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Abstract: 2,2-Dimethyl-2H-chromene motif is widely found in many
bioactive molecules, and is a privileged structure in pharmaceutical
area. We have developed a concise and regioselective approach to
chromenes and chromanes via an aryne-based synthetic strategy. A
practical, gram-scale synthetic route to chromene-type aryne
precursor was explored. Subsequently, cyclization under mild
conditions afforded tetracyclic xanthone skeletons with excellent
regioselectivity. Our approach provides a concise strategy for the
gram-scale synthesis of chromene-type xanthones such as 6-
deoxyisojacareubin, cylindroxanthone D, staudtiixanthone D,
brasilixanthone A and cudracuspixanthone O.

Introduction

2,2-Dimethyl-2H-chromene motif is widely found in natural
products!’ as bioactive fragments, such as 6-deoxyisojacareubin
(anti-tumor),? inophyllum B (anti-HIV),! deguelin (ubiquinone
oxidoreductase) and pongapinone A (anti-inflammatory)!
(Figure 1). Due to their promising biological activities, the
development of practical synthetic methodologies to chromene
fragments has attracted considerable interest.®! A number of
elegant methods have been developed to produce chromene-
based compounds including the thermal rearrangement of aryl
propargyl ethers,9 condensation of phenols with a,B-
unsaturated carbonyls®®¢l and transition metal-catalyzed
cyclization approaches.* However, the majority of the existing
methods either starts with pre-functionalized phenols, which are
not easily accessible, or requires multi-step syntheses to form
the chromene core. Furthermore, judicious control of product
regioselectivity is still of great challenge.l”l Therefore, effective
and selective strategies to the construction of polycyclic
chromenes from readily accessible starting materials remain to
be explored.
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Figure 1. Representative natural chromene.

Comparing to other conventional methodologies, aryne-based
synthetic approaches have many advantages in constructing
ring-fused systems.B9l In particular, for the formation of multiple
bonds in one-step, the presence of aryne can greatly improve
the efficiency for the production of complex polycyclic skeletons.
In previously reported total synthesis of natural products with
arynes, nevertheless, the in situ generation of aryne from
precursors generally involves harsh reaction conditions such as
the wuse of organolithium/Grignard reagent/KNH2/NaNH>.
Alternatively, Kobayashi precursors have become the method of
choice in the past 20 years owing to the mild reaction conditions
of arynes.l®l However, due to the complicated synthetic steps of
functionalized Kobayashi precursors, its application in the
construction of functional molecules is limited. In addition,
regioselective control remains a challenge for nonsymmetric
arynes. Few examples exist, including those reported by
Stoltz,['® Garg!'! and Sarpong!'? groups, using multifunctional
Kobayashi precursors for the total synthesis of polycyclic natural
products.
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Scheme 1. Total synthesis of natural products based on multifunctional arynes
with regioselectivity-controlling element.

Considering the outstanding biological properties of chromene,
herein we design a novel synthetic route to Kobayashi precursor
containing a 2,2-dimethyl-2H-chromene moiety, which is further
used as a core building block to accomplish the total synthesis
of a series of natural xanthones in gram-scale including 6-
deoxyisojacareubin,['3 cylindroxanthone D, staudtiixanthone
D,['5181 prasilixanthone A" and cudracuspixanthone O.['8l
Specially, alkoxyl group is introduced to the precursor structure
to direct regioselectivity, enabling functional transformations of
the product.

Results and Discussion

As shown in Scheme 2, a retrosynthetic analysis identifies
precursor 1 as our first target material. Firstly, strategic removal
of trimethylsilyl and trifluoromethanesulfonyl groups gives rise to
phenol 2, which can be prepared by oxidation of the
corresponding aldehyde. Removal of the formyl group affords
ether 3, which can be traced back to the commercially available
chemical 7-hydroxycoumarin. The introduction of benzyloxy
group to precursor 1 guides the formyl group to the correct
position, which serves as a regioselectivity-controlling element in
the subsequent aryne-based reactions.l"®]

The synthesis began with a scalable preparation of silyl aryl
triflate 1 (Scheme 3). After benzylation of 7-hydroxycoumarin,
the dimethylpyran ring was constructed with MeMgCl, followed
by an acid-catalyzed cyclization. According to Erhardt's
method,?% benzyl ether 3 was obtained in 87% yield over 3
steps with mildly acidic silica gel as cyclization reagent. Treating
compound 3 with POCIs/DMF produced the corresponding
aldehyde, and a following Dakin oxidation furnished the desired
phenol 2 in 90% overall yield. Phenol 2 was allowed to react with
isopropyl isocyanate producing carbamate 4 in 97% yield.
Silylation of carbamate 4 was accomplished by a one-pot
method developed by Snieckus and Hoppe.?'! First, compound

aryne precursor 1
DG = alkoxy! group
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Scheme 2. Retrosynthetic analysis of related chromene and triflate 1.

4 underwent an N-silylation; then, treatment with n-BulLi
produced aryl lithium species, which was quenched by
chlorotrimethylsilane (TMSCI) to give silylcarbamate 5 in 99%
yield. We determined that methyl tert-butyl ether was a better
solvent than the commonly used diethyl ether. Exposure of
carbamate 5 to n-BuLi and Eto2NH in THF furnished intermediate
o-silylphenol lithium, which was then triflated with Comins’
reagent (6). Silyltriflate 1 was obtained as a white solid in 94%
yield. Through this approach, more than 20 grams of silyltriflate
1 was prepared in more than 70% overall yield from readily
accessible 7-hydroxycoumarin. It is worth mentioning that
silyltriflate 1 was found stable and can be stored at room
temperature for 6 months in the air with no obvious deterioration
(Figure. 2). This route provides a rapid and scalable access to
storable triflate 1, which can serve as a building block in the
subsequent synthesis of natural products in sufficient quantity.

Figure 2. Physical state comparison of silyltriflate 1.
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Trapping experiments of aryne | (from precursor 1, Scheme 4)
were carried out by Diels-Alder reaction with 2,5-dimethylfuran
(7) to give product 8 in 95% yield. This confirms that aryne | was
successfully generated in situ (Schemes 2 and 4). We then
examined the feasibility to construct xanthones from aryne I. To
our delight, precursor 1 and methyl salicylate (9) could undergo
cyclization smoothly under mild conditions reported by Larock
group.?? Xanthone 10 was obtained in 66% yield with no regio-
isomer observed, indicating the excellent regioselectivity control
effect of the benzyloxy group.
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Scheme 4. Generation and trapping of chromene-type aryne .

Next, we attempted the total synthesis of cylindroxanthone D
(16) and 6-deoxyisojacareubin (17) in gram-scale (Scheme 6).
As shown in Scheme 5, dibenzylation of the commercially
available starting material 2,3-dihydroxybenzaldehyde (11) with
benzyl bromide (BnBr) gave rise to aldehyde 12 in 93% yield.
Selective debenzylation of compound 12 using MgBr2-Et20
afforded salicylaldehyde 13 in 98% yield. Subsequently, Pinnick
oxidation and methylation conditions efficiently accomplished the
gram-scale synthesis of salicylate 14 in 99% yield over 2 steps.
Cyclization of salicylate 14 with precursor 1 gave xanthone 15 in
72% yield.

10.1002/chem.202003805
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Scheme 5. Gram-scale synthesis of xanthone 15.

With xanthone 15 in hand, we turned our attention to the
removal of benzyl groups through different approaches (Scheme
6). Unfortunately, using the typical condition [Pd(OH)./C, H2 (1
atm.), MeOH] did not lead to hydrogenation of 15 after 48 hours.
No improvement was observed with EtOAc or EtOH as solvent.
To our surprise, treatment of 15 with Pd(OH)2/C in THF under a
balloon pressure of H. afforded cylindroxanthone D (16) in 98%
yield. A plausible explanation is that the solubility of the product
is poor in solvents such as MeOH. On the other hand, treatment
of 15 with BCls mildly removed the two benzyl groups/?® in one
step, producing 6-deoxyisojacareubin (17) in 78% yield. Using
our precursor developed, the natural xanthones 16 and 17 were
synthesized in grams.
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Scheme 6. Gram-scale total synthesis of cylindroxanthone D and 6-
deoxyisojacareubin.

Pentacyclic xanthone with both chromene and chromane
fragment is the skeleton of many bioactive compounds.l'®24 As a
consequence, we then turned to construct these highly
substituted xanthones. Commercially available 5-
bromoisovanillin (18) was used as a starting material to
accomplish the total synthesis of staudtiixanthone D (27). As
illustrated in Scheme 7, treatment of phenol 18 with
ethoxymethyl chloride (EOMCI) in the presence of N,N-
diisopropylethylamin (DIPEA) afforded EOM ether 19, which was
oxidized with NaClO, and then methylated with Me2SQO4 to give
methyl benzoate 20 in 97% yield over 3 steps. Subsequently,
Pd-catalyzed boronation and oxidation gave methyl salicylate 21
in 75% vyield over 2 steps. In the presence of CsF, salicylate 22
was cyclized with aryne | (from precursor 1) to give tetracyclic
xanthone 23 in 65% yield. An acidic hydrolysis that removes the
EOM group followed by a reaction with 3-chloro-3-methyl-1-
butyne (24) in the presence of CuCl, and DBU resulted in the
formation of propargylic ether 25 in 65% overall yield. Heating of
25 in DMF induced tandem Claisen rearrangement/cyclization,
producing pentacyclic xanthone 26 in quantitative yield.
Treatment of compound 26 with Pd(OH)2/C in THF under a
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balloon pressure of H2 accomplished the gram-scale preparation
of Staudtiixanthone D (27) in 97% yield.
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Scheme 7. Gram-scale total synthesis of Staudtiixanthone D.

This route can also be applied as a model for the total
synthesis of cudracuspixanthone O (36) and brasilixanthone A
(37). As shown in Scheme 8, aldehyde 29 was prepared from
3,4-dihydroxybenzaldehyde (28) according to the reported
procedure. 29 Treatment  of  compound 29 with
tetrabutylammonium fluoride (TBAF) gave the corresponding
phenol, which was then protected to form EOM ether. Pinnick
oxidation of this EOM ether followed by methylation furnished
methyl bromobenzoate 30 in 93% overall yield. Subsequently,
Miyaura borylation and oxidation led to salicylate 31 in 80% yield
over 2 steps, which underwent aryne-based ring-forming
reaction with precursor 1 to give the xanthone 32 in 44% vyield
(for details, see supporting information). Tetracyclic xanthone 32
was treated with aq. HCI to give phenol 33 in quantitative yield.
Propargylation employing the same reaction conditions as used
above afforded chromene 35 in 67% yield over 2 steps. Using
similar debenzylation methods, 1.145 g of cudracuspixanthone
O (36) and 1.853 g of brasilixanthone A (37) were obtained in
97% and 73% yield, respectively.
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Conclusion

In summary, we have developed a practical synthetic route to
chromene-type aryne precursors, with chromene fragments
turned into shelf-stable synthetic building blocks in more than
70% overall yield over 8 steps in a scale of 20 grams.
Furthermore, a novel synthetic strategy for constructing highly
substituted chromenes and chromanes with high efficiency and
excellent regioselectivity has been disclosed via aryne
annulation. This led to the gram-scale total synthesis of natural
products 6-deoxyisojacareubin, cylindroxanthone D,
staudtiixanthone D, brasilixanthone A and cudracuspixanthone
0.
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A practical, 20 gram-scale synthetic route to chromene-type aryne precursor was successfully designed and realized. With this key
block, total synthesis of 5 natural xanthones (6-deoxyisojacareubin, cylindroxanthone D, staudtiixanthone D, brasilixanthone A, and
cudracuspixanthone O) has been accomplished on gram scale.
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