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1-1   Halogenated Natural Products 

 Secondary metabolite compounds are unique compounds produced in limited quantities. The 

function of secondary metabolites is to defend themselves from unfavorable environmental 

conditions, i.e., to overcome pests and diseases,1 attract pollinators,2 and as signaling 

molecules.3 In short, secondary metabolites are used by organisms to interact with their 

environment. 

 Nowadays, halogenated natural products are currently an object of interest for researchers. 

As a result, many of them have done impressive recent work in the isolation and synthesis field. 

Halogenated natural compounds are secondary metabolites that contain fluorine (rarely), 

chlorine, bromine, iodine in their carbons chain and can be isolated from living organisms such 

as algae, marine bacteria, sponges, phytoplankton, tunicates, worms, corals, bacteria, fungi, 

terrestrial plants, lichens, and other microorganisms.4 

 In general, the production of secondary metabolites is triggered by conditions in which 

organisms are stressed due to environmental conditions, nutrient depletion, and limited growth 

conditions. Individual or multienzyme complexes will produce secondary metabolites through 

oxidative mechanisms during these conditions (enzymatic halogenation), though direct 

halogenation via halide anion incorporation is also known to proceed through both enzymatic 

and nonenzymatic pathways.5 Since ancient times, this biosynthetic mechanism has been the 

most common route.6  

 The number of discoveries and developments of halogenated natural product has reached a 

high significance until more than 5000 compounds and continues a steady increase.7 Most of 

them can be found in great abundance in marine environment since this ecosystem possess a 

very wide variety of organisms which could be the origin for these substances.4d There are 

many variety of compounds ranging from peptides, lipids, polyketides, indoles, terpenes, 

acetogenins and phenols to volatile halogenated hydrocarbons.8  





 7 

1-2   Potential of biological activities from halogenated natural products 

 Halogenated natural products are often found in land and marine organisms, and have unique 

biological activities. Surprisingly, the presence of these halogen substituents is significant for 

determining these natural products biological activity (Figure 1-2). These phenomena can be 

observed in some following examples. Two chlorine substituents are necessary to achieve the 

clinically active conformation in vancomycin (4) as antibiotics for the medication of S. aureus 

infections through the control of atropisomer distribution.10  

 

Figure 1-2. Structure of  Vancomycin (4), Neomangicol A (5), B (6) and C (7)

 

 The presence of a halogen substituent is also relevant for the biological activity of neomangicol 

A (5) and B (6) as halogenated sesterterpenes. These compounds exhibit significant 

cytotoxicity against human colon tumor cells, HCT-116.11 However, its analog compound, 

neomangicol C (7), has no activity due to the absence of halogen substituents. Because of the 







 10 

 Halogenated natural products also have antiparasitic functions against parasitic diseases, i.e., 

malaria, trypanosomiasis (sleeping sickness), and lymphatic filariasis (elephantiasis). These 

diseases usually happen in sub-tropical and tropical countries, put many people at risk, and 

account for millions of deaths annually. A screening of the Australian sponge Pseudoceratina 

sp. has obtained the psammaplysin H (13) (Figure 1-6) and displays potent antimalarial activity 

against the chloroquine-sensitive (3D7) line of Plasmodium falciparum (IC50= 0.41 ± 0.1 µM). 

On the other hand, manadoperoxides K (14) was isolated from the Indonesian sponge Plakortis 

cfr. lita display the greatest activity against Trypanosoma brucei rhodesiense with IC50= 0.087 

µg/mL.15  

 

Figure 1-6. Structure of  Psammaplysin H (13) and Manadoperoxides K (14)  

 

 

 Humans also have to compete with deadly viruses, harmful bacteria, fungi, and parasites. In 

this situation, some halogenated natural products are well-known as an active antiviral to solve 

this problem (Figure 1-7).16 Cadiolide B (15), successfully isolated from the Indian Ocean 

ascidian, Synoicum sp. and active against the Japanese encephalitis virus at a concentration of 

1 µg/mL.   The known one of polybromocatechols, lanosol (16), isolated from the Korean red 

alga Neorhodomela aculeata, and has promising activity as an antiviral compound against the 

human rhinovirus HRV2, (IC50= 2.50 µg/mL).  
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Scheme 1-1. Appel reaction 

 

 

 Sekar and co-workers reported the SN2 halogenation of a hydroxy group in cyclic alcohol 

system (Scheme 1-2). They used N-chlorosuccinimide (NCS) as the chlorinating agent and 

chiral BINAP to the racemic-2-aryloxy cyclic alcohol 24 and 25 to produce the optically active 

chloride 26 (70% ee) in inversion condition and unreacted alcohol 25 (48% ee).19   

 

Scheme 1-2. SN2 halogenation of a hydroxyl group in cyclic alcohol  
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of EtB(OEt)2 influences selectivity toward the formation of Z-alkenylstannanes from an anti-

addition process and produce excellent desired products 52.27  

 Teichert and co-workers propose a shorter pathway in E-bromoolefin preparation (Scheme 1-

8). Based on their development, internal alkynes 53 was stereoselectively hydrohalogenated to 

the corresponding vinyl bromides 54 and 55 with halogen electrophiles (BrCl2C-CCl2Br) and 

copper catalysts. The catalytic cycle involves the transmetalation of copper hydroxide with the 

ammonia borane to form copper hydride (step 1), which, after hydrocupration of the alkyne 

(step 2), provides an alkenyl copper intermediate. Subsequent electrophilic bromination of the 

alkenyl copper intermediate (step 3) provides the desired product and copper bromide. Catalyst 

turnover (step 4) is accomplished by ligand substitution in the presence of NaOH (Scheme 1-

9). Brominated allyl silyl ether products have been isolated with good stereoselectivity (E/Z > 

95:5), and with acceptable to good regioselectivity ratio 91:7:2.28  

 

Scheme 1-8. Hydrobromination of internal alkynes 
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NMR Spectra for Chapter 2 
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CHAPTER 3 

 

Synthetic Study on Mollenyne A 
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would be prepared from the commercially available methyl propiolate 97. Eventually, the main 

focus of this study, allylic alcohol flanked by halogenated carbon 93 is traced from known 

alcohol 98 with tert-butyldiphenylsilyl group.    

 

Scheme 3-1. Retrosynthetic analysis towards the synthesis of Mollenyne A 

 

 

3-3   Study Plan toward 93 

 In this study, the allylic alcohol flanked by halogenated carbons fragment can be divided into 

two parts, the E-bromoolefin and halohydrin. For effective construction of the two parts, author 

have envisioned the use of model compound 99 and 101 in the first strategy of the optimization 

process. Regio- and stereoselective conversion of model compound 99 to 100 through 

hydrostannylation reaction enables selective synthesis of the E-bromoolefin by the treatment 

of Br+. Subsequently, model compound 101 includes an allylsilane moiety. Treatment of Br+ 
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the conversion. When the temperature raised to the reflux condition (entry 6) or the equivalent 

of the reagent is increased (entry 7), significant change of the reactivity was not observed. The 

regioselectivity in almost entries are include in the range of 5 to 6 : 1 selectivity, except entries 

1 and 7 and very low yields from desired product 100a always obtained.  

 

Table 3-1. Hydrostannation reaction to 99a 

 

entry HSn-nBu3               
(eq) 

Pd(PPh3)4 
(eq) 

Temp. 
(°C) 

Time 
(min) 

Resultsb 
99:100a:100b (combined yield) 

1 1.5 0.01 0 30 89:9:2 (11%) 

2 1.5 0.05 0-rt 30 70:25:5 (28%) 

3 1.5 0.1 0-rt 30 61:33:6 (29%) 

4 1.5 0.1 0-rt 120 59:34:7 (32%) 

5 1.5 0.1 rt 30 63:32:5 (30%) 

6 1.5 0.1 reflux 30 74:22:4 (25%) 

7 2.5 0.1 0-rt 30 54:35:11 (39%) 

8 1.5 0.1 rt overnight 64:33:7 (32%) 

aReaction conditions: 0.2 mmol of 99 was used. bratio of 99, 100a and 100b was estimated by 

crude 1H NMR. 

 

The regioselectivity of the addition reaction is controlled by many factors, of which the 

structure of the alkyne substrate plays a critical role.3, 4 The challenge in this process is the 

selective synthesis of 100a. Another group reported that Pd(0)-catalyzed hydrostannylation to 
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propargyl alcohol gives 75:25 in regioselectivity with moderate yield (58%). This means that 

the yield obtained in this study is not much different from previous studies, although it is lower 

than reference.3 In addition, author believed that there is a high possibility of contamination in 

the system between sensitive palladium catalysts with oxygen during the process and lowering 

the yield. Generally, palladium-catalyzed hydrostannation proceeds under milder conditions 

and resulting in syn-stereoselectivity. The selectivity is influenced by the relative size of 

proximal substituents or steric differentiation, although some results suggest that neighbouring 

hydroxyl groups might have a directing effect.5 The mechanism starts from oxidative addition 

of nBu3SnH to the metal center (PdLn) occurs followed by coordination of the unsaturated 

bond leading to complex A, which may then undergo hydrometalation to give 

vinylmetal B followed by reductive elimination to furnish the organostannane (Scheme 3-3). 

 

Scheme 3-3. Mechanism of palladium-catalyzed hydrostannation 

 

 

 Because the first strategy did not work well, author continued the optimization to second 

strategy. The following strategy is the preparation of E-bromoolefin by regioselective HBr-

elimination reaction from anti-1,2-dibromo compounds which inspired by Nishiyama and Saito 
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research groups.6 In this strategy, the DBU would served as a base at C2 to induce 

regioselective HBr-elimination. Acidity enhancement of proton at C2 caused by electronic 

interaction between this proton and neighbouring heteroatoms (Scheme 3-4).  

 

 Scheme 3-4. Second strategy toward E-bromoolefin: regioselective HBr-elimination via DBU 

 

   

 Model compound 74 was prepared from known monoprotected of 1,5-pentanediol with 

TBDPS as shown in Scheme 3-5.7 Oxidation of 98 by TEMPO and subsequent treatment of 

Wittig reagent in one-pot operation to obtain unsaturated ester 103. The unsaturated ester 103 

was reduced to 104 with DIBAL-H. Protection of  alcohol 104 with p-nitrobenzoyl group gave 

ester 105 and bromination with Pyr.-HBr3 yielded the anti-1,2-dibromide 74.  

 

 

 







https://www.bing.com/ck/a?!&&p=19922800bbcdeaf77597e2b2de68decdf897eb529a4ad6f46b595ecc81e5b913JmltdHM9MTY1MjE0MTg5OSZpZ3VpZD1iNDg2YmE2ZC0yMGUwLTQ2MDEtYmJmNy1iZGM3ZGNhNzFhNWYmaW5zaWQ9NTE3MA&ptn=3&fclid=b1795d0b-cff6-11ec-81ef-cde89ef26b52&u=a1aHR0cHM6Ly93d3cuc2lnbWFhbGRyaWNoLmNvbS9VUy9lbi9wcm9kdWN0L2FsZHJpY2gvMzAyMzg0P21zY2xraWQ9YjE3OTVkMGJjZmY2MTFlYzgxZWZjZGU4OWVmMjZiNTI&ntb=1
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silicon. Once the positive charge appears, elimination of silicon atom through Si-Cl bond 

formation is much faster than SN2 reaction between the bromonium ion and the chloride. 

 

Scheme 3-8. The formation of an undesired compound  (±)-106 

 

 

  Based on previous result, author step forward to second strategy toward halohydrin 

preparation. The interhalogenation reaction developed by Burns was chosen (Scheme 3-9). 

This strategy looks promising for halohydrin construction. With chlorotitanium triisopropoxide 

and NBS, the sense of regioselectivity was maintained.9 

 

Scheme 3-9. Second strategy toward halohydrin: regioselective bromochlorination 
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  The second strategy started from convertion of the 6-membered ring silyl ether (±)-101 to 

alcohol (±)-76 as model compounds. Tamao-Fleming oxidation and protection of primary 

alcohol with TBS gave secondary alcohol (±)-108. The secondary hydroxy group was neat 

protected by benzyl, MOM, acetyl, and pivaloyl protecting groups, respectively of which TBS 

group was removed to furnish (±)-76a-d (Scheme 3-10). With model compound (±)-76a, (±)-

76b, (±)-76c and (±)-76d in hand, author starts the second strategy optimization for 

regioselective bromochlorination reaction. 

 

Scheme 3-10. Preparation of model compound 76 

 

  







 97 

 

The interhalogenation reaction is rationalized by the complexed intermediate (A) in Scheme 

3-12 which enables the regioselectivity of bromide and chloride. The hydroxy moiety interacts 

with chlorotitanium triisopropoxide, rigidifying the system and potentially improving 

regiocontrol. The reaction was followed by electrophilic bromination by NBS to form 

complexed intermediate (B or C) consisting of hydroxy moiety, chlorotitanium triisopropoxide 

and NBS. Concerning to the regioselectivity about nucleophilic chlorination to the bromonium 

species, the rigidity of complexed intermediate mediated the chloride addition at C2 position. 

This mechanism follows the report by Burns research group.9 

 
Scheme 3-12 Mechanism of bromochlorination reaction 



https://www.sciencedirect.com/topics/chemistry/trifluoroacetyl-group
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respectively, contradict the previous studies. The use of Schiff base as a catalyst which is 

proposed by Burns research group to elevate the selectivity, does not provide a significant 

change. The formation of the isopropoxide during bromochlorination reaction may suggest an 

unexpected reaction intermediate such as nine-membered ring formation through a 

coordination between hydroxytitanium and acetate moiety to encourage anti, syn stereotriad to 

become a major product. Furthermore, the difference in electron deficiency between acetyl and 

pivaloyl groups led to different selectivity. 

  

 

 

 

 

 

 

 

 

Scheme 3-13 Diastereoselective 1,2-dihalogenation of Z-allylic alcohol 
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  Product selectivity between chloride and isopropoxide during SN2 reaction is considered as 

follow although the original report does not mention the side product by isopropoxide. The 

ratio of chloride substitution is higher than isopropoxide substitution, meaning that the anion 

size play an important role in this competition reaction.11 Therefore, there is still an opportunity 

to improve this optimization to produce a product with high selectivity in the future.  
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 In conclusion of this chapter, the E-bromoolefin part was well prepared as a sole product with 

high yield (83%) via regio- and stereoselective E- elimination of anti-dibromo 74 using DBU 

as a base in the presence of p-nitrobenzoyl group. Even though the elimination selectivity using 

DBU is affected by the electronegativity of the oxygen atoms, p-nitrobenzoyl group as electron 

withdrawing group can make oxygen atoms more electronegative and the acidity enhancement 

of the desired hydrogen.  Comparing with hydrostannation reaction to propargyl alcohol, it just 

generate desired product in low yield with lower regioselectivity (75:25). 

 The halohydrin part was constructed using TiCl(Oi-Pr)3 as a chloride and NBS as the 

bromonium ion in the regioselective bromochlorination reaction to the allylic alcohol. The 

rigidity of complexed intermediate contributed to the regioselectivity. Although use of 

protective groups such as acetyl and pivaloyl enable detailed structure assignment and 

evaluation of the product ratio, obtained diastereoselectivity was low (ca 2:1). The 

intramolecularly competitive substitution occurs in-situ between Cl anion and isopropoxide 

anion during SN2 reaction. In this competition reaction, the anion size play an important role 

to give higher ratio of product with Cl substituent than isopropoxide substituent.  

 

 

 

 

 

 

 

 

 

 

https://onlinelibrary.wiley.com/cms/asset/1f2dd07c-c0bc-4ae7-8748-6c619095f611/anie201506388-fig-0005-m.jpg
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NMR Spectra for Chapter 3 
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