
GALLAGHER, JACKLYN M., M.S. Isolation of Novel Naphthoquinones from Fungal 
Strain MSX53507, Cladorrhinum sp. (2019)  
Directed by Dr. Nicholas H. Oberlies. 47 pp. 
 

 This study was conducted as part of an ongoing collaborative project to 

investigate the chemical diversity of fungi in search of new anticancer drug leads. Fungi 

have shown to be prolific producers of dynamic secondary metabolites, which exhibit a 

vast array of physiological activities. In particular, naphthoquinones and their derivatives 

have long been of interest to medicinal and natural product researchers due to their 

diverse biological activities such as cytotoxicity, antibacterial, antifungal, antiparasitic, 

and insecticidal. An established dereplication protocol for screening and prioritization of 

fungal samples for cytotoxicity, indicated that the biological activity of MSX53507 was 

not attributable to any compounds (new or known) previously isolated and identified in 

our research laboratory. Bioactivity-guided fractionation, the primary methodology in our 

laboratory in which results can take weeks, was conducted solely for screening and 

prioritization of fractions for further investigation. Preliminary work yielded compounds 

which encompass an easily identifiable feature in 1H-NMR spectroscopy that is 

characteristic to this class of compounds. Employing a proton-NMR guided fractionation 

methodology for purification of biologically active fractions, led to the isolation of four 

new naphthoquinone analogues (1, 3, and 6-7), two known compounds (4-5) and a 

naphthoquinone previously misidentified in the literature (2). Naphthoquinone’s broad 

spectrum of biological activity led us to test compounds 2, 5, and 6 against 

Staphylococcus aureus (ATCC 35667) and a clinically relevant methicillin-resistant S. 



 

 
 

aureus strain (MRSA) where 5 was the most active with minimum inhibitory 

concentrations (MICs) of 2.3 μg/mL and 16.0 μg/mL, respectively. 
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CHAPTER I 
 

INTRODUCTION 
 
 

 The International Agency for Research on Cancer (IARC) projects that by 2030 

there will be 21.7 million new cancer diagnoses and 13 million cancer deaths.1 Cancer, 

the uncontrolled growth of abnormal cells, is ranked as the second leading cause of death 

globally with about 1 in 6 people worldwide dying from some form of cancer.1 Breast 

cancer accounts for more than 25% of new cancer diagnoses in women, and resulted in 

over two million new diagnoses and a little less than 630,000 deaths in 2018 alone.1 The 

financial impact of cancer is also astounding, with estimated costs in Europe for 2014 

around $110 billion and about $80.2 billion in the United states for 2015.1 While the 

causes of cancer remain largely unknown, the need for new chemotherapeutic agents is 

well known since there is no drug capable of treating all cancers. 

 The World Health Organization (WHO) reports lower respiratory tract infections 

as the leading cause of death in low income countries and the overall fourth leading cause 

of death globally (top ranked communicable disease).2 The ESKAPE 

pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter sp.) are common 

culprits for respiratory infections.3 A recent study in children in China found that the 

level of antibiotic resistance was directly associated with the antibiotics used in the clinic 

and that Methicillin-Resistant Staphylococcus aureus (MRSA) and Methicillin-Sensitive  
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Staphylococcus aureus (MSSA) were most commonly isolated in infants less than three 

months, while K. pneumoniae (including Extended Spectrum β-Lactamase [ESBLs] 

resistant K. pneumoniae) was most commonly isolated from infants less than one month 

in age.4 A different study, not limited to children, found the most commonly isolated 

pathogen from respiratory specimens was Klebsiella ssp (25.20%) while the third most 

common pathogen was S. aureus (19.89%).5 Additionally, they observed that bacterial 

isolates had high rates of resistance to drugs such as Co-trimoxazole (80%), Ampicillin 

sulbactam (72.3%), Cefotaxime (68.8%) and Tetracycline (66.9%), while low resistance 

was found to Amikacin (4.6%) and Levofloxacin (8.5%).5 The over-prescribing and 

misuse of antibiotics globally is considered a direct cause of increased antibiotic 

resistance due to the medications selective pressure on antimicrobials which then leads to 

increased resistance.5 Increased use of over the counter antibiotics, in addition to half of 

the dispensed antibiotics not being essential, generates not only antibacterial resistance at 

the individual level, but can also threaten the entire community.5 

Natural sources have yielded a wide array of compounds leading to advancements 

in medicine. Approximately 50% of new drugs approved by the FDA between 1981 and 

2014 came from either a natural product, a natural product mimic (or modification), or a 

natural product pharmacophore.6 Several billion years of evolution has generated an 

immerse diversity within nature, with an estimated 250,000 different species of plants, up 

to 30 million species of insects, 2.2-3.8 million species of fungi and around 1.5 million 

species of algae and prokaryotes currently in existence.7, 8 Coexistence and interactions 

between species, can affect or alter the secondary metabolites produced, making the 
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chemical diversity enormously vast.8 This can be best seen with endophytic relationships, 

and even demonstrated in co-culture experiments with fungi.9, 10 A recent review of 

natural products reported that 85 of the 175 small molecules approved for cancer 

treatments between the 1940s to the end of 2014 were either a natural product or directly 

derived from one of them.6 

 The fungal kingdom is not only the second most diverse, but also highly 

underexplored with only 3 to 8% identified.11 Furthermore, only 5% (about 14,000) of the 

250,000 compounds described from nature, come from fungi.9 Despite these numbers, 

fungi have shown to be prolific producers of dynamic secondary metabolites, which 

exhibit diverse physiological activities. They have shown to be promising sources for 

potential drug leads, with life-saving drugs such as β-lactam antibiotics (includes 

Penicillin G), statins (cholesterol-lowering drugs) and immunosuppressants coming from 

fungi.9 Most medicines of fungal origin come from the phylum Ascomycota, the largest 

of the eight fungal phyla, with approximately 90,000 species described.12 While some 

ascomycetes have had positive attributes and impacts such as in medicine, and 

consumables, including delicacies (truffles) and yeasts (used in fermentation of alcohols), 

others have been pathogenic to plants and animals.12 Currently, there are less than twenty 

reported Cladorrhinum species (per Mycobank.org), in which most are either endophytes 

found in roots or saprotrophs found on dung, plant material or leaf litter.13-15 Even though 

some species are being investigated as potential biocontrol agents against fungal 

phytopathogens (Rhizoctonia solani – “root rot”) and in general, species from 

Cladorrhinum are considered a group of “fundamental importance for agriculture and 
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livestock”, at least one species has been involved in opportunistic infections in both 

animals and humans.13-15 The biological activity of secondary metabolites isolated from 

Cladorrhinum spp. is not limited to just promoting plant growth, having biocontrol 

potentials, or opportunistic effects, but has also produced compounds (MPC1001, and 

MPC1001B-D) that exhibited antiproliferative activities against human prostate cancer 

cell line DU145 with IC50 values ranging between 9.3 nM and 39 nM.14, 16 

 Naphthoquinones and their derivatives have long been of interest to medicinal and 

natural product researchers.17, 18 This class of compounds has promising potential for 

therapeutic leads due to their wide array of biological activities such as cytotoxicity, 

antibacterial, antifungal, anti-parasitic, insecticidal, anti-tubercular, anti-malarial, anti-

inflammatory, and anti-HIV to name a few.17-31 These activities can be attributed to 

mainly two groups based upon their molecular mechanisms in cells.17 The first 

mechanism is via introduction of oxidative stress by generating reactive oxygen species 

and the second is by a non-oxidative mechanism via interactions directly with traditional 

therapeutic targets.17 Naturally occurring naphthoquinones and their derivatives have 

been isolated from many different fungi, across a variety of genera.17, 25, 27, 30, 31 

 The chemical diversity and biological potential of secondary metabolites from 

fungi is highly underexplored with only approximately 120,000 species of fungi (3-8%) 

within the 2.2-3.8 million that is estimated within the kingdom being identified. Our 

laboratory’s research goal is to investigate the biological potential of secondary 

metabolites produced by fungi to not only expand the chemical space, but also to look for 

new compounds which are cytotoxic or encompass a structural core for use in 
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development of therapeutic leads focusing primarily on cancer drug leads. The first aim 

of this research is to use a previously established eight step protocol for isolation of novel 

compounds, or compounds which have not previously been isolated by our laboratory 

that are cytotoxic (Figure 1). First the fungi are grown on solid media and then extracted 

with organic solvents. The extract is screened against three cancer cell lines (MDA-MB-

435, MDA-MB-231, and OVCAR3). Extracts that are cytotoxic are then subjected to an 

established dereplication protocol using UPLC-MS/MS, where they are screened against 

an in-house library of all the compounds that have been isolated in our laboratory which 

are known to be cytotoxic. This is to avoid the re-isolation of known compounds, and to 

prioritize fungal samples for investigation. The highest priority for further investigation is 

assigned to a fungal sample that not only exhibits good cytotoxicity, but also one who’s 

biological activity isn’t attributable to a cytotoxic compound previously isolated in our 

laboratory. Once these steps have been accomplished, the extract is then further 

fractionated using liquid chromatography. These fractions are then again sent for 

screening against the same cancer cell lines, and only the active fractions are worked with 

further. The active fractions then undergo further separation and purification using liquid 

chromatography to obtain pure compounds. The second aim of this project is to 

determine which isolated compound is responsible for the biological activity observed 

during cytotoxicity screening and to determine the structures of the new compounds. The 

compound’s structures are then elucidated using a set of spectroscopic and spectrometric 

techniques, and the pure compounds (+95% purity) are then tested again for their 

biological activity. While bioactivity-guided fractionation is the primary methodology 
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employed in our laboratory, it can take weeks to obtain the results. Thus, this part of the 

method was conducted solely for screening and prioritization of fractions for further 

investigation. Results from the preliminary screening of MSX53507 against the three 

cancer cell lines determined the extract and some fractions were cytotoxic. This data 

coupled with the results from dereplication, indicated that the biological activity of 

MSX53507 was not attributable to any compounds (new or known) previously isolated 

and identified in our research laboratory. Preliminary work yielded compounds which 

encompass an easily identifiable feature, a chelated peak, in 1H-NMR spectroscopy that is 

characteristic to this class of compounds. Therefore, a proton-NMR guided fractionation 

methodology for purification of biologically active fractions was employed for this 

project. 

 

 
 
Figure 1. Experimental Protocol Depicting the Previously Established General 
   Methodology for Extraction and Isolation of Bioactive Compounds. 



 

7 
 

This thesis contains two chapters detailing the isolation and elucidation of novel 

and known biologically active secondary metabolites from fungal strain MSX53507, as 

well as a conclusion chapter. This work was conducted as part of an ongoing 

collaborative project to uncover new anti-cancer drug leads. The results from preliminary 

screening of fractions against cancer cell lines MDA-MB-435 (melanoma), MDA-MB-

231 (breast), and OVCAR3 (ovarian) in combination with an established dereplication 

protocol, suggested further investigation of MSX53507 was needed. Proton-guided 

fractionation led to the isolation and characterization of seven naphthoquinone analogues, 

of which four are entirely new to the literature. Two are an unprecedented, dimeric, 6’-12 

head-to-tail binding of some of the isolated monomeric naphthoquinones, while another 

new compound contains a bridged eight-member oxocine-one ring system in which the 

bridge creates two six-membered rings. Naphthoquinone’s broad spectrum of biological 

activity led us to test some of the compounds against Staphylococcus aureus (ATCC 

35667) and a clinically relevant methicillin-resistant S. aureus strain (MRSA). 

Interestingly, fungal strain MSX53507 utilizes the same building block to generate some 

of the new chemotypes identified, and ultimately showcases the broad and divergent 

biosynthetic pathways of fungi.  
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CHAPTER II 
 

RESULTS AND DISCUSSION 
 
 

Isolation and Structure Elucidation 
 

 Previously, fungal strain MSX53507 was extracted, fractionated into four peaks, 

and screened against three cancer cell lines: melanoma (MDA-MB-435), breast (MDA-

MB-231), and ovarian (OVCAR3). The results from an established dereplication protocol 

along with the preliminary cytotoxicity data, led to the isolation of naphthoquinone 

analogues (2, 3 and 5).32, 33 This information, in addition to a limited availability of 

material, led to the work described here within; isolation of biologically active secondary 

metabolites produced by the fungus MSX53507. 

 Two large-scale cultures of MSX53507 were ordered from our collaborator, 

Mycosynthetix. However, due to the morphological diversities of this fungus, three large 

scale cultures that were grown on rice were obtained (one light, and two dark). The light 

colored culture was extracted separately from the two dark growths using established 

laboratory protocols which was performed in triplicate to obtain the maximum amount of 

organic extract (Figure 1).11 The obtained extracts were then partitioned with organic 

solvents, and the resultant organic fraction was defatted. These extracts were then 

fractionated using flash chromatography, and purified further using preparative, semi-

preparative, and analytical HPLC to obtain four new compounds (1, 3, and 6-7), two 

known compounds (6-deoxybostrycoidin (4) and 6-deoxyfusarubin (5)), and one which
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we intend to correct the literature and will spectroscopically describe for the first time (2) 

(Figure 2). 

Flash chromatography of the light extract was pooled into nineteen fractions, in 

which fraction 8 was further purified to obtain compound 1. To the best of my 

knowledge, this is the first report of an oxocine-one core, formed from a monomeric unit, 

isolated from fungi.34, 35 Flash chromatography of the dark extract yielded 23 fractions. 

Compound 7 was isolated from HPLC purification of fraction 11. Fraction 10, was 

subjected again to flash chromatography, using a different solvent system, in which ten 

fractions were obtained. From these ten fractions, compound 6 was isolated from fraction 

7, while fraction 5 was further purified to obtain compounds 2-5 (Figure 2). 

 

  
 
Figure 2. Structures of Compounds 1-7. 
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 The structures of the isolated compounds were established using spectroscopic 

and spectrometric data. The structure of 2 was confirmed with X-Ray crystallography. 

While the known compounds compared favorably to the literature, there were some 

discrepancies observed in the spectroscopic data. The relative configuration of 1 was 

assigned from the observed 1H NMR coupling constants. 

 Compounds 4 and 5 were first described almost 30 years ago, and their parent 

compounds, bostrycoidin and fusarubin, were first isolated between 60 to 70 years ago 

(Dictionary of Natural Products).19, 36 The parent compounds are both 5,8-dihydroxy-1,4-

naphthoquinones. These two alcohols allow for tautomerization to occur. Due to the 

aromaticity in the rings, both ketones must tautomerize to the alcohol. Therefore, you 

cannot have two rings with one ketone and alcohol on each and will always have one ring 

that contains both ketones and the other will have both alcohols. Thus, the tautomer of 

the naphthoquinone may be what is reported in the literature, which is the case for 

bostrycoidin and fusarubin. The early NMR data for both of these three-ring structures is 

reported with the alcohols on the middle ring, and ketones on the outside ring. This 

structural change will also cause the signals observed in NMR spectra to change, 

ultimately making the spectra incomparable if you have the tautomer. However, it should 

be noted, the absence of one of the hydroxy groups would prevent tautomerization.  

Compound 1 was isolated as a white amorphous solid, with its molecular formula 

as C15H18O4 from HRESIMS data ([M+H]+ m/z = 263.1274, calculated m/z = 263.1278 

for C15H19O4, Δ -1.5 ppm) with an index of hydrogen deficiency of seven. Analysis of the 

1H, 13C (Appendix Figure A1), and edited-HSQC data showed signals for two aromatic 
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protons (δH/δC 6.73 (d, J = 2.5)/109.6 and δH/δC 7.16 (d, J = 2.5)/101.5), one methoxy 

group (δH/δC 3.84/55.8), two methyls (δH/δC 1.10 (d, J = 6.1)/21.8; δH/δC 0.89(d, J = 

7.2)/16.8), one methylene which exhibited geminal splitting of the protons (δH-α 1.86 

(ddd, J = 13.6, 3.1, 3.1), δH-β 1.77 (ddd, J = 13.6, 12.3, 4.8)/δC 38.7), and four methine 

protons (δH/δC 2.49 (qdd, J = 7.2, 3.3, 2.6)/37.4; δH/δC 2.74 (ddd, J = 4.8, 2.6, 2.6, 

2.6)/48.2; δH/δC 3.51 (ddq, J = 11.9, 5.9, 3.2)/63.3 and δH/δC 5.03 (dd, J = 3.2, 1.4)/69.3) 

as well as five non-protonated carbons, including two non-protonated (δC 155.9, 160.7), 

two aromatic (δC 116.7, 135.7), and one ketone in the oxocine-one ring (δC 200.6) (Table 

1). Examination of the HMBC spectrum showed key correlations from H-6 to C-4a, C-5, 

C-7 and C-8, 7-OCH3 to C-6, C-7 and C-8, H-8 to C-1, C-4a, C-6, C-7, and C-8a, H-3 to 

C-1, C-2, C-4, C-4a and C-12, H-4 to C-2, C-3, C-4a, C-5, C-8a and C-10, Hα-9 to C-1, 

C-2 and C-3, Hβ-9 to C-1, C-2, C-3, C-10 and C-11, H3-11 to C-9 and C-10 and H3-12 to 

C-2, C-3 and C-4 and support the structure shown in Figure 2. The relative configuration 

was derived from the coupling constants shown in Figure 3 and assigned the trivial name 

Cladoxocinone A. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

12 
 

Table 1. 1H (700 MHz) and 13C (175 MHz) NMR Data for Compound 1, Recorded in 
   CDCl3 with J (Hz) Values Color Coded to Correspond with Figure 3. 
 

Position δC Type δH Multiplicity, J (Hz) 
 

1 200.6 C   
2 48.2 CH 2.74 ddda, 4.8, 2.6, 2.6, 2.6 
3 37.4 CH 2.49 qdd, 7.2, 3.3, 2.6 
4 69.3 CH 5.03 dd, 3.2, 1.4 
4a 116.7 C   
5 155.9 C   
6 109.6 CH 6.73 d, 2.5 
7 160.7 C   
8 101.5 CH 7.16 d, 2.5 
8a 135.7 C   
9 38.7 CH2 α 1.86 dddb, 13.6, 3.1, 3.1 
   β 1.77 ddd, 13.6, 12.3, 4.8 

10 63.3 CH 3.51 ddqc, 11.9, 5.9, 3.2 
11 21.8 CH3 1.10 d, 6.1 
12 16.8 CH3 0.89 d, 7.2 

5-OH   5.64  
7-OCH3 55.8 CH3 3.84 

 
 

Note:   a dq was observed multiplicity due to overlapping J-values (4.8, 2.6, 2.6, 2.6) 
            b dt was observed multiplicity due to overlapping J-values (13.6, 3.1, 3.1) 
            c dtq was observed multiplicity due to overlapping J-values (11.9, 6.0, 3.2) 
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Figure 3. Detailed Analysis of Select Proton’s Coupling Constants Used for Proposal of 
   the Relative Configuration and Conformation of Compound 1.  

 

While the structure for compound 2 has been previously reported in the literature 

and referenced incorrectly as 2-acetonyl-3-methyl-5-hydroxy-7-methoxy-naphthazarin 

(javanicin)18, 25, 37, we present for the first time all spectroscopic data showing it is not 

javanicin38 or the tautomer and assign the trivial name rhinoquinone A. Compound 2 was 

isolated as a golden-yellow amorphous solid, that formed thin golden-orange needle-like 

crystals from an approximate 1:1 CHCl3:MeOH solution under nitrogen drying lines. The 

molecular formula was determined as C15H14O5 from HRESIMS data ([M+H]+ m/z = 

275.0910, calculated m/z = 275.0914 for C15H15O5, Δ -1.3 ppm) with nine degrees of 

unsaturation. Analysis of the 1H, 13C (Figure A2), and edited-HSQC data showed signals 
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for two aromatic protons (δH/δC 6.63 (d, J = 2.5)/106.1; δH/δC 7.15 (d, J = 2.5)/107.9), one 

methoxy group (δH/δC 3.89/56.1), one chelated proton (δH 12.34), two methyls (δH/δC 

2.31/30.4; δH/δC 2.11/12.8), one methylene (δH/δC 3.77/41.8), as well as nine non-

protonated carbons, including two non-protonated (δC 164.3, 165.9), two aromatic (δC 

109.7, 133.3), two olefinic (δC 141.0, 146.3), two ketones in the p-quinone ring (δC 183.4, 

188.1), and one aliphatic ketone (δC 203.4) (Table 2). Examination of the HMBC 

spectrum showed key correlations often seen with 1,4-naphthoquinones, allowing for the 

establishment of structure 2 as shown in Figure 2. In particular, the correlations from 5-

OH to C-4a, C-5 and C-6, H-6 to C-4a, C-5, C-7, and C-8, 7-OCH3 to C-7, and H-8 to C-

1, C-4a, C-6, C-7, and C-8a support the 1,4-naphthoquinone core, along with H3-12 to C-

1, C-2, C-3, C-4, C-9, and C-10, and H2-9 to C-1, C-2, C-3 and C-10 supporting both the 

p-quinone ring and chain, while H3-11 to C-9 and C-10 established the acetonyl chain. 

The structure was confirmed via X-ray crystal diffraction (Figure 4), and the data will be 

deposited to Cambridge Crystallographic Data Centre (CCDC) and an accession number 

assigned at that time. Comparison of the X-ray crystal diffraction data of both javanicin27 

and rhinoquinone A, depicts that absence of a hydroxy moiety at the C-8 position in 

compound 2 would prevent tautomerization of the diketones, and establishes these as two 

different compounds. 

 
 
 
 
 
 
 
 



 

15 
 

 
 
Figure 4. X-Ray Crystallographic Structure of Compound 2. 
 
 
Table 2. 1H (400 MHz) and 13C (100 MHz) NMR Data for Compound 2, Recorded in 
   CDCl3. 
 

Position δC Type δH Mult, J (Hz) 
 

1 183.4 C   
2 141.0 C   
3 146.3 C   
4 188.1 C   
4a 109.7 C   
5 164.3 C   
6 106.1 CH 6.63 d, 2.5 
7 165.9 C   
8 107.9 CH 7.15 d, 2.5 
8a 133.3 C   
9 41.8 CH2 3.77 s 
10 203.4 C   
11 30.4 CH3 2.31 s 
12 12.8 CH3 2.11 s 

5-OH   12.34 s 
7-OCH3 56.1 CH3 3.89 s 

 

Compound 3 was obtained as a golden-yellow amorphous solid, and its molecular 

formula was determined as C15H16O5 based upon the HRESIMS data ([M+H]+ m/z = 

277.1066, calculated m/z = 277.1071 for C15H17O5, Δ -1.6 ppm) indicating an index of 

hydrogen deficiency of eight. The 1H, 13C (Figure A3), edited-HSQC, and HMBC data is 

remarkably similar to 2, supporting the 1,4-naphthoquinone core. However, the C-9 
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methylene and C-11 methyl were slightly more shielded (δH/δC 2.80/36.7 and δH/δC 

1.31/24.3 respectively) (Table 3). The presence of two additional signals in the 1H 

spectra and the decrease in degrees of unsaturation, support the molecular formula and 

are attributed to the reduction of the aliphatic ketone. Examination of splitting patterns in 

the chain, signals for the oxymethine (δH/δC 4.04 (m)/67.9), and 10-OH (δH 1.86 (d, J = 

5.3) in addition to key HMBC correlations from 10-OH to C-9, C-10 and C-11, support 

the planar structure shown in Figure 2 and is given the trivial name rhinoquinone B.  

 
Table 3. 1H (500 MHz) and 13C (125 MHz) NMR Data for Compound 3, Recorded in 
   CDCl3. 
 

Position δC Type δH Mult, J (Hz) 
 

1 185.1 C   
2 145.6 C   
3 144.6 C   
4 188.5 C   
4a 109.6 C   
5 164.1 C   
6 106.1 CH 6.63 d, 2.5 
7 165.8 C   
8 107.8 CH 7.17 d, 2.5 
8a 133.6 C   
9 36.7 CH2 2.80 m 
10 67.9 CH 4.04 m 
11 24.3 CH3 1.31 d, 6.2 
12 12.9 CH3 2.22 s 

5-OH   12.39  
7-OCH3 56.1 CH3 3.90 s 
10-OH   1.86 d, 5.3 

 

Compound 4, isolated as a yellow amorphous powder, was determined to be the 

known compound 6-deoxybostrycoidin. The molecular formula was C15H11NO4 

according to the HRESIMS data ([M+H]+ m/z = 270.0756, calculated m/z = 270.0761 for 
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C15H12NO4, Δ -1.8 ppm), with eleven degrees of unsaturation. The 1H-NMR spectra 

(Figure A4) was mostly in agreement with the reported data, but minor variations in the 

signals was observed with the largest variance being 0.06 ppm for the aromatic proton H-

6 (δH experimental 7.38, δH reported 7.32) (Table 4).39 Preliminary assignment of the 13C 

signals from the 2D-NMR data (edited-HSQC and HMBC) seem to be in alignment with 

the reported except for C-6 and C-8 being reported as δC 107.4 and δC 108.1 

respectively.39 However, we assigned these signals in the opposite manner due to the H-8 

proton being more shielded from its adjacent oxygenated substituents, which also aligned 

with the predicted 13C NMR data that was calculated using ACD laboratories NMR 

predictor software.  

 
Table 4. 1H (400 MHz) and 13C (100 MHz) NMR Data for Compound 4, Recorded in 
   CDCl3. 
 
Position δC Obtained Type δH Mult, J (Hz) δC Reported δC Calculated 

 

1 *149.4 CH 9.44 s 149.1 149.3 
3 *166.0 C   165.6 164.1 
4 *118.8 CH 7.88 s 118.5 118.1 
4a *138.8 C   134.6 137.5 
5 *182.4 C   185 183.6 
5a  C   138.7 134.4 
6 *108.4 CH 7.38 d, 2.4 107.4 108.1 
7 *167.1 C   165.9 165.4 
8 *107.6 CH 6.77 d, 2.4 108.1 106.7 
9 *166.0 C   166.54 164.7 
9a *111.1 C   110.5 112.8 
10 *186.3 C   182 187.0 
10a *124.4 C   124 123.9 

3-CH3 *25.4 CH3 2.78 s 25.3 24.7 
7-OCH3 *56.3 CH3 3.95 s 56.1 56.3 
9-OH   12.80 

 
s   

*Signals derived from 2D NMR Data, edited-HSQC and HMBC. 
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Compound 5, also a known compound, (6-deoxyfusarubin / 9-

desmethylherbarine), was initially isolated as a yellow amorphous powder, but 

crystallizes into dark orange-brown crystals from (CD3)2SO under nitrogen drying 

lines.19, 22, 40 The molecular formula was C15H14O6 on the basis of the HRESIMS data 

([M+H]+ m/z = 291.0858, calculated m/z = 291.0863 for C15H15O6, Δ -1.8 ppm), with an 

index of hydrogen deficiency of nine. Interestingly, when comparing the 1D-NMR 

spectra (Table 5 and Figure A5) obtained in (CD3)2SO to two different reports of 5 by 

Parisot et al., it is observed they have assigned their 1H-NMR signals differently between 

the two reports, along with reported carbon signals of an analogue similar to compound 

5.19, 40 Recently, Chowdhury et al., reported the compound as new by establishing the 

relative configuration from analysis of NOESY correlations and renamed it 9-

desmethylherbarine.22 Comparison of the reported 1D-NMR data and obtained (both in 

CDCl3) aligned much more closely. Small differences were observed, particularly with 

the signals most affected by the stereocenter at C-3.22 Thus the obtained data was in 

alignment with the reported data and the planar structure in Figure 2 is supported. 
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Table 5. 1H (500 MHz) and 13C (125 MHz) NMR Data for Compound 5, Recorded in 
   (CD3)2SO. 
 

Position δC Type δH Mult, J (Hz) 
 

1 57.2 CH2 4.54 m 
3 93.8 C   
4 33.2 CH2 2.59, 2.46 m 
4a 142.0 C   
5 182.9 C   
5a 133.8 C   
6 107.9 CH 7.04 d, 2.4 
7 166.1 C   
8 106.3 CH 6.83 d, 2.4 
9 164.0 C   
9a 109.1 C   
10 186.8 C   
10a 140.9 C   

3-CH3 28.8 CH3 1.46 s 
3-OH   6.12 m 
9-OH   12.05 s 

7-OCH3 56.9 CH3 3.91 s 
 

Compound 6 was isolated as a bright yellow amorphous solid. Its molecular 

formula was established as C30H26O10 from the HRESIMS data ([M+H]+ m/z = 547.1590, 

calculated m/z = 547.1599 for C30H27O10, Δ -1.6 ppm) with an index of hydrogen 

deficiency of eighteen. The 1H data showed a spectrum strikingly similar to compound 2, 

with an initial appearance of each signal being duplicated with two methoxys, two 

chelated protons, and two methylenes. However, key differences observed in the 1D-

NMR spectra (Figure A6) was the presence of only three methyl units (instead of four if 

duplicated), three aromatic protons with one being a singlet instead of a doublet with a 

meta-coupling constant as seen previously, and an additional methylene that was 

confirmed with edited-HSQC. Analysis of the HMBC data determined that the C-12 
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methyl observed in 2, was now a methylene unit (δH/δC 4.01 (s)/19.9), connected to a 

second unit of rhinoquinone A at the C-6’ position (δC 120.1) and also supported by the 

observed singlet for H-8’ (δH/δC 7.13/102.9). (Table 6). The key HMBC correlations 

confirming the structure (Figure 2) were H2-12 to C-2, C-3, C-4, C-5’, C-6’ and C-7’, 

along with the ones previously described in 2 supporting the naphthoquinone core. We 

have assigned the trivial name of rhinoquinone C to this novel homodimeric 

naphthoquinone. 
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Table 6. 1H (400 MHz) and 13C (100 MHz) NMR Data for Compound 6, Recorded in 
   CDCl3. 
 

Position δC Type δH Mult, J (Hz) 
 

1 183.7 C   
2 141.6 C   
3 148.2 C   
4 187.2 C   
4a 109.6 C   
5 164.3 C   
6 106.3 CH 6.65 d, 2.5 
7 165.8 C   
8 107.6 CH 7.14 d, 2.5 
8a 133.5 C   
9 41.8 CH2 3.72 s 
10 203.1 C   
11 29.9 CH3 2.06 s 
12 19.9 CH2 4.01 s 

5-OH     
7-OCH3 56.1 CH3 3.89 s 

1’ 183.3 C   
2’ 141.1 C   
3’ 146.0 C   
4’ 188.8 C   
4a’ 110.1 C   
5’ 160.5 C   
6’ 120.1 C   
7’ 163.1 C   
8’ 102.9 CH 7.13 s 
8a’ 131.7 C   
9’ 41.8 CH2 3.76 s 
10’ 203.4 C   
11’ 30.5 CH3 2.31 s 
12’ 12.9 CH3 2.09 s 

5’-OH     
7’-OCH3 56.5 CH3 3.85 s 

 
 
Compound 7 was isolated as a yellow amorphous solid. Its molecular formula was 

determined as C30H23NO9 on the basis of the HRESIMS data ([M+H]+ m/z = 542.1436, 

calculated m/z = 542.1446 for C30H24NO9, Δ -1.8 ppm) with twenty degrees of 



 

22 
 

unsaturation. Similar to 6, the 1H spectrum shows remarkable similarities to two 

compounds, rhinoquinone A (2) and 6-deoxybostrycoidin (4), and almost appears as a 1:1 

mixture of the two. However, like compound 6, the C-12 methyl signal of 2 was absent, 

along with the H-6’ signal being a singlet instead of a doublet as seen in the monomer (4) 

and a methylene unit with a similar shift to 6 (δH/δC 4.07 (s)/20.1) was present (Figure 5). 

The six key HMBC correlations for H2-12 that were seen in 6 were also observed for 

compound 7 (Figure 6). The structure was elucidated primarily from the presence of the 

H2-12 HMBC correlations and alignment of the monomer’s and dimer’s 1H-NMR. 

Further analysis of the edited-HSQC and HMBC data confirmed the heterodimeric 

structure depicted in Figure 2 and has been assigned the trivial name of rhinoquinone D 

(7). 
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Figure 5. 1H-NMR of Compounds 2, 4, and 7, Showing Alignment of Peaks.  
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Figure 6. Key H2-12 HMBC Correlations for Compounds 6 and 7.  
 
 

Biological Activity 

Screening of initial fractions for cytotoxicity against breast cancer (MDA-MB-231), 

ovarian cancer (OVCAR3) and melanoma (MDA-MB-435) provided good preliminary 

cytotoxic activity (Table 7). Compounds 2-5 were isolated from fraction 5, while 

compound 6 was isolated from fraction 7.  

 
Table 7. Preliminary Screening of Fractions for Cytotoxicity, Measured by Cell Viability. 
 

Fraction MDA-MB-231 OVCAR3 MDA-MB-435 
20 μg/mL 2 μg/mL 20 μg/mL 2 μg/mL 20 μg/mL 2 μg/mL 

5 28 59 17 84 9 14 
7 44 99 66 85 10 59 
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At the recommendation of one of our collaborators, compounds 2, 5 and 6 were 

tested against gram positive bacteria. He indicated previous work on structurally similar 

compounds were highly active against gram positive bacteria. Compounds 2 and 5 

exhibited the best activity against Staphylococcus aureus (ATCC 35667) and a clinically 

relevant methicillin-resistant S. aureus strain (MRSA). The minimum inhibitory 

concentrations (MICs) of 2 and 5 against S. aureus were 6.3 μg/mL and 2.3 μg/mL and 

against MRSA were 19.4 μg/mL 16.0 μg/mL, respectively  

 
Table 8. Minimum Inhibitory Concentrations (MIC) Needed for 100% Inhibition of 
   Bacterial Growth for S. aureus and Methicillin Resistant S. aureus (MRSA). 
 

Compound 
MIC (μg/mL) 

S. aureus 
 

MRSA 
 

2 6.3 19.4 
5 2.3 16.0 
6 68.8 452.2 

Gentamicin 0.4 9.8 
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CHAPTER III 
 

METHODOLOGY 
 
 

General Experimental Procedures and Instrumentation 
 

NMR data was obtained using either a JEOL ECS-400 NMR spectrometer 

equipped with a JEOL normal geometry broadband Royal probe and an autosampler (24-

slots) operating at 400 MHz for 1H and 100 MHz for 13C, a JOEL ECA-500 NMR 

spectrometer operating at 500 MHz for 1H and 125 MHz for 13C (Both from JOEL Ltd.) 

or an Agilent 700 MHz NMR spectrometer equipped with a cryoprobe, operating at 700 

MHz for 1H and 175 MHz for 13C (Agilent Technologies). HRESIMS data was collected 

with a Thermo QExactive Plus mass spectrometer coupled with an electrospray 

ionization source (ThermoFisher Scientific) coupled with a Waters Acquity UPLC 

system equipped with an Acquity BEH C18 column (1.7 µm; 50 mm x 2.1 mm) (Waters 

Corp.) and analyzed using the software Xcalibur (ThermoFisher Scientific). Phenomenex 

Gemini-NX C18 analytical (5 µm; 250 x 4.6 mm), semipreparative (5 µm; 250 x 10.0 

mm), preparative (5 µm; 250 x 21.2 mm), Luna PFP preparative (5 µm; 250 x 19.0 mm), 

Luna Cyano analytical (5 µm; 250 x 4.6 mm) and Luna Cyano preparative (5 µm; 250 x 

21.2 mm) columns (all from Phenomenex) were used on a Varian Prostar HPLC system 

equipped with Prostar 210 pumps and a Prostar 335 Photodiode array detector (PDA), 

with Galaxie Chromatography Workstation software (version 1.9.3.2, Varian Inc.) used 

for data collection and analysis. Flash chromatography was conducted on a Teledyne 
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ISCO CombiFlash Rf 200 system using Silica Gold columns (both from Teledyne Isco) 

and coupled with UV and evaporative light-scattering detectors. All other reagents and 

solvents were obtained from Fisher Scientific and VWR and were used without further 

purification. 

 
Fungal Growth and Identification 

 
 Fungal strain MSX53507 was provided by our collaborator Mycosynthetix, and is 

a morphologically diverse fungus. This was observed when a total of ten cultures were 

examined and shown in Figure 7. The ITSrDNA was sequenced and analyzed with 21 

taxa from several type strains of Cladorrhinum spp. (Figure 8). Due to the morphological 

diversity, this was performed for a total of 6 samples: two from the light region of the 

fungus, two from the dark region, and two from the junction where the light and dark 

intersect to confirm the observed morphologies were not due to a contamination or co-

culture situation. Protocols for DNA extraction, PCR, Sanger sequencing, and 

phylogenetic analysis have been reviewed. Further work would need to be done to 

determine if fungal strain MSX53507 is a new species of Cladorrhinum, but the 

independent branching observed in the phylogenetic tree does confirm that is a new strain 

of Cladorrhinum sp..41 
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Figure 7. Depiction of the Observed Morphological Diversity of MSX53507. 
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Figure 8. Phylogram of the Most Likely Tree (-lnL = 2549.85) from a RAxML Analysis  
   of 21 Taxa Based on ITSrDNA Sequences (557 bp) from Several Type Strains of 
   Cladorrhinum spp.. Numbers refer to the RAxML bootstrap support values ≥ 70%  
   based on 1,000 replicates. Strain MSX53507 was identified as Cladorrhinum sp. 
   (highlighted in green box). Several isolates of the same strain MSX53507 were  
   sequenced since the cultural morphology varied between different isolates of the same 
   strain. Catenulifera brevicollaris (GU727561) was used as outgroup. Bar indicates 
   nucleotide substitutions per site.  
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Fermentation, Extraction and Isolation 
 
 Cultures of strain MSX53507 were grown in a Petri dish containing potato 

dextrose agar (PDA). Once sufficient mycelial growth was observed, a small agar plug 

with fungal mycelium was transferred to YESD (2% soy peptone, 2% dextrose, and 1% 

yeast extract). These seed cultures were grown and used as the inoculum. Cultures of 

strain MSX53507 were grown in three separate 2.8 L Fernbach flasks (Corning, Inc., 

Corning, NY, USA), with each containing 150 g rice and 300 mL H2O and allowed to 

incubate for approximately four weeks. The light culture (1) was extracted independently, 

while the two dark solid cultures were extracted together. A total of 500 mL of 1:1 

MeOH-CHCl3 was added to each of the solid cultures, and they were chopped into small 

pieces with a spatula. They were then shaken at ~125 rpm overnight (~16 h) at room 

temperature and filtered under vacuum. This process was then repeated two more times 

for each extract. A total of 900 mL CHCl3 and 1500 mL H2O were added to each filtrate. 

The biphasic solution was stirred for 30 min and then transferred into a separatory funnel. 

The organic layer was drawn off and evaporated to dryness under reduced pressure. The 

dried organic extracts were re-constituted in 600 mL of 1:1 MeOH-CH3CN and 600 mL 

of hexanes, and transferred to a separatory funnel. The MeOH-CH3CN layer was drawn 

off and evaporated to dryness in vacuum. The defatted organic extracts of the light solid 

culture (~1.5 g) and the dark solid cultures (~4.1 g) were dissolved in CHCl3, adsorbed 

onto Celite 545 and fractioned by flash chromatography. The light culture was fractioned 

via a 40 g RediSep Rf Gold HP Silica column using a gradient solvent system of hexane-

CHCl3-MeOH with a 40 mL/min flow rate and 53.3 column volumes over 63.9 min to 
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yield 19 fractions (L:F1-L:F19). The dark cultures were fractioned via a 80 g RediSep Rf 

Gold HP Silica column using a gradient solvent system of hexane-CHCl3-MeOH with a 

60 mL/min flow rate and 25.1 column volumes over 52.3 min to afford 23 fractions 

(D:F1-D:F23). Fraction L:F8 (~26.5 mg) was subjected to preparative HPLC using a 

gradient system of 35:65 to 55:45 CH3CN-H2O (0.1% formic acid) over 12 min then 

70:30 to 100:0 CH3CN-H2O (0.1% formic acid) over 20 min at a flow rate of 21.20 

mL/min and a Gemini column to yield compound 1 (1.0 mg, tR 10.5 min). Fraction D:F11 

(~40.0 mg) was subjected to preparative HPLC using the same gradient system of 35:65 

to 55:45 CH3CN-H2O (0.1% formic acid) over 12 min then 70:30 to 100:0 CH3CN-H2O 

(0.1% formic acid) over 20 min at a flow rate of 21.20 mL/min and a Gemini column to 

yield compound 7 (1.2 mg, tR 21.5 min). Fraction D:F10 (~1.0 g) was dissolved in 

CHCl3, adsorbed onto Celite 545. It was fractionated by flash chromatography via a 12 g 

RediSep Rf Gold HP Silica column using a gradient solvent system of hexane-EtOAc-

MeOH with a 30 mL/min flow rate and 38.9 column volumes over 21.8 min to yield 10 

fractions (D:F10I-D:F10X). Fraction D:F10VII (~22.6 mg) was purified via solubility 

properties by adding MeOH to the sample, vortexing and then centrifuging the sample. 

The supernatant was removed and this process was repeated several times. The resulting 

precipitate yielded compound 6 (~11.4 mg). Fraction D:F10V (~76.2 mg) was subjected 

to preparative HPLC using a gradient system of 70:30 to 100:0 MeOH-H2O (0.1% formic 

acid) over 30 min at a flow rate of 20.00 mL/min and a Luna PFP column to yield 13 

subfractions (D:F10V1-D:F10V13). Fraction D:F10V5 (~7.8 mg) was purified with 

preparative HPLC using a gradient system of 10:90 to 50:50 CH3CN-H2O (0.1% formic 
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acid) over 30 min at a flow rate of 21.20 mL/min and a Luna Cyano column to yield 

compound 5 (4.6 mg, tR 19.0-21.0 min). Fraction D:F10V6 (~5.7 mg) was purified with 

preparative HPLC using a gradient system of 10:90 to 50:50 CH3CN-H2O (0.1% formic 

acid) over 30 min at a flow rate of 21.20 mL/min and a Luna Cyano column to yield 

compound 2 (4.0 mg, tR 24.0-25.0 min). Fraction D:F10V7 (~5.6 mg) was purified with 

semi-preparative HPLC using a gradient system of 55:45 to 100:0 MeOH-H2O (0.1% 

formic acid) over 30 min at a flow rate of 4.60 mL/min and a Gemini column to yield 

compound 3 (2.4 mg, tR 17.0 min). D:F10V13 (1.3 mg) was purified with analytical HPLC 

using a gradient system of 30:70 to 60:40 CH3CN-H2O (0.1% formic acid) over 30 min at 

a flow rate of 1.00 mL/min and a Luna Cyano column to yield compound 4 (0.8 mg, tR 

11.5 min). Compounds 3 and 7 were further purified by analytical HPLC to generate 

materials of a higher purity, while all other isolated compounds were at a suitable purity 

for biological evaluation. The purity of compounds for bioassays was determined by 1H 

NMR.  

 
X-Ray Crystallographic Analysis of Compound  

 
Crystals of compound 2 formed from an approximate 1:1 mixture of MeOH and 

chloroform under nitrogen drying lines at room temperature. A brief summary of the 

previously described method, instrumentation and the computing details are as follows: 

Data collection: X8 Proteum-R (Bruker Analytical X-ray Instruments Inc., Madison, 

Wisconsin, USA); cell refinement: SAINT V8.38A (Bruker Analytical X-ray Instruments 

Inc., Madison, Wisconsin, USA); data reduction: SAINT V8.38A (Bruker Analytical  
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X-ray Instruments Inc., Madison, Wisconsin, USA); program(s) used to solve structure: 

ShelXT; program(s) used to refine structure: SHELXL; molecular graphics: Olex2 

(Dolomanov et al., 2009); software used to prepare material for publication: Olex2. 

publCIF is used for generating the crystallographic information file (CIF).42  

 
  Biological Assays 

Cytotoxicity – Cell Viability Assays 

A previously described methodology was used for the cytotoxicity assays.42, 43 In 

brief, all three cell lines, MDA-MB-435, MDA-MB-231, and OVCAR3 were purchased 

from American Type Culture Collection (Manassas, VA). The cells were grown under a 

set of specific conditions, and harvested when they were in their log phase of growth. A 

total of 5,000 cells were seeded per well (96-well plate) and incubated overnight. 

Samples to be tested were then dissolved in DMSO and added to the appropriate wells 

(concentrations: 20 μg/mL and 2 μg/mL). The cells were then incubated for 72 hours at 

37°C and evaluated for cell viability with a commercial absorbance assay. The data are 

expressed as the percentage of cell survival relative to the solvent, DMSO (used as the 

control.)  

 
Antibacterial - Minimum Inhibitory Concentration (MIC) Assays 

Antibacterial activity of compounds 2, 5 and 6 was assessed using a microdilution 

assays, monitoring growth inhibition against Staphylococcus aureus ATCC 35667 and a 

clinically relevant methicillin-resistant S. aureus strain (MRSA), at OD600.44 The 

Minimum Inhibitory Concentration (MIC) of each compound was carried out following 
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the Clinical and Laboratory Standards Institute (CLSI) guidelines.45 In the MIC assays, 

10 μL of log-phase bacteria, diluted at 5.0 × 106 colony forming units per milliliter 

(CFU/mL) were added to a 96 well plate. Compounds 2, 5, and 6 were evaluated at 

concentrations ranging from 0-200 µg/mL or 0-1000 µg/mL for gentamicin, in Müeller-

Hinton broth (MHB) containing 2% DMSO, in a final volume of 100 μL. 96-Well plates 

were incubated at 37°C for 18 hours, after which OD600 values were measured using a 

Multiskan™ FC microplate reader (ThermoScientific) to evaluate growth inhibition. The 

MIC is defined as the lowest compound concentration at which growth is ≥95 % inhibited 

after 18−24 h of incubation at 37 °C. The MIC was calculated by nonlinear regression 

using a modified Gompertz equation (Equation 1), which relates the fractional area (y) to 

the log of antibacterial concentration (x). 

 
𝑦𝑦 = 𝐴𝐴 + 𝐶𝐶𝑒𝑒−𝑒𝑒𝐵𝐵(𝑥𝑥−𝑀𝑀)  Equation 1 

 
Where A is the lower asymptote, B is a slope parameter, C is the distance between the 

lower and higher asymptote and M is the log concentration at the inflection point. The 

MIC (Equation 2) is defined as the intersection of line 𝑦𝑦 = 𝐴𝐴 with the equation of the 

line tangential to the point (𝑀𝑀, (𝐴𝐴 + 𝐶𝐶𝑒𝑒−1)).46 The values of A, C, B and M were 

obtained from nonlinear fitting using Prism 6.0.  

 

𝑀𝑀𝑀𝑀𝐶𝐶 = 10�𝑀𝑀+
1
𝐵𝐵�  Equation 2 
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CHAPTER IV 
 

CONCLUSIONS 
 
 

In summary, preliminary cytotoxicity data for fungal strain MSX53507, in 

combination with results from an established dereplication protocol, indicated that the 

biological activity of MSX53507 was not attributable to any compounds (new or known) 

previously isolated and identified in our research laboratory. Thus, further investigation 

into the profile of secondary metabolites and isolation and elucidation of the 

compound(s) responsible for the bioactivity was warranted and three large scale cultures 

were ordered from our collaborator. They were extracted using an established 

methodology adapted in our laboratory for fungal cultures grown on solid media (rice) 

and the organic extract was then fractionated using flash chromatography. The obtained 

fractions were screened against a panel of three cancer cell lines, MDA-MB-435 

(melanoma), MDA-MB-231 (breast), and OVCAR3 (ovarian). The cytotoxicity results 

allowed for further prioritization of fractions. A combination of two fractionation 

methodologies, bioactivity-guided and proton-NMR guided, led to the isolation and 

elucidation of four new naphthoquinone analogues (1, 3, and 6-7), two known 

compounds (4-5) and a naphthoquinone previously misidentified in the literature (2) from 

fractions that exhibited biological activity. The structures of the isolated compounds were 

established using a set of spectroscopic and spectrometric techniques. While genetic 

sequencing data determined that fungal strain MSX53507 is at least a new strain of 
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Cladorrhinum sp. and branches alone in the phylogenetic tree, additional work would 

need to be conducted to determine if is in fact a new species.  

Compound 1 contains a bridged eight-member oxocine-one ring system in which 

the bridge creates two six-membered rings. To the best of my knowledge, is the first 

report of an oxocine-one core formed from a monomeric unit that has been isolated from 

fungi and was named Cladoxocinone A. In correction of the literature, this is the first 

report of both the spectroscopic and X-Ray crystallography data for compound 2; 

establishing this as a new compound and named rhinoquinone A. The only difference 

between Rhinoquinone B (3) and compound 2 is a reduction of the ketone in the acetonyl 

chain to a hydroxy moiety. Even though there was some minor differences observed 

when comparing the spectroscopic data to that in the literature of both of the known 

compounds, 6-deoxybostrycoidin (4) and 6-deoxyfusarubin (5), the data was mostly in 

agreement and also aligned with the calculated and predicted 13C NMR data (ACD 

laboratories NMR predictor software) for confirmation of the structures. Interestingly, 

while 1-5 are all monomeric 15-carbon containing compounds, 6 and 7 are an 

unprecedented, dimeric, 6’-12 head-to-tail binding of some of the isolated monomeric 

naphthoquinones. The first of these C-30 containing compounds, rhinoquinone C (6), 

contains two units of compound 2 and is considered to be a homodimer, while 

rhinoquinone D (7) is a heterodimer and contains one unit of compound 2 and one unit of 

6-deoxybostrycoidin (4). Interestingly, this fungus’s utilization of the same building 

blocks to generate some of the new chemotypes identified, ultimately showcases the 

broad and divergent biosynthetic pathways of fungi. 
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 Preliminary cytotoxicity screening data of a fraction containing ~70% of 

compound 6 was observed to give a 10% survival rate for MDA-MB-435 at a 20 μg/mL 

concentration of the fraction, implying that compound 6 may have promising activity. 

Due to naphthoquinone’s broad spectrum of biological activity, compounds 2, 5, and 6 

were tested against Staphylococcus aureus (ATCC 35667) and a clinically relevant 

methicillin-resistant S. aureus strain (MRSA). Compound 5 was the most active with 

minimum inhibitory concentrations (MICs) of 2.3 μg/mL and 16.0 μg/mL, respectively. 
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APPENDIX A 

SPECTRAL DATA 
 
 

          
 
        Figure A1. Top - 1H-NMR Spectrum (700 MHz) and Bottom 13C-NMR Spectrum (175 MHz) for Compound 1, Recorded 
           in CDCl3. 
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        Figure A2. Top - 1H-NMR Spectrum (400 MHz) and Bottom 13C-NMR Spectrum (100 MHz) for Compound 2, Recorded 
           in CDCl3. 
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        Figure A3. Top - 1H-NMR Spectrum (500 MHz) and Bottom 13C-NMR Spectrum (125 MHz) for Compound 3, Recorded 
           in CDCl3. 
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        Figure A4. 1H-NMR Spectrum (400 MHz) for Compound 4, Recorded in CDCl3. 
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        Figure A5. Top - 1H-NMR Spectrum (500 MHz) and Bottom 13C-NMR Spectrum (125 MHz) for Compound 5, Recorded 
           in (CD3)2SO. 
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        Figure A6. Top - 1H-NMR Spectrum (400 MHz) and Bottom 13C-NMR Spectrum (100 MHz) for Compound 6, Recorded 
           in CDCl3. 
 
 




