Expeditious Multicomponent Synthesis of Xanthone Dimers
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ABSTRACT: Xanthones, a type of compounds widely found in many natural products from plants, fungi
and lichens, are considered privileged structures. Frequently, xanthones occur in Nature as dimers, which
often exhibit singular and potent biological effects. Although diverse methods for the synthesis of
monomeric xanthones are known, dimeric xanthones remain synthetically challenging targets. Reported
syntheses of dimeric xanthones are very scarce, and invariably involve a large number of synthetic steps.

We have recently developed a multicomponent synthesis of xanthones starting from 3-
carbonylchromones, isocyanides and dienophiles. Here we report a similar one pot tandem procedure,
involving a [4+1]-[4+2] cycloaddition, that readily affords dimeric xanthones and dihydroxanthones

structurally similar to bioactive ergochromes.

Introduction

Xanthones are “privileged structures” that have shown a wide variety of biological activities.'
Particularly, xanthone dimers, abundant metabolites found in many plants, fungi and lichens, are valued
compounds due to their unique biological activities.? For example, in contrast with the activity of
xanthone monomers, which usually target topoisomerase 11, xanthone dimers, such as secalonic acids
(Figure 1),* are intensely investigated as anticancer agents due to their selective inhibition of DNA
topoisomerase | (Topo 1).°

It is known that small chemical changes can modulate or drastically modify the biological activities of
dimeric xanthones.*® For example, partial hydrogenation of one of the aromatic rings,® and the presence of
hydroxy’ or amino® polar groups in the xanthone core are determinant for their biological profile. It is
thus crucial to find new synthetic methods that allow obtaining diverse dimeric xanthones in a rapid and

efficient manner.
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Figure 1. Natural xanthone dimers with activity as Topo | poisons.5

Multicomponent reactions (MCR) are atom economic and highly convergent processes, in which three or

more starting materials react to readily give complex products.® We have recently reported the
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multicomponent synthesis of anilines from o,B-unsaturated keto-esters, isocyanides and phthalimides.’
This novel methodology was successfully applied to the synthesis of a variety of 4-aminoxanthones'® and

dihydroxanthones (Scheme 1).**
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Scheme 1. Multicomponent synthesis of dihydroxanthones and xanthones.

The flexibility and experimental simplicity of this multicomponent reaction make it ideal for the synthesis
of dimeric derivatives. Thus, here we report a novel strategy for the synthesis of dimeric xanthones and
dihydroxanthones by a double multicomponent reaction of 3-carbonylchromones, isocyanides and

dienophiles.

Results and Discussion

Our strategy for the synthesis of dimeric xanthones is based in the simultaneous building of both
xanthone units from the corresponding 3-carbonylchromone units. Thus, according to the proposed

retrosynthetic plan (Scheme 2), a dimeric carbonylchromone (10) should be used as starting material.
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Scheme 2. Retrosynthesis of xanthone dimers.

Bischromone 10 could be synthesized from readily available bisphenol (11). Thus, hydroxyl groups were
acetylated by treatment with acetic anhydride and pyridine. Then, acid catalyzed Fries rearrangement'?
led almost quantitatively to 1,1'-(4,4'-dihydroxy-[1,1'-biphenyl]-3,3"-diyl)bis(ethan-1-one) (12).** This
was subjected to aldol condensation with dimethylformamide dimethyl acetal (13) under microwave
irradiation™* to give enaminone 14. Finally, reaction with methyl 2-chloro-2-oxoacetate (15) and pyridine,
according to the modified procedure of laroshenko and Langer,* produced the desired dimeric chromone

10a in good yield (Scheme 3).
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Scheme 3. Synthesis of dimeric chromone 10a.

Bischromone 10a was used to prepare dimeric xanthone and dihydroxanthone derivatives. Thus,
reaction with cyclohexyl isocyanide (5a) and N-phenylmaleimide (6a), in refluxing THF, after 6 hours
successfully afforded xanthone dimer 16a in 79% yield (49% overall yield from bisphenol 11; Scheme 4).

Scheme 4. Synthesis of dimeric xanthone 16a.

On the other hand, the reaction of bischromone 10a with cyclohexyl isocyanide (5a) and acrylonitrile (6b)

under reflux in THF for 6 hours successfully produced dihydroxanthone dimer 17b in 89% yield (Scheme

5).
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Scheme 5. Synthesis of dimeric dihydroxanthone 17b.

The reaction must take place through a double tandem [4+1]/[4+2] cycloaddition, according to the
mechanism proposed in Scheme 6. The first step is a [4+1] cycloaddition of isocyanide 5 with the a,f-
unsaturated carbonyl on both chromone rings in dimeric chromone 10, to give an intermediate
bisiminolactone (18). This would tautomerize to bisaminofuran 19 that, in turn, would undergo [4+2]
cycloaddition reaction with the dienophile to give Diels-Alder adduct 20. The assistance of the nitrogen
lone pair on the resulting 7-oxabicyclo[2.2.1]heptanes would enable the in situ opening of the oxygen
bridges to give the corresponding dihydroxanthones (17). With asymmetric dienophiles, such as
acrylonitrile, the corresponding dihydroxanthone (17b) is a stable product that can be easily isolated. On
the other hand, when the dienophile is N-phenylmaleimide, the acidic character of hydrogen on position 2
of the dihydroxanthone facilitates the elimination of a molecule of water in the reaction conditions,

directly affording fully aromatized dimeric xanthone 16a.



Scheme 6. Proposed mechanism for the synthesis of dimeric xanthones 16 and 17.

Conclusion

In summary, we have developed a novel, straightforward, tandem synthesis dimeric polysubstituted 4-
aminoxanthones starting from structurally simple and readily available bisphenol. The key step is a
double multicomponent reaction of bischromone 10a with an isocyanide and dienophiles. The products
are available in a matter of hours and are easily isolated and purified by column chromatography. This
illustrates the potential of multicomponent reactions to rapidly and efficiently build molecules of high
structural complexity from very simple starting materials and constitutes the first example of a

multicomponent synthesis of dimeric xanthones and dihydroxanthones.
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