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Abstract. The discovery of dihydrolucilactaene as a secondary metabolite in fungus Fusarium
sp. RK97-94 showed a 100-fold increase in potency in antimalarial activity compared with its
analogue—Ilucilactaene. Although dihydrolucilactaene shows a high level of antimalarial activity
and had been shown to be a promising drug lead candidate for malaria treatment due to its highly
selective cytotoxicity towards malaria-causing pathogens and negligible cytotoxicity towards
other cells at lower concentrations, its complete biosynthesis pathway in Fusarium sp. RK97-94
is still to be determined, making mass production of the molecule via biological means less than
desirable. In this work, we propose a complete chemical synthesis route for dihydrolucilactaene
via a series of reactions involving commercially available reagents for the potential industrial
application and mass production of dihydrolucilactaene.
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1. Introduction

As an infectious and hematologic disease that is widespread with a high fatality rate, malaria is generally
recognized as one of the most prominent protist diseases. Studies have been intensely carried out
throughout the last decades, investigating and developing new medicines containing newly discovered
compounds that exhibit antimalarial actions for the more efficient and effective treatment of malaria [1-
3]. The recent discovery of dihydrolucilactaene as a secondary metabolite in fungus Fusarium sp. RK97-
94 [4] led to the comparison of its function to lucilactaene, which is a cell cycle inhibitor with robust
antimalarial activity [5,6] analogous to the structure of dihydrolucilactaene. The comparison resulted in
the realization that the efficacy of the antimalarial activity of dihydrolucilactaene is 100-fold more active
than lucilactaene while having inconsequential cytotoxic effect on cells other than malaria-causing
pathogenic plasmodium [1], making it an ideal drug lead for the development of new effective
antimalarial medicines. However, the metabolic pathway for the biosynthesis of dihydrolucilactaene is
still to be determined due to an unknown enzyme for the catalytic reduction of a cyclic ether on the
predecessor of dihydrolucilactaene [1], making it difficult for synthetic biological modifications to be
made for optimized production of the compound via biological processes thus far. Mass production of
dihydrolucilactaene for potential medical applications in industries that requires procedure optimization
can be alternatively achieved by designing chemical synthesis routes. In this work, we propose a
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theoretical chemical synthetic pathway for dihydrolucilactaene using commercially available reagents
that may be applied for the production of dihydrolucilactaene.

2. Synthesis of dihydrolucilactaene

2.1. Materials & synthetic methods

Our synthetic approach begins with a key disconnection, (Figure 1) to sever the carbon-carbon double
bond beside the first methyl group of the chain. This disconnection is essential because it allows us to
analyze the synthesis of the cyclic amide and the polyene chain with an ester end, respectively, which
is the key to reducing the complexity of the molecule. Thus, the following explanation of the synthetic
method will be bifurcated, the synthesis of cyclic amide and the synthesis of polyene chain.

Figure 1. Structure of dihydrolucilactaene and the position of key disconnection.

2.2. Synthesis of cyclic amide

We start the synthesis of cyclic amide (Figure 2) from 2,3-dihydroxypropanal [7], the daughter
compound of glyceraldehyde. Above all, we adopted a typical furan synthesis method [8], heating the
solution after the addition of acid to obtain furfural, and continuing heating the mixture with tubing-in
oxygen and cuprous oxide to obtain furan. So far, we have synthesized the essential five-membered ring
component, except we are still one step from the ideal pyrrole derivative compound. In order to convert
the furan to pyrrole, nitrogen in replacement of oxygen, we applied a simple reaction, heating the mixture
in presence of ammonia, water, and aluminum oxide catalyst.

After this step, palladium-catalyzed hydrogenation, converting pyrrole to pyrrolidine, seems to be
the choice getting us closer to the structure of the target molecule. However, since additions on sigma
bonds are relatively rarer and require more rigid conditions, we erred on the double bonds and at utilized
the delocalized pi-electron cloud to enable our further attack. In the following step, we applied simple
acylation under acidic conditions. It is a one-step reaction with two intermediates, one appears after the
addition of acyl chloride, and one immediately takes place with the addition of water. Supported by the
resonance structure from the lone pair on the nitrogen in the cyclic amide, this reaction prefers a major
product that is desirable (Figure 2), with additional thermodynamic control, we will get closer to the
target molecule. Lastly, we adopt a Grignard reaction. With an additional silicon protection group, more
alcohol will be produced without self-neutralizing the magnesium base.
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Figure 2. Synthetic pathway of cyclic amide subunit.

2.3. Synthesis of polyene chain

Throughout the synthesis of the polyene chain group, we adopt the combination of alkene building
blocks in general (Figure 3). Our major concerns towards a ring-opening synthesis, although the initial
steps were quite compatible with the ester group of the target molecule, were that the produced ether
chain is chemically inert, unable to undergo an efficient rearrangement reaction, especially when the
chain is rather long, and also that it is difficult to ensure the site selectivity and efficiency of elimination
reaction, considering the rigid condition to eliminate hydrogen from alkane chains [9].

The transition to the synthesis of the polyene chain group starts with a Mannich reaction. Without
alternative carbonyl groups having a beta-secondary carbon, we are able to connect the Mannich reagent
upon the target site. Next, we design two consecutive palladium-catalysed, cross-coupling reactions [10]
to elongate the alkene chain. Surely there are a plethora of coupling reactions applicable, considering
the beneficiaries of evading reactions with other reactive centers present, we adopted cross-coupling
reactions and backlogged couplings like the Wittig reaction and Horner-Wadsworth-Emmons reaction
as potential alternatives. Although one of the cross-coupling reagents in the second to last step (Figure
3) is relatively complicated and may lead to potential steric hinderance for the reaction, the electron-
absorbing effect of carbonyl and ester group renders the reagents more reactive, balancing the decrease
in reactivity brought by steric hinderance. By building the polyene chain block by block, we are able to
gain more control over the process of the reaction and take advantage of the stability of the elongated
conjugation system. With an additional acid workup by hydrofluoric acid [11], the sily ethers are
converted back to alcohols, marking the finishing of our complete synthesis of dihydrolucilactaene.
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Figure 3. Synthetic pathway of the polyene chain.

2.4. Discussion

Above all, our reaction scheme is only in the stage of the proposal. Although we carefully selected and
designed the reaction for the sake of higher yield, it would be probable that under laboratory conditions,
the reaction might go awry with unexpected rearrangements and impurities. Our first concern is about
the nitrogen atom in the oxidation reaction. The oxidative reagent can be carefully selected and
controlled most certainly, nevertheless, since this reaction happens under a semi-alcoholic environment,
which leaves room for the secondary amine to be oxidized into hydroxylamine.

3. Conclusion

The 10-step, anime-directed synthesis of dihydrolucilactaene provides a theoretically feasible synthetic
pathway for the production of dihydrolucilactaene. Once proven viable experimentally, it can be applied
for efficient industrial synthesis, as reagents used are all commercially available and easy to obtain,
aiding in the further research for the activities of dihydrolucilactaene and the development of potent
antimalarial drug involving dihydrolucilactaene. However, the proposed reaction has not been carried
out experimentally and may need modifications in reaction conditions in real-life cases. This reaction
pathway is also not stereoisomerically controlled; products of certain steps in the pathway may result in
enantiomeric mixtures with less-than-ideal ratios between enantiomers. Stereoselective reactions can be
used in further studies to modify this pathway for a higher yield of the desired dihydrolucilactaene.
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