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Here, we report a concise and divergent enantioselective total synthesis of marine sesquiterpene quinone
meroterpenoids (+)-dysidavarones A-C (1-3) using predysidavarone 6 as a key common intermediate.
The highly strained and bridged eight-membered carbocycle of predysidavarone 6 was constructed by a
one-pot intermolecular alkylation and intramolecular arylation of Wieland-Miescher ketone derivative 11
and benzyl bromide 12. The total synthesis of (+)-dysidavarones A-C (1-3) was achieved from predysi-
davarone 6 in a divergent manner by a late-stage introduction of the ethoxy group, which reveals the
possible source of the ethoxy group within (+)-dysidavarones A-C (1-3) and provides a late-stage modi-
fiable route for the synthesis of dysidavarone analogs for further anti-cancer activity evaluation.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Dysidavarones A-C (1-3, Fig. 1) are sesquiterpene quinone
meroterpenoids isolated from Dysidea avara by Lin and cowork-
ers in 2012 [1]. These three meroterpenoids possess an unprece-
dented bridged bicyclo[3.3.1]nonane ring system with three suc-
cessive stereocenters within the molecules, two of which are qua-
ternary carbon centers. Cytotoxicity evaluation showed that dysi-
davarone A (1) exhibited a growth inhibitory effect against HeLa
cells with an ICsy value of 39.9 pmol/L [1]. In addition, dysi-
davarone A (1) showed inhibitory activity against protein tyrosine
phosphatase 1B (PTP1B, a major negative regulator in insulin and
leptin signaling pathways, and a positive regulator of tumorigen-
esis and progression of cancers) with ICsq values of 9.98 pmol/L
[1]. Dysidavarone A (1) was also demonstrated to show potent in-
hibitory effects against Gram-positive bacteria, in particular against
various Staphylococci (MIC5q = 0.2-9.9 mg/mL) [2].

With their interesting structures, impressive bioactivities, and
sparse availability from natural resources, dysidavarones received
much attention from synthetic chemists since their isolation. Five
research groups have achieved the total synthesis of dysidavarones
A (1), B (2), or C (3) in the past decade [2-6]. Four of these syn-
thetic routes utilized a steric hindrance-sensitive reductive alkyla-
tion reaction of a protected WielandiMiescher ketone derivative in
liquid ammonia [2-5], whereas one employed a bioinspired tail-
to-head cyclization strategy [6]. Here, we report a concise and di-
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vergent enantioselective total synthesis of (+)-dysidavarones A-C
(1-3).

Biosynthetically, it was assumed that dysidavarones A-C (1-3)
might be generated from a common precursor, such as 4, as shown
in Fig. 1. Specifically, the connection of the C6’ of the hydroquinone
motif with C7 of the decalin moiety would give rise to tetra-
cyclic diene 5, which possesses the bridged bicyclic[3.3.1]Jnonane
ring system of dysidavarones A-C (1-3). Oxidation of the p-
hydroquinone moiety of 5 would afford predysidavarone 6. It was
suspected that the ethoxy group within dysidavarones A-C (1-3)
might be introduced onto predysidavarone 6 as a precursor com-
pound during extraction with solvent ethanol [1]. Thus, compound
7, a regioisomer of dysidavarone C (3), might also be a “natural
product”, which was tentatively named as “dysidavarone E” (7). In-
troduction of the ethoxy group into predysidavarone 6 would give
dysidavarones C (3) and “E” (7). Predysidavarone 6 could be trans-
formed into quinone 8 under acidic conditions. Introduction of the
ethoxy group into quinone 8 would yield dysidavarones A (1) and
B (2), which also could be formed from dysidavarones “E” (7) and
C (3) under acidic conditions, respectively.

Guided by the above biosynthetic hypothesis, we carried out
a retrosynthetic analysis of dysidavarones A-C (1-3). Since dysi-
davarones A-C (1-3) and “E” (7) could be prepared in a diver-
gent way from predysidavarone 6, we focused the retrosynthetic
analysis for all three natural products on this key intermediate. As
depicted in Fig. 2, predysidavarone 6 could be easily transformed
from tetracyclic diketone 10 through oxidation of the protected hy-
droquinone moiety and methylenation of the carbonyl groups at
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Fig. 1. Structures and biosynthetic hypothesis of (+)-dysidavarones A-C (1-3) and “E” (7).

Fig. 2. Retrosynthesis of dysidavarones.

C4 and C8. Further disassembly of both C6'-C7 and C15-C9 sin-
gle bonds of tetracyclic diketone 10 would give rise to Wieland-
Miescher ketone derivative 11 and benzyl bromide 12.

Our adventure for the total synthesis of dysidavarones A-C
(1-3) started with the investigation of the coupling of Wieland-
Miescher ketone derivative 11 and benzyl bromide 12. Wieland-
Miescher ketone and its derivatives (e.g., 11) are versatile building
blocks as starting materials and have been employed in the total
synthesis of numerous natural products [7-9]. Usually, the more
reactive C4 carbonyl group of 11 is protected before further selec-
tive transformations (e.g., alkylation), and the protecting group is
then removed at a later stage [7-9]. To save synthetic steps and re-
duce overall effort, we envisioned that the protecting group might
not be essential for the alkylation reaction.

With this assumption in mind, we investigated the direct alky-
lation of the unprotected Wieland-Miescher ketone derivative 11
with benzyl bromide 12, as summarized in Table 1. Initially, adding
t-BuOK to a mixture of 11 and 12 in THF at 0°C led to undesired
C3 alkylation products 13 in high combined yield and moderate
diastereoselectivity (87%, 2.0:1 dr, entry 1). The alkylation position
of 13 was confirmed by X-ray crystallographic analysis of one of
the diastereoisomers (13A, Scheme 1). Lowering the reaction tem-
perature afforded almost the same yield and slightly higher di-
astereoselectivity (86%, 2.3:1 dr, entry 2). Satisfactorily, exposure
of a pre-mixed solution of 11 and t-BuOK (30min at 0°C) to 12
gave aforementioned C3 alkylation products 13 and double alkyla-
tion products 14 along with 20% of desired C9 alkylation product
15 (entry 3). The structure of double alkylation products 14 was

also verified by X-ray crystallographic analysis of one of the di-
astereoisomers (14A, Scheme 1). Higher temperature and shorter
reaction time (23°C and 10 min, entry 4) gave similar results (en-
try 3). A sufficiently long reaction time at a higher temperature
(1h at 23°C) gave the desired C9 alkylation product 15 as a major
product (50%) and a small portion of double alkylation products
14 (21%, entry 5). Increasing 11 from 1.0 equiv. to 1.2 equiv. sup-
pressed the formation of double alkylation products 14, giving 15
in 65% yield as the sole product (entry 6), which is consistent with
Newhouse’s observations, but in higher yield and diastereoselectiv-
ity [10].

In studying the coupling of Wieland-Miescher ketone deriva-
tive 11 with benzyl bromide 12, a very small amount of tetracyclic
diketone 16 was isolated from the reaction mixture in some cases,
such as in entry 6. Tetracyclic diketone 16 possesses the core car-
bon backbone of dysidavarones A-C (1-3) and we thought that 16
was derived from 15 by intramolecular arylation. We assumed that
an excess of t-BuOK could facilitate the conversion of 15 to 16. In-
deed, when 3 additional equivalents of t-BuOK were added to the
reaction mixture, 16 were isolated in 50% yield (entry 7). We also
suspected that the solvent might affect the transformation of 15 to
16. Thus, a series of solvents were examined and we found that
toluene and t-BuOH resulted in poor conversion of 15 (entries 8
and 9), whereas DMF gave superior yield, affording 16 in 62% yield
(entry 10).

To explain the selectivity of different alkylation products under
different reaction conditions, we would like to propose a mech-
anism, as illustrated in Scheme 1. At lower temperatures (<0°C),
the enolate corresponding to the C3 carbanion 17 is formed un-
der kinetic control [11] and can be directly quenched by the addi-
tion of benzyl bromide 12 as an alkylating reagent to afford 13 as
a mixture of diastereoisomers (87%, 2.0:1 dr). At higher tempera-
tures and a sufficiently long reaction time (such as 23°C for 1h),
the C3 carbanion 17 converts to the thermodynamically more sta-
ble dienolate via intermolecular proton exchange. This species can
be either represented as the C1 carbanion 18 or the C9 carbanion
19, respectively, and reacts with benzyl bromide 12 in «-position
to give 15 as a major product. To support this hypothesis, a series
of control experiments were performed. C3 alkylation products 13
(a 2.0:1 mixture of diastereoisomers) were treated with t-BuOK at
23°C for 1h before benzyl bromide 12 was added. As we expected,
double alkylated products 14 were obtained (61% yield, 2.0:1 dr)
via the formation of the thermodynamically favored enolate corre-
sponding to carbanion 20. Additionally, treatment of a mixture of
diketone 15 and benzyl bromide 12 with t-BuOK at 0°C resulted in
the aforementioned double alkylated products 14 in 84% yield and
2.0:1 dr via intermediate 21, whereas treatment of 15 with t-BuOK
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Table 1

Chinese Chemical Letters 35 (2024) 108338

Investigation of the coupling of Wieland-Miescher ketone derivative 11 and benzyl bromide 122.

m Q Me  conditions M

1 Br Me Me 0 OMe
13 (X-ray) 14 (X-ray) 15 16 (X-ray)
Entry Conditions Yield (%)b-<
13 14 15 16

1 11 (1.0 equiv.), 12 (1.0 equiv.), THF, 0 °C; then t-BuOK (1.1 equiv.), 0 °C, 10 min 87 (2.0:1) 0 0 0
2 11 (1.0 equiv.), 12 (1.0 equiv.), THF, -40 °C; then t-BuOK (1.1 equiv.), -40 °C, 1 h 86 (2.3:1) 0 0 0
3 11 (1.0 equiv.), t-BuOK (1.1 equiv.), THF, 0 °C, 30 min; then 12 (1.0 equiv.), 23 °C, 1 h 0 (2.0:1) 5(2.0:1) 20 0
4 11 (1.0 equiv.), t-BuOK (1.1 equiv.), THF, 0 to 23 °C, 10 min; then 12 (1.0 equiv.), 23°C, 1 h 54 (2.0:1) 8 (2.0:1) 19 0
5 11 (1.0 equiv.), t-BuOK (1.1 equiv.), THF, 0 to 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1 h 0 21 (2.0:1) 50 0
6 11 (1.2 equiv.), t-BuOK (1.1 equiv.), THF, 0 to 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1 h 0 0 65 Trace
7 11 (1.2 equiv.), t-BuOK (1.1 equiv.), THF, 0 to 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1h; then t-BuOK 0 0 0 50

(3.0 equiv.), 23°C, 2 h
8 11 (1.2 equiv.), t-BuOK (1.1 equiv.), toluene, 0 to 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1h; then 0 0 15 20

t-BuOK (3.0 equiv.), 23°C, 2 h
9 11 (1.2 equiv.), t-BuOK (1.1 equiv.), t-BuOH, 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1h; then t-BuOK 0 0 58 0

(3.0 equiv.), 23°C, 2 h
10 11 (1.2 equiv.), t-BuOK (1.1 equiv.), DMF, 0 to 23°C, 1h; then 12 (1.0 equiv.), 23°C, 1h; then t-BuOK 0 0 0 62

(3.0 equiv.), 23°C, 2 h

2 Reactions were performed on a 0.1 mmol scale.

b Yields were determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.
¢ Diastereomeric ratios (dr) in parentheses were determined by 'H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal standard.
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Scheme 1. Proposed mechanism for the coupling of Wieland-Miescher ketone derivative 11 and benzyl bromide 12.

at 23°C in the absence of benzyl bromide 12 afforded the tetra-
cyclic diketone 16 in 88% yield, presumably via direct intramolecu-
lar arylation of enolate 22 [12].

Having successfully established efficient reaction conditions for
the preparation of tetracyclic diketone 16, we moved to the synthe-
sis of (+)-dysidavarones A-C (1-3) according to the retrosynthe-
sis. As shown in Scheme 2, tetracyclic diketone 16 was efficiently
synthesized from the Wieland-Miescher ketone derivative 11 and
benzyl bromide 12 in a one-pot procedure under previously es-
tablished conditions (entry 10, Table 1) in 60% yield on a gram
scale. However, the direct reduction of the A(1,10) double bond of

diketone 16 with the correct configuration at C10 proved to be a
challenging task. Various protocols for heterogeneous and homo-
geneous hydrogenation or metal-catalyzed hydrogen atom transfer
reactions [13-17] exclusively yielded the undesired diastereomer
23.

In order to increase the diversity of the structural space of dysi-
davarone analogs to be biologically studied, we decided to pro-
ceed with this compound for now. As shown in Scheme 2, dou-
ble methylenation of diketone 23 using Wittig reagent (Ph3P=CH,)
gave the tetracyclic diene 24 in 94% yield, the structure of which
was confirmed by X-ray crystallographic analysis (see Supporting
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Scheme 2. Divergent synthesis of 10-epi-dysidavarones A-C (29, 30, and 27).
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Scheme 3. Divergent synthesis of dysidavarones A-C (1-3) and “E” (7).

information for details). Direct oxidation of 24 with cerium am-
monium nitrate (CAN) or other oxidating reagents resulted in ei-
ther decomposition of starting material or poor isolated yield of
the desired product. Delightfully, the removal of one of the O-
methyl groups with n-BuSLi [18] and subsequent oxidation with
0, and salcomine gave the desired quinone 25 in 70% overall
yield over both steps. Introduction of an ethoxy group to quinone
25 with Et3N in EtOH under an oxygen atmosphere resulted in
10-epi-dysidavarones “E” (26) and C (27) in 41% combined yield
(26:27=3:1) [19]. Quinone 25 was converted to 28 under acidic
conditions in 76% yield and the introduction of an ethoxy group
afforded 10-epi-dysidavarones A (29) and B (30) in 35% combined
yield (29:30=5:1). Alternatively, 10-epi-dysidavarones A (29) and
B (30) also could be obtained from 10-epi-dysidavarones “E” (26)
and C (27) in 70% and 50% yield, respectively, under acidic condi-
tions.

To complete the total synthesis of (+)-dysidavarones A-C (1-
3), we envisioned that the diastereoselectivity of the hydrogena-
tion of 16 could be reversed by exploiting intramolecular hydroxy-
directed hydrogenation. For this reason, the C4 ketone functional-
ity of tetracyclic diketone 16 was first reduced by L-selectride to
give alcohol 31 in high yield and diastereoselectivity (95%, >15:1
dr) (Scheme 3). The orientation of the hydroxy group of 31 was
verified by X-ray crystallographic analysis (see Supporting informa-
tion for details). As expected, the hydroxyl-directed hydrogenation
of 31 using Crabtree’s catalyst [20] now exclusively afforded alco-
hol 32 with the correct configuration in 95% yield. Dess—Martin
periodinane (DMP) oxidation of alcohol 32 rendered diketone 10

with very high efficiency (94%). Methylenation of diketone 10 and
direct oxidation with CAN gave predysidavarone 6 in 80% overall
yield over the two steps. Thus, the stage was set for the com-
pletion of the divergent total synthesis of (+)-dysidavarones A-C
(1-3) and “E” (7). Introduction of the ethoxy group onto predysi-
davarone 6 with EtsN in EtOH under an oxygen atmosphere led
to (+)-dysidavarones “E” (7) and C (3) in acceptable combined
yield (55%, 7:3=1.1:1) [19]. When predysidavarone 6 was con-
verted to the isomeric quinone 8 under acidic conditions in 91%
yield, the subsequent introduction of the ethoxy group gave (+)-
dysidavarones A (1) and B (2) in moderate combined yield (50%,
1:2=1:1). As in the epimeric series, (+)-dysidavarones A (1) and
B (2) could also be prepared from (+)-dysidavarones “E” (7) and
C (3) in 92% yield, respectively. The spectroscopic data and opti-
cal rotation of synthetic (+)-dysidavarones A-C (1-3) matched well
with those reported for the natural products [1].

In summary, we have achieved a concise and divergent enan-
tioselective total synthesis of (+)-dysidavarones A-C (1-3) and “E”
(7) via the common intermediate predysidavarone (6). The highly
strained and bridged eight-membered skeleton of predysidavarone
6 was constructed by a one-pot intermolecular alkylation and in-
tramolecular arylation of Wieland-Miescher ketone derivative 11
and benzyl bromide 12. The total synthesis of (+)-dysidavarones
A-C (1-3) was concluded by a late introduction of the ethoxy
group into the quinone moiety of the precursor predysidavarone
under mild conditions. This reveals a possible biogenetic origin of
the ethoxy group in these natural products and provides an avenue
for the diversity-oriented synthesis of dysidavarone analogs for fur-
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ther evaluation of their anti-cancer activity. Furthermore, the de-
tailed investigation of the selective alkylation of Wieland-Miescher
ketone derivative 11 with benzyl bromide 12 contributes to a bet-
ter understanding of these versatile building blocks, opening new
valuable options for the synthetic use of Wieland-Miescher ke-
tone and its derivatives and will certainly find future application
in the synthesis of natural products and pharmaceutically useful
compounds.
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