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Abstract 
. 
This thesis is separated into three sections: 

1) Slight changes in the chemical structure of haemanthamine greatly influence the 

effect of the derivatives on rumen fermentation in vitro  

Nine compounds (i-ix) were synthetized from the natural alkaloid haemanthamine and tested 

in vitro for their effects on rumen protozoa and fermentation parameters. Our results showed 

that acetate, butyrate, pivalate or hexanoate derivatives of haemanthamine or 

dihydrohaemanthamine (v) gave compounds that had significant differences in their effect 

on rumen fermentation.  
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2) Synthesis of zephycandidine A from haemanthamine 

Zephycandidine A (x) the first naturally occurring imidazo[1,2–f]phenanthridine alkaloid, 

isolated from Zephyranthes candida (Amaryllidaceae) was prepared in three steps from the 

naturally occurring alkaloid haemanthamine. 
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3) Quorum sensing N-Acyl homoserine lactones are a new class of anti-schistosomal 

agents 
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Through evaluating and screening fourteen compounds (initially developed for anti-cancer 

and anti-viral projects) against Schistosoma mansoni, one of three species responsible for 

most cases of human schistosomiasis, a racemic N-acyl homoserine derivative demonstrated 

good efficacy against all intra mammalian lifecycle stages including schistosomula (EC50 = 4.7 

μM), juvenile worms (EC50 = 4.3 μM) and adult worms (EC50 = 8.3 μM). To explore structural 

activity relationships, a further 8 analogues of this initial compound (xi-xx) were generated, 

including the separate (R)- (xv) and (S)-enantiomers (xvi). Anti-schistosomal screening of 

these analogues demonstrated that the (R)-enantiomer retained activity, whereas the (S)- 

was far less activity. Furthermore, modification of the lactone ring to a thiolactone ring 

improved potency against schistosomula (EC50 = 2.1 μM), juvenile worms (EC50 = 0.5 μM) 

and adult worms (EC50 = 4.8 μM). As the effective racemic parent compound is structurally 

similar to quorum sensing signalling peptides used by bacteria, further evaluation of its effect 

(along with its stereoisomers and the thiolactone analogues) against Gram+ (Staphylococcus 

aureus) and Gram- (Escherichia coli) species was conducted. While some activity was 

observed against both Gram+ and Gram- bacteria species for the racemic compound (MIC 

125 mg/L), the (R)-stereoisomer had better activity (125 mg/L) than the (S) (>125mg/L). 

However, the greatest antimicrobial activity (MIC 31.25 mg/L against S. aureus) was observed 

for the thiolactone containing analogue. 
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Chapter 1 

 

“Slight changes in the chemical structure of haemanthamine greatly 

influence the effect of the derivatives on rumen fermentation in 

vitro” 

Eva Ramos-Morales, Jamie Tibble-Howlings, Laura Lyons, Magnus O. 

Ogbu, Patrick J. Murphy, Radek Braganca and Charles James 

Newbold. 

Sci Rep 9, 2440 (2019). https://doi.org/10.1038/s41598-019-38977-x   
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Introduction  

 The daffodil family contains a series of alkaloids known as the amaryllidaceae alkaloids 

(amaryllidaceae being the family of flowering plants, perennials that grow from bulbs), 

including norbelladine 1, galanthamine 3, norpluvine 5, lycorine 6, haemanthamine 7. Each of 

these alkaloids has a similar biosynthetic pathway, coming from L-phenylalanine and L-

tyrosine (Scheme 1). Galanthamine 3 coming from an ortho-para coupling, haemanthamine 

7 coming from a para-para free radical coupling and lycorine 6 from a para-ortho free radical 

coupling (Scheme 1).  
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Scheme 1: The biosynthetic pathway of some of the amaryllidaceae alkaloids. 
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Over the years the Murphy group1,2 has investigated the isolation and derivatisation 

of haemanthamine 7 (Figure 1), and its synthetic product of hydrogenation, 

dihydrohaemanthamine 8 (Figure 2).  

O
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N

OMe

H
OH

7    

O

O

N

OMe

H
OH

8    

Figure 1: Haemanthamine 7.   Figure 2: Dihydrohaemanthamine 8. 

A number of compounds have already been synthesised; these include compounds 

9-162 (Figure 3). 
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9   R= Me
10 R= t-Bu
11 R= n-Pr
12 R= n-C5H11

13 R= Me
14 R= t-Bu
15 R= n-Pr
16 R= n-C5H11  

Figure 3: Compounds 9-16. 

Haemanthamine can be extracted from the crude residues of an industrial 

galantamine extraction procedure (Figure 4), implemented by Agroceutical Products LTD. 

Previous work from Ogbu3, Bernitzky4, Seabrook1 and Feil5 gave methodology for extraction 

of haemanthamine (ca. 8-12% of total alkaloids remaining) from this residue, including some 

methods that were abandoned, such as using supercritical CO2,5 which yielded poor results. 

During the research of Ogbu a more effective extraction method was discovered and 

implemented for extraction of haemanthamine from the crude source, and this method is 

outlined in the experimental section of this report. Experimentation into this method 

concluded that some of these steps were unnecessary and the process could be simplified, as 

well as certain material components being unnecessary for the extraction. NMR spectroscopy 
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and TLC analysis determined that the haemanthamine extracted in the modified method 

yielded haemanthamine of higher purity, with fewer consumables and, therefore, an overall 

cheaper and easier process. 

 

Figure 4: Crude runoff from galantamine extraction. 

The extraction method used within the group used many unrecyclable materials such 

as Celite®, silica and filter papers, the aim of this project was to minimise these unnecessary 

expenditures while maximising the haemanthamine isolation. Experimentation into the 

extraction gave rise to the conclusion that the use of Celite® was not necessary and was only 

adding to the cost of the extraction, the same result could be accomplished by a sheet of filter 

paper via vacuum filtration or a plug of cotton wool using gravity filtration. These first insights 

were the driving force for the continuation of this project, making minor modificiations to find 

the best method possible. It was also discovered that the volumes of solvents in this 

extraction were excessive, from the volume of chloroform used to the volumes of 

recrystallization liquors. Thus, reducing the excessive use of these gave a more manageable 

system and recycling of these solvents gave way to an easy and fast extraction procedure that 

costs very little to undertake. The quantity of base used in the experiments was also altered 

but found to be only slightly in excess, this being one of the only materials not recyclable in 

the process. 

Compounds 9-16 were synthesised for a previous project2 and tested as to their 

effectiveness against protozoan organisms, and for their potential to reduce methane 

production in the rumen of farmed cattle6. This work was performed in collaboration with the 

research group of Professor J. Newbold at Aberystwyth University. 
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It is estimated that dairy cattle in the UK produce around 230,000 tons of methane 

gas from flatulence each year7. Cows belong to the class of mammal called ruminants; these 

mammals all store their ingested food in the first chamber of their stomach, called the rumen. 

The rumen in these animals contains many bacterial microorganisms, some of which produce 

methane as a by-product6. Methane escapes from the cattle in the form of belching and/or 

flatulence, travelling into the atmosphere and becoming trapped there. Methane gas is 

known as a ‘greenhouse gas’, meaning that the release of methane into the atmosphere leads 

to the trapping of heat from the sun’s radiation, thus causing global temperatures to rise 

gradually over time. Methane traps warming radiation within the atmosphere around thirty 

times more effectively than carbon dioxide8, which is the dominant greenhouse gas produced 

by man. Although methane persists in the atmosphere for a shorter period of time than 

carbon dioxide9, its warming effect in the short term could cause immense damage to the 

environment, changing global climate at a rapid rate. Current attempts at reversing the 

effects of global warming may well be in vain if the production of greenhouse gasses continue 

at their current pace. Reducing the production of methane in the atmosphere will, however, 

not halt global warming, reduction of CO2 would be the most appropriate way to attempt to 

fight back against climate change. However, reduction of methane gas is a good start, easing 

the strain on the environment a small amount to allow time for new energy sources to be 

produced that have low carbon emissions. 
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Results and Discussion 
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9   R= Me (97%)
10 R= t-Bu (41%)
11 R= n-Pr (92%)
12 R= n-C5H11

 (91%)

13 R= Me (49%)
14 R= t-Bu (61%)
15 R= n-Pr (29%)
16 R= n-C5H11

 (83%)

O
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H2/Pd

AcOAc/RCOCl,
Pyridine,DMAP.

AcOAc/RCOCl,
Pyridine,DMAP.

O

O

N

OMe

H
OH

8  

Scheme 2: Synthesis of 8-16 from haemanthamine 7. 

The two main synthetic methods used in these projects were ester synthesis from 

secondary alcohols and either and acyl chloride or acid anhydride, and hydrogenation 

reaction using catalytic palladium on carbon and hydrogen gas. 

Compounds 7 and 8-16 were sent to Dr Newbold at Aberystwyth University for an 

array of testing in an artificial cow rumen: pH tests, volatile fatty acid concentration (VFA), 

acetate percentage, propionate percentage, butyrate percentage, branched-chain volatile 

fatty acid percentage (BCVFA), ammonia production, total gas production and methane 

production.  

The testing at Aberystwyth was carried by the Newbold group, using an artificial cow 

rumen (a procedure in which I assisted in the initial stages) produced by taking cow rumen 

contents, mixing them with sufficient feed and general supplements that the animals would 

receive in the farm. This mixture was then allowed to propagate and then separated into a 

series of artificial rumens, each a sealed system. The individual systems were then treated 

with varying concentrations of alkaloid derivatives and allowed to ferment over a period of 

time. The contents were then tested vs a control for the various conditions listed above. 
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Effects of compounds 7-16 on the pH of the artificial rumen system. 

The average pH of the bovine rumen ranges from between 5.7 and 7.3 and, as can be 

seen from Table 2, the pH of the artificial rumen changes within normal pH parameters with 

the addition of any of the haemanthamine derivatives (7, 9-16). The changes are still within 

the ranges of the average rumens, so therefore should not negatively impact any live cattle 

in this respect. 

 pH   

 0 g/L 0.5 g/L 1 g/L SED P 

7 6.20 6.25 6.36 0.028 0.003 

9 6.20 6.23 6.37 0.031 0.004 

10 6.20 6.17 6.37 0.026 <0.001 

11 6.20 6.30 6.38 0.031 0.003 

12 6.20 6.29 6.27 0.032 0.062 

13 6.20 6.32 6.34 0.038 0.017 

14 6.20 6.31 6.33 0.023 0.002 

15 6.20 6.33 6.37 0.034 0.005 

16 6.20 6.26 6.26 0.046 0.339 

Table 1: The effect of compound 7-16 on the pH of the system.  

SED: Standard error of the difference. P: P-Value  
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Table 2: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on pH 

after 24 h of incubation (batch culture). 

The SED and P values both show that these results are statistically significant. As mentioned, 

the pH range of the average cow rumen is between 5.7 and 7.3 meaning that the maximum 

change of 0.18 is fairly insignificant, with respect to the overall system.  
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Effect of compounds 7-16 on production of VFAs in the artificial rumen system 

Volatile fatty acids (VFA) are used to provide energy to the rumen and are used in milk 

fat biosynthesis. They are the main energy source for ruminants, providing approx. 70% of 

their total energy requirements. The three main VFAs found in the rumen are acetates, 

propionates and butyrates. 

 VFA Production (mM)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 62.9 57.7 (92%) 52.6 (84%) 2.28 0.012 

9 62.9 50.7 (81%) 46.7 (74%) 2.38 0.01 

10 62.9 55.6 (88%) 52.5 (83%) 2.18 0.008 

11 62.9 52.1 (83%) 49.0 (78%) 1.97 <0.001 

12 62.9 51.7 (82%) 53.3 (85%) 1.56 <0.001 

13 62.9 51.1 (81%) 49.5 (79%) 1.89 <0.001 

14 62.9 51.3 (82%) 55.6 (88%) 3.29 0.033 

15 62.9 51.4 (82%) 46.8 (74%) 4.98 0.044 

16 62.9 55.6 (88%) 62.3 (99%) 3.25 0.117 

Table 3: The effect of compounds 7-16 on VFA production in the system vs control (%). SED: 

Standard error of difference. 
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Table 4: Effect of 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on total VFA (mM) 

after 24 h of incubation (batch culture). 

 The addition of each compound has a negative effect on the total amount of VFAs 

produced in the rumen, between a 1-26% reduction vs the control. This could have a 

significantly negative effect on the ruminant as they rely on the VFAs for their main source 

of energy.  
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Effect of compounds 7-16 on acetate production in the artificial rumen system 

Acetates are one of the VFAs in the bovine rumen, the haemanthamine derivatives do 

seem to have a negative effect on the production of acetates in the artificial rumens. This may 

be problematic for live bovines; however further testing is needed. 

 Acetate Production (% of total VFA)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 58.8 56.4 (94%) 55.5 (94%) 1.94 0.287 

9 58.8 48.0 (82%) 47.5 (81%) 1.36 <0.001 

10 58.8 48.7 (83%) 46.0 (78%) 3.131 0.015 

11 58.8 47.3 (80%) 42.9 (73%) 0.925 <0.001 

12 58.8 48.3 (82%) 46.6 (79%) 0.837 <0.001 

13 58.8 49.0 (83%) 47.5 (81%) 0.936 <0.001 

14 58.8 44.6 (76%) 41.6 (71%) 0.804 <0.001 

15 58.8 45.5 (77%) 36.8 (63%) 0.833 <0.001 

16 58.8 41.3 (70%) 41.2 (70%) 1.399 <0.001 

 

Table 5: The effect of compounds 7-16 on total acetate production in the system vs control 

(%). SED: Standard error of difference. 
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Table 6: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on 

acetate (%) after 24 h of incubation (batch culture). 

This graph shows that additions of these ester compounds have a negative effect on the total 

concentration of acetate VFA’s in the rumen, leading to a reduction of between 6-37% of 

acetate production in the rumen. It is unknown as to what effect of this reduction will actually 

have on ruminants. 
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Effect of compounds 7-16 on propionate production in the artificial rumen system 

Propionate concentration seems to be affected positively with the addition of the 

haemanthamine 7, and derivatives, 9-16, increasing the concentrations of propionates in a 

fairly consistent manner for all of the derivatives. 

 Propionate Production (% of total VFA)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 16.4 19.8 (121%) 20.2 (123%) 1.22 0.039 

9 16.4 24.6 (150%) 23.8 (145%) 0.749 <0.001 

10 16.4 23.2 (141%) 23.9 (146%) 1.27 0.002 

11 16.4 23.3 (142%) 25.0 (152%) 0.645 <0.001 

12 16.4 23.3 (142%) 23.6 (144%) 0.426 <0.001 

13 16.4 25.0 (152%) 24.5 (149%) 0.457 <0.001 

14 16.4 26.2 (160%) 33.9 (207%) 0.788 <0.001 

15 16.4 24.0 (146%) 26.8 (163%) 0.392 <0.001 

16 16.4 27.2 (166%) 37.9 (231%) 0.808 <0.001 

 

Table 7: The effect of compounds 7-16 on total propionate production in the system vs 

control (%). SED: Standard error of difference. 
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Table 8: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on 

propionate (%) after 24 h of incubation (batch culture). 

 Thus, in contrast to the previous study, the production of propionate VFAs shows a 

net increase after the addition of the compounds, ranging from a 21-107% increase. 
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Effect of compounds 7-16 on butyrate production in the artificial rumen system 

Butyrates are variably affected by the addition of the haemanthamine derivatives 

with some of the compounds resulting in an increased production, and others leading to a 

reduction. 

 Butyrate Production (% of total VFA)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 18.5 17.8 (96%) 18.3 (99%) 0.747 0.689 

9 18.5 21.3 (115%) 22.3 (121%) 0.647 0.003 

10 18.5 21.9 (118%) 23.6 (128%) 1.864 0.081 

11 18.5 22.8 (124%) 25.8 (139%) 0.418 <0.001 

12 18.5 21.2 (115%) 22.2 (120%) 0.585 0.002 

13 18.5 19.6 (106%) 21.8 (118%) 0.608 0.004 

14 18.5 22.0 (119%) 17.0 (92%) 1.198 0.015 

15 18.5 24.0 (130%) 29.2 (158%) 0.77 <0.001 

16 18.5 22.3 (121%) 10.5 (57%) 1.322 <0.001 

 

Table 9: The effect of compounds 7-16 on total butyrate production in the system vs control 

(%). SED: Standard error of difference. 
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Table 10: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on butyrate (%) after 24 h 

of incubation (batch culture). 

 The concentration of butyrates seems to increase with the addition of each 

compound, giving a maximum increase of 58%, except 14 and 16 which had a maximum 

reduction of butyrates by 43%. Overall, the majority of the changes are minimal with the 

exception of compound 16. 
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Effect of compounds 7-16 on BCVFA production in the artificial rumen system 

Branched-chain volatile fatty acids (BCVFA) are produced in the rumen of the cattle 

for the cellulolytic microorganisms that inhabit the organ. These BCVFAs are produced from 

dietary proteins or from the recycling of bacterial proteins. The most common BCVFAs are 

isobutyric acid, isovaleric acid, valeric acid and 2-methylbutyric acid. 

 BCVFA Production (% of total VFA)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 2.70 2.47 (91%) 2.49 (92%) 0.076 0.036 

9 2.70 2.56 (95%) 2.56 (95%) 0.103 0.352 

10 2.70 2.49 (92%) 2.41 (89%) 0.042 0.001 

11 2.70 2.68 (99%) 2.55 (94%) 0.06 0.079 

12 2.70 2.79 (103%) 2.52 (93%) 0.088 0.054 

13 2.70 2.64 (98%) 2.45 (91%) 0.099 0.097 

14 2.70 3.27 (121%) 4.18(178%) 0.185 <0.001 

15 2.70 2.58 (96%) 2.05 (76%) 0.176 0.021 

16 2.70 2.28 (84%) 2.05 (76%) 0.124 0.005 

 

Table 11: The Effect of compounds 7-16 on total BCVFA production in the system vs control 

(%). SED: Standard error of difference. 
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Table 121: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on 

BCVFA (%) after 24 h of incubation (batch culture). 

Each compound in this test, apart from 14, led to a reduction of the BCVFAs in the system, 

the biggest change being a 24% reduction in compound 16. According to the SED and P 

values each of these results appears to be statistically significant. 
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Effect of compounds 7-16 on ammonia production in the artificial rumen system 

Ammonia production in the rumen seems to reduce with the addition of the 

haemanthamine derivatives, with redutctions ranging from 1-28%. Compound 9 gave the 

greatest reduction in ammonia production, 28%; whereas compound 12 gave the lowest. 

 Ammonia Production (mM)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 7.12 5.38 (76%) 5.85 (82%) 0.195 <0.001 

9 7.12 5.16 (72%) 6.06 (85%) 0.431 0.011 

10 7.12 5.24 (74%) 6.17 (87%) 0.349 0.005 

11 7.12 6.51 (91%) 6.34 (89%) 0.167 0.008 

12 7.12 7.04 (99%) 6.06 (93%) 0.313 0.027 

13 7.12 5.72 (80%) 6.12 (86%) 0.297 0.008 

14 7.12 6.94 (97%) 6.72 (94%) 0.454 0.686 

15 7.12 6.65 (93%) 6.76 (95%) 0.234 0.184 

16 7.12 6.86 (96%) 6.08 (85%) 0.278 0.023 

 

Table 13: The effect of compounds 7-16 on total ammonia production in the system vs 

control (%). SED: Standard error of difference. 
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Table 14: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1 (Grey) g/L, on 

ammonia (mM) after 24 h of incubation (batch culture).  
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Effect of compounds 7-16 on total gas evolution from the artificial rumen system 

Total gas evolution is decreased with the addition of haemanthamine derivatives, 

this could be from the stop in production of methane gas as described in Table 15. 

 

 Total gas evolution (mL)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 25.1 22.0 (88%) 19.0 (76%) 0.917 0.002 

9 25.1 21.4 (85%) 18.0 (72%) 1.331 0.006 

10 25.1 25.6 (102%) 17.8 (71%) 1.327 0.003 

11 25.1 22.1 (88%) 19.8 (79%) 0.943 0.004 

12 25.1 22.1 (88%) 21.6 (86%) 1.371 0.089 

13 25.1 21.8 (87%) 19.6 (78%) 0.842 0.004 

14 25.1 20.6 (82%) 17.8 (71%) 0.742 <0.001 

15 25.1 21.0 (84%) 19.8 (79%) 0.947 0.003 

16 25.1 19.4 (77%) 18.4 (73%) 2.036 0.034 

Table 15: The effect of compounds 7-16 on total gas evolved by the system vs control (%). 

SED: Standard error of difference. 
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Table 16: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on 

total gas (mL) produced after 24 h of incubation (batch culture). 
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Effect of compounds 7-16 on methane production in the artificial rumen system 

The drop in methane production with the addition of derivatives is astonishingly high. 

The reduction seen with 7 is the least effective of the derivatives, lowering methane 

production by around 35-40%, followed by 10, which lowers the production by around 84-

90%, while compounds 9, 11, 12, 13, 14, 15 and 16 lower the production by over 99%. 

 Methane evolution (mL)   

 0 g/L 0.5 g/L 1 g/L SED P 

7 1.19 0.774(65%) 0.650 (55%) 0.300 0.242 

9 1.19 0.002 (0%) 0.001 (0%) 0.100 <0.001 

10 1.19 0.399 (28%) 0.193 (16%) 0.206 0.0066 

11 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

12 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

13 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

14 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

15 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

16 1.19 0.001 (0%) 0.001 (0%) 0.100 <0.001 

 

Table 17: The effect of compounds 7-16 on total methane production in the system vs 

control (%). SED: Standard error of difference. 
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Table 18: Effect of compounds 7-16, added at 0.0 (Blue: control) 0.5 (Orange) or 1.0 (Grey) g/L, on 

methane (mL) produced after 24 h of incubation (batch culture). 
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Overall conclusions 

Haemanthamine and the derivatives caused a slight increase of the pH (p < 0.05) in 

comparison to the control. In addition, all treatments caused a reduction in the concentration 

of total VFA (P < 0.05) to different extent depending on the compound (between 8 and 25%). 

Haemanthamine and the derivatives shifted the fermentation towards lower acetate 

(P < 0.05) and higher propionate (P < 0.05) production as compared with the control, with 12, 

13 and 14 having the strongest effect. However, butyrate concentration was not affected in 

the presence of haemanthamine (P > 0.05), most of the derivatives caused an increase (P < 

0.05). Haemanthamine was more efficient in reducing the concentration of ammonia than 

most of the derivatives. A reduction in the total gas produced after 24 h was observed for all 

treatments. Finally, while haemanthamine decreased methane production by 35-45%, the 

other derivatives caused a reduction of 99.9% 

In conclusion, a strong effect on fermentation was observed in the presence of 

haemanthamine and its derivatives (decreases in total VFA and gas produced after 24 h). The 

derivatives seemed to cause the diversion of H2 away from methane towards propionate and 

butyrate formation. 
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Experimental 

General experimental synthesis and spectroscopy procedures 

 Reactions were stirred using a magnetic stirrer bar and monitored by TLC on Kieselgel 

60 F254 silica gel coated glass plates, which were visualised by either I2, UV light or 

phosphomolybdic acid. General chemicals were purchased from Sigma Aldrich, Alfa Aesar, 

Fluorochem or Fisher Scientific. Flash chromatography was carried out on Fluorochem Silica 

gel 60Å (40-63 micron) with an eluting solvent as specified. 1H and 13C NMR spectroscopic 

analyses were carried out on a Bruker Ultrashield Plus 400 MHz spectrometer in CDCl3 unless 

otherwise stated and are reported in ppm referenced to the solvent internal standard at 7.26 

and 77.160 ppm respectively. Infrared spectroscopic analyses were acquired on a Bruker 

Alpha ATR instrument. Mass spectra were recorded on either a Finnigan MAT 900 XLT or a 

Finnigan MAT 95 XP at the EPSRC National Mass Spectrometry Service Centre in Swansea.  
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(3S,4aS,5S,12R)-3-methoxy-4,4a-dihydro-3H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl acetate 
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DCM, Pyridine, DMAP

0°C
7 9  

 Pyridine (1.34 mL, 16.6 mmol) and DMAP (10 mg) were added to a solution of 

haemanthamine 7 (1.00 g, 3.32 mmol) dissolved in dichloromethane (20 mL). The mixture was 

cooled (0°C) and acetic anhydride (0.94 mL, 9.96 mmol) was added slowly. The resultant 

mixture was stirred until complete consumption of starting material (TLC; 5% MeOH in DCM, 

Rf = 0.54). The reaction was washed with aq. NaOH (1M, 3 x 30 mL) and brine (3 x 30 mL), 

dried (MgSO4), filtered and evaporated under reduced pressure. The crude product was 

purified using silica gel flash chromatography (1-5 % MeOH in chloroform, gradient elution) 

to give 9 (1.10 g, 3.20 mmol, 97 % yield) as a gum. Rf = 0.48 (10% MeOH in DCM) δH 6.89 (1H, 

s, CH), 6.46 (1H, s, CH), 6.34 (1H, d, J 10.1 Hz, CH), 6.16 (1H, dd, J 4.6, 10.1 Hz, CH), 5.89 (2H, 

s, CH2), 4.96 (1H, dd, J 3.4, 7.0 Hz, CH), 4.35 (1H, d, J 16.8 Hz, CH), 3.83-3.86 (1H, m, CH), 3.73 

(1H, d, J 16.8), 3.40 (1H, dd, J 7.2, 14.5, CH), 3.53 (3H, s, CH3), 3.13 (1H, dd, J 3.6, 14.5 Hz, CH), 

2.05 (1H, dd, J 4.5, 13.6, CH), 1.97 (3H, s, CH3), 1.92 (1H, dd, J 5.2, 13.6 Hz, CH); δC 170.2, 146.8, 

146.6, 134.4, 129.7, 127.8, 126.5, 106.7, 104.1, 101.0, 80.5, 77.2, 72.6, 63.0, 61.3, 60.7, 56.7, 

28.5, 21.4 ppm; vmax 2932, 2821, 1737, 1483, 1240, 1035, 754 cm-1; MS(CI) 344.2 (100%, 

[M+H+]) 687.3 (10%, [2M+H+]); HRMS(ES) found 344.1490, C19H22O5N ([M+H+]) requires 

344.1492. 

  



29 
 
 

(3S,4aS,5S,12R)-3-methoxy-4,4a-dihydro-3H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl pivalate 
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Triethylamine (1.39 mL, 9.96 mmol) and DMAP (10 mg) were added to a solution of 

haemanthamine 7 (1.0 g, 3.32 mmol) in dichloromethane (20 mL). The mixture was cooled 

(0°C), pivaloyl chloride (0.98 mL, 9.96 mmol) was added slowly and the mixture allowed to stir 

until complete consumption of the starting material (TLC; 10% MeOH in DCM Rf = 0.59). The 

sample was then washed with aq. NaOH (1M, 3 x 30 mL) and brine (3 x 30 mL) then dried 

(MgSO4), filtered and evaporated under reduced pressure. The product was then purified 

using flash column chromatography (1-10% MeOH in chloroform, gradient elution) to give 10 

(520 mg, 1.35 mmol, 41 % yield) as a gum. Rf = 0.61 (10% MeOH in DCM); δH 6.91 (1H, s, CH), 

6.47 (1H, s, CH), 6.35 (1H, d, J 10.1 Hz, CH), 6.15 (1H, dd, J 5.0, 10.0 Hz, CH), 5.89 (2H, s, CH2), 

4.92 (1H,dd, J 3.3, 7.1 Hz, CH), 4.36 (1H, d, J 16.9 Hz, CH), 3.80-3.86 (1H, m, CH), 3.72 (1H, d, J 

6.9 Hz, CH), 3.38-3.43 (1H, m, CH), 3.36 (3H, s, CH3), 3.26 (1H, dd, J 3.3, 14.3 Hz, CH), 2.05 (1H, 

dd, J 4.5, 13.7 Hz, CH), 1.94 (1H, td, J 4.2, 13.5 Hz, CH), 1.14 (9H, s, 3 x CH3); δC 177.5, 146.7, 

146.5, 134.4, 129.5, 127.9, 126.6, 106.7, 104.0, 101.0, 79.9, 72.8, 62.9, 61.3, 60.9, 56.6, 53.5, 

49.3, 28.4, 27.2 ppm; vmax 2930.19, 1724.68, 1483.32, 1155.56; MS(CI) 386.2 (100%, [M+H+]) 

; HRMS(ES) found 386.1954, C22H28O5N ([M+H+]) requires 386.1962 
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(3S,4aS,5S,12R)-3-methoxy-4,4a-dihydro-3H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl butyrate 

DCM, Pyridine, DMAP
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Using method from 4, 7 (1.0 g, 3.32 mmol) was dissolved in dichloromethane (30 mL) 

and treated with pyridine (1.34 mL, 16.6 mmol), DMAP (10 mg) and butanoyl chloride (0.67 

mL, 5.97 mmol). The product was then purified using flash column chromatography (2-5% 

gradient eluention of MeOH in chloroform to give 11 (1.125 g, 3.03 mmol, 92 % yield) as a 

gum. Rf = 0.53 (10% MeOH in DCM); δH 6.88 (1H, s, CH), 6.44 (1H, s, CH), 6.33 (1H, d, J 10.1 

Hz, CH), 6.12 (1H, dd, J 5.0, 10.0 Hz, CH), 5.87 (2H, s, CH2), 4.96 (1H, dd, J 3.5, 7.1 Hz, CH), 4.33 

(1H, d, J 16.9, CH), 3.83-3.79 (1H, m, CH), 3.69 (1H, d, J 16.9 Hz, CH), 3.41-3.53 (1H, m, CH), 

3.34 (3H, s, CH3), 3.28 (1H, dd, J 3.5, 14.3 Hz, CH), 2.18 (2H, td, J 2.7, 7.4 Hz, CH2), 2.02 (1H, 

dd, J  4.8, 13.6 Hz, CH), 1.92 (1H, td, J 4.2, 13.4 Hz, CH), 1.57 (2H, hex, J 7.39 Hz, CH3-CH2-CH2 

), 0.91 (3H, t, J 7.4 Hz, CH3-CH2); δC 172.7, 146.7, 146.5, 134.5, 129.6, 127.9, 106.7, 104.0, 

101.0, 80.2, 72.7, 62.9, 61.3, 60.8, 56.6, 49.3, 36.5, 28.5, 18.4, 13.8 ppm; vmax 3020.39, 

2935.49, 2400.76, 1729.99, 1483.49, 1215.72, 755.48 cm-1; MS(CI) 372.2 (100%, [M+H+]) 

743.4 (15%, [2M+H+]); HRMS(ES) found 372.1801, C21H26O5N ([M+H+]) requires 372.1805 
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(3S,4aS,5S,12R)-3-methoxy-4,4a-dihydro-3H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl hexanoate 
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Using method from 4, 7 (1.0 g, 3.32 mmol) was dissolved in dichloromethane (30 mL), 

and treated with triethylamine (1.39 mL, 9.96 mmol), DMAP (10 mg) and hexanoyl chloride 

(0.70 mL, 4.98 mmol). The product was then purified using flash column chromatography (2-

5% gradient eluention of MeOH in chloroform) to give 12 (1.146 g, 3.03 mmol, 91% yield) as 

a gum. Rf 0.73 (10% MeOH in DCM); δH 6.89 (1H, s, CH), 6.45 (1H, s, CH), 6.33 (1H, d, J 10.1 

Hz,), 6.13 (1H, dd, J 5.0, 10.0 Hz, CH), 5.87 (2H, s, CH2), 4.96 (1H, dd, J 3.5, 7.0 Hz, CH), 4.34 

(1H, d, J 16.8Hz, CH), 3.79-3.84 (1H, m, CH), 3.70 (1H, d, J 16.8 Hz, CH), 3.39 (1H, dd, J 7.1, 15.4 

Hz, CH), 3.34 (3H, s, CH3), 3.29 (1H, dd, J 3.5, 14.4, CH), 2.19 (2H, td, J 2.7, 7.4 Hz, CH2), 2.03 

(1H, dd, J 4.3, 13.6 Hz, CH), 2.03 (1H, dd, J 4.3, 13.6 Hz, CH), 1.93 (1H, td, J 4.2, 12.4 Hz, CH), 

1.54 (2H, p, J 7.44 Hz, CH2), 1.22-1.33 (4H, m, 2 x CH2), 0.88 (3H, t, J 6.8Hz,); δC 130.2, 130.1, 

129.6, 127.9, 127.5, 127.3, 106.7, 104.1, 104.0, 101.0, 81.1, 80.9, 80.1, 72.7, 63.0, 61.2, 60.7, 

56.7, 42.7, 42.4, 34.6, 31.4, 28.4, 24.7, 22.6, 22.5, 14.0 ppm; vmax 2957.00, 2871.42, 1736.05, 

1483.78, 1239.75, 1091.11, 754.58 cm-1; MS(CI) 400.2 (55%, [M+H+]) ; HRMS(ES) found 

400.2115, C23H30O5N ([M+H+]) requires 400.2118 
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(3R,4aS,5S,12R)-3-methoxy-2,3,4,4a-tetrahydro-1H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-ol 
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Under a nitrogen atmosphere, palladium on charcoal (10 %, 0.1 g) was added to a 

solution of haemanthamine 7 (5.00 g, 16.6 mmol) dissolved in dry THF (100 mL). After 

evacuating the flask, the mixture was stirred at rt under a hydrogen atmosphere for 16 hrs, 

following which the reaction was filtered through a Celite© pad that was washed with excess 

THF and the filtrate evaporated under reduced pressure. The residue was purified by flash 

column chromatography (1-5% MeOH in chloroform, graduated elution) to give 

dihydrohaemanthamine 8 (3.62 g, 11.9 mmol, 72 % yield) as a colourless crystalline solid. Rf 

0.17 (10% MeOH in DCM), δH: 6.69 (1H, s,), 6.39 (1H, s,), 5.86 (2H, s,), 4.26 (1H, d, J 16.70 Hz,), 

4.10-4.04 (1H, m,), 3.69 (1H, s,), 3.64 (1H, d, J 16.71 Hz,), 3.35-3.19 (7H, m,), 2.34-1.75 (6H, 

m,); δC 146.6, 146.0, 139.6, 126.0, 106.2, 103.7, 100.8, 82.4, 75.8, 63.1, 62.8, 60.9, 55.8, 50.7, 

46.2, 30.2, 27.0, 22.9 ppm; MS(CI) 304.1 (100%, [M+H+]), 607.3 (5%, [2M+H+]); HRMS(ES) 

found 304.1540, C17H22O5N ([M+H+]) requires 304.1543 
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(3R,4aS,5S,12R)-3-methoxy-2,3,4,4a-tetrahydro-1H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl acetate 
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Using the method from 4, dihydrohaemanthamine 8 (634 mg, 2.09 mmol) was 

dissolved in dichloromethane (30 mL) and pyridine (0.84 mL, 10.45 mmol), DMAP (10 mg) and 

acetic anhydride (0.59 mL, 6.27 mmol) were added. The product was then purified using flash 

column chromatography (1-5% MeOH in chloroform, gradient elution) to give 13 (354 mg, 

1.02 mmol, 49 % yield) as a gum. Rf 0.44 (10% MeOH in DCM); δH  6.76 (1H, s, CH), 6.56 (1H, 

s, CH), 5.94 (2H, d, J 3.0 Hz, CH2), 4.81 (1H, dd, J 3.6, 7.5 Hz, CH), 4.13 (1H, d, J 17.0 Hz, CH), 

3.66 (1H, s, CH), 3.61 (1H, d, J 17.1 Hz, CH), 3.33 (4H, s, 2 x CH2), 3.23-3.31 (1H, m, CH), 3.20 

(2H, s, CH2), 2.98 (2H, m, CH2), 2.19-2.33 (1H, m, CH), 1.79-1.93 (4H, m, 2 x CH2), 1.53 (1H, 

td, J 1.2, 14.4 Hz, CH); δC 106.0, 103.9, 100.8, 82.5, 75.3, 62.8, 61.2, 60.9, 55.7, 30.3, 26.7, 22.5, 

21.3 ppm; vmax 3020.21, 1215.69, 756.27 cm-1; MS(CI) 346.2 (100%, [M+H+]), 691.3 (5% 

[2M+H+]) ; HRMS(ES) found 346.1641, C19H24O5N ([M+H+]) requires 346.1649 
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(3R,4aS,5S,12R)-3-methoxy-2,3,4,4a-tetrahydro-1H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl pivalate 
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Using the method from 4, 8 (648 mg, 2.14 mmol) was dissolved in dichloromethane 

(30 mL) and pyridine (1.49 mL, 10.68 mmol), DMAP (10 mg) and pivaloyl chloride (0.79 mL, 

6.41 mmol) were added. The product was then purified using flash column chromatography 

(1-4% MeOH in chloroform, gradient elution) to give 14 (554 mg, 1.31 mmol, 61 % yield) as a 

gum. Rf 0.51 (10% MeOH in DCM); δH 6.73 (1H, s, CH), 6.41 (1H, s, CH), 5.87 (2H, s, CH2), 4.88 

(1H, dd, J 3.2, 6.7 Hz, CH), 4.31 (1H, d, J 16.8 Hz, CH), 3.73 (1H, s, CH), 3.67 (1H, d, J 15.9 Hz, 

CH), 3.41 (1H, dd, J 7.0, 14.5 Hz,), 3.29 (3H, s, CH3), 3.05 (1H, dd, J 3.4, 14.5, CH), 2.32-2.29 

(1H, m, CH), 1.98-2.13 (4H, m, 2 x CH2), 1.57 (1H, t, J 13.3 Hz,), 1.19 (9H, s, 3 x CH3); δC 106.2, 

104.1, 100.9, 83.1, 75.3, 63.0, 26.0, 61.0, 55.9, 30.4, 27.4, 26.8, 22.5 ppm; vmax 3020.31, 

1215.68, 759.61 cm-1; MS(CI) 388.2 (100%, [M+H+]), 775.4 (15%, [2M+H+]); HRMS(ES) found 

388.2113, C22H30O5N ([M+H+]) requires 388.2118 
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(3R,4aS,5S,12R)-3-methoxy-2,3,4,4a-tetrahydro-1H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl butyrate 

DCM, Pyridine, DMAP

O

Cl

0°C

O

O N

OMe

OH
H

O

O N

OMe

O
H

O

8 15  

Using method from 4, 8 (649 mg, 2.14 mmol) in dichloromethane (30 mL), pyridine 

(0.86 mL, 10.70 mmol), DMAP (10 mg), n-butyryl chloride (0.63 mL, 6.42 mmol). The product 

was purified using flash column chromatography (1-4% MeOH in chloroform, gradient 

elution) to give 15 (232 mg, 0.62 mmol, 29 % yield) as a gum. Rf 0.49 (10% MeOH in DCM); δH 

: 6.71 (1H, s, CH), 6.40 (1H, s, CH), 5.86 (2H, s, CH2), 5.00 (1H, dd, J 3.4, 6.9 Hz, CH), 4.28 (1H, 

d, J 16.9 Hz, CH), 3.70 (1H, s, CH), 3.65 (1H, d, J 16.8 Hz, CH), 3.37 (1H, dd, J 7.1, 14.3 Hz, CH), 

3.27 (3H, s, CH3), 3.12 (1H, dd, J 3.5, 14.5 Hz, CH), 2.27 (3H, t, J 7.3 Hz, CH3-CH2), 1.80-2.10 

(5H, m), 1.56-1.68 (3H, m), 1.24 (1H, t, J 7.1 Hz, CH), 0.94 (3H, t, J 7.4 Hz, CH3) ; δC 173.0, 146.7, 

146.3, 138.4, 126.3, 106.1, 104.0, 100.9, 82.5, 75.3, 62.8, 61.4, 61.0, 45.2, 36.6, 30.4, 26.8, 

22.6, 18.5, 13.7 ppm; vmax 3020.43, 2400.86, 1215.71, 757.23, 669.50 cm-1; MS(CI) 374.2 

(100%, [M+H+]), 747.4 (10%, [2M+H+]); HRMS(ES) found 374.1958, C21H28O5N ([M+H+]) 

requires 374.1962 
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(3R,4aS,5S,12R)-3-methoxy-2,3,4,4a-tetrahydro-1H,6H-11b,5-ethano[1,3]dioxolo[4,5-

j]phenanthridin-12-yl hexanoate 

DCM, Et3N, DMAP

O

Cl

0°C

O

O N

OMe

OH
H

O

O N

OMe

O
H

O
8 16  

Using method from 4, 8 (648 mg, 2.14 mmol) in dichloromethane (30 mL), pyridine 

(0.87 mL, 10.75 mmol), DMAP (10 mg), hexanoyl chloride (0.1 mL, 6.45 mmol). The product 

was purified using flash column chromatography (1-2% MeOH in chloroform, gradient 

elution) to give 16 (711 mg, 1.77 mmol, 83 % yield) as a gum. Rf 0.55 (10% MeOH in DCM); δH 

6.72 (1H, s, CH), 6.41 (1H, s, CH), 5.87 (2H, s, CH2), 5.02 (1H, dd, J 3.4, 7.0 Hz, CH), 4.32 (1H, 

d, J 16.8, CH), 3.69 (2H, d, J 16.6 Hz, CH2), 3.30-3.40 (2H, m, CH2), 3.27 (3H, s, CH3), 3.20 (1H, 

dd, J 3.4, 8.5 Hz, CH), 2.15-2.30 (4H, m), 1.81-2.15 (4H,m), 1.57-1.65 (4H, m), 1.24-1.36 (6H, 

m), 0.88 (3H, t, J 6.9 Hz, CH3-CH2); δC 177.8, 173.1, 146.9, 146.5, 138.0, 125.5, 106.2, 104.0, 

101.0, 82.1, 75.1, 62.8, 60.8, 60.3, 55.8, 45.3, 35.2, 34.6, 31.7, 31.3, 29.8, 26.8, 25.1, 24.7, 

22.6, 22.4, 14.0 ppm; vmax 3020.17, 2932.60, 1729.13, 1482.45, 1215.65, 757.39, 699.46 cm-1; 

MS(CI) 402.2 (100%, [M+H+]); HRMS(ES) found 402.2266, C23H32O5N ([M+H+]) requires 

402.2275 
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Introduction 

Zephycandidine A (17, Figure 5) was first reported in 2016 by Zhan et a,l10 and described as 

the first naturally occurring imidazo[1,2-f]phenanthridine alkaloid. The alkaloid was isolated 

from Zephyranthes candida a member of the amaryllidaeciae family, which encompasses 

daffodils, snowdrops, lilies, onions, and garlic.  

O

O N

N17  

Figure 5: Zephycandidine A 

 

Zhan et al. showed that zephycandidine A has some activity against five human cancer cell 

lines: human myeloid leukemia HL-60, lung cancer A549, breast cancer MCF-7, colon cancer 

SW480, and hepatocellular carcinoma SMMC-7721. More interestingly, it showed weak 

cytotoxicity against the normal Beas-2B cell line (IC50 = 20.08 µM) with the selectivity indices 

as high as 10.1.10 

 In the course of our work in the haemanthamine project, the zephycandidine A work 

was reported and we decided to embark upon a synthesis of the natural product. The paper 

describes the isolation by extraction and reports an overall yield, from 10 kg of dried plant 

matter of only 3.5 mg of 17. We decided at this point to devise a synthetic method in order 

to access more significant quantities of the compound for potential testing. The authors of 

the isolation paper proposed a synthesis from the known trispheridine 18 (Scheme 3) might 

be achieved using a method described by the Cronin group11. This would require a synthesis 

or the isolation of trispheridine 18 and its conversion to the alkylated bromide salt 19 (Scheme 

3), which on reaction with ammonia followed by oxidation using MnO2 should give 

zephycandidine A 17 (Scheme 3). 
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19 17  

Scheme 3: Proposed synthesis of trispheridine 19, and zephycandidine A 17, from 

haemanthamine 7. 

 

Several methods for a total syntheses of 17 have been previously suggested12, 13, 14 but 

of interest to us was using 18 as a starting material. A report of the preparation of 18 as 

described by Warren and Wright15 from haemanthamine 7. They reported the pyrolysis of 

haemanthamine 7 on a 0.33 mmol. The paper describes a distillation through a layer of heated 

zinc powder. Unfortunately, it gives no description of the specific conditions used in the 

reaction, i.e. the temperature at which the zinc was heated and the relative proportions of 

zinc to substrate. Due to the lack of details and the inability to contact the original authors, a 

large portion of time was spent attempting to recreate the experiment at a larger scale in 

order to prepare a usable quantity of trispheridine 19 for use in the synthesis of 

Zephycandidine A 17. 

 Due to the fact that a large quantity of haemanthamine was available for use in this 

experiment, a wide array of conditions at gram scale was conducted in order to ascertain the 

ideal conditions for the pyrolysis of haemanthamine into trispheridine (Scheme 3).  
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Results and Discussion 

As previously stated the preparation of compound 12 was reported by Warren and 

Wright15 by pyrolysis of haemanthamine 7 to trispheridine 18 (Scheme 4). However, the paper 

itself gives very little details as to the conditions under which this pyrolysis is carried out.  

O

O N

OH

OMe

O

O N

Zn,

7 18  

Scheme 4: Pyrolysis of 7 

Due to the lack of detailed information in the paper, several large-scale experiments 

were undertaken using varying conditions (Table 19).  

  

Δ 
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Entry Scale 

(mmol) 

Temp 

(°C) 

Zn 

(Equiv) 

Time 

(h) 

Yield 

18i (%) 

Recovered 

7 (%) 

Decalin 

(mL) 

Sealed 

1 16.6 180-90 36 3 10 (24) 59 0 No 

2 19.1 190-95 72 24 4 (8) 52 0 No 

3 6.6 190-95 185 24 11 (9) 55 0 No 

4 16.8 190-95 72 24 11 (22) 50 0 No 

5 16.9 210-20 72 7 7 0ii 0 No 

6 8.3 190-95 75iii 24 11(14) 22 0 No 

7 8.3 160-90 75iii 48 10 (13) 25 0 No 

8 1.7 190-95 0 24 20 (99) 80 0 Yes 

9 5.0 190-95 0iv 24 11 (39) 73 0 Yes 

10 6.6 175-80 0 120 0 85 2 Yes 

11 6.6 180-85 0 168 8 (15) 46 2 Yes 

12 6.6 190-95 0 168 19 (22) 14 2 Yes 

13 6.6 190-95 0v 24 13 (39) 33 2 Yes 

 

Table 19: i) Yields in brackets based on recovered 3. ii) Considerable decomposition 

occurred. iii) Using freshly activated zinc. iv) 3 was dispersed on sand. v) 2 equiv. of 

acetaldehyde added. 

Initial experimentation was to determine temperature ranges at which the reaction 

would occur, during this line of experimentation it was discovered that the temperature must 

be between 180-210°C, as lower temperatures would give no conversion (Table 19, Entry 10) 

and higher temperatures would cause total decomposition of the starting material (Table 19, 

Entry 5). With these data to hand, the optimal temperature was determined to be around 

190-195°C (Table 19, Entries 8 & 12). 

It was mentioned anecdotally that activated zinc may improve the yield of this 

reaction, activation of the zinc was carried out in the following manner: zinc powder (10 g) 

was stirred with 1M hydrochloric acid for no more than 2 minutes or until the powder had a 



42 
 
 

metallic sheen, then the resultant activated zinc powder was suction filtered under nitrogen. 

This activated zinc was used immediately to minimise oxidation to the surface of the zinc. It 

was discovered that activation of the zinc gave no improvement in the yield of the reaction, 

and, as such, this modification was discontinued after 2 attempts (Table 19, Entries 6 & 7). 

The paper describes pyrolysis over zinc powder which is a curious approach as the overall 

reaction involves oxidation, of the substrate and zinc metal is traditionally associated with 

reductive processes. We thus attempted a range of experiments not involving zinc powder 

and discovered it was entirely unnecessary for the reaction. Indeed, the removal of the zinc 

from the reaction gave similar yields as the experiments employing zinc. (Table 19, entries 8-

13)  It was speculated that dispersion of the starting material on an inert substance might 

improve the yield of the process, and this might have been the role of the zinc in the original 

research. We had observed that much of the decomposition observed in the zinc free 

experiments appeared to be due to aggregation of the starting material (clumping) at the 

bottom of the reaction flask, which might be leading to burning at the base of the reaction 

vessel. Sand was chosen, because it was deemed to be unreactive and cheap. As with the 

previous attempts, the addition of the sand made little to no effect on the overall yield (Table 

19, Entry 9). However, it did reduce the amount of decomposition to some extent as shown 

by the increase in recovered starting material. It was thought that the decrease in 

decomposition was due to the sand acting as a barrier to localised overheating, giving less 

opportunities for the starting material to burn with direct contact to the heat. It was also 

theorised that the reason for significant decomposition and the lack of conversion could be 

from inconsistency in the heating and mixing of the mixture. We thus looked to a solvent we 

might use in the reaction, and we used decalin due to its high boiling point, being 

approximately the same as the observed initiation temperature for the reaction. While the 

reaction did work in decalin it did not alleviate the overall problems of the reaction or increase 

the yields. However, reaction 10 gave a good return of starting material at 85%; whereas entry 

12 gave return of the starting material at only 14% (Table 19, Entries 10-13). 

 A mechanism was proposed for the reaction and it was speculated that there is an 

initial fragmentation step in which a molecule of acetaldehyde and a molecule of methanol 

are formed. After tautomerization, this results in the formation of the dihydropyridine 
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derivative, which undergoes subsequent oxidation to give trispheridine 18 (Scheme 5). The 

source of the oxidant in this process is not known but it may be acetaldehyde as shown or 

another source in the reaction such as surface zinc oxide or solvent/substrate or indeed the 

starting material itself. We attempted to achieve this oxidation by the addition of excess 

acetaldehyde in the reaction mix, however this proved fruitless (Table 19, Entry 13). 

O
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OH
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O N

OH
H MeOH+ +

Tautomerism

O

O N
H
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O

[O] O

O N

7

18

 

Scheme 5: Proposed mechanism for the preparation of 18 from 7.  

We next moved onto the synthesis of 19 using an adapted method from Cronin et al.11 

The synthesis was straightforward and involved heating 18 in 1,2-dibromoethane, collecting 

the precipitate and washing it with acetone. On analysis of the crude product, it was found 

that it contained an impurity that was tentatively identified as the hydrobromide of the 

starting material. This was thought to have arisen by base-catalysed elimination of HBr from 

the solvent and this by-product proved almost impossible to remove entirely from the 

product. As a result, the product of this reaction was used without further purification in the 

next step.  

We were able to purify a small quantity of compound 19 by washing a small sample 

(ca 50 mg) of the impure product with CD3OD in small portions (ca 1 mL) into which the 

impurity was slightly more soluble than the product. After two washes the remainder was 

dissolved in a third and fourth volume of solvent and these were shown (by NMR) to be of 

>95% purity.  

The final step of this reaction involved a 3-step one pot sequence. Firstly, a sample of 

19 was dissolved in liquid ammonia at -70 °C, the mixture was brought to reflux (-33 °C) for 
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an hour. This mixture was then re-cooled to -70 °C and manganese (IV) oxide and sodium 

carbonate were added. The mixture was then brought back to room temperature slowly, and 

the ammonia was allowed to evaporate overnight. Finally, toluene was added, and the 

mixture was then heated to reflux for 3 hours. After filtration and evaporated, purification by 

column chromatography gave zephycandidine A 17 in a 54% yield. 
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Scheme 6: Mechanisms for the reactions utilised in the synthesis of zephycandidine A  

Synthetic zephycandidine A 17 gave NMR data that were in close agreement to data described 

in the literature when obtained at 400 MHz. The data were obtained in CD3OD as in the 

literature; however, the chemical shifts showed significant variation on allowing the solution 

to stand and reanalysis. It was postulated that this was due to minor changes in pH of the 

sample. In addition, it was postulated that, as 17 is only sparingly soluble in CD3OD, it was 

thought that, without strict control of the concentration and temperature, variation in the 

chemical shifts would occur. Reanalysis at 700 MHz was undertaken and the assignments are 

given in Table 20. 
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Figure 6: Zephycandidine A, with atom labels.  

Position 13C/ppm 1H/ppm J/Hz Comments 

1 125.21 8.39 dddd, 8.1, 1.2, 0.6, 0.6 Couplings to protons at C-2, C-3,  

C-4 and C-10 

2 126.6 7.53 ddd, 8.1; 7.2; 1.2  

3 129.6 7.64 ddd, 8.2; 7.2; 1.2  

4 117.3 8.09 dd, 8.2; 1.2, 0.6 NOESY correlates protons at C-4 and C-11 

4a 132.1    

6 143.6    

6a 119.5   HMBC correlates carbon at C-6a to 

proton at C-10 

7 102.9 7.81 d, 0.6  

8 150.5    

9 151.4    

10 102.8 7.90 dd, 0.6, 0.6  

10a 125.23    

10b 122.9    

11 113.7 8.28 d, 1.5 NOESY correlates protons at C-11 and C-4 

12 131.2 7.50 d, 1.5  

CH2 103.5 6.15 d, 0.5 This residual dipolar coupling is a result of 

some molecules of 1 having preferential 

orientation in solution at 16.44 T and it 

has been documented for aromatic 

molecules before.16 

 

Table 20: NMR data for zephycandidine A 17. 
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Conclusions 

The synthesis of zephycandidine A 17 was achieved in a three-pot, 5 step process 

(pyrolysis, alkylation, amination, cyclisation, and oxidation) in 10.8% overall yield from the 

alkaloid haemanthamine 7. There were some problems with the process, not least of these 

being the pyrolysis of haemanthamine to give trispheridine 18. The literature report of this 

transformation was lacking in precise detail, and it was hard to determine the actual yield 

reported and the nature of the reagents and apparatus used in the preparation. In writing this 

report we were struck by the possibility that the zinc we used may have been of too high a 

purity as an oxidant is needed to affect the final oxidation to give trispheridine 18. This led us 

to conclude that repeating the reaction in the presence of zinc oxide might have been an 

interesting experiment to perform. Despite this we achieved the first semi-synthesis of 17 

and, as trispheridine has been the topic of several total syntheses, this work represents the 

first formal total synthesis. 
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Experimental 

General experimental synthesis and spectroscopy procedures 

 Reactions were stirred using a magnetic stirrer bar and monitored by TLC on Kieselgel 

60 F254 silica gel coated glass plates, which were visualised by either I2, UV light or 

phosphomolybdic acid. General chemicals were purchased from Sigma Aldrich, Alfa Aesar, 

Fluorochem or Fisher Scientific. Flash chromatography was carried out on Fluorochem Silica 

gel 60Å (40-63 micron) with an eluting solvent as specified. 1H and 13C NMR spectroscopic 

analyses were carried out on a Bruker Ultrashield Plus 400 MHz spectrometer in CDCl3 unless 

otherwise stated and are reported in ppm referenced to the solvent internal standard at 7.26 

and 77.160 ppm respectively. Infrared spectroscopic analyses were acquired on a Bruker 

Alpha ATR instrument. Mass spectra were recorded on either a Finnigan MAT 900 XLT or a 

Finnigan MAT 95 XP at the EPSRC National Mass Spectrometry Service Centre in Swansea.  
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[1,3]dioxolo[4,5-j]phenanthridine (trispheridine) 

O

O N

OH

OMe

O

O N

Zn

190-195 °C, 2h

7 18  

Typical procedure (Table 19, Entry 8): haemanthamine 7(i) (0.50 g, 1.66 mmol) was sealed in a 

Carius tube and heated at 190-195 °C for 24 h. Purification by column chromatography (80% 

diethyl ether in hexane) gave 18 (74 mg, 0.33 mmol) as a white solid in 20% yield (99 % based 

on recovered 7). Further elution (10 % methanol in chloroform) gave 7 (394 mg, 1.31 mmol, 

79 % recovery).  

Typical procedure with Zn Dust (Table 19, entry 1): Haemanthamine 7 (5.00 g, 16.6 mmol) was 

dissolved in methanol (50 mL) and added to finely ground commercial zinc powder (9.00 g, 

598 mmol) and the mixture evaporated to dryness under vacuum. This mixture was heated 

at 190-195 °C for 24 h. Work up as above gave 18 (370 mg, 1.66 mmol) as a white solid in 10% 

yield (24% based on recovered 1). Further elution (10 % methanol in chloroform) gave 7 (3.10 

g, 10.6 mmol, 62 % recovery). 

Typical procedure in decalin (Table 19, Entry 13): Haemanthamine 7 (2.00 g, 6.64 mmol) was 

added to cis/trans decalin (2 mL), sealed in a Carius tube and the mixture heated at 190-195 

°C for 24 h. Work up as above gave 18 (191 mg, 0.857 mmol) as a white solid in 13% yield (39 

% based on recovered 7). Further elution (10 % methanol in chloroform) gave 7 (668 mg, 2.22 

mmol, 33 % recovery).  

Data for 18 were in agreement with the literature Rf 0.24 (40% EtOAc in PE); Mp 142-145 °C 

(lit.5e 142.5-144 °C); δH 9.08 (1H, s, CH), 8.36 (1H, br d, J 7.9 Hz, CH), 8.14 (1H, br d, J 8.1 Hz, 

CH), 7.89 (1H, s, CH), 7.68 (1H, ddd, J 1.2, 7.0, 8.1 Hz, CH), 7.62 (1H, ddd, J 1.2, 7.0, 7.9 Hz, CH), 

7.32 (1H, s, CH), 6.16 (2H, s, CH2); δC 151.9, 151.6, 148.3, 144.3, 130.4, 130.2, 128.1, 126.8, 

124.4, 123.2, 122.1, 105.6, 102.0, 100.1; vmax; 3031, 2960, 1620, 1581, 1528, 1497, 1486, 

1462, 1394, 1382, 1293, 1254, 1227, 1198, 1111, 1094, 1034, 971, 938, 882, 847, 828, 785, 

753, 718, 706, 673, 612, 544, 473, 432; HRMS(ES) found 224.0707, C14H10NO2 ([M+H+]) 

requires 224.0706.  
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5-(2-bromoethyl)-[1,3]dioxolo[4,5-j]phenanthridin-5-ium bromide 

O

O N

Br
Br

O

O N
Br

Br90 °C, 5 days

18 19  

Trispheridine 18 (1.00 g, 4.48 mmol) was suspended in freshly distilled 1,2-dibromoethane 

(30 mL) and the mixture heated at 70-80 °C for 72 hrs. After cooling, the precipitate formed 

was removed by filtration and washed with 1,2-dibromoethane (5 mL) and ethyl acetate (2 x 

5 mL). After drying under vacuum we obtained the salt 4 (1.56 g) as an off white solid which 

was contaminated with 2.HBr (ca 20%). This mixture was used in the next reaction without 

further purification. An analytical sample was obtained by washing a small sample (ca 20 mg) 

in a pipette filter sequentially with small portions (5 x 0.6 mL) of CD3OD to remove 2.HBr. The 

4th and 5th washings contained 19 (ca. 95% pure). Mp 263-266 °C (dec.); δH (CD3OD) 9.79 

(1H, s, CH), 8.99 (1H, dd, J 1.4, 8.3 Hz, CH), 8.48 (1H, s, CH) 8.47 (1H, br d, J 9.2 Hz, CH), 8.11 

(1H, ddd, J 1.4, 7.2, 8.5 Hz, CH), 8.04 (1H, ddd, J 1.0, 7.2, 8.3 Hz, CH), 7.83 (1H, s, CH), 6.45 (2H, 

s, CH2), 5.46 (2H, t, J 6.0 Hz, CH2), 4.15 (2H, t, J 6.0 Hz, CH2); δC (CD3OD) 159.6, 154.8, 153.0, 

152.5, 137.6, 133.3, 132.3, 131.1, 127.3, 126.5, 122.0, 119.8, 108.5, 106.0, 102.3, 59.2, 30.0; 

vmax; 3476, 3401, 3071, 3021, 2944, 2879, 1653, 1612, 1565, 1538, 1503, 1475, 1427, 1408, 

1392, 1353, 1329, 1284, 1257, 1211, 1180, 1154, 1131, 1114, 1036, 1020, 977, 943, 922, 892, 

880, 859, 794, 780, 764, 729, 679, 610, 593, 559, 546, 503, 467, 454, 430; HRMS(ES) found 

330.0124, C16H1479BrNO2 ([M+H+]) requires 330.0124, found 332.0103, C16H1481BrNO2 

([M+H+]) requires 330.0104.  
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Manganese (IV) Oxide17 

2KMnO4 3MnSO4.H2O 5MnO2 K2SO4 2H2SO4

60 °C
+ + +  

A heated (60 °C) solution of manganese sulfate monohydrate (25.00 g, 147.9 mmol) in water 

(480 mL) was added in portions to a heated (60 °C) solution of potassium permanganate 

(17.40 g, 110.10 mmol) in water (330 mL). The suspension was stirred at 60 °C for 1h then 

cooled to room temperature. The solid was suction filtered and washed with water (150 mL) 

and the solid obtained was dried in an oven (150 °C) for 36h to give activated manganese (IV) 

oxide (22.40 g, 257.7 mmol, 99.8%) as a black solid. 
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[1,3]dioxolo[4,5-j]imidazo[1,2-f]phenanthridine 

O

O N
Br

Br

O

O N

N

i) NH3, -78 to -30°C, 1h
ii) Na2CO3, MnO2, -78°C to RT

iii) Toluene, reflux, 3h

19 17  

Crude 19 (0.50 g, 1.05 mmol) was added to stirred liquid ammonia (ca 100 mL) at -70 °C and, 

after removal of the cooling bath, the reaction mixture was warmed to -33 °C. The reaction 

was kept at this temperature for 1 h then cooled (-78°C) before adding Na2CO3 (603 mg; 5.69 

mmol) and finely powdered MnO2 (1.22 g; 14 mmol). After stirring for 1h, the cooling bath 

was removed to allow the ammonia to evaporate overnight. The residue was dried under 

vacuum for 10 minutes to remove any remaining ammonia, and then toluene (50 mL) was 

added. The reaction mixture was heated to reflux for 3 h, cooled and filtered with the solid 

inorganic residue being washed with acetone (3 x 10 mL). Concentration of the filtrates 

followed by column chromatography (30-50 % EtOAc in PE) gave 17 (0.15 g, 54 %) as an off-

white solid. Recovered trispheridine 18 (0.07 g) was also obtained. Rf 0.29 (50% EtOAc in PE); 

Mp 242-245 °C (dec.); δH (CD3OD) 8.39 (1H, dd, J 1.2, 8.1 Hz, CH), 8.28 (1H, d, J 1.5 Hz, CH), 

8.09 (1H, dd, J 1.2, 8.2 Hz, CH), 7.90 (1H, s, CH), 7.81 (1H, s, CH), 7.64 (1H, ddd, J 1.2, 7.2, 8.2 

Hz, CH), 7.53 (1H, ddd, J 1.2, 7.2, 8.1 Hz, CH), 7.50 (1H, d, J 1.5 Hz, CH), 6.15 (2H, s, CH2); δC 

(CD3OD) 151.4, 150.5, 143.6, 132.1, 131.2, 129.6, 126.6, 125.23, 125.21, 122.9, 119.5, 117.3, 

113.7, 102.9, 103.5, 102.8; δH (CDCl3/CD3OD, 10:1) 8.14 (1H, dd, J 0.8, 8.2 Hz, CH), 7.89 (1H, s, 

CH), 7.88 (1H, d, J 1.4 Hz, CH), 7.77 (1H, dd, J 0.8, 8.2 Hz, CH), 7.62 (1H, s, CH), 7.51 (1H, ddd, 

J 1.2, 7.2, 8.2 Hz, CH), 7.48 (1H, d, J 1.4 Hz, CH), 7.42 (1H, ddd, J 1.2, 7.2, 8.2 Hz, CH), 6.08 (2H, 

s, CH2); δC (CDCl3/CD3OD, 10:1) 149.6, 148.9, 142.5, 130.9, 130.9, 128.1, 125.2, 123.9, 123.5, 

121.7, 119.0, 115.9, 111.7, 102.8, 101.9, 101.4; vmax 3117, 3090, 2917, 2851, 1618, 1536, 

1403, 1390, 1313, 1260, 1206, 1174, 1144, 1122, 1034, 945, 929, 905, 848, 827, 768, 736, 692, 

681, 620, 584, 472, 444, 423; λmax (MeOH, log ε) 202 (4.62), 228 (4.63), 256 (4.86), 263 (4.89), 

296 (4.37) nm; HRMS(ES) found 263.0818, C16H11N2O2 ([M+H+]) requires 263.0815. 
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Chapter 3 

 

“Quorum sensing N-Acyl homoserine lactones are a new class of anti-

schistosomal” 

 Whiteland. H, Crusco. A, Bloemberg. LW, Tibble-Howlings. J, Forde-

Thomas. J, Coghlan. A, Murphy. P. J and Hoffmann. KF. 

PLOS Neglected Tropical Diseases 14(10): e0008630. 

https://doi.org/10.1371/journal.pntd.0008630 
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Introduction 

Schistosoma mansoni is a parasitic flatworm that causes the tropical disease 

schistosomiasis, also known as snail fever. The disease causes blockage of the digestive and 

renal system, this causes severe abdominal pain, diarrhoea, and eventually liver and kidney 

damage, amongst other symptoms. Schistosomiasis is identified by the WHO as the second 

most socioeconomically impactful parasitic disease to malaria18,19. Schistosomiasis is 

transmitted by contact with water contaminated with the parasitic worms, the water systems 

becoming contaminated by freshwater snails that are infected with the parasite. 

Schistosomiasis is found in developing countries with tropical conditions, mostly found in 

African and Asian countries, but is also common in South America. The disease is especially 

common in children, as they are most likely to play in contaminated water, but also affects 

farmers and fishermen who are continually in contact with water systems that may be 

infected. Approximately 238 million people were infected with schistosomiasis in 2010, with 

over 85% of the infected being from Africa20. The disease predominantly affects children 

under the age of 14, and in 2010 over 12,000 people died as a direct result of the disease21, 

usually due to renal failure, as such this disease is one of the most deadly of neglected tropical 

diseases. 

Currently treatment for the disease is restricted to two anthelmintics: praziquantel 20 

and oxamniquine 21 (Figure 7). However some of the side effects of oxamniquine are quite 

extreme and, as such it is used sparingly especially in pregnant women. Prazquantel 20 is 

given to patients to treat a number of parasitic worm infections such as schistosomiasis, 

clonorchiasis, opisthorchiasis, tapeworm infections, cysticercosis, hydatid disease, and other 

fluke infections22. Auranofin 22 is used as an antirheumatic agent23, meaning it is used to treat 

the swelling of joints caused by rheumatoid arthritis. It has shown great effectiveness as a 

vermicide, and is used as a standard as “it completely kills the parasite”24.  

 

 



54 
 
 

N
N

O

O

20

O S

OAcAcO
AcO

Au

P

22

N
H

H
N

O2N

HO

21

OAc

 

Figure 7: praziquantel 20, oxamniquine 21 and auranofin 22. 

As part of a random trial, several synthetic compounds were tested for anthelmintic 

properties (Figure 8). With regards to the effectiveness against the specific phenotype and 

the motility of Schistosoma mansoni parasite, Auranofin (AUR) and Praziquantel (PZQ) is 

shown below (Figure 8). In these trials DMSO was used as a reference standard. Any 

compounds that sit within the dashed box are active against this specific trematode. The 

graph shows how each compound affects the ability of the parasite to move (motility) and 

how effective it is at targeting sets of characteristics specific to this parasite (phenotype).  

 

 

Figure 8: Effects of previously synthesised compounds against phenotype and motility of 

Schistosoma mansoni versus DMSO, Auranofin (AUR) and Praziquantel (PZQ). 
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From this it was determined that compounds PJM130 23 and PJM203 24 were more 

effective against the parasite both in respect to their phenotype and motility, than 

praziquantel 20. 23 was chosen for derivatisation, this being due in part to the fact that 

modifications of PJM203 24 would have been more difficult. 

O O

H
N Br

O
Ph3CO

OH

OH

OH
OCPh3

NO2

O2N
Br

PJM103
23

PJM203
24

PJM104
25

 

Figure 9: Compounds 23, 24 and 25. 

The lactone 23 is a derivative of homoserine lactone, which is racemic in the case of 

23 but can be derived from the naturally occurring amino acid L-homoserine 26 (Figure 10), 

which is not one of the common amino acids encoded by human DNA. L-Homoserine is the 

product of the cleavage of the sulfide group of methionine 27 (Figure 10), which is one of the 

essential amino acids in humans and is very abundant in animals and plants alike. 

NH2

HO
O

OH

26
NH2

S
O

OH

27   

Figure 10: L-Homoserine 26 and methionine 27 

 

It is known that N-acyl homoserine lactones (AHLs) (Figure 11) are members of a class of 

signalling compounds that are used in bacterial quorum sensing (QS)25. Quorum sensing is a 

form of stimulus response to detect population density and control the expression of specific 

genes. Bacteria use QS to coordinate behaviours such as biofilm formation, virulence, and 

antibiotic resistance. These are all dependent on the population density around the organism. 
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N-(2-oxotetrahydrofuran-3-yl)butyramide 28
Pseudomonas aeruginosa

N-(2-oxotetrahydrofuran-3-yl)hexanamide 29
Chromobacterium Vialaceum

3-oxo-N-(2-oxotetrahydrofuran-3-yl)hexanamide 30
Vibio fisheri

N-(2-oxotetrahydrofuran-3-yl)octanamide 31
Burkholderia cepacia

3-oxo-N-(2-oxotetrahydrofuran-3-yl)octanamide 32
Agrobacterium tumefaciens

3-oxo-N-(2-oxotetrahydrofuran-3-yl)dodecanamide 33
Pseudomonas aeruginosa

 

Figure 11: Naturally occurring N-acyl homoserine lactones (AHLs) and example species that use this 

compound for quorum sensing. 

We were interested in a general structure 37 that resembles the lead compound 23 

as there is considerable scope for relatively straightforward modification of the structure. 

Modifications are possible at the lactone where X could be O or S, at the halogen where X can 

be Br or Cl, at the R group or at the two stererogenic centres (* and #). 

Z
O

H
N

O

37

X

R
* #

 

As can be seen the difference between naturally occurring AHLs and synthetic 

examples are the halogenation and the side-chain, which is typically shorter at either 2 or 3 

carbons long. Our precursors for the synthesis are the readily available homoserine lactone 

hydrobromide 35, homoserine thiolactone hydrobromide 36, S-homoserine lactone hydrobromide 38 

and R-homoserine lactone hydrobromide 39. (Figure 12) 



57 
 
 

O
O

NH2
.HBr

35

S
O

NH2
.HBr

36

O
O

NH2
.HBr

O
O

NH2
.HBr

38 39
  

Figure 12: homoserine lactone hydrobromide 35, homoserine thiolactone hydrobromide 36, S-

homoserine lactone hydrobromide 38 and R-homoserine lactone hydrobromide 39. 

Derivatisation of these with bromoacetyl bromide, chlororacetyl chloride, 

bromopropionyl bromide or chloropropionyl chloride will lead to the preparation of a range 

of compounds 23 & 41-49 (Figure 13), which will enable the investigation of the relationship 

between the structure of the lactone, the side-chain, and the halogen on the side-chain 

against the Schistosoma mansoni (flatworm) parasite. 
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Figure 13: Proposed synthetic AHLs 23 & 41-49  
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Results and Discussion 
All of the compounds 23 & 41-49 were prepared by either a single phase or two-phase 

protocol, Methods A and B respectively. The two-phase protocol was originally chosen for its 

simplicity and use of less aggressive reagents. However, there were some problems with the 

two-phase protocol, in that it gave very poor yields in two of the experiments detailed below. 

For this reason, a single-phase protocol was adopted and resulted in higher yields. Purification 

was the same for both methods, flash chromatography (50% EtOAc in chloroform) and gave 

the desired compounds in high purity 

Compound 23 

Compound 23 was prepared via method A, giving a yield of 75%. This reaction gave 

the best yield of all the experiments and the crude product was easy to purify, as were all of 

the other compounds. These reaction conditions would be considered the best for this 

transformation; however, a second method was applied to most of the other compounds as 

it resulted in a simpler workup and purification, albeit resulting in a lower yield overall. 

O

N
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O
Br

O
O

Br
Br

O

NH2
 .HBr

O
36 23

(a)

 

Scheme 7: preparation of 23. (a) bromoacetyl bromide, CHCl3, NEt3, 18 h, 75%.   

Compound 41 

Compound 41 was also prepared using method A in 33% yield. The reason for the poor 

yield is not known; however, it is an anomalous result amongst the other compounds 

prepared using method A. 
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Scheme 8: preparation of 41. (b) bromopropanoyl bromide, CHCl3, NEt3, 18 h, 33%.  
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Compound 42 

Compound 42 was prepared using the two-phase method B, giving a reasonable yield 

of 40% yield, again it is unknown as to why this reaction was not more high yielding.  
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Scheme 9: preparation of 42. (c) bromoacetyl bromide, CH2Cl2 / H2O, K2CO3, 18 h, 40%.  

Compound 43 

Compound 43 was prepared using method B, resulting in a 73% yield, which was 

considerably higher yield than that of corresponding lactone 41. 
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Scheme 10: preparation of 43. (d) bromopropanoyl bromide, CH2Cl2 / H2O, K2CO3, 18 h, 73%.   

Compound 44 

The first of the enantiomerically pure compounds 44 was prepared using the two-

phase method B, however this gave a poor 25% yield. The low yield of this reaction, in 

comparison to the racemic compound 40 was disappointing and may have been due to a 

change in method.  
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Scheme 11: preparation of 44 (e) bromoacetyl bromide, CH2Cl2 / H2O, K2CO3, 18 h, 25%.   
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Compound 45 

Similarly, compound 45 was prepared using the two-phase protocol and was by far 

the least efficient reaction, resulting in a yield of only 14%. Again, we are unsure as to the 

reason for this poor yield and, whilst repeating the reaction using method A would have been 

interesting, the quantity of sample produced in this, and the previous, reaction was sufficient 

for testing. 
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39
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Scheme 12: preparation of 45. (f) bromoacetyl bromide, CH2Cl2 / H2O, K2CO3, 18 h, 14%.   

Compound 46 

For the chlorinated analogue 46, method A was readopted, and this gave the desired 

compound in a considerably improved 68% yield. 
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Scheme 13: preparation of 46. (g) chloroacetyl chloride, CHCl3, NEt3, 18 h, 68%. 

Compound 47 

The chloropropionyl amide 47 was also prepared using the single-phase method A, in 

a respectable 65% yield. 

O

H
N

O
Cl

O
O

NH2
 .HBr

O
36

O
Cl

Cl

(h)

47  

Scheme 14: preparation of 47. (g) chloropropanoyl chloride, CHCl3, NEt3, 18 h, 65%. 
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Compound 48 

 The thiolactone 48 was prepared using the two-phase protocol and, despite the poor 

yields for the preparation of 44 and 45, this reaction gave a respectable 61% yield. The reason 

for the return to the previous method was to confirm a theory that the two-phase method 

was better for the thiolactone substrates as opposed to the lactones. This result offers some 

support for this hypothesis. 
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Scheme 15: preparation of 48. (h) chloroacetyl chloride, CH2Cl2 / H2O, K2CO3, 18 h, 61%. 

Compound 49 

Similarly, the thiolactone 49 was prepared using the two-phase protocol, which gave 

the required compound in a 58% yield. Again, a good yield was obtained using method B for 

a thiolactone.  
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Scheme 16: preparation of 49. (i) chloropropanoyl chloride, CH2Cl2 / H2O, K2CO3, 18 h, 58%. 

 

Conclusions 

In conclusion, it is apparent that the preparation of the analogues 40-49 was 

successful. However, the methods used need to be optimised if any of these compounds are 

to be of significant need in future work. Specifically, the two-phase method appears to be 

somewhat capricious. The compounds were all white solids and gave correct analytical data 
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and were of high purity for the next stage of the project. The structures are summarised below 

as are the yields and melting point data.  
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Compound X Z R * # Method(i) Yield Mp (°C) 

23 Br O H Racemic N/A A 75% 95-97 

41 Br O Me Racemic Racemic A 33% 157-169 

42 Br S H Racemic N/A B 40% 111-113 

43 Br S Me Racemic Racemic B 73% 125-128 

44 Br O H (R) N/A B 25% 130-133 

45 Br O H (S) N/A B 14% 130-133 

46 Cl O H Racemic N/A A 68% 111-115 

47 Cl O Me Racemic N/A A 65% 148-150 

48 Cl S H Racemic N/A B 61% 124-127 

49 Cl S Me Racemic Racemic B 58% 103-110 

(i) The reactions were undertaken in either method A, a single-phase reaction, or method B, a two-phase 

reaction. 

Table 21: Yields of compounds 23 & 41-49 and melting point data. 
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Biological activity studies   

Of the nine compounds tested, four affected the motility of the flatworm 

(23, 42, 43 and 44). Compounds 43 and 44 worked at both 10 and 5 μM; whereas 

compounds 23 and 42 showed effectiveness at all concentrations tested in this study. 

Analogues 43, 44 and 46 affected the phenotype of the parasites at 10 and 5 μM; whereas 

compound 33 affected it from 10 to 1.25 μM and compound 42 was effective at all three 

concentrations. The modification of the lactone ring (23) to a thiolactone ring (42) increased 

the comparative potency at all concentrations. The two enantiomeric forms of compound 23 

are of particular interest in this study and it was observed that the (R)-enantiomer (44) 

affected schistosomula for both phenotype and motility at 10 μM and 5 μM concentrations. 

Interesting, no anti-schistosomula activity was observed for the (S)-enantiomer (45), 

suggesting that the absolute stereochemistry of the N-acyl homoserines is critical to activity.   
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Experimental 

General experimental synthesis and spectroscopy procedures 

  Reactions were stirred using a magnetic stirrer bar and monitored by TLC on 

Kieselgel 60 F254 silica gel coated glass plates, which were visualised by either I2, UV light or 

phosphomolybdic acid. General chemicals were purchased from Sigma Aldrich, Alfa Aesar, 

Fluorochem or Fisher Scientific. Flash chromatography was carried out on Fluorochem Silica 

gel 60Å (40-63 micron) with an eluting solvent as specified. 1H and 13C NMR spectroscopic 

analyses were carried out on a Bruker Ultrashield Plus 400 MHz spectrometer in CDCl3 unless 

otherwise stated and are reported in ppm referenced to the solvent internal standard at 7.26 

and 77.160 ppm respectively. Infrared spectroscopic analyses were acquired on a Bruker 

Alpha ATR instrument. Mass spectra were recorded on either a Finnigan MAT 900 XLT or a 

Finnigan MAT 95 XP at the EPSRC National Mass Spectrometry Service Centre in Swansea. 

Specific rotations were measured in a 0.25 dm cell on an ADP440 polarimeter (Bellinghan & 

Stanley Ltd.)  
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Preparation of lactones 23 & 41-49 

Method A  

The acyl halide (1.00-2.65 equiv.) was added dropwise over 5 min to a stirred and 

cooled (0°C) solution of the aminolactone salt (1 equiv.) and triethylamine (2 equiv.) dissolved 

in chloroform. After 2 h the reaction was warmed to rt and stirred for 16 h. After evaporation, 

the mixture was triturated with EtOAc (3 x 10 mL), filtered, evaporated, and purified via 

column chromatography.  

Method B 

The acyl halide (1.00-2.65 equiv.) was added dropwise over 5 min to a stirred and 

cooled (0°C) solution of the aminolactone salt (1 equiv.) and potassium carbonate (3. equiv.) 

in a mixture of chloroform and water. After 2 h the reaction was warmed to rt and stirred for 

16 h; whereupon the organic layer was separated, and the aqueous phase extracted with 

chloroform (20 mL). The combined organic layers were washed with tartaric acid solution (5% 

aq., 2 x 5 mL) and water (2 x 5 mL), dried over MgSO4, filtered, evaporated, and purified by 

column chromatography 
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2-Bromo-N-(2-oxotetrahydrofuran-3-yl)acetamide 
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36 40  

Method A: Bromoacetyl bromide (1.47 g, 7.27 mmol, 0.63 mL), 36 (500 mg, 2.75 

mmol), trimethylamine (556 mg, 5.49 mmol). The reaction mixture was evaporated and 

purified via column chromatography (50% EtOAc in chloroform) to give 23 (612 mg, 2.76 

mmol) in 75% yield as a white solid. dH 6.95 (1H, br s, NH), 4.56 (1H, ddd, J 6.1, 8.6, 11.5 Hz, 

CH), 4.52 (1H, br t, J 8.9 Hz, CH), 4.33 (1H, ddd, J 5.9, 9.5, 11.1 Hz), 3.96 (1H, d, J 14.0 Hz, CH), 

3.92 (1H, d, J 14.0 Hz, CH), 2.84-2.92 (1H, m, CH), 2.18-2.29 (1H, m, 1H) ; dC  174.6, 166.4, 66.2, 

50.0, 30.1, 28.4; vmax 3250, 3062, 1760, 1659, 1548, 1180; MS(CI) 222.0 (100%, 

[C6H879BrNO3+H]+) 224.0 (98%, [C6H881BrNO3+H]+), 244.0 (85%, [C6H879BrNO3+Na]+), 246.0 

(85%, [C6H879BrNO3+Na]+); HRMS(ES) found 221.9762, C6H979BrNO3+ ([M+H]+) requires 

221.9760; Microanalysis: found C 32.6, H 3.8, N 6.4, Br 36.0; C6H8BrNO3 requires C 32.4, H 3.6, 

N 6.3, Br 36.0. 
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2-Bromo-N-(2-oxotetrahydrofuran-3-yl)propanamide 
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Method A: Bromopropionoyl bromide (593 mg, 2.75 mmol, 0.29 mL), 36 (500 mg, 2.75 

mmol), trimethylamine (556 mg, 5.49 mmol). The reaction mixture was evaporated, and the 

crude was purified via column chromatography (50% EtOAc in chloroform) to give 41 (215 mg, 

0.91 mmol) in 33% yield as a white solid. dH 6.82/6.77 (1H, 2 br s, NH), 4.41-4.58 (3H, m, 3 x 

CH), 4.27-4.34 (1H, m, CH), 2.83-2.90 (1H, m, CH), 2.14-2.26 (1H, m, CH), 1.89/1.91 (3H, 2 x d, 

J 6.7 Hz, 2 x CH3); dC 66.2, 50.0/49.9, 43.9/43.7, 30.2/30.2, 22.9/22.8 (2 x C not observed); vmax 

3284, 3083, 2946, 1775, 1656, 1551, 1165; MS(CI) 236.0 (80%, [C7H1079BrNO3+H]+) 238.0 (80%, 

[C7H1081BrNO3+H]+), 258.0 (100%, [C7H1079BrNO3+Na]+), 260.0 (98%, [C7H1081BrNO3+Na]+); 

HRMS(ES) found 235.9919, C7H1179BrNO3+ ([M+H]+) requires 235.9917. 

  



68 
 
 

2-Bromo-N-(2-oxotetrahydrothiophen-3-yl)acetamide  
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Method B: Bromoacetyl bromide (1.31 g, 6.51 mmol, 0.57 mL), 37 (500 mg, 3.25 

mmol). The crude product was purified via column chromatography (50% EtOAc in 

chloroform) to give 42 (307 mg, 1.29 mmol) in 40% yield as a white solid. dH 6.92 (1H, s, NH), 

4.51 (1H, ddd, J 6.6, 6.6, 12.4 Hz, CH), 3.93 (1H, d, J 13.7 Hz, CH), 3.89 (1H, d, J 13.7 Hz, CH), 

3.38 (1H, ddd, J 5.1, 11.6, 12.0 Hz, CH), 3.23 (1H, ddd, J 0.8, 7.0, 12.2 Hz, CH), 2.88-2.94 (1H, 

m, CH), 2.00 (dddd, J 7.0, 12.0, 12.2, 12.4 Hz, CH); dC 204.6, 166.3, 59.9, 31.5, 28.6, 27.7; vmax 

3262, 1697, 1658, 1537, 1453; MS(CI) 238.0 (95%, [C6H879BrNO2S+H]+) 240.0 (100%, 

[C6H881BrNO2S+H]+), 260.0 (80%, [C6H879BrNO2S+Na]+), 262.0 (85%, [C6H881BrNO2S+Na]+); 

HRMS(ES) found 237.9534, C6H979BrNO2S+ ([M+H]+) requires 237.9532. 
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2-Chloro-N-(2-oxotetrahydrothiophen-3-yl)propanamide 
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Method B: Bromopropionyl bromide (1.41 g, 6.51 mmol, 0.68 mL), 37 (500 mg, 3.25 

mmol). The crude product was purified via column chromatography (50% EtOAc in 

chloroform) to give 43 (598 mg, 2.37 mmol) in 73% yield as a white solid. dH   6.82/6.76 (1H, 2 

x br s, 2 x NH), 4.40-4.53 (1H, m, CH), 3.34-3.41 (1H, m, CH), 3.25-3.30 (1H, m, CH), 2.90-2.96 

(1H, m, CH), 1.93-2.04 (1H, m, CH), 1.86/1.89 (3H, d/d, J 7.0/7.1 Hz, 2 x CH3); dC 204.9/204.7, 

170.1/170.1, 60.0/60.0, 44.2/43.9, 31.6/31.5, 27.7/27.7, 23.0/22.8; vmax 3256, 3080, 2970, 

1686, 1644, 1553; MS(CI) 252.0 (95%, [C7H1079BrNO2S+H]+) 254.0 (100%, [C7H1081BrNO2S+H]+), 

269.0 (65%, [C7H1079BrNO2S+Na]+), 271.0 (65%, [C7H1081BrNO2S+Na]+); HRMS(ES) found 

251.9688, C7H1179BrNO2S+ ([M+H]+) requires 251.9688. 
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(R)-2-Bromo-N-(2-oxotetrahydrofuran-3-yl)acetamide  
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Method B: Bromoacetyl bromide (1.47 g, 7.27 mmol, 0.63 mL), (R)-homoserine 

lactone hydrochloride 38 (500 mg, 3.63 mmol). The crude product was purified via column 

chromatography (50% EtOAc in chloroform) to give 44 (204 mg, 0.92 mmol) in 25% yield as a 

white solid. [d]D19 -22 (c = 0.1 CHCl3), dH 6.91 (1H, br s, NH), 4.55 (1H, ddd, J 6.1, 8.6, 11.5 Hz, 

CH), 4.52 (1H, br t, J 8.9 Hz, CH), 4.34 (1H, ddd, J 5.9, 9.5, 11.1 Hz), 3.96 (1H, d, J 13.7 Hz, CH), 

3.92 (1H, d, J 13.7 Hz, CH), 2.82-2.90 (1H, m, CH), 2.15-2.26 (1H, m, 1H); dC 174.6, 166.4, 66.2, 

50.0, 30.2, 28.4; vmax 3253, 3064, 1762, 1657, 1551, 1179; MS(CI) 222.0 (98%, 

[C6H879BrNO3+H]+) 224.0 (97%, [C6H881BrNO3+H]+), 244.0 (98%, [C6H879BrNO3+Na]+), 246.0 

(98%, [C6H879BrNO3+Na]+); HRMS(ES) found 221.9762, C6H979BrNO3+ ([M+H]+) requires 

221.9760. 
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(S)-2-Bromo-N-(2-oxotetrahydrofuran-3-yl)acetamide27 

O

H
N

O
Br

O
O

NH2
 .HCl

O

O
Br

Br

H2O / CH2Cl2

K2CO3
,

4539  

Method B: Bromoacetyl bromide (1.47 g, 7.27 mmol, 0.63 mL), (S)-homoserine 

lactone hydrochloride 39 (500 mg, 3.63 mmol). The crude product was purified via column 

chromatography (50% EtOAc in chloroform) to give 45 (116 mg, 0.52 mmol) in 14% yield as a 

white solid. [d]D19 21 (c = 0.1 CHCl3), Lit.26 [d]D22 20.5 (c = 0.0074 CHCl3); dH 6.99 (1H, s, NH), 

4.55 (1H, ddd, J 6.1, 8.6, 11.5 Hz, CH), 4.52 (1H, br t, J 8.9 Hz, CH), 4.34 (1H, ddd, J 5.9, 9.5, 

11.1 Hz), 3.96 (1H, d, J 13.7 Hz, CH), 3.92 (1H, d, J 13.7 Hz, CH), 2.81-2.87 (1H, m, CH), 2.17-

2.28 (1H, m, 1H); dC 174.7, 166.4, 66.2, 49.9, 30.1, 28.4; vmax 3254, 3065, 1762, 1656, 1551, 

1177; MS(CI) 222.0 (100%, [C6H879BrNO3+H]+) 224.0 (98%, [C6H881BrNO3+H]+), 244.0 (85%, 

[C6H879BrNO3+Na]+), 246.0 (85%, [C6H879BrNO3+Na]+); HRMS(ES) found 221.9761, 

C6H979BrNO3+ ([M+H]+) requires 221.9760.   
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2-Chloro-N-(2-oxotetrahydrofuran-3-yl)acetamide  

O

H
N

O
Cl

O

O
Cl

Cl

O

NH2
 .HBr

O

Et3N

CHCl3

,

36 46  

Method A: Chloroacetyl chloride (310 mg, 2.75 mmol, 0.22 mL), 36 (500 mg, 2.75 

mmol), triethylamine (556 mg, 5.49 mmol). The reaction mixture was evaporated, and the 

crude product was purified via column chromatography (50% EtOAc in chloroform) to give 46 

(334 mg, 1.88 mmol) in 68% yield as a white solid. dH 7.05 (1H, br s, NH), 4.58 (1H, ddd, J 6.6, 

8.6, 11.4 Hz, CH), 4.50 (1H, br t, J 9.0 Hz, CH), 4.31 (1H, ddd, J 5.9, 9.7, 10.8 Hz, CH), 4.10 (2H, 

s, CH2), 2.81-2.88 (1H, m, CH), 2.17-2.28 (1H, m, 1H); dC174.6, 166.8, 66.1, 49.6, 42.3, 30.1; 

vmax 3251, 3069, 1762, 1662, 1556, 1179, 1024; MS(CI) 178.0 (100%, [C6H835ClNO3+H]+) 180.0 

(30%, [C6H837ClNO3+H]+), 200.0 (100%, [C6H835ClNO3+Na]+), 202.0 (30%, [C6H837ClNO3+Na]+); 

HRMS(ES) found 178.0264, C6H937ClNO3+ ([M+H]+) requires 178.0265.  
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2-Chloro-N-(2-oxotetrahydrofuran-3-yl)propanamide  

O

H
N

O
Cl

O

O
Cl

Cl

O

NH2
 .HBr

O

Et3N

CHCl3

,

36 47  

Method A: Chloropropionyl chloride (349 mg, 2.75 mmol, 0.27 mL), 36 (500 mg, 2.75 

mmol), trimethylamine (556 mg, 5.49 mmol). The reaction mixture was evaporated, and the 

crude product was purified via column chromatography (50% EtOAc in chloroform) to give 47 

(341 mg, 1.78 mmol) in 65% yield as a white solid. dH 6.99 (1H, br s, NH), 4.36-4.52 (3H, m, 3 

x CH), 4.21-4.27 (1H, m, CH), 2.74-2.81 (1H, m, CH), 2.09-2.20 (1H, m, CH), 1.70/1.69 (3H, 2 x 

d, J 6.8/6.7 Hz, Me); dC 174.7/174.7, 170.4/170.4, 66.1/66.1, 55.3/55.2, 49.6, 30.1/30.1, 22.5; 

vmax 3285, 3085, 1775, 1660, 1551, 1167; MS(CI) 192.0 (100%, [C7H1035ClNO3+H]+) 194.0 (35%, 

[C7H1037ClNO3+H]+), 214.0 (85%, [C7H1035ClNO3+Na]+), 216.0 (25%, [C7H1037ClNO3+Na]+); 

HRMS(ES) found 192.0422, C7H1179ClNO3+ ([M+H]+) requires 192.0422. 
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2-Chloro-N-(2-oxotetrahydrothiophen-3-yl)acetamide  

S

H
N

O
Cl

O
S

NH2
 .HCl

O

O
Cl

Cl

H2O / CH2Cl2

K2CO3
,

37 48  

 

Method B: Chloroacetyl chloride (753 mg, 6.51 mmol, 0.52 mL), 37 (500 mg, 3.25 

mmol). The crude product was purified via column chromatography (50% EtOAc in 

chloroform) to give 48 (382 mg, 1.97 mmol) in 61% yield as a white solid. dH 6.95 (1H, br s, 

NH), 4.52 (1H, apparent pentet, 6.5 Hz, CH), 4.12 (1H, d, J 15.1 Hz, CH), 4.07 (1H, d, J 15.1 Hz, 

CH), 3.39 (1H, ddd, J 5.1, 11.6, 11.6 Hz, CH), 3.29 (1H, br dd, J 7.0, 11.2 Hz, 1H), 2.91-2.98 (1H, 

m, CH), 2.00 (1H, dddd, J 7.0, 12.5, 12.5, 12.5 Hz, 1H); dC 204.5, 166.7, 59.7, 42.5, 31.7, 27.7; 

vmax 3293, 2941, 1702, 1643, 1534, 1262;  MS(CI) 194.0 (100%, [C6H835ClNO2S+H]+) 196.0 

(35%, [C6H837ClNO2S +H]+), 216.0 (65%, [C6H835ClNO2S +Na]+), 218.0 (23%, [C6H837ClNO2S 

+Na]+); HRMS(ES) found 194.0037, C6H935ClNO2S+ ([M+H]+) requires 194.0037. 
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2-Chloro-N-(2-oxotetrahydrothiophen-3-yl)propanamide 

S

H
N

O
Cl

O
S

NH2
 .HCl

O

O
Cl

Cl

H2O / CH2Cl2

K2CO3
,

37 49  

Method B: Chloropropionyl Chloride (826 mg, 6.51 mmol, 0.62 mL), 37 (500 mg, 3.25 

mmol). The crude product was purified via column chromatography (50% EtOAc in 

chloroform) to give 49 (389 mg, 1.87 mmol) in 58% yield as a white solid. H 6.93 (1H, s, NH), 

4.41-4.52 (1H, m, 2 x CH), 3.38 (1H, td, J= 5.1, 11.8 Hz, CH), 3.28 (1H, dd, J= 7.0, 11.3 Hz, CH), 

2.94 (1H, ddd, J= 0.9, 6.0, 12.1 Hz, CH), 1.99 (1H, ddd, J= 7.1, 12.4, 22.2 Hz, CH), 1.76/1.74 (2 

x ½H, t, J= 7.1 Hz, CH3); C 212.8/212.8, 170.1/170.2, 59.6/59.7, 55.3/55.5, 31.5/31.5, 

27.5/27.5, 22.5/22.6; Vmax 3230, 3072, 1694, 1676, 1558, 1224; MS(CI) 208.0 (100%, 

[C7H1035ClNO2S+H]+) 210.0 (35%, [C7H1037ClNO2S +H]+), 230.0 (50%, [C7H1035ClNO2S +Na]+), 

232.0 (18%, [C7H1037ClNO2S +Na]+); HRMS(ES) found 208.0193, C7H1135ClNO2S+ ([M+H]+) 

requires 208.0194. 
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NMR Spectra of compounds 7-16 
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NMR spectra of compounds 17-19 
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NMR spectra of 40-49
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