
 

 

An Extraction Optimization and Determination of the Absolute Configuration of Clathric 

Acid 

by 

Rolando Rueda de León 

 

 

A Thesis Submitted to the Faculty of  

 

The Charles E. Schmidt College of Science  

in Partial Fulfillment of the Requirements for the Degree of  

Master of Science 

 

 

 

 

 

 

Florida Atlantic University 

Boca Raton, Florida 

August 2012 



ii 

 

 

 

 

 

 

 

 

Copyright by Rolando Rueda de León 2012





iv 

 

Acknowledgements 

 I would like to thank my advisor, Dr. Lyndon M. West for his guidance, patience, 

and perseverance these past couple of years. Without your expertise and support, none of 

this would be possible. I would also like to thank my committee members, Dr. William J. 

Louda and Dr. Cyril Párkányi, for their helpful suggestions and being flexible with time 

deadlines. To the faculty and staff in the Chemistry department, for who all have made an 

impact in my graduate career and provided continual support.  

 I’d like to also acknowledge and thank my family. My father, Rolando, who 

believed in me and pushed me to my limits and gave me the courage to overcome any 

challenge that was met. If not for him, I would not be where I am today. To my mother, 

Irma, who would continually support me and taught me the lesson of determination is the 

key for success. To my sister, Elena, whose love and support helped me in so many ways. 

To my aunt, Elva, whose kindness and support has always brought a smile to my face. To 

my cousin, Norman, for his realistic attitude and sense of humor, if not for him I 

wouldn’t be me. They have stood by me in the best and worst of times and for that, I am 

always grateful. You guys mean the world to me. 

 A special thanks to the few good friends I’ve made over these past years, their 

advice and teachings will forever stay with me. I thank Andrew Hall, who from the 

beginning cracked the door wide open and brought new insight to my life and for 

believing in who I am. I thank Tifanie Vansach whose taught me instrumentation, 



v 

 

provided helpful suggestions, and kept me on my toes all throughout. You both are the 

best lab mates and friends I could ever ask for. I thank Dr. Prasoon Gupta for his constant 

support, advice, and guidance. Without him, none of this could be possible. His wife, Dr. 

Upasana Sharma, who taught me that there are no limits to what I can achieve. I would 

also like to thank Natalie Greig, whose kindness knows no bounds and helping me stay 

connected with the world, you’re a good person and a dear friend.  To the friends that 

have been with me since high school, Greg, Justin, and Rishad, your support throughout 

both my undergraduate and graduate years has been most appreciated. 

 My deepest appreciation goes to my girlfriend, Megan. You came into my life and 

have forever changed it. Through the ups and downs, your constant affection, support, 

and encouragement got me here. 



vi 

 

Abstract 

Author:  Rolando Rueda de León 

Title:    An Extraction Optimization and Determination of the Absolute  

   Configuration of Clathric Acid 

 

Institution:   Florida Atlantic University 

Thesis Advisor:  Dr. Lyndon M. West. 

Degree:   Master of Science 

Year:    2012 

Current research in natural products has heavily focused on the identification of 

potent biologically active compounds, specifically for drug development. The project 

detailed in this thesis focuses on the extraction of compounds from marine invertebrates 

as well as defining the absolute configuration for a compound.  

Utilizing marine invertebrates, the sonications method developed in this thesis 

provides an alternative approach to rapidly extract compounds for primary screening. 

This method is viable compared to a traditional overnight extraction method, without 

suffering compound degradation. In practical application, this will now be used for future 

invertebrate collections to rapidly assess their biological activity.  

Previously, clathric acid was isolated from an unknown Clathria sp. This 

compound is a bicyclic C-21 terpenoid shown to have mild antimicrobial activity against 

gram positive bacteria. With only its relative configuration established, additional 
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amounts of clathric acid were required to define the overall absolute configuration. 

Identifying the Clathria sp. to be Clathria compressa, through spicule analysis, additional 

sponge tissues were then collected off the coast of Boca Raton, Florida to isolate 

additional quantities of clathric acid. The absolute configuration was determined through 

circular dichroism and the octant rule to establish a final configuration for clathric acid’s 

four carbon stereocenters to be: (3S, 7S, 8R, and 12S).  
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Chapter 1 

Introduction 

History of Natural Products 

For nearly half a century, nature has provided potent, biologically active 

compounds that have led to drug developments.
1,2

 Yet even before such drug 

development, ancient empires employed the use of herbal and natural sources as cures for 

miscellaneous ailments. With cures from natural sources, enriched with biochemicals, 

scientists have been swept with curiosity in search of determining the compounds 

responsible for these benefits. Over the progression of time, developments in chemistry 

and technology have allowed for the isolation and characterization of natural compounds.  

 In the nineteenth century, most natural products were isolated from terrestrial 

species. Morphine, as the earliest prime example, was isolated by Friedrich Sertürner, 

from Papaver somniferum, it’s medicinal role being a potent analgesic to numb pain in 

patients. Since its isolation, scientists have largely focused on searching for new 

therapeutic agents from natural sources. For instance penicillin, an antibiotic agent, was 

isolated from the Penicillium fungi by Alexander Flemming in 1928.
3
 Another example, 

Taxol
TM

 is an antimicrotubule agent for the treatment of breast, lung, and ovarian cancer 

(when combined with polyoxyethylated castor oil); this agent was isolated from the bark 

of the Pacific yew tree by Monroe E. Wall in 1967.
4
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Figure 1.1. Chemical representation of (1) Morphine (2) Penicillin (3) Taxol
TM

 

With diversity among natural sources, research groups have split into several 

disciplines of focus: terrestrial, marine, and microbial to name a few.
1
 One of the 

commonly investigated sources for potential candidates are terrestrial species, such as: 

floral, plants, and tree barks. However, with the rate at which diseases are evolving to 

combat these drugs; most of the terrestrial sources have been evaluated, analyzed, and are 

now considered to be losing their beneficial appeal.
5,12

 Recently, to account for this 

sudden decrease, scientists have turned their focus towards the ocean, for the chemically 

enriched and complex environment.
3
 With 70% of the Earth being encompassed by the 

ocean, probability hints that the potential of discovering novel compounds are high to 

overlook.
5,6
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Novel Therapeutic Agents  

 Microbes, diseases, viruses, and any ailments affecting society, are constantly 

evolving to resist the effects of drugs available on the current market. With this evolution, 

the necessity of new drug candidates are desired to counter this issue; hence the look 

towards natural products. In addition to providing potential drug candidates, natural 

product’s complex structures also provide potential leads. These potential leads provide a 

parent structure as a basis to derive drugs with alternate biological function. 

With this goal in mind, research groups have developed a general protocol with 

bioassays to evaluate the biological effects of new compounds. By testing these 

compounds against strains of various diseases, promising candidates are assessed through 

clinical trials. Compounds that pass the clinical trials are thereby manufactured as drugs 

for public use.
13

 Potential benefits from these drugs can provide alleviation in serious 

illnesses such as cancer, which is the second leading cause of death in the United States, 

and also include basic numbing agents to manage pain.
12,14

 These compounds are 

categorized according to their biological function, which includes: anticancer, 

antimicrobial, anti-inflammatory, antiviral, cytotoxic, and antioxidants.
6-7 

 

Earliest investigations were commonly carried out with terrestrial species, and 

have provided numerous drug candidates. However, since the expansion of this field; 

research groups have led investigations into other natural sources, specifically in the 

ocean. 
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Marine Natural Products 

Marine organisms’ secondary metabolites are considered to be the biologically 

active compounds in which natural product chemists look to uncover. The roles of these 

secondary metabolites, in marine organisms, are to provide support for survival, by either 

providing chemical communication or by providing a chemical defense to deter 

predators. This is most beneficial since the surrounding oceanic environment is 

continuously changing. With these changing conditions, some marine species have to 

adapt and modify their secondary metabolites for survival. As the metabolites change, so 

does their biological function, increasing the probability for potential drug leads. 

The field of marine natural products can be dated back to the early 1950’s. The 

first among many novel compounds to have been isolated were spongouridine (4) and 

spongothymidine (5)from the Caribbean sponge Cryptotheca crypta; each compound 

shows activity as an anticancer and antiviral agent, respectively. Both have made a huge 

impact in the clinical field, as they are the earliest of marine compounds to have become 

approved as clinical drugs; spongouridine as the anticancer drug (cytosine arabinoside, 

Ara-C) and spongothymidine as the antiviral drug (adenine arabinoside, Ara-A). In the 

past 30 years, extensive research has shown a remarkable increase in reports of small 

organic molecules exhibiting bioactivity; notably most of these small molecules are 

considered to be secondary metabolites. 
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Figure 1.2. Spongouridine and Spongothymidine 

Chemical Diversity 

Novel natural compounds are generally difficult to allocate in the ocean, due to 

the anonymity of what sponge will produce the same compound. Marine invertebrates 

can produce miniscule amounts of secondary metabolites and this may result in not 

having a suitable amount for drug development. As such, it is always beneficial to 

recollect and isolate more of the bioactive compound. The difficulty with this is the 

aforementioned change in the oceanic environment, enabling sponges to adapt to this 

environment by producing different compounds.  

There have been debates as to whether the invertebrates themselves are 

responsible for producing these secondary metabolites, or whether the microbes that live 

on these invertebrates produce them.
28

  

Phylum Porifera 

Sponges, in general, are regarded as one of richest sources of biologically active 

compounds.
1,6-8,11 

 They are a primitive species, whose structural composition is a 

collection of cells, and are regarded as selective filter feeders. Physiologically, they are 

comprised of a porous network of channels and open cavities through which nutrients 

carried among the ocean water, are filtered and absorbed into the sponge. In order to 
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retain nutrients, sponges require the use of flagellated cells (choanocytes) and 

phagocytotic cells (archaeocytes) that coat the walls of these porous cavities. Their 

structural framework is held together by what is referred to as a gelatinous matrix, called 

mesohyl.
36

 This mesohyl matrix is also highly porous with narrower channels, 

specifically for nutrients captured by chaonocytes and archaeocytes. 

 There are four classes in phylum Porifera: Calcarea, Hexactinellida, Porifera 

incertae sedis, and Demospongiae.
9-10

 Out of these classes, Demospongiae has the most 

biologically active compounds reported.
 1,6,7,8,11

  

West Marine Natural Products Group 

 In the West Marine Natural Product (WMNP) group, focus has been aimed 

towards isolation of bioactive compounds exhibiting antimicrobial and cytotoxic activity 

from marine invertebrates. Target compounds with such activity generally tend to 

maintain unique complex structures, paving way for potential drug leads. Utilizing a 

process of robot assisted bioassay screening, high throughput screening (HTS), fractions 

generated are stored in a database and further analyzed for active compounds. With use 

of HTS, the time of identifying bioactive compounds has diminished between collections 

to isolation. 

 The protocol used to generate these fractions is considered to be time dependent. 

New sponge samples collected are uprooted with their surrounding water and subjected to 

freezing temperatures for preservation. A rough amount of this sample (water included), 

is left in the solvent for a day until a small amount of saturated solvent is ready for 
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fractionation. Concerns loom around whether the small representative sample is accurate 

and represents the entire sponge sample (a non-standardized approach).
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Chapter 2 

Natural Product Extraction and Optimization 

Isolation of a single natural product can be considered a difficult process to perfect. 

To isolate natural products, one specific scheme cannot be followed; rather, the general 

scheme (Figure 2.1) below is used as a guide for isolations. 

 

    Figure 2.1. General Scheme of Isolation 

 

Collection 

 

Extraction 

 

Data Collection 

(NMR, UV, 
MS, 

Taxonomy) 

 

Fractionation 

High Resolution 

Isolation (HPLC) 
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 Collection of specimen samples has always been the starting foundation for 

isolation. The description of the location and surrounding environment of the specimen 

are important for profiling purposes. The subsequent step is the full extraction of all 

biological compounds from the specimen. As a rule, it is appropriate to profile both the 

extract and specimen together. Profiling these crude extracts would allow selective 

elimination of specimens with previously reported compounds. If new compounds are 

readily observed for isolation, fractionation of this crude extract would eliminate most 

unwanted material from the target compound. As the compound is further purified by 

separation; the compound’s sensitivity to degradation increases. With these proficient 

steps, research groups have been able to produce approximately 5000 compounds within 

the past decade.
29

  

Natural Product Library Screening 

 An indication of biological activity can be determined by submitting samples of 

extract for bioassay screening. This screening is to report what compounds are exhibiting 

biological activity, in respect to the bioassay. The current protocol for biological 

screening is represented in Figure 2.2, comprised of four phase: Extraction, 

Fractionation, Screening, and Bulk Isolation. 
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 HPLC

 

100% Acetone

Non-polar

Marine Organism (12X)

Extract in MeOH

ELSD Peak Detection

 Speed-vac concentrated

 Standardization of Well concentration (2 mM)

Natural Product Peak Library

 Biological Screening

 Hit Identification

Scale-up Isolation

 Structural Elucidation

Lead Compound(s)

75% Acetone/Water40% Acetone/Water

PSDVB column (HP20)

Medium PolarPolar

96-Well Plate Collection

 Acetonitrile/water

 Gradient elution 20-90% (50 min)

 

Figure 2.2. Current protocol for generating a natural product library  

 This protocol is applied to sponge samples collected, to selectively identify which 

samples are exhibiting biological activity. It is also used to identify what sponges to focus 

on, in order determine the metabolite responsible for activity. Previously worked upon, 

only the fractionation and screening phases have been standardized; whereas the 

extraction phase has been overlooked. Thus, a standard protocol for extraction was 

desired for a more effective approach. 
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Project Goal 

The current lab protocol is considered a non-standardized approach, requiring the 

development of a more novel and timely approach for future investigations. A 

standardized approach is being developed and optimized to assist in generating larger 

library volumes, and likewise to provide a more rapid approach in extraction for future 

isolations.  

Extractions 

For the following separation techniques to be viable, the fundamental principle is 

based on the physicochemical properties associated with metabolites: solubility and 

polarity. Solubility is the metabolite’s ability to dissolve into solution; which is based on 

the polarity of compounds. Polarity is the property associated with the molecules overall 

electric charge distribution which is governed by two main factors: the asymmetry of the 

compound’s structure and the electronegativity contribution from functional groups.
24

  

Extraction is the technique which allows retrieval of compounds from 

biomaterial.
25

 There have been many advances in using a versatile approach to extract 

large quantities from bulk sources. Natural compounds maintain solubility closely 

associated to the polarity of the molecule. Thus, solvents of similar polarity index will 

allow the dissolution of metabolites from the biomaterial. There are two common 

practices of extraction: maceration and ultrasound- assisted extraction.
2
 

Extraction Method – Maceration 

The most commonly used extraction method involves maceration, or breaking the 

biomass apart, and suspending materials in solvents of choice.
23

 By leaving the biomass 
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in solvent, slow diffusion of metabolites can occur. This method extracts a moderate 

amount of metabolites and allows the specimen to be reused as many times as possible, 

until no metabolites are left for extraction. The general scheme occurs as follows: 

 

 

 

 

 

 

                                          

 

        Figure 2.3. Generic Extraction Scheme 

During each of these cycles, the saturated solvent system is continuously filtered through 

filter paper under a vacuum or gravity, followed by the solvent removing process, rotary 

evaporator (Rotovap). By use of Rotovap, the solvent is removed and metabolites are left 

as a dried crude extract.   

 This maceration process has been very simple and does not require the use of any 

sophisticated instrumentation. However, this process has been known to require large 

amounts of solvent and also requires a lengthy period of time for extraction.  

Ultrasound-Assisted Extractions – Sonication 

Very similar to the maceration extraction technique, the ultrasound assisted 

extraction (or sonication) also requires a breakup of the biomass and is to be suspended in 

Specimen doused in 

solvent of choice 

Specimen left in 

solvent for a length 

of time 

Remove and filter 

extract 
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solution. The main difference between both methods is that, instead of leaving the sample 

for extraction over a lengthy period of time, it is left in a sonication bath for mere 

minutes. By inducing mechanical stress onto the biomaterial, the ultrasonic waves cause a 

disruption in cells, allowing an easier diffusion of metabolites into the solvent.
25

 The 

process mimics the model indicated in Figure 2.3, with the exception of the second step. 

Instead of the extraction being carried out over a longer span of time, it occurs in a 

sonication bath over a shorter period of time. The benefit of utilizing this method is to 

reduce the length of time required for extraction, as well as providing a higher yield of 

extract. The drawback to utilizing this method is the possibility of having metabolites 

decompose under stress (i.e. temperature) over a lengthy period of time.  

Extraction Development and Optimization 

 Three different marine invertebrate samples were chosen for analysis of both 

extraction methods; each sample having different physical and chemical traits. Samples 

prepared were subjected to two different extraction protocols, in which their crude 

extracts were dried and weighed to compare the amount of metabolites retrieved from 

both methods. A set amount of each crude extract was then fractioned on a small scale 

HP20 column into three polarity based fractions. Each fraction was dried and weighed to 

evaluate any differences in the fractionated yields, between the two methods. 
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Results and Discussion 

 

Figure 2.4. Sponge FAU02-001 dried, crude extract weights 

 

Figure 2.5. Average of FAU02-001 fraction weights in mg 



 

15 

 

 

Figure 2.6. Sponge BAH01-065 dried, crude extract weights 

 

Figure 2.7. Average of BAH01-065 fraction weights in mg 
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Figure 2.8. Sponge BAH01-067 dried, crude extract weights 

 

Figure 2.9. Average of BAH01-067 fraction weights in mg 

 The result of this comparison of weights, has overall displayed the similarity 

between both protocols. In agreement with literature speculation, as the ultrasonic waves 

pass through the sample, diffusion of metabolites increases; justifying the observed 
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values.
23

 In each sponge sample taken, the crude extracts from both protocols are yielding 

comparable amounts of metabolites. However, since these extracts are crude; they still 

maintain an uncertain amount of salt content. Thus, looking at the 75% Me2O:H2O 

fraction we eliminate all salt content from the extract and are able to observe that the 

amount of metabolites yielded. In Figures 2.5, 2.7, and 2.9, the reported values are an 

average of each trial’s 75% fraction weight. From these graphs, it is reasonable to asses 

that sonication extraction provides a comparable, if not slightly higher, amount of 

metabolites. However, even though masses show comparable quantitative results from 

both protocols; the quality of the compound remains in question. Therefore, each 75% 

Me2O:H2O fraction was taken from each sample and ran through a standard HPLC 

protocol with a gradient method for chemical comparison.  
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Figure 2.10. Chromatogram for the 75% fraction from standard extraction of FAU02-001 
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Figure 2.11. Chromatogram for the 75% fraction from sonicated extraction of FAU02-001 
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Figure 2.12. Chromatogram for the 75% fraction from standard extraction of BAH01-065 
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Figure 2.13. Chromatogram for the 75% fraction from sonicated extraction of BAH01-065 
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Figure 2.14. Chromatogram for the 75% fraction from standard extraction of BAH01-067 
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Figure 2.15. Chromatogram for the 75% fraction from sonicated extraction of BAH01-067 
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Overall, the HPLC chromatograms line up with their counterpart method to match 

similar retention values for peaks observed. Between both methods, the similarity in 

chromatograms reflects the confirmation of metabolites retaining their structure’s stable 

form; even under the influence of external energy. As such, it is clear that use of 

sonications with marine invertebrates is justifiably a reasonable approach to substitute for 

the standard maceration method currently used. In addition to this, by reducing the time 

taken to fully extract metabolites, the generation of fractionated natural product libraries 

can be systematically assessed with haste and reliability for future collections. 

Experimental Procedure 

General Experimental Procedure 

Sonicated extractions were executed in a Branson 2510 Ultrasonic Cleaner water 

bath. Solid phase extractions (SPE) were performed using HP20 resin in a 25-mL syringe 

barrel column using a 12-port vacuum manifold. HPLC separations were performed using 

the PRP-1 semi-preparative column (10 x 250 mm, 10µm, Hamilton) and preparative 

column (21.2 x 250 mm, 7 µm, Hamilton) controlled by the Shimadzu HPLC system. 

The Shimadzu system is comprised of Shimadzu DGU-20A online degasser, Shimadzu 

LC-20AT quaternary solvent delivery system, SPD-M20A photodiode array detector, and 

a Shimadzu LTII evaporative light scattering detector (ELSD). During the fraction 

collection a flow splitter, QuickSplit
TM

, was used to split the flow from the column to 

ELSD and collector in a 1:20 ratio, respectively. The system was controlled using SCL-

10AVP EZStart chromatography software.  
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Extraction Protocols 

Sponge samples utilized came from a collection of previously investigated 

sponges. Removal of excess water was achieved by leaving the samples overnight in the 

VirTris bench top freeze dryer. When dry, the samples were transferred to a tared 

polymer voucher cup for sample weighing. For comparative purposes, two sets of 

voucher cups were labeled for each sponge sample weighed out to 2.750g dry weight.  

  Table 2.1 Weights of dry sponge sample 1  

FAU02-001 

  Voucher Tared Voucher – Sample Sponge Weight 

Standard 1 15.987 18.7378 2.7508 

Standard 2 16.2328 18.9824 2.7496 

Standard 3 16.3358 19.0856 2.7498 

Sonicated 1 16.4404 19.3149 2.8745 

Sonicated 2 15.955 18.5043 2.5493 

Sonicated 3 16.3683 19.1522 2.7839 

  Table 2.2 Weights of dry sponge sample 2 

BAH01-065 

  Voucher Tared Voucher - Sample Sponge Weight 

Standard 1 16.1579 18.9079 2.75 

Standard 2 16.0962 18.8475 2.7495 

Standard 3 15.9685 18.7191 2.7506 

Sonicated 1 15.9994 18.7495 2.75 

Sonicated 2 16.0853 18.8356 2.7503 

Sonicated 3 16.1578 18.9076 2.7498 

  Table 2.3 Weights of dry sponge sample 3 

BAH01-067 

  Voucher Tared Voucher – Sample Sponge Weight 

Standard 1 16.3582 19.1081 2.7499 

Standard 2 16.3691 19.1189 2.7498 

Standard 3 16.3258 19.0759 2.7501 

Sonicated 1 15.9008 18.6498 2.749 

Sonicated 2 16.3783 19.1288 2.7505 

Sonicated 3 16.2754 19.0251 2.7497 
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Each sponge sample was fragmented into smaller chunks, and was further crushed 

with a pestle - ensuring that all samples would be submerged in the subsequent solvent. 

15.0 mL of methanol (MeOH) was accurately measured using a graduated cylinder and 

transferred into each voucher cups. 

 The first set of voucher samples, labeled Standard 1-3, were subjected to the 

standing overnight extraction method, in a dark environment; extracted over a three day 

period with extraction collections in one-day intervals. After each day, the extraction 

solution was decanted and filtered off into a properly labeled-tared vial, and the voucher 

cup was refilled with the remaining sponge and 15.0 mL of MeOH again.  

After each filtration, the individual extract vials were dried in the SpeedVac 

during the subsequent extraction. After the three-day extraction period, the final set of 

extractions were dried, and the samples were weighed. 

 The second set of voucher cups, labeled Sonicated 1-3 previously prepared, were 

subjected to the sonication method. Each sample was extracted over 30 minutes with 

extraction collections in three, 10 minute intervals of sonication. Maintaining the same 

set of procedure as the overnight method, extractions performed were decanted, filtered, 

and then followed up with subjection to the SpeedVac until all extractions were dry for 

final weighing. This procedure, for both daily and sonicated extractions, were completed 

with three different sponge specimens and extracted three separate times (n=3) for 

qualitative purposes.  

 Each extract was fractionated on small scale with HP20. 3.000 + 0.150g of HP20 

and were weighed out for use on each extraction sample from both methods and 
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transferred to a new labeled vial for loading. A quantitative amount of 200 mg of crude 

fraction was the set standard to be loaded. To obtain a 200 mg amount, each of the 

combined extracts was dissolved in 10.0 mL of MeOH and serial diluted to a calculated 

concentration of 40 mg of extract per one mL of MeOH. 5.00 mL of the prepared 

concentration of extract were then pipetted into their respective vials containing the HP20 

weighed out. Each HP20-extract vials were placed in the SpeedVac for drying overnight 

– extracts would be loaded onto the HP20 when fully dried. The loaded HP20 was then 

transferred into their respective 25 mL reservoirs and connected to a Manifold tank for 

fractionation. 

 Each reservoir was subjected to 15.0 mL of the following solve solution of 

acetone:water (v/v) ratio: 1) 40:60 2) 75:25 3) 100:0, in their respective order. Each 

fraction was collected into a properly labeled-tared vial. These fractions were then dried 

in the SpeedVac and weighed out. 

     Table 2.4 Weights of extract vials for sponge sample 1 

FAU02-001 

 75% Vial Tared (g) 75% Vial – Extract (g) Extract Weight (mg) 

Standard 1 13.1999 13.234 34.1 

Standard 2 13.0627 13.0913 28.6 

Standard 3 13.2737 13.3146 40.9 

Sonicated 1 13.2243 13.2611 36.8 

Sonicated 2 13.1941 13.2207 26.6 

Sonicated 3 13.0253 13.0737 48.4 
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     Table 2.5 Weights of extract vials for sponge sample 2 

BAH01-065 

 75% Vial Tared (g) 75% Vial – Extract (g) Extract Weight (mg) 

Standard 1 13.182 13.2128 30.8 

Standard 2 13.1467 13.2058 59.1 

Standard 3 13.2203 13.2652 44.9 

Sonicated 1 13.1628 13.2014 38.6 

Sonicated 2 13.1024 13.1516 49.2 

Sonicated 3 13.1225 13.1659 43.4 

 

     Table 2.6 Weights of extract vials for sponge sample 3 

BAH01-067 

  75% Vial Tared (g) 75% Vial – Extract (g) Extract Weight (mg) 

Standard 1 13.2363 13.2472 10.9 

Standard 2 13.0670 13.0768 9.8 

Standard 3 12.9946 13.0050 10.4 

Sonicated 1 13.2084 13.2439 35.5 

Sonicated 2 12.9753 12.9927 17.4 

Sonicated 3 13.4035 13.4734 69.9 
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Chapter 3 

 

The identification of uknown Clathria sp. and Isolation of Clathric Acid 

 

Genus Clathria 

Commonly found in shallow waters, this overall genus covers a majority of the 

world. Physical features include a massive thin encrusting body with multiple extension 

forms: digitate (a branching finger-like form), lamellate (stack-like features), flabellate 

(fin shaped edges), or fistulose (hollow reed-like branches).  

 One specific genus that has shown potential is Clathria sp. Being so shallow and 

easily identifiable among the various sponges, Clathria sp. are widely considered as a 

novel source of secondary metabolites. Extracts of this genus, have displayed biological 

activity such as: antioxidant, antibacterial, anti-inflammatory, antimalarial, and 

cytotoxic.
22

 The different types of compounds isolated for these activities includes: 

alkaloids,
15

 carotenoids,
16

 lipids,
17

 peptides,
18

 sterols,
19

 sugars,
20

 and terpenoids.
21

 

Examples of these chemotypes are: mirabillin G and clathrymine as alkaloids, clathriol (1 

and B) as polyhydroxy sterols, and clathrines A-C as sesqueterpenes (Figure 3.1). One of 

the compounds which has been recently isolated and reported from this genus was 

clathric acid.
22
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Figure 3.1. Representative chemotypes of Clathria sp.  

Clathric Acid 

 Clathric acid is a bicyclic C-21 terpenoids with branching functional groups 

include a conjugated diene, carboxyl group, and an exocyclic olefin (Figure 3.2). 

Originally, clathric acid was isolated from an unknown Clathria sp. collected in the area 

of Panama City, Florida. This compound was screened against two different bioassays: 

human embryonic stem cells (HESC) and antimicrobial bioassays. However, this 

compound exhibited no cytotoxic effect against HESC, a mild antimicrobial activity 

against gram positive bacteria, and no effect on gram negative bacteria.
22

 The actual 
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chemical structure reported, a relative configuration from throughput data correlations 

formerly known as: nuclear overhauser effect spectroscopy (NOESY). However, because 

no further analysis was carried out; the absolute configuration was left open for 

interpretation.  

 

Figure 3.2 Clathric acid 

Project Goals 

 With the absolute configuration undetermined, the overall objective was to 

provide an interpretation of the absolute configuration. However, with very little sample 

to work with from the previous isolation; additional amounts of clathric acid were 

required to carry out experiments for the absolute configuration. With clathric acid 

isolated from an unknown Clathria sp. the first objective was to identify the sponge. 

Using this identification as a reference, additional collection of the Clathria sp. off the 

coast of Boca Raton, Florida will be analyzed. It was crucial to differentiate which of the 

samples collected contained clathric acid.  
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Methods for Identification 

Sponge taxonomy has a massive volume of individual species with similar 

morphological characteristics, which poses difficulty in terms of identification. Factors 

such as growth, form, and color are affected by the local environment involving light 

penetration and surrounding chemical complexity. Sponges exhibit similar physical 

features so close to one another that the actual identification of sponges is deduced by 

their skeletal composition, known as spicules. 

 Spicules are elemental components that provide, not only, skeletal framework for 

sponges, but serve as a defense mechanism to deter predators. There are three major 

elemental compositions of spicules: calcium carbonates, biogenic silica oxides known as 

siliceous, and collagen proteins known as spongin. Generally observed, sponges have 

extremely specific spicule shapes; allowing sponges to be organized into four classes in 

the phylum. 

Methods for Isolation - Chromatography 

Natural product extracts are highly complex with a variable amount of 

chemotypes. To isolate one compound from these mixtures require the use of 

chromatography. It is highly regarded as an adaptable technique that can be modified for 

any specific scenario in this case metabolite separation.
26

 In order to isolate metabolites, a 

combination of chromatography techniques are often used. Some examples of 

chromatography used are: normal phase column chromatography, reversed phase column 

chromatography, and solid phase extraction.  
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Partition Coefficient 

In application towards natural product isolation, these techniques rely on the 

polarity and solubility of a compound, in which these properties, combined, are referred 

to as the partition coefficient. In a two-solvent system, this coefficient is based on the 

equilibrium constant between two solvent phases. The concentration is recorded between 

two immiscible solvents; one hydrophilic, i.e. water, and one hydrophobic, i.e. octanol.
27

 

This can be calculated through the formula: 

P = [analyte]octanol / [analyte]water 

 

Figure 3.3. Immiscible Binary Mixture 

 Figure 3.3 is a generic model of a commonly observed system. Typically the 

solvents of choice are water and an immiscible non-polar solvent with a polarity index 

less than 6. Varying the choice of non-polar solvent with water can either allow removal 

of unwanted compounds from target materials, or conversely, separate the target 
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molecule from the unwanted bulk. For natural extracts, this model is used as a primary 

means to provide collective separation.  

Reversed Phase Chromatography 

In reverse phase chromatography, the stationary phase is of a non-polar nature, 

while the mobile phase is a polar solvent; opposite to normal phase, the retaining 

compounds maintain a non-polar nature. The mechanism of retention is based on the 

partition coefficient of analytes in conjunction with manipulation of the solvent’s 

strength; which is based on solvent mixture concentrations.   

Solid Phase Extraction (SPE) 

As a highly efficient approach, SPE has provided a reliably selective technique 

for sample separation and isolation. The underlying principals in SPE fractionation 

follows the same as liquid-liquid partitioning; the major difference being partitioning 

with a solid phase material. With the solid phase being a sorbent material (referred to as a 

stationary phase), the compounds will adhere to the walls of the sorbent and will remain 

closely attached until loosened by the solvent. Similar to liquid-liquid fractionation, the 

polarity of solvent allows removal of closely associated polar compounds from the 

stationary phase. This technique is flexible and can be tailored towards compounds of 

interest by modifying the stationary phase.  

Polymer-based media consist of polymeric chains such as styrene/divinylbenzene 

materials (Figure 3.4). These polymeric sorbents are useful in retaining hydrophobic 

compounds with some hydrophilic functionality. With a stable solid surface among 

variable extreme environments, elution of compounds can occur through a range of polar 
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to non-polar solvents. Comprised of a hydrophobic resin, analyte retention is efficient due 

to the active aromatic sites on the sorbent; these active sites allow pi-pi interactions with 

unsaturated analytes. Application of this efficient resin can range through various 

categories: natural products, pesticides, and various organic pollutants. 

 

Figure 3.4. Styrene and Divinylbenzene monomers 

 One advanced approach in using this resin is to, easily load compounds onto the 

resin for fractionation. Developed originally in the isolation of mycalamide A and 

pateamine, the polystyrene-divinylbenzene (HP20) resin was utilized to separate fractions 

of similar polarity efficiently in the now-known method: cyclic loading.
30,31

 The process 

of cyclic loading involves equilibration of the resin to the extraction solvent, and 

sequential dilution of the crude extract with water for loading of analytes onto the resin.
32

 

The increase in the polarity of the loading solvent would drive non-polar metabolites to 

adsorb onto the resin. With the addition of water to the loading solvent and elution 

through the same resin column, more compounds would be adsorbed, with previous 

loadings. This process is done over and over again until all compounds are on the 

column, figuratively represented in Figure 3.5. Though drawbacks come with the amount 
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of solvent required for this to be an effective method, it is outweighed by the benefit that 

is very easy to handle with compounds of interest, as well as to remove any concern for 

loss of compound to irreversible binding. 

PSDVB

H2O

Cyclic 

Loading

1. Extract passed

through PSDVB.

2. Eluent diluted

with H O.
2

3. Diluted eluent 
passed back 
through same 
PSDVB column.

4. Steps 2 and 3 
repeated untill all 
desired compounds 
are retained.

= Non-polar metabolite

= Mid polarity metabolite

= Polar metabolite

KEY

 

Figure 3.5. Cyclic loading scheme 
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Results and Discussion 

Identification of Clathria sp. 

 Collection of Clathria compressa was carried out in three different locations off 

the coast of Boca Raton, Florida: South Boca Bay (SBB), Hillsborough Ledge (HL), and 

Southern Rocks (SR). Because sponges in the Clathria genus are fairly similar in 

physical traits underwater, the uncertainty as to which sample was the correct sponge 

became apparent. The two samples had differing physical traits: a large set of this 

Clathria sp. had silver lining all over the framework, while the other had yellow 

zoanthids encrusted. Through spicule degradation, each sample was identified by 

matching the spicules images of known Clathria compressa to previously accepted 

spicule types.  

 

Figure 3.6. Microscopic image of spicules to represent samples from SBB  
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Figure 3.7. Microscopic image of spicules to represent samples from SR 

 

Figure 3.8. Microscopic image of spicules to represent samples from HL 

 The interesting discovery was that from all three collection sites, all samples were 

compared and confirmed to be Clathria compressa, the known sponge to produce clathric 

acid.  

Discerning Clathric Acid 

 Having the correct sponge clarified, it was left to small scale NMR analysis to 

determine where clathric acid was present. By using small sections of each sample 
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collected and the sonication method developed, extracts were generated in a short amount 

of time; resulting in rapid extraction. These extracts were then fractionated on an HP20 

column, following the same fractionation protocol (Chapter 2 Experimental). Each 75% 

Me2CO fraction was then subjected to 
1
H NMR analysis for comparison to literature 

values. 
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Figure 3.9. 
1
H NMR spectrum (400 MHz, CD3OD) of SBB sample’s 75% Me2CO fraction  
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Figure 3.10. 
1
H NMR spectrum (400 MHz, CD3OD) of SR sample’s 75% Me2CO fraction 
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Figure 3.11 
1
H NMR spectrum (400 MHz, CD3OD) of HL sample’s 75% Me2CO fraction 
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 The defining characteristic of clathric acid is observed in the proton NMR 

spectrum, in relation to the diene located off of carbon-12. This diene generates the 

distinctive doublets and double-of-doublet at 5.37 ppm, 5.77 ppm, and 6.12 ppm 

respectively. Out of the entire sample collection, only one sample was determined to have 

clathric acid.       

Table 3.1 Samples and results of observed crude NMR extracts 
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Isolation and Confirmation of Clathric Acid 

 A bulk size extraction was performed to isolate the maximum amount of clathric 

acid possible. Utilizing the sonication protocol in this instance proved to be quite useful 

in a bulk scale setting. Previously this compound was isolated using a C-18 column; but 

to avoid any issues with irreversible binding, the current method of choice was to use a 

PRP-1 column which consists of DVB particles with the size of 5 µm. By utilizing the 

PRP-1 column, loss of clathric acid was kept minimal and it was isolated out in a fairly 

pure amount. The scheme of isolation was performed following Figure 3.12.  

 

\ 

 

 

 

 

 

 

 

 

 

 

Figure 3.12. Scheme of isolation for clathric acid 

Clathria compressa 

21.7 g dry wt. 

Loading onto HP20 

40% Fraction 

Me2O:H
2
O 

75% Fraction 

Me2O:H
2
O 

100% 

Fraction 
Me2O:H

2
O 

HPLC Purification 

PRP-1 30-100 ACN:H2O Gradient 

HPLC Purification 

PRP-1 100% ACN Isocratic  
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From a dry weight of 21.727 g of Clathria compressa, only 5.2 mg of clathric acid was 

isolated for spectroscopic analysis. Ensuring the purity of clathric acid isolated, 
1
H

 
and 

13
C NMR were run and compared to literature values for valid identification. 
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Figure 3.13. 
1
H NMR (400 MHz, CD3OD) of pure clathric acid isolated  
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Figure 3.14. 
13

C NMR of pure clathric acid isolated (100 MHz, CD3OD) 
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 Literature values report that clathric acid has distinct 
13

C shifts occurring at 180.0 

ppm for the carboxyl carbon, 147.0, 124.4, and 127.3 ppm for the branching diene and 

107.6 ppm for the exocyclic double bond.
22

 With respect to the experimental values 

obtained, the carboxyl group is causing a shift at 178.5 ppm, the diene carbons shift at, 

146.8, 124.8, and 127.3 ppm respectively, and finally the exocyclic double bond is 

causing a shift at 107.57 ppm. Though the shifts are slightly off, they are extremely close 

to literature values which can confirm that the compound is indeed clathric acid. With 

this established purification, the final process of absolute configuration can finally be 

achieved. 

Experimental Procedure 

General Experimental Procedure 

 Spicule pictures were taken using the AmScope MD 900 microscope and camera 

with the AmScope program; magnification of 1000x.1D and 2D NMR spectra were 

performed on a Varian Inova 400 MHz MR Spectrometer, with chemical shifts 

represented as parts per million (ppm), δ, in reference to residual solvent peak (CD3OD: 

1
H: δ 3.30; 

13
C: δ 49.0).  

Identifying Clathria sp. and Clathric Acid 

 The Clathria sp. collected in the area of South Boca Bay (26° 15.20364’, -79  

50.5471’),  Hillsborough Ledge (26° 14.57549’, -80  0.70266’), and Southern  ocks (25° 

3.438’, -80° 26.92566’) off the coast of Florida, were divided into labeled portions. Each 

sample was dried in torn Ziploc bags with a label, ie. SBB1-1, and subjected to 

lyophilization. When dried, a small portion, approximately 2 cm in length, of each 
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sample was torn off and placed inside a small culture test tube with its respective label. 

Each test tube received approximately 5.00 mL of concentrated Nitric Acid (HNO3). 

While the acid was settling in the test tubes, a warm water bath was prepared using a 600 

mL beaker and hot plate. The water bath was used to induce degradation at a slower rate, 

whereas with an extremely hot source – nitric acid would cause a volatile reaction.  

 After the warm water bath was prepared, six test tubes were transferred into the 

bath allowing time for decomposition. When fully disintegrated in solution, the test tubes 

were left on a test tube rack to allow the spicules to settle; the excess nitric acid was 

decanted off. An aliquot of ethanol was added to wash the spicules freeing it of any 

remaining nitric acid; this was performed three times to ensure removal of acid. Upon the 

final aliquot of ethanol, the spicules were withdrawn in solution, and transferred onto a 

petri dish for microscopic analysis. 

 Utilizing the AmScope software, spicule shapes and photos were taken of each 

sample and saved at magnification 1000x. 0.500 g of the remaining sponge samples were 

extracted with the sonication method and fractionated on HP20 prior (protocol from 

Chapter 2) to NMR analysis. Each extract was dried down in their respectively tared 

vials. 20 mg of each sample was scraped off using a spatula and transferred into a second 

set of respectively labeled vials. 500 µL of deuterated-methanol (CD3OD) were 

transferred into these new vials and swirled to dissolve the metabolites. Dissolved 

samples were transferred into a labeled 5 mm NMR tube. Using the Varian 500 Hz NMR, 

a 
1
H NMR was ran for each sample, printed, and saved with their respective label for 

comparison.  
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Clathric Acid Isolation 

 Identified in the previous section, the Clathria compressa samples collected from 

the Hillsborough Ledge site were utilized for isolation of clathric acid. The remaining 

sample that was not used for degradation or NMR analysis was used for bulk scale 

isolation.  

Placed in a 500 mL flask, the sponge sample was submerged in 400 mL of MeOH 

and sonicated for 25 minutes; this process was repeated twice to ensure full extraction. 

Each extract was filtered and collected into another 500 mL round bottom flask (RBF) 

and dried with the Rotovap. HP20 was equilibrated by washing thoroughly with H2O, 

MeOH, Me2O, and MeOH; in that respective order. The HP20 was packed into a flash 

column of (4.0 x 25 cm). The concentrated combined extraction was passed through the 

column, and fully re-collected in the same RBF. Upon completion, water was added to 

the remaining extraction and was again passed through the column. This process was 

carried out for another two dilutions before the column was subjected to the fractionation 

procedure. Four solvent solutions of Me2O:H2O (v/v): 0:100, 40:60, 75:25, and 100:0 

were passed through the column and collected, respectively, into labeled RBFs.  

 The 75% Me2O fraction was dried down into a tared vial in preparation for HPLC 

purification. Using the PRP-1 preparative column (21.2 x 250 mm), flow rate 8.0 

mL/min; solvent A: water, solvent B: acetonitrile; step gradient: t=0 min, 70:30 (A:B), 

t=30 min, 0:100 (A:B). Four fractions were collected into RBF in reference to the 

metabolites time of elution. The first set was collected from t=0 min to t=15 min, second 

set was collected from t=15.5 min to t=35 min, and the final set was collected from t=35 
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min to t=60. Upon NMR analysis, the second fraction contained the clathric acid, and 

was further subjected through the same column with different parameters. Isocratic 

gradient : t=0 min, 35 :65 (A :B) ; t=60 min, 35 :65 (A :B).  
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Chapter 4 

 

Absolute Configuration of Clathric Acid 

Structural Elucidation of Natural Products 

The structure of a compound is crucial for understanding the chemistry of sponges 

and providing a target framework for potential drug leads. Structure elucidations are 

determined with 1-Dimensional and 2-Dimensioal Nuclear Magnetic Resonance (NMR). 

Because of the sensitivity and high-resolution provided, NMR is widely valued in 

determining the relative configuration of compounds. To assess the absolute 

configuration of compounds, additional methods are required to provide certainty of 

which stereoisomer was isolated. The method of choice is dependent upon the physical 

traits of the natural product under question. As some natural products crystallize at lower 

temperature than others, x-ray crystallography is reliable. For compounds that remain 

stable in a liquid or oil phase, alternative spectroscopic instrumentation or a synthetic 

alteration are available to predict the correct configuration. 

Although x-ray crystallography is a reliable method, it requires the compound to 

form a crystal. Unfortunately, very rarely will natural products solidify into crystals 

naturally. Therefore crystallography cannot be considered a universal approach as it 

cannot be applied to most compounds isolated. As for the synthetic approach, it is more 

flexible in terms of being applicable to natural products as a whole. Typically the 

compounds are altered by synthetic modifications, or they are synthesized in a total 
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stepwise fashion. The configurational analysis from synthetic modification depends on 

what functional groups are available for the reaction, but also heavily relies on having a 

sufficient amount of compound to modify. In lieu of this, the total synthesis is an 

alternative method in which both enantiomers are synthesized and their spectroscopic 

data can be compared to the natural products data. The issue with both of these is that the 

synthetic modification process requires sufficient amount of sample, which in most cases 

is not feasible, and the total synthesis may generally take months to procure a pure 

enantiomer.  

Although both techniques are quite beneficial, in the past decade a fairly new 

technique used for absolute configuration of natural products has been on the rise. As a 

non-destructive and highly sensitive technique, circular dichroism (CD) is considered to 

be a very appealing method. The only requirement is a readily excitable chromaphore 

which must be available and located near a stereocenter within that compound.  

Project Goals 

 As clathric acid has been previously isolated and only relatively characterized, the 

absolute configuration was to be proposed, by using CD.  

Circular Dichroism 

CD is an example of spectroscopy that utilizes the fundamental difference in 

absorption of circularly polarized light. As light produces electromagnetic wavelengths, 

the propagation vector is generated from the electric and magnetic field oscillating 

perpendicular to one another. As the electromagnetic radiation passes through selective 

film to oscillate around one plane, light can be circularly polarized using a polarizer film 
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which will invert the electric field to circularly oscillate in a 360º motion around the 

propagation vector. As this circularly polarized light (CPL) rotates in two different 

directions, either right or left, the CPL interacts with the photoactive compound, resulting 

in the CD curve being generated from the difference between the absorptions of the left 

and right CPL.
35

 When experimentally performed, both right and left CPL are 

alternatively applied to the compound and the difference is taken to generate a CD curve.  

Theoretically, this is possible due to the excited electron cloud, where the 

electrons are distributed in accordance with the radiation induced. As a compound is 

excited to a new state, it has one defined electric and magnetic transition moment. When 

CPL interacts with the compound, both electric vector and velocity decrease along the 

propagation vector. When applied with both left and right CPL, each direction will 

generate distinct results to indicate the rotational strength of the compound. The 

difference of both CPL, results in a value that leads to an indication of the compound’s 

electronic and geometric orientation of the atoms surrounding the absorbing constituent.
34

 

This absorption phenomenon changes the direction of the vector by some degree, 

either positive or negative; this observed difference is referred to as the Cotton effect. 

The positive Cotton effect results in a positive rotation of radiation absorbed, while a 

negative Cotton effect results in a negative rotation upon interaction with the compound. 

Analyzing the position of the CD spectrum as well as the intensity, and sign of the band, 

the surrounding environment of the chromophore can be determined.
34

 As the electrons in 

the chromophore orbitals are excited to a higher state, the Cotton effect can be visualized 

using a quadrant system (Figure 4.1a). The cross section is an indication of the nodal 
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planes of the compound around its stable molecular orbitals. Where each section has an 

assigned rotational sign that matches with the Cotton effect phenomena, this assigned 

sectioning is referred to as the sector rule. This sector rule can be applied to variable 

compounds that have nodal planes during their excited state. This was first applied to 

ketones, as they exhibited the n → π* where three nodal planes exist, which when 

dissected three-dimensionally, eight quadrants are made. These eight quadrants establish 

a sub-rule, to be formerly referred to as an octant rule (Figure 4.1b).
24,34,35 

Following the 

application of sections to the nodal planes during excitation, natural compounds with 

functional groups synonymous to known transition orbitals can provide supporting 

evidence for the absolute configuration of a compound.  

 

Figure 4.1. (a) Quadrants from nodal cross sections (b) octant 

rule with the three nodal representation.
12
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Figure 4.2. Relative configuration of clathric acid. 

Circular Dichroism of Clathric Acid 

 Clathric acid was isolated in low yield, hence the choice of analysis was limited to 

use of spectroscopic methods over the other previously mentioned methods. The limited 

quantities restrict the flexibility of synthetic routes for alteration to the compound; in 

addition, the available functional groups may create regio-specific issues during 

alteration. For example, one considered approach was the facial-oriented epoxidation of 

the exocyclic double bond on C3. The limitation of this approach comes from the 

regioselectivity of the epoxidation reagents, preferring to attack the conjugated diene over 

the exocyclic olefin. Using CD is considered an excellent option, by providing supporting 

evidence for determining the absolute configuration; as well as conserving sample 

material, as it is a non-destructive method. 
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Results and Discussion 

 In order to analyze clathric acid by CD spectroscopy, the optimal concentration 

was first determined through ultraviolet-visibile (UV-Vis.). By graphing the Beer-

Lambert’s plot for five set-diluted concentrations of clathric acid (from Chapter 3), the 

molar absorptivity (ɛ), at  λmax 238.2 nm, was calculated to be 23433. From the Beer-

Lambert’s equation, the optimal concentration for clathric acid was calculated to be 

4.27x10
-4

 M or 0.115 g / mL.  

 

Figure 4.3. Beer-Lambert plot of clathric acid at wavelength 238.2 nm 

The following is a CD spectrum of clathric acid at this optimal concentration. 
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Figure 4.4. Circular dichroism spectrum of clathric acid (0.115 g / mL MeOH) 

 From the generated spectrum, a negative Cotton effect was observed on the 

compound. Utilizing the ChemDraw software, three-dimensional structures of both 

enantiomers were generated and matched to the quadrant system based on the sector 

rules.
12,13

 Having four stereocenters (C3, C7, C8, and C12), the only absorbing 

chromophore lies with the conjugated diene adjacent to C12. Indicated below are two 

possible enantiomers, in agreement with the 2D NMR data, that have the following 

configuration (C3, C7, C8, and C12): (1) (S,R,S,S) or (2) (R,S,R,R)  
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Figure 4.5. 3D representation and cross section of (a) 1 (b) 2 (c) quadrant 

system applied from a different angle. 

As the only conformer that would show any sign of negative Cotton effect, enantiomer 1 

is arguably the absolute configuration of clathric acid. 

Experimental Procedure 

General Experimental Procedure 

 UV spectra were obtained on a Lambda EZ 210 UV-Visible spectrometer 

operated by the Perkin-Elmer PESSW program. Circular Dichroism spectra were 

obtained using a JASCO J-810 spectrometer with the Spectra Manager program. 

(a) (b) 

(c) 
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Circular Dichroism of Clathric Acid 

  The optimal concentration for absorption of clathric acid was determined 

by performing UV-Vis. in MeOH solution. The wavelength parameters were set in the 

range 200 to 300 nm. Five diluted concentrations (mg/mL) were prepared to: 1) 0.125 2) 

0.115 3) 0.100 4) 0.075 5) 0.050. From the concentrations and their respective λ-max 

intensity, a Beer-Lambert graph was generated to calculate the optimal concentration. 

After this result, the concentration of clathric acid prepared was 0.135 mg/mL.  

Utilizing this concentration, clathric acid was then subjected to CD in MeOH 

solution. The wavelength parameter was set for the range of 200 to 300 nm, with a rate of 

measurement going at 100 nm per minute; 10 scans of measurement were taken. The 

observed cotton effect was matched in accordance to three-dimensional configurations of 

clathric acid for absolute confirmation. 
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Chapter 5 

 

Conclusion 

 

 In conclusion, the overall objective of this thesis was well addressed and handled. 

Through the use of sonications, a new standard protocol for marine fractionated libraries 

can be rapidly generated to expand the lab’s database; it has also become useful in bulk 

scale extractions. However, to determine if the sponge is the right material and contains 

the compound of interest, spicules may not be the optimal approach to relate the two; but 

they have proved useful in identifying the sponge under question. Regardless of this 

result, the isolation of clathric acid was in agreement with literature values. The pure 

compound was subjected to CD for absolute configuration analysis. This technique has 

proven itself to be very appropriate when the relative configuration has already been 

established; but this method is only limited to natural product compounds with available 

chromophores. 
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