvent 

delivery system, Shimadzu ELSD- LTII detector, Shimadzu SPDA-M20A photo 

diode array detector, and a Shimadzu FRC-10A fraction collector. The flow was 

split 1:20 to the ELSD and fraction collector. The system was controlled using 

EZStart chromatography software. 

  

4.2 Collection of Animal Material 

Samples of Briareum asbestinum were collected off the coast of southeast 

Florida and the Florida Keys at depths ranging from 45 to 75 ft. approximately 1 

mile from the coast between August 2009 and June 2011. Immediately following 

collection, the samples were frozen. 
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4.3 Sclerite Analysis 

Sclerite analysis began with 0.5 g (dry weight) of animal material. This 

material was placed in a test tube with 20.0 mL 0.1M nitric acid. This mixture was 

gently heated in a warm water bath until all solid material had dissolved, resulting 

in a yellow solution. This was allowed to settle and the bottom layer was removed 

for microscopic analysis.  

 

4.4 Solid Phase Extraction 

 The organic extracts were fractionated using a solid phase extraction 10- 

port vacuum manifold. This extract was concentrated onto polymeric HP20 using 

a savant vacuum centrifuge system. The HP20 was transferred to a 25 mL 

syringe-barrel SPE column, and, after washing the column with water (20 mL), 

the column was eluted drop-wise with 15 mL fractions of: 1) 40% acetone/water 

2) 75% acetone/water, and 3) 100% acetone. The eluent was collected in 20 mL 

scintillation vials and dried in a vacuum centrifuge. 

  

4.5 Thin Layer Chromatography 

 Thin layer chromatography began with extracts of the raw animal material 

from four different specimens of Briareum asbestinum with known chemotype. 

The 75% and 100% fractions were dissolved in MeOH to a concentration of 20 

mg/mL.  

The solution was then spotted onto alumina backed silica gel plates and 

allowed to dry. The first system used for separation was 20% EtOAc/hexane. The  
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next system employed was 5% MeOH/CH2Cl2. Finally, a 10% MeOH/CH2Cl2 

system gave satisfactory separation. Each time, the TLC was recovered using a 

10% H2SO4 spray with applied heat. 

4.6 Development of High Performance Liquid Chromatography Method 

Semi-preparative HPLC separations were performed on a Shimadzu 

HPLC system comprised of a Shimadzu LC-20AT quaternary solvent delivery 

system, evaporative light scattering detector, and photodiode array detector. A 

sample of the 75% acetone/water fraction (5 mg) was subjected to semi-

preparative HPLC separation on reversed phase columns. Initially, a Hamilton 

PRP reverse phase semi-preparative column, 10 x 250 mm (part number 79496) 

was used. This was followed by a Phenomenex  C18, 10 x 250 mm (part number 

00G-4041-N0). Finally, the column selected was a Phenomenex Curo-Sil-PFP, 

10 x 250 mm (part number 00G-4012-N0). A post column fixed flow splitter was 

used to split the flow in a ratio of 1:20 to the ELSD and fraction collector, 

respectively.  

 

4.7 Protocol for NMR Analysis 

 NMR spectra were obtained on a Varian Inova 400 NMR spectrometer at 

400 MHz in CD3OD. Proton chemical shifts were referenced to the residual 

CD3OD signals ( δH 4.98 and 3.31) and carbon chemical shifts were referenced 

to the center peak of CD3OD at δC 49.15.  
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 After extraction and fractionation as described previously, the resulting 

fractions were diluted in 600 µL CD3OD and placed in a 5 mm NMR tube for 

analysis. 

 

4.8 Isolation of 3,4-epoxy-7,11,15-cembratriene 

 Using the previously described extraction technique, 0.5657 g crude 

extract was obtained. A #11 MPLC column was packed with HP20 and washed 

with acetone. The crude extract was dissolved in MeOH and loaded onto the 

column. At a flow rate of 8.0 mL/min, the following MeCN/H2O gradient was 

employed; from 0 – 10 mins 60%, increasing to 100% from 10 – 70 mins, and 

isocratic for an additional 10 mins. 88 tubes were obtained and TLC was carried 

out on each tube. These tubes were pooled in the following manner giving rise to 

fractions A – S; A: 12 – 13, B: 14 – 16, C: 17, D: 18 – 19, E: 20 – 22, F: 23 – 31, 

G: 32 – 35, H: 36 – 37, I: 38 – 41, J: 42 – 46, K: 47 – 48, L: 49 – 52, M: 53 – 56, 

N: 57 – 61, O: 62 – 66, P: 67 – 76, Q: 77 – 83, R: 84 – 85, S: 86 – 88. Each 

fraction was dissolved in 600 µL CD3OD and 1H NMR was performed. Fraction R 

contained 3,4-epoxy-7,11,15-cembratriene.  

 

4.9 Protocol for Chemotypic Analysis of B. asbestinum by 1H and COSY NMR 

(1) Approximately 1 g of the frozen B. asbestinum specimen was lyophilized (24 

h) to dryness. 

(2) The dry coral tissue was ground to a homogenous powder with a mortar and 

pestle. 
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(3) Approximately .5 g of the powdered coral material was accurately weighed 

and extracted with MeOH (2 mL, 10 mins) with sonication, filtered into a 20 mL 

scintillation vial containing 3 g HP20, and concentrated to dryness. 

(4) The HP20 was transferred to a 25 mL syringe-barrel SPE column, and, after 

washing the column with water (20 mL), the column was eluted drop-wise with 15 

mL fractions of: 1) 40% acetone/water 2) 75% acetone/water, and 3) 100% 

acetone. The eluent was collected in 20 mL scintillation vials and dried in a 

vacuum centrifuge. 

(5) The 75% fraction was dissolved in 600 µL CD3OD and transferred to a 5 mm 

NMR tube. 

(6) The NMR is performed using the acquisition and processing parameters:  

Temperature: 25˚C/298.1 K 

Relax. Delay 1.0 sec 

Pulse 45.0 degrees 

Acquisition time: 1H: 2 sec, COSY: 0.213 sec 

Repetitions: 1H: 32, COSY: 8 

Line broadening: 1.5 Hz 

Total time: 1H: 1 min, 48 sec, COSY: 54 min, 6 sec 
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