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Abstract

Plagiogyrin A (1) was first isolated from the fronds of Plagiogyria matsumureana. Structurally, it
features an a-ketoaldehyde functional group in its hemiacetal form, fused in a c/s-substituted
lactone ring. We have successfully synthesized the skeleton of this natural product by employing a
stereocontrolled aldol reaction followed by the installation of the a-ketoaldehyde moiety derived
from the mild oxidation of an a-diazoketone. Finally, anhydrous acidic conditions released the
protected diol and provided the required cyclized hemiacetal.
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Ferns of the genius Plagiogyria are mainly found in Asia, and select Plagiogyria species
have been employed in traditional Chinese medicine to treat flu symptoms.! Studies have
shown that Plagiogyria maximaand Plagiogyria distinctissima are rich sources of phenolic
contents (0.62 and 0.95 wt %), and they display moderate radical scavenging ability (ICgg =
22.1 and 57.4 (g/mL, respectively).2 Phenol-containing natural products plagiogyrin A (1),
plagiogyrin B (2), and astragalin (3) were isolated from the fronds of Plagiogyria
matsumureana by Murakami in 1983 (Figure 1).34 Biosynthetically, 1 is proposed to derive
from the hemiacetal rearrangement of plagiogyrin B (Figure 1);* however, to date no
biosynthetic or synthetic studies toward 1 have been reported. Building on our interest in
heavily oxidized heterocycles, we targeted an expedient and stereoselective synthesis of 1
and our successful efforts toward this goal are reported herein.
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The 1,4-dioxane ring of plagiogyrin A features two hemiacetals, retrosynthetically arising
from an a-ketoaldehyde and a diol (4, Figure 2a). Due to the sensitive nature of a-
ketoaldehydes and their precursors, methods to prepare these intermediates from 1,2-diols
prove to be difficult on functionalized substrates.> Methods such as the Riley (selenium
dioxide) oxidation® and oxidations of a-keto hemimercaptals’ or nitrate esters® also provide
access to a-ketoaldehydes (Figure 2b); however, these methods also tend to employ harsh
conditions that can interfere with other functional groups and can provide overoxidized
products in some cases. In our previous synthetic efforts toward the morpholinone fragment
of monanchocidin A, we found the dimethyldioxirane (DMDO) oxidation of an a-
diazoketone offered a mild and efficient way to prepare a-ketoaldehydes in complex
settings; 210 therefore, we envisioned this approach for our synthesis of 1. Retrosynthetically,
this approach would require carboxylic acid 5 that we proposed could arise from
lactonization of compound 6, itself derived from a stereocontrolled aldol reaction of ester 7
and aldehyde 8 (Figure 3).

Our synthesis began with the Stobbe condensation of dimethyl succinate (9) and 4-
anisaldehyde (10) (Figure 4a). £-Alkene 11 was formed exclusively as anticipated;11
unfortunately, the direct aldol reaction of 11 and aldehyde 12 failed due to the proximity of
the carboxylate anion in our enolate substrate. Therefore, 11 was esterified and the resulting
methyl ester 13 underwent aldol reaction smoothly.12 Attempts to hydrolyze and lactonize
ester 15 proved to be difficult, as elimination prevailed over hydrolysis when 15 was
subjected to various basic conditions.

To circumvent ester hydrolysis issues, allyl ester 14 was prepared from acid 11. Ally ester 14
was subjected to an aldol reaction, deallylation,3 and ester hydrolysis sequence to yield bis-
carboxylic acid 17 over three steps. At this stage compound 17 required cyclization of the
secondary alcohol and conjugated carboxylic acid to obtain the lactone motif present in 1.
Surprisingly, 17 was not able to be lactonized under mild acidic conditions!# although a
rapid conversion to a compound with the desired mass was observed upon acid activation
with EDCI. The diastereomers became separable after cyclization, and the major
diastereomer 18 was obtained in 7% unoptimized overall yield (five steps from 11). To our
surprise, a crystal structure of 18 revealed an anhydride rather than the desired lactone (5).
Although this result was disappointing, 18 possessed all three desired stereocenters found in
plagiogyrin A (1).

To explain the observed stereoselectivity we modeled the geometry of the enolate generated
from ester 14. The flat nature of the enolate structure, along with the hindered rotation of
this conjugated system, results in a preferred £-enolate to minimize repulsion (Figure 4b).
The E-enolate, together with a Felkin addition model,X> would result in the 2,3-anti, 3,4-anti
product, which is what is observed. It has been reported that a similar aldol reaction lacking
the aromatic moiety yielded a 2,3-syn product,14 making the presence of the aromatic
moiety essential for our selectivity and requiring its installation early in our synthetic
sequence. Informed by the intrinsic reactivity of substrate 17, we planned to protect the
carboxylic acid group to avoid anhydride formation (Scheme 1). Hydrolysis of ester 11 to
provide the bis-carboxylic acid followed by selective esterification of the nonconjugated acid
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furnished ester 19.16 The subsequent aldol reaction proceeded smoothly, and the carboxylic
acid, now protected as an ester, underwent EDCI-mediated cyclization in good yield to
provide lactone 20. The major diastereomer of 20 was isolated by flash chromatography
followed by deallylation to provide 21. Satisfyingly, X-ray analysis of 21 confirmed the
lactone structure along with all three desired stereocenters that are required for 1.

With 21 in hand it was now time to employ our proposed a-ketoaldehyde synthesis. To this
end, attempts to convert carboxylic acid 21 to an acyl chloride using oxalyl chloride were
unsuccessful, possibly due to the generation of acidic byproducts. On the other hand, the
mixed anhydride derived from methylchloroformate was prepared and subsequently
converted to a-diazoketone 22 upon treatment with diazomethane.l” The a-diazoketone
moiety was then readily oxidized by DMDO to provide our key a-ketoaldehyde, and the
acetonide protecting group was subsequently cleaved under acidic conditions; however, it
was not clear by NMR analysis if the crude product 23 underwent cyclization to provide the
acetal structures found in the natural product 1. At this stage we planned to push this
material to the end for final purification and characterization, and we therefore attempted
various methods to deprotect the phenolic methyl ether of 23. Unfortunately, Lewis acid
promoted demethylation (Mes3Sil,18 AIBr3,19 and BBr320) proved ineffective or decomposed
our substrate under a variety of conditions. Given the oxygen-rich nature of 23, along with
the acid and base sensitivity of this intermediate, we required a more labile phenol
protecting group at this late stage.

Having an established synthetic sequence developed, we revised the synthesis with 4-
allyloxy benzaldehyde as the starting material (Scheme 2). Installation of the aryl group,
ester hydrolysis, and allyl ester formation proceeded in 52% yield over three steps. With 24
in hand, we proceeded to conduct our key aldol reaction under the previously optimized
conditions and observed three diastereomers with an 82:12:6 ratio by 1H NMR.2! At this
point, both allyl groups in 25 were cleaved using Pd(PPhs3), and NaBH4,22 and phenol 26
was reprotected with TBS, converted to a-diazoketone 27, and oxidized with DMDO. The
phenolic TBS ether was installed to provide a labile protecting group in the final stages of
our synthesis. Surprisingly, 28 showed unusual stability under aqueous acidic conditions, but
was eventually cleaved with 1 M HCI at 55 °C. With all protecting groups removed, we
envisioned the product to rapidly undergo hemiacetal formation to afford 1; however, crude
1H NMR of our material did not match that reported for the natural product, most likely due
to the formation of a regioisomer or partially cyclized material.3 The acid and base
sensitivity of these products limited our study on the interconversion of these materials, and
we therefore sought alternate deprotection/cyclization conditions. It has been reported that
subjection of tetra-acetate 31 to 3% HCI in dioxane under reflux provides plagiogyrin A in
low yield (Figure 5).% Inspired by this report, we treated compound 28 with 3% HCI in
dioxane at room temperature. The acetonide group was cleaved immediately, although the
TBS group remained intact, even upon heating.23 LC-MS analysis revealed product 32 had
an identical mass with 29 (Scheme 2) but was less polar, likely revealing an alternate
hemiacetal formation. Various fluoride sources were efficient at removing the TBS ether, but
reagents such as TBAF, CsF, and HF-pyridine were unsatisfactory due to the a-ketoaldehyde
moiety quickly decomposing even under mildly basic conditions. Finally, TASF,24 known
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for its mild and anhydrous properties, removed the TBS ether without significant
byproducts. With the fully deprotected and cyclized material in hand we were gratified to
find that the H and 13C NMR data matched those reported for 1 (see Table S1). Further
studies will be required to better understand the formation and possible interconversion of
the hemiacetals related to plagiogyrin A (1) and related family members.

In conclusion, we have developed a stereocontrolled synthesis of the natural product
plagiogyrin A (1) in 12 steps and 3.9% overall yield. Utilizing an intermediate poised to
provide our required £-enolate, the key aldol reaction set two new stereocenters with good
selectivity. Subsequent conversion of a carboxylic acid to an a-ketoaldehyde provided the
required oxidation state of the natural product under mild conditions, and a final anhydrous
acid promoted hemiacetal formation concluded the synthesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Structures of phenol-containing natural products from Plagiogyria matsumureana.
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Figure2.
(a) Retrosynthesis of the cyclic bis-hemiacetal of 1; (b) common methods to prepare a-

ketoaldehydes.
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Figure 3.
Retrosynthetic approach to diol 4.
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Reported conversion from ref [4]
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Figure5.
Acid-promoted hemiacetal formation.
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