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Abstract: Nesteretal A was recently isolated from a marine 

actinomycete. An appealing and challenging cage-structure 

along with an unusual biosynthetic pathway prompted us to 

explore an expeditious bio-inspired total synthesis of 

nesteretal A. An unconventional strategy was chosen and a 

cascade reaction starting from diacetyl was studied. Under 

organocatalytic conditions mimicking an aldolase-type 

sequence with a cyclic secondary amine, nesteretal A was 

detected and targeted through LC-MS/MS and NMR 

analyses. Starting from a double aldolization of three units, 

an intramolecular succession of aldolizations and hemi-

acetalizations probably drives the highly reproducible 

formation of nesteretal A. An easy isolation protocol has 

been devised to overcome a non-surprising low yield but 

largely counterbalanced by the straightforwardness and 

cost-effectiveness of this first total synthesis of nesteretal A. 

 

Figure 1. Structure of (–)-nesteretal A (1) and synthetic challenges. 

(–)-Nesteretal A (1, Figure 1) was isolated by Yang and 

coll. in 2019 from a culture broth of Nesterenkonia 

halobia, a scleractinian coral-associated actinomycete 

of marine origin.[1] Its puzzling cage-like structure, that 

necessitated impressive structure determination efforts, 

attracted our attention as well as the proposed 

biosynthetic pathway involving diacetyl (2, aka butan-

2,3-dione, Scheme 1) as a plausible precursor. Indeed, 

this C4 unit is already known as a microbial metabolite (it 

provides a buttery aroma to dairy products and some 

brewed alcohols[2]) and its biosynthesis is known.[3] This 

latter implies pyruvate which is converted to acetolactate 

via a thiamine diphosphate-dependent enzyme (aka 

thiamine pyrophosphate TPP) which is, in turn, 

decarboxylated into 2. It is from diacetyl (2) itself that the 

hypothesis towards nesteretal A caught our attention. 

“Retrobiosynthetic” analysis in fact reveals the need for 

three units of 2 and the hypothetic existence of precursor 

3 as a central intermediate resulting from a double aldol 

trimolecular condensation. With its non-symmetrical diol 

tretraketone motif, 3 logically encodes the requisite 

structural and reactivity “information” needed for a 

cascade of intramolecular reactions starting from the 

formation of the central cyclopentane ring followed by 

three hemi-acetalizations to build the cage-structure of 

nesteretal A.  

 

As part of a long interest in bio-inspired total synthesis 

logic starting from simple presumed biosynthetic 

intermediates, by us[4] and many others, [5] especially 

relying on “molecular self-assemblies” or “architectural 

self-construction”,[6] we engaged in the total synthesis of 

nesteretal A (1). We logically questioned if it was 

possible to fully reproduce the cascade from 2. The 

challenge relies on self-assembling in situ three units 

avoiding, at least partly, oligomerization and hoping for 

the spontaneous cyclization into 1 to act as a driving 

force in a protecting group-free strategy.[7] This work 

clearly aims at simplifying to the extreme the quest of the 

target in total synthesis and analyze at which costs in the 

context of ideality in total synthesis.[8]  



Scheme 1. Biosynthetic hypothesis of nesteretal A (1). 

 

An organocatalytic strategy mimicking plausible enzymic control of 

the cascade was chosen and (S)-(–)-proline was selected as 

An organocatalytic strategy mimicking plausible 

enzymic control of the cascade was chosen and (S)-(–)-

proline was selected as one of the most popular catalyst 

for enamine activation involved in aldol condensations. 

It is also a simple way to mimic covalent catalysis as 

found in aldolase-type enzymes (metal-free aldolase of 

type I to be precise).[9] In that context, performing a 

challenging condensation of three identical units of low 

molecular weight has seldomly been studied. Pioneering 

work from Gijsen and Wong with 2-desoxyribose-4-

phosphate aldolase (DERA) showed the self-

condensation of acetaldehyde into deoxyhexose.[10] 

Barbas and coll. using (S)-(–)-proline as a mimic of 

DERA also demonstrated that a three-unit condensation 

was possible allowing the formation of hydroxy-hexenals 

and the formation of two carbon-carbon bonds.[11] In 

reference to these seminal works on simple substrates 

and other key-results using (S)-(–)-proline to promote 

aldol reactions,[12] tetrahydrofuran (THF) and 

dimethylformamide (DMF) were chosen. Reactions 

were set up and left at room temperature for several 

weeks (see below). Finding the needle (1) in the 

haystack was the next challenge (Scheme 2). At first 

UPLC-HRMS2 profiling of the mixture allowed to detect 

two salient masses at m/z 257.1031 [M–H]– (see Figure 

S1(B) in Supporting Information). An examination of the 

MS spectra of these ions exhibited typical water mass 

loss (see Figure S1(C) in Supporting Information). Then, 
1H and 13C NMR fingerprinting of the fractions of the 

crude permitted to efficiently localize nesteretal A 

spectroscopic features and paved the way towards its 

isolation (see Figure S8 in Supporting Information, with 

a global yield around 1 %). Reactions run in DMF for a 

few weeks appeared to allow the formation of 1 in a 

significant and totally reproducible way (see S9 in 

Supporting Information) compared to THF in which no 

reaction occurred.  

 

Synthetic nesteretal A (1) was fully assigned by NMR 

and corresponded to natural 1 (see Table S1 and Figure 

S19 in Supporting Information). Optical rotation was 

measured (αD=–9 [c=0.2; MeOH; 22°C] versus αD=–35.7 

[MeOH] for natural 1). The scalemic character of 

synthetic 1 was further confirmed by chiral HPLC-ELSD 

(See Figure S12 in Supporting Information) and an e.e. 

of 26% in favor of natural (2R,4S,5R,8R,9R,10R,11R)-1 

was measured corresponding to a low enantio-induction. 

Whereas (S)-(–)-proline was found to be indispensable 

to initiate the cascade (no reaction occurred with 2 in 

solution in DMF for several weeks), pyrrolidine also 

leads to similar results providing (±)-1 (see Figure S11 

in Supporting Information). Moreover, the real 

implication of these secondary amines beyond the in-

situ formation of intermediate 3 is questionable and 

could be resolved via the conventional synthesis of 3. 

Also, the low enantio-differentiation opens the way for 

further studies implying, e.g., a large screening of 

different organocatalysts for this critical 3-unit-

condensation.[13]  

 

Scheme 2. Cascade reaction and prioritization towards (±)-

nesteretal A (1). 

 

The unusual approach described in this communication 

permitted to perform the first total synthesis of highly 

challenging nesteretal A directly from its putative C4 

precursor. The single operation from costless diacetyl 

and a secondary amine acting as an organocatalyst 

permits to obtain - in a probably hardly to compete time 

and cost - enough material for, biological evaluations. 

Analyses of our synthesis in the light of atom-, step-, 

redox- economies can be made and accordingly 

compete with classical linear multistep-total syntheses. 

Time will probably come for more rational and stepwise 

total syntheses of nesteretal A. They will probably bring 

further information on the way the cyclization cascade is 

thermodynamically and stereo-electronically controlled 

(preliminary ΔG calculations of aldolization steps were 

performed by Yang and coll.[1]). In the particular case of 

the organocatalytic strategy described in this paper, it 

will undoubtedly be an ideal case for optimization. Other 

compounds being formed in the reaction are currently 

being characterized and further developments to 

anticipate chemical diversity and complexity in bio-

inspired chemistry will be disclosed in due course. At this 

time anyway, this work also shows the plausibility of the 

biosynthetic hypothesis of nesteretal A (1) from diacetyl 



(2) and the everlasting interest to ask “how and why” in 

natural product chemistry[14] and, especially in our case, 

total synthesis. More precisely in terms of strategy in 

total synthesis, the striking set of repeating subunits 

leading to an exotic polycyclic architecture of a natural 

product can often be considered as an appealing 

motivation for pursuing its synthesis (condensation of 

three molecules of 2 in the present case). Lessons 

learned from the literature reveal that while the 

irresistible temptation of achieving the assembly of 

complex structures through ambitious cascade 

oligomerizations of well-chosen biosynthetically-

presumed reactive units can be challenging,[15] a more 

stepwise approach may ultimately prove successful.[16] 

The recourse to a synergistic pipeline consisting of LC-

HRMS/MS and NMR spectroscopic analyses, here 

applied to chemical synthesis, allowed a successful 

targeting of the compound. 
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