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Abstract: Dalesconols A and B, featuring unique and highly congested polycyclic carbon frameworks and notable biological
activities, have attracted sustained attention. However, their structural complexity constitutes a significant challenge for total
synthesis. Herein, we present the asymmetric total syntheses of (+)-dalesconols A and B via a remote chirality transfer strategy.
Central to this approach is the implementation of our palladium/norbornene-catalyzed trifunctionalization method, which
enables one-step construction of the chiral polycyclic core skeleton via a triple relay of point-to-axial, axial-to-axial, and axial-
to-point chirality transfer. Combined with intramolecular Michael addition, C—H oxidation/retro-Michael elimination, and global
demethylation, this triple-relayed remote chirality transfer strategy allows concise and modular access to (+)-dalesconols A
and B.

Introduction

Dalesconols A and B (Fig. 1), first isolated in 2008 by Tan and co-workers from mantis-associated fungus Daldinia eschscholzii,
exhibited comparable level of immunosuppressive activity as to that of clinically utilized cyclosporine A, but with superior
selectivity indexes (SI) for reduced cytotoxicity (dalesconol A: ICso = 0.16 ug mL%, SI > 500; dalesconol B: ICso = 0.25 yg mL"
1, Sl > 320; cyclosporine A: ICs, = 0.06 yg mL?, SI = 187).t These compounds are biosynthetically produced as scalemic
mixtures and have been reported to show enhanced biological activities relative to their enantiopure counterparts.?
Independently, She, Lin, and co-workers isolated the same metabolites in 2009 from a mangrove-derived endophytic fungus
(Sporothrix sp. #4335), where they were designated sporothrins A and B.2 Biological evaluation revealed moderate antitumor
activity for both compounds, while dalesconol A additionally exhibits potent acetylcholinesterase inhibition (ICs, = 1.05 uM).

Structurally, the unique and highly dense all-carbon skeleton, characterized by seven rings of varying sizes and two
adjacent stereocenters, renders the dalesconols A and B attractive targets for total syntheses. Like biosyntheses,* arene
dearomatization®%® has proven essential for installing the highly congested all-carbon quaternary center.36-3 The first total
syntheses of dalesconols A and B were beautifully achieved by the Snyder group in 2010 via a one-pot cascade combining
Friedel—Crafts alkylation and oxidative dearomatization to construct the polycyclic skeleton (Fig. 1a).3 Shi’s group further
advanced the field by using carbocation-triggered dearomatization to assemble the dalesconol core.®” In 2017, the Tang group
realized the asymmetric total syntheses of (+)-dalesconols A and B with a sophisticated Pd(0)-catalyzed enantioselective
dearomatization—kinetic resolution strategy (Fig. 1b).3 Our group contributed to this area in 2021 with the synthesis of racemic
dalesconol A,* capitalizing our Pd(0)/NBE-catalyzed three-fold domino reaction involving C—H alkylation, alkyne insertion,
and arene dearomatization (Fig. 1¢).*>-*! Herein, we report the asymmetric total syntheses of (+)-dalesconols A and B, which
leverage mechanism-guided stereochemical innovations in the domino process to enable remote chirality transfer for the one-
step construction of chiral polycyclic architectures.

Results
Retrosynthetic design

As depicted in Fig. 2a, our synthetic design centers on the stereoselective construction of the quaternary carbon center via
remote chirality transfer across a trans-configured double bond. The key advancement is the involvement of chiral propargylic
fragment 5, readily accessible from naturally occurring L-malic acid, to innovate the Pd(0)/NBE-catalyzed trifunctionalization
reaction for stereoselective assembly of chiral dalesconol core 3. Then, it can be elaborated by straightforward
transformations, including a Michael addition to establish the entire heptacyclic skeleton, a benzylic oxidation/retro-Michael
sequence to install the enone functionality, and demethylation to release three or four hydroxyl groups, thereby culminating in
the asymmetric total syntheses of dalesconols A and B.

Proposed triple-relayed chirality transfer



The success of this proposed synthetic plan depends critically on establishing effective remote stereochemical induction in
the domino reaction.*? Detailed mechanistic analysis suggests that an attractive triple-relayed chirality transfer may be
operative, as proposed in Fig. 2b. At the outset, palladacycle A, in situ formed with 4, can enable the incorporation of chiral
building block 5 to give intermediate B after the extrusion of NBE.*® Then, a triple relay of chirality transfer is envisioned: (i)
point-to-axial chirality: the chiral propargylic unit affects the alkyne insertion step, favoring the generation of sterically
minimized vinyl-Pd(ll) intermediate C bearing new axial chirality, while avoiding the formation of undesired intermediate C'
with severe steric repulsion between the OR! and acetyl units; (ii) axial-to-axial chirality: stereo-recognition of two
enantiomers of biaryl moiety can be rendered by the coordination with such an axially chiral vinyl-Pd(ll) unit, enabling the
formation of D with a preferred axial conformation, in which the acetyl-substituted phenyl ring is aligned trans to the naphthyl
ring; (iii) axial-to-point chirality: Heck-type dearomatization of the naphthyl ring via 5-exo-trig cyclization, but not through 6-
endo-trig route to give undesired 3', can produce the envisioned chiral product 3 by converting that conformationally favored
biaryl axis into a centrally chiral spirocyclic carbon center.

Model studies for the triple-relayed chirality transfer strategy

To assess the feasibility of the triple-relayed chirality transfer, we first examined model reactions between readily accessible
naphthylamide-based biaryl 6 and bromo-alkyl-alkynes 7a-e (Fig. 3). To our delight, substrate 7a, bearing an ortho-Me-
substituted phenyl group, participated well in the Pd(0)/NBE-catalyzed reaction, delivering the product 8a with discernible
stereocontrol (2:1 dr) mediated by the remote propargylic stereocenter. This stereochemical communication was further
enhanced by employing the sterically bulkier 7b, which yielded product 8b with improved diastereoselectivity (4:1 dr). Notably,
the relative configuration of the major diastereomer of 8b aligns fully with the stereochemistry proposed in the triple-relayed
chirality transfer model (Supplementary Table S2). Further control studies featuring direct chirality transfer—conducted by
systematically varying the size of the propargyl alcohol protecting group—resulted in no stereocontrol, highlighting the
essential role of the relayed chirality transfer. Collectively, these results establish a solid foundation for applying this strategy
to the asymmetric total syntheses of dalesconols A and B.

Asymmetric total synthesis of (+)-dalesconol A

With a successful model, we proceeded to the total synthesis of (+)-dalesconol A. Naphthylamide-based biaryl 4, which
features a high oxidation state, was prepared by starting from commercially available naphthylamine 9 (Fig. 4a). Boc-protection
followed by a Cu(l)-catalyzed etherification afforded methoxy-substituted 10 in 80% vyield. Regioselective bromination and
subsequent Pd(0)-catalyzed borylation with B,Pin, led to highly functionalized building block 11. A Suzuki—Miyaura cross-
coupling between 11 and aryl halide 12 proceeded smoothly to furnish biaryl diamine 13 in 77% yield. Finally, a selective
diazotization/Sandmeyer iodination of 13 delivered the key aryl iodide 4 in 71% yield.

We next moved to the synthesis of key chiral fragment 5 that bears a secondary propargylic stereogenic center. After
extensive attempts, the benzyl-substituted oxime ether 5a was identified as the optimal target substrate (Fig. 4b). Following a
known procedure,**4* enantiomerically pure compound 15 was efficiently prepared from a commercial source of (S)-o-
hydroxy-y-butyrolactone (14)—itself derived from L-malic acid. In parallel, oxime ether 17 was prepared in a single step with
87% vyield, although the most common acetal protecting group could not be incorporated for the bulky ketone 16. A
Sonogashira cross-coupling between 15 and 17, followed by an Appel reaction to convert the primary alcohol into the
envisioned alkyl bromide, afforded the target compound 5a in 65% overall yield.

With key fragments 4 and 5a in hand, we investigated the pivotal triple domino reaction by using Pd(0)/NBE cooperative
catalysis*>-5¢ (Table 1, and detailed optimization data see Supplementary Table S1). Gratifyingly, the desired product 18 was
obtained in 69% yield as a single diastereomer under the optimal conditions (entry 1). The absolute configuration of 18 was
unambiguously assigned by single-crystal X-ray diffraction analysis, confirming that the bulky oxime ether moiety adopts a
trans orientation relative to both the propargylic and naphthylamide units (Supplementary Table S3). This stereochemical
outcome is fully consistent with the proposed triple-relayed remote chirality transfer. Control experiments by varying reaction
parameters didn’t lead to improved efficiency (entries 2-12), but excellent stereoselectivities were maintained for all the cases
(dr > 20:1). These results indicate that the high stereochemical control is entirely attributed to the deliberate structural design
of substrate 5a.

The endgame of asymmetric total synthesis of (+)-dalesconol A was accomplished through downstream transformations
of advanced intermediate 18 (Fig. 5). The entire polycyclic skeleton core 19 was constructed via hydrolysis and a Michael
addition, mediated by concentrated HCI and Fe,(SO4)s. Next, using the Co(acac),/TBHP oxidation system,5” the enone moiety
was successfully introduced by a sequential benzylic oxidation and retro-Michael elimination, yielding product 20 in 64% yield.



Finally, a global demethylation of 20 with BBr; furnished (+)-dalesconol A in 75% vyield, thus completing its asymmetric total
synthesis.

Asymmetric total synthesis of (+)-dalesconol B

We next pursued the total synthesis of (+)-dalesconol B using the triple-relayed remote chirality transfer strategy (Fig. 6). The
key chiral fragment 5b, prepared analogously to 5a, participated well in the Pd(0)/NBE-catalyzed polycyclization with biaryl
fragment 4. Treatment of the crude product under strong acidic conditions induced further cyclization, affording product 21,
which contains the complete heptacyclic framework of (+)-dalesconol B, in 57% total yield and with >20:1 dr. Subsequently,
an oxidation/retro-Michael elimination sequence successfully generated enone 22. Global demethylation of 22 then delivered
(+)-dalesconol B, completing a concise and efficient total synthesis.

Discussion

In summary, we have achieved the concise and efficient total syntheses of (+)-dalesconol A and B starting from a commercial
chiral precursor derived from L-malic acid. This success was enabled by stereochemical innovations to our prior Pd(0)/NBE-
catalyzed trifunctionalization methodology, which established an innovative remote point-to-point chirality transfer strategy via
triple relayed transmission. Owing to its modularity and high stereochemical fidelity, this strategy provides a general and robust
platform for the rapid assembly of diverse dalesconol analogs. Related work is currently in progress in our laboratory and will
be reported in due course.

Methods
Asymmetric synthesis of polycyclic compound 18 via triple-relayed chirality transfer strategy

In a glovebox, a 5.0 mL vial equipped with a stirring bar was charged with PdCI, (1.8 mg, 0.01 mmol), P(4-F-CsH4)3 (6.3 mg,
0.02 mmol), NBE (37.7 mg, 0.4 mmol), Cs,CO3 (130.3 mg, 0.4 mmol), compound 4 (101.1 mg, 0.20 mmol), compound 5a
(151.9 mg, 0.30 mmol) and CH3CN (2.0 mL). The vial was sealed with a Teflon screw cap, removed from the glovebox, and
the reaction mixture was heated at 90 °C for 10 h. Upon cooling to room temperature, the mixture was filtered through a Celite
pad, and the filtrate was concentrated under reduced pressure. Then, the resulting crude product was dissolved in THF (2.0
mL), treated with 2N HCI (0.5 mL), and stirred at room temperature for another 3 h. The reaction was quenched with saturated
NaHCO; solution, and the mixture was extracted with EtOAc. The combined organic phases were dried over anhydrous
MgSO., filtered, and concentrated under reduced pressure. The residue was purified by silica gel flash chromatography
(petroleum ether: ethyl acetate = 30:1) to afford the target product 18 as a white solid (97.1 mg, 69% yield, 99% ee).

Data availability

The data supporting the findings of this study, including figures, tables, experimental procedures, characterization data, NMR
spectra, and HPLC spectra, are available within this article and its Supplementary Information. The X-ray crystallographic
coordinates for structures reported in this study have been deposited at the Cambridge Crystallographic Data Center (CCDC),
under deposition numbers 2478098 (8b) and 2478097 (18). These data can be obtained free of charge via
https://www.ccdc.cam.ac.uk/structures. All data are available from the corresponding authors upon request.
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Tables

Table 1 | Results for the remote chirality transfer?

OMeNHBoc PdCl,
MeO P(4-F-CgHj)3
OO N NBE, Cs,CO;
BnO” X MeCN, 90 °C
I+ | | —— then — =
O Br workup MeO
OBn (2N HCI)
OMe s
4 5a (> 99% ee) 18 (X-ray)
Entry Variation from Standard Conditions Yield (%)°
1 none 69
2 Pd(OACc): instead of PdCl> 21
3 Pd(CH3CN).Cl: instead of PdCl> 45
4 Pdz(dba)s instead of PdCl 0
5 PPhs instead of P(4-F-CeHa)s 48
6 P(2-furyl)s instead of P(4-F-CeHa)s 31
7 P(4-MeO-CeHa)s instead of P(4-F-CsHa)3 44
8 K2COs instead of Cs2CO3 48
9 Na2COs instead of Cs2CO3 39
10 K3POjs instead of Cs2CO3 27
11 Dioxane instead of CHsCN <5
12 DMF instead of CHsCN 26

20ptimal conditions: 4 (0.2 mmol), 5a (0.3 mmol), PdCI2 (0.01 mmol), P(4-F-CsHa)z (0.02 mmol), NBE (0.4 mmol), Cs2COs (0.4 mmol), CHsCN (2 mL),
90 °C, 10 h. "Yield of isolated product; dr was determined by *H NMR. dba = dibenzylideneacetone.

Figure Legends/Captions

Fig.1 | Previous studies on the total syntheses of dalesconols A and B. a) Total syntheses of (+)-dalesconols A and B by Snyder in 2010. b) Total

syntheses of (+)-dalesconols A and B by Tang in 2017. c) Total synthesis of (+)-Dalesconol A by our group in 2021.

Fig. 2 | Design plan for total syntheses of (+)-dalesconols A and B. a) Retrosynthetic analysis of (+)-dalesconols A and B. b) Proposed triple-relayed

chirality transfer.

Fig. 3 | Model reaction studies. Reaction conditions: 6 (0.2 mmol), 7 (0.3 mmol), PdCl2 (0.01 mmol), PPhs (0.02 mmol), NBE (0.4 mmol), Cs2COs (0.4

mmol), CH3CN (2 mL), 90 °C, 10 h. Yield of isolated product; dr was determined by *H NMR.
Fig. 4 | Preparation of two coupling partners 4 and 5a. a) Naphthylamide-based biaryl fragment 4. b) Chiral propargylic fragment 5a.
Fig. 5 | Completion of the total synthesis of (+)-dalesconol A.

Fig. 6 | Total synthesis of (+)-dalesconol B.



Editor’'s Summary

Natural products with densely fused polycyclic frameworks, such as dalesconols A and B, pose
longstanding challenges for asymmetric synthesis due to their intricate stereochemistry. Here, the authors
report concise, enantioselective total syntheses via a triple-relayed remote chirality transfer strategy using
palladium/norbornene catalysis.

Peer Review Information: Nature Communications thanks the anonymous reviewer(s) for their
contribution to the peer review of this work. A peer review file is available.



a) Total syntheses of ()-dalesconols A and B by Snyder (2010)
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a) Retrosynthetic analysis of (+)-dalesconols A and B
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b) Proposed triple-relayed chirality transfer
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a) Naphthylamide-based biaryl fragment 4 OMe NHBoc OMe NHBoc
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