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a b s t r a c t

The first total synthesis of marine sesquiterpene (hydro)quinone meroterpenoids dysideanones A and E–G

(1 and 4–6) has been accomplished in an enantioselective and divergent way. The sesquiterpene fragment

and the aromatic moiety were efficiently connected via a site-selective and diastereoselective intermolec-

ular alkylation of Wieland–Miescher ketone derivative 9 and benzyl bromide 10. The core 6/6/6/6-fused

backbone of dysideanones was efficiently constructed through an intramolecular radical cyclization reac-

tion. Dysideanone G (6) was easily prepared on a gram-scale and dysideanones A, E, and F (1, 4, and 5)

were divergently transformed from dysideanone G (6) in one or two steps

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Sesquiterpene (hydro)quinones, biosynthetically consisting of

two different origins and generally isolated from marine resources,

are a group of structurally diverse and biologically important

meroterpenoids [1–5]. Dysideanone A (1, Fig. 1), isolated by Lin

and co-workers from the South China Sea sponge Dysidea avara in

2014, possesses an unprecedented 6/6/6/6-fused tetracyclic carbon

skeleton and represents the first sesquiterpene quinone meroter-

penoid having dysideanane ring system [6]. Dysideanone B (2,

Fig. 1) was isolated from the same sponge and shared the same

ring system with dysideanone A (1) but had different oxidation

states and an extra ethoxy group on the quinone moiety [6]. The

isolation of dysideanone D (3, Fig. 1) was reported by Zhou et al.

in a patent in 2015 [7]. Except for the position of the double bond

on the sesquiterpene moiety, dysideanone D (3) has a double bond

between C1 and C2′ instead of a single bond and a tertiary alco-

hol within dysideanone A (1) [7]. In 2016, Lin and colleagues re-

ported the isolation of dysideanone E (4, Fig. 1) from the sponge

Dysidea avara [8]. The only difference between dysideanone E (4)

and dysideanone A (1) is the position of the double bond in the

decalin motif. Very recently, Lin and co-workers disclosed the iso-

lation and structure elucidation of dysideanones F (5, Fig. 1) and G

(6, Fig. 1) [9]. These two meroterpenoids share the same ring sys-

tem with dysideanones A (1) and E (4) but are the phenol form of

the latter.
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Preliminary bioactivity evaluation showed that dysideanone B

(2) exhibited respective IC50 values of 7.1 and 9.4 μmol/L cytotox-

icity against HeLa and HepG2 [6], whereas dysideanone D (3) ex-

hibited IC50 values of 6.77 μmol/L cytotoxic activity against HeLa

and 29–41μmol/L cytotoxicity against three other human cancer

cell lines, HeLa, A549, and HCT15 [7]. The scarcity of material ham-

pered the bioactivity evaluation of other dysideanone members [6–

9]. With their varied oxidation states on the (hydro)quinone moi-

ety and unwell-evaluated bioactivity due to sparse availability from

natural resources, dysideanones attracted much attention from

the synthetic community. Jana and co-workers constructed the

6/6/6/6-fused skeleton of dysideanone B (2) in 2017 [10] and eval-

uated the anti-cancer bioactivity of a series of synthetic analogs of

this natural product in 2018 [11]. Li and co-workers also forged

the 6/6/6/6-fused ring system of dysideanone B (2) and evalu-

ated the antifungal bioactivity of some synthetic analogs in 2020

[12]. Our research group accomplished the first total synthesis of

dysideanone B (2) and its congeners in 2021 [13]. Nevertheless,

the total synthesis of the remaining members of dysideanones has

not been accomplished. As a continuous endeavor towards the ef-

ficient synthesis of sesquiterpene (hydro)quinone meroterpenoids

for further in-depth investigation of their biological functions, we

here report an enantioselective and divergent total synthesis of

dysideanones A and E–G (1 and 4–6).

From a biosynthetic point of view, dysideanone G (6) might be

a precursor compound for dysideanones A and D–F (1 and 3–5). As

shown in Fig. 2, the double bond migration of dysideanone G (6)

would give rise to dysideanone F (5). Oxidation of dysideanones G
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Fig. 1. Structures of dysideanones A, B, and D–G (1–6).

Fig. 2. Plausible biosynthetic transformations of dysideanones A and D–G (1 and

3–6).

(6) and F (5) would render dysideanones E (4) and A (1), respec-

tively. Further elimination of dysideanones E (4) and A (1) would

afford dysideanone D (3) and its regioisomer 7.

With the above biosynthetic transformations in mind, a ret-

rosynthetic analysis of dysideanones A and E–G (1 and 4–6) was

carried out, which was depicted in Fig. 3. Since dysideanone F

(5) could be easily transformed from dysideanone G (6), and

dysideanones A (1) and E (4) could be prepared through the oxi-

dation of the corresponding phenol group of dysideanones F and G

(6), respectively, our retrosynthetic analysis attention was focused

on dysideanone G (6). As shown in Fig. 3, we envisioned that the

methyl group at C8 and the terminal alkene at C4 of dysideanone

Fig. 3. Retrosynthetic analysis of dysideanones A and E–G (1, and 4–6).

G (6) could be converted from the corresponding carbonyl groups

respectively. Disassembly of the C1–C2′ single bond of dysideanone

G (6) would give rise to alkene bromide 8. Further disconnection

of the C9–C15 single bond of 8 would trace back to Wieland–

Miescher ketone derivative 9 and benzyl bromide 10.

Guided by the above retrosynthetic analysis, we started our

adventure for the synthesis of dysideanones. Our synthesis com-

menced with the preparation of dysideanone G (6). As shown in

Fig. 4, the more reactive C4 carbonyl group of Wieland–Miescher

ketone derivative 9 was chemoselectively protected as a glycol ac-

etal to give enone 11 in 94% yield [13]. The site-selective and di-

astereoselective alkylation reaction of 11 with benzyl bromide 10

proceeded smoothly under thermodynamical conditions (t-BuOK in

THF at 40 °C), giving the desired C9-alkylation product ketone 12 as

a single diastereoisomer in satisfactory isolated yield (78%).

With alkene bromide 12 readily available, we switched to the

key cyclization reaction to forge the core 6/6/6/6-fused tetra-

cyclic ring system of dysideanones. Subjection of ketone 12 to

radical reaction conditions [n-Bu3SnH and AIBN (2,2′-azobis(2-
methylpropionitrile))] gave cyclized product 13 in 80% yield. The

newly-formed single bond and the stereochemistry of the newly

generated stereocenter were ambiguously confirmed by X-ray crys-

tallographic analysis of cyclized compound 13 (see Supporting in-

formation for details).

With the tetracyclic ring system efficiently constructed, we

moved forward to its transformation to dysideanone G (6). As de-

picted in Fig. 4, methylenation of tetracyclic ketone 13 using Wittig

reagent (Ph3P=CH2) gave tetracyclic terminal olefin 14 in very high

yield (96%). The glycol acetal protecting group was then removed

Fig. 4. Total synthesis of dysideanone G (6).
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Fig. 5. Alternative and gram-scale synthesis of tetracyclic ketone 16 from alkene

bromide 12.

under acidic conditions (3mol/L HCl), rendering tetracyclic ketone

15 in 93% yield. Homogeneous hydrogenation of the terminal dou-

ble bond of tetracyclic ketone 15 with RhCl(PPh3)3 under a hydro-

gen atmosphere gave high yield of reduction products (90%) but

in a relatively low diastereoselectivity (1.2:1 dr), affording tetra-

cyclic ketone 16 in 49% isolated yield, whose structure and abso-

lute configuration were confirmed by X-ray crystallographic analy-

sis (see Supporting information for details). The diastereoselectivity

was significantly improved to 8.8:1 by using heterogeneous hydro-

genation conditions with 10% Pd/C. The carbonyl group at C4 of

ketone 16 was then converted to exo olefin with Wittig reagent

(Ph3P=CH2) in an almost quantitively isolated yield (99%). Finally,

the removal of the methyl protecting group of the phenol with n-

BuSLi rendered dysideanone G (6) in 93% yield.

Alternatively, tetracyclic ketone 16 could be prepared from

olefin bromide 12 by a late-stage cyclization sequence. As shown

in Fig. 5, methylenation of the C8 carbonyl group of 12 with

Ph3P=CH2 led to olefin 17 in 96% yield. Acidic-promoted deprotec-

tion of the glycol acetal of 17 with 3mol/L HCl released the C4 car-

bonyl group, giving 18 in 94% yield. Homogeneous reduction of the

terminal alkene with RhCl(PPh3)3 under a hydrogen atmosphere

gave a high yield of reduction products (92%) and 1.2:1 diastere-

oselectivity, leading to bicyclic ketone 19 in 50% isolated yield.

The structure of 19 was verified by X-ray crystallographic analy-

sis (see Supporting information for details). Then the subjection of

ketone 19 to radical reaction conditions (n-Bu3SnH and AIBN) gave

tetracyclic ketone 16 in 83% yield. It should be noted that tetra-

cyclic ketone 16 was prepared on a gram scale, which guaranteed

the material supply for the gram-scale synthesis of dysideanone

G (6).

With gram-scale dysideanone G (6) in hand, we switched our

attention to the synthesis of other members of dysideanones. As

depicted in Fig. 6, light-promoted oxidation of dysideanone G

(6) using O2 as oxidant and RB (Rose Bengal) as sensitizer ren-

dered dysideanone E (4) in 85% yield [14,15]. The structure of

Table 1

Comparison of the optical rotation data of natural and synthetic dysideanones A

and E–G (1 and 4–6).

Compound Natural sample

[α]23D (c 0.1, MeOH)

Synthetic sample

[α]23D (c 0.1 and 1.0, MeOH)

Dysideanone A (1) +2.5 −16.0 −21.0

Dysideanone E (4) +5.6 −141.2 −98.5

Dysideanone F (5) +178.6 +140.0 +125.4

Dysideanone G (6) +16.0 +52.0 +51.0

Fig. 6. Divergent total synthesis of dysideanones A, E, and F (1, 4, and 5) from

dysideanone G (6).

dysideanone E (4) was verified by X-ray crystallographic anal-

ysis. Acidic-promoted double bond migration (p-TsOH, AcOH) of

dysideanone G (6) gave dysideanone F (5) in very high yield

(98%) [16]. However, light-promoted oxidation of dysideanone

F (5) using O2 as oxidant and Rose Bengal as sensitizer only

led to dysideanone A (1) in a very low yield (<10%). Much

to our delight, this challenge was successfully solved by using

PIFA [(bis(trifluoroacetoxy)iodo)benzene] as an oxidant, rendering

dysideanone A (1) in 66% yield [17–19].

The spectroscopic data of synthetic dysideanones A and E–

G (1 and 4–6) perfectly matched with those reported for the

natural products. The absolute configuration of the synthetic

dysideanones A and E–G (1 and 4–6) were ambiguously de-

termined by the absolute configuration of the starting material

Wieland–Miescher ketone derivative 9 and X-ray crystallographic

analysis of dysideanone E (4) and other advanced intermediates.

However, the optical rotation data (i.e., the signs and values) of

dysideanones A (1) and E (4) are not identical to those reported

for the natural samples, as shown in Table 1. To make things

worse, through personal communication, we learned that the nat-

ural samples of dysideanones A (1) and E (4) had been completely

consumed for structure characterization and bioactivity evaluation.

Thus, we could not go further to determine the specific rotation

and the absolute configuration of natural dysideanones A (1) and E

(4). But we would like to note that the measured optical rotation,

including the value and the sign, of a specific compound could be

dramatically affected by the contamination of impurities, isomers,

and even sample concentrations [20].

In conclusion, we have accomplished the first enantioselec-

tive and divergent total synthesis of marine sesquiterpene (hy-

dro)quinone meroterpenoids dysideanones A and E–G (1 and

4–6). The key reactions of our synthetic route included a

site-selective and diastereoselective intermolecular alkylation of

Wieland–Miescher ketone derivative 9 and benzyl bromide 10

to efficiently connect the sesquiterpene fragment and the aro-

matic moiety and an intramolecular radical cyclization reaction

to construct the core 6/6/6/6-fused backbone of dysideanones.

Dysideanone G (6) was prepared on a gram-scale and dysideanones

A, E, and F (1, 4, and 5) were transformed from dysideanone G (6)

divergently and easily.
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