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(+)-Hongoquercin A (1) was isolated from an unidentified terres-
trial fungus1aand exhibits antibacterial properties toward methicillin-
resistantStaphylococcus aureusand vancomycin-resistantEntero-
coccus faecium.1,2a We envisioned a bioinspired strategy3 for the
construction of1 that would feature a Stork-Eschenmoser-Johnson
polyene cyclization4-8 employing daurichromenic ester2,9 which
can be synthesized via a formaloxa-[3 + 3] cycloaddition.10-13

There are vast precedents in polyene cyclizations, including those
closely related and reported by O˜ mura and Smith14,15 as well as
Parker,16 using 5. The proposed cationic polyene cyclization is
unusual7 given that the position of the third olefin in the chromene
nucleus is three carbons away from the second olefin andexo to
the pending ring. Thus, pursuit of thisexo-polyene cyclization could
lead to an unexpected outcome. We report here this unique polyene
cyclization and an unusual cationic [2+ 2] cycloaddition that led
to a divergent total synthesis of hongoquercin A and rhododau-
richromanic acid A.Initial unsuccessful attempts involved various
Lewis acids8 and mercury reagents17 as highlighted in Table 1
(entries 1-3). However, treating daurichromenic ester2 with
Brønsted acids, such as trifluoroacetic acid (TFA), changed the
outcome especially when it was used atg30 equiv or as a cosolvent
with CH2Cl2 (entries 4-10), as we isolated two products6 and7
with each as a single diastereomer,18 and with no other relevant
products or related stereoisomers being found.

To confirm our structural assignment of6, (+)-6 was synthesized
independently from enal (+)-819 (Scheme 2). Chromene (+)-6
spectroscopically matched with (()-6 isolated from the polyene
cyclization. To complete the total synthesis, reduction of (+)- or
(()-6 was accomplished with TFA/TESH,20 and the ensuing
saponification gave (+)- or (()-1 as a single diastereomer in 95%
overall yield that spectroscopically matched completely with Mori’s
report,1a and date for the potassium salt of our sample also matched
with that reported in the isolation.2a,18

We did not know the identity of7 initially except that it was the
major product in all cases. In addition,7 appeared to be more
sensitive toward TFA and decomposed under prolonged reaction
time (entries 5 and 8 in Table 1). Interconversion between6 and7
was not observed when individual pure samples were subjected to
the reaction conditions.

Ultimately, X-ray structure of apara-bromobenzoate derivative
10 was obtained (Scheme 3). We were surprised to find that it
possessed a caged tricyclic structural motif with a cyclobutane that
closely matched rhododaurichromanic acid A (see12) and B, which
only differs from A stereochemically at C19-Me (see hollow arrow
in 10).21,22 A subsequent total synthesis of rhododaurichromanic
acid A (12) was achieved from7.23

Mechanistically, as postulated in Scheme 4, the formation of6
likely proceeds through the classic polyene cyclization via13 and
14. The observed high diastereoselectivity is remarkable given that
the existing stereocenter at C8 is rather remote from C3-4 olefin,
which is the initiating site. This stereochemical control is likely a

result of geometric and conformational arrangement of the triene
motif required during the cyclization.7

The cyclobutane formation in7 is, however, much more intrigu-
ing and can be rationalized as follows. Daurichromenic ester2 could
be ionized first through protonation of the chromene oxygen to
give allyl cation15, which is stabilized by the aromatic ring. The
C15-10 bond formation could then occur to give16. It is note-
worthy that the other possibility could have been the formation of
the C15-5 bond from15, which would have been a six-membered

Scheme 1

Table 1.

entry initiator (equiv) solvent temp (°C)
time

yields (h) 6 7

1 SnCl4 (2.0) CH2Cl2 0 2 no reaction
2 BF3-Et2O (6.0) CH2Cl2 -78 to-10 2 no reaction
3 Hg(OTf2) (1.5) CH3Cl2 -78 3 no reaction
4 TFA (5.0-10.0) CH2Cl2 -78 to rt 0.5-48 trace trace
5 TFA (30.0) CH2Cl2 -78 to-10 0.5-16 16% 20%
6 TFA 1:3 CH2Cl2 -78 to rt 1 19% 35%
7 TFA 1:5 CH2Cl2 -78 to rt 3.5 16% 36%
8 TFA 1:5 CH2Cl2 -78 to 0 17 23% trace
9 TFA/TFAA 1:20 CH2Cl2 0 to rt 0.5 19% 35%

10 TFA 1:20 CH2Cl2 0 to rt 3 17% 27%

Scheme 2 a

a Conditions: (a) piperidinium acetate, EtOAc, 85°C, 16 h; (b) LDA,
-78°C, NCCO2Me; (c) DDQ, PhH, 2 days, 60°C; (d) TFA, TESH, CH2Cl2,
reflux; (e) aq KOH, MeOH/THF.
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ring formation instead of the seven-membered ring shown in16.
However, this would lead to atrans-olefin within the six-membered
ring. In addition, the geometric constraint of the allyl cation, which
is conserved throughout the cyclization, likely prevents this bond
formation. The ensuing addition of C8-9 olefin to the secondary
carbocation at C5 would follow to give the C9-5 bond formation.
The subsequent trapping of the tertiary C8 cation with the non-
hydrogen bonded phenolic oxygen should reconstitute the chromene
nucleus, although both phenoxide groups could potentially trap the
C8 cation.

The formation of the tertiary trifluoroacetate is likely independent
of the process, or could inhibit the classic polyene cyclization if
the addition of TFA to the C3-4 olefin occurs first. A related sys-
tem devoid of the C3-4 olefin also led to the respective cyclobutane
in 60% yield as a single diastereomer (see the box),18 thereby sug-
gesting that the C3-4 olefin has no impact on the cyclobutane
formation. An optically enriched sample of2 was rather very diffi-
cult to attain, although its cyclization could lead to further mecha-
nistic insight.24 Overall, the proposed pathway appears to be reason-
able and resembles a Gassman-like cationic [2+ 2] cycloaddition.25

We have described an unusual polyene cyclization and cationic
[2 + 2] cycloaddition that led to a divergent total synthesis of
hongoquercin A and rhododaurichromanic acid A. The uncovered
cationic cyclobutane formation could be relevant to the biosynthetic
pathway for other cyclobutane-containing terpenoids.
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Scheme 3 a

a Conditions: (a) K2CO3, MeOH/THF, rt; (b) Burgess reagent, toluene,
reflux; (c) 6 M aq NaOH, MeOH, rt.

Scheme 4
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