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Abstract — New potentially antiviral furan-fused tetracyclic compounds were
prepared using intramolecular cycloaddition of o-quinodimethane generated by
thermolysis of benzocyclobutene derivatives. It was found that the reaction course
was changed depending on the length of alkyl chain connecting quinodimethane

and furan ring.

In the course of our continuous research on o-quinodimethane chemistry,' we have reported a new
efficient access to the furan-fused tetracyclic compounds relating to pentacyclic polyketides, halenaquinol
and halenaquinone, which are reported to exhibit significant biological activities.” This model study
revealed a new finding that the furan-fused compound (1) synthesized via intramolecular Diels-Alder
reaction of o-quinodimethane showed a potent antiviral activity against the Sendai virus.’ After screening
of several congeners, it was found that the TIPS derivative (2) possesses ca. 2000 times as strong activity
as 1, which prompted us to investigate the structure-activity relationships in detail. In this
communication, we wish to report the synthetic approach for 2 and the homologues on its A-ring by

means of the intramolecular Diels-Alder reaction.
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To synthesize the benzocyclobutene derivatives (10) for thermal cycloaddition, the connection of
benzocyclobutene with furan ring having various length of methylene chain was carried out as shown in
Scheme 2. Readily available benzocyclobutene derivative (3)* was demethylated by treatment with
iodotrimethylsilane to give the phenol (4), which was alkylated with several kinds of alkyl bromide in the
presence of 2 eq. of LDA. Introduction of triisopropylsilyl group was performed using TIPSOTT to afford
6 in good yields. After removal of THP group with PPTs, resulting alcohol (7) was subjected to Swern
oxidation to give the aldehyde, which was immediately treated with 3-lithiofuran, prepared from 3-
bromofuran and n-butyllithium, to afford the adduct (8) as a mixture of diastereomers. Treatment of the
alcohol (8) with PDC followed by ethylene glycol in the presence of p-TsOH afforded the requisite acetal
(10), the precursors of our target polycyclic compounds via thermal intramolecular cycloaddition. For the

compound 9a (n = 1), the ketalization did not proceed probably due to steric hindrance.
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Reagents and conditions: (a) TMSI, MeCN, reflux; (b) LDA, THF, -78°C, then BrCH,(CH,),OTHP, -25°C;
(c) TIPSOTH, Et;N, CH,Cl,, 0°C; (d) PPTs, EtOH, 60°C (e) (COCI),, DMSO, CH,Cl,, -78°C, then Et;N;
() 3-lithiofuran, Et,0, -20°C; (g) PDC, MS 4A, CH,Cl,, 1t; (h) ethylene glycol, p-TsOH, benzene, reflux.

Yield (%)

5 6 7 8 (in 2 steps) 9 10
n=1(a) 77 89 79 35 41 0
n=2(b) 79 96 91 43 46 65
n=3(c) 95 91 85 45 63 65
n=4(@d) 83 97 68 59 34 44
n=6e) 79 98 76 58 42 34

Scheme 2 Preparation of the Substrates for Thermal Cycloaddition

With four substrates (10b-e) for thermal cycloaddition in hand, we explored their conversion into
tetracyclic system by intramolecular Diels-Alder reaction of o-quinodimethane generated by thermal ring
opening of the benzocyclobutene, and the results are summarized in Scheme 3. All the reactions were
performed in refluxing o-dichlorobenzene (bp 180°C) for 2 h. The substrate (10b) afforded our desired
cycloadduct (2) in good yield with an exclusive stereoselectivity.” On the other hand, for the substrates
(10c-e) having longer alkyl chain, the efficiency for the formation of tetracyclic products (11) obviously
decreased. Instead, substituted toluene derivatives (12)° were formed dominantly, which were sole

products in the cases of 10d (n = 4) and 10e (n = 6) as a substrate. The stereostructure of the product (11c)



was unambiguously determined by X-Ray analysis of the corresponding desilylated compound (13)
(Figure 1).
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2(n=2) 12b (n =2)
11c(n=3) 12c (n=3)
Substrate Result 11d (n =4) 12d (n =4)
11e (n=6) 12e (n=6)
10b(n=2) 2 (62%), 12b (0%)
10c(n=3)  11c (18%), 12¢ (46%)
10d (n=4) 11d (0%), 12d (71%)
10e (n =6) 11e (0%), 12e (78%)

Scheme 3 Thermolysis of the Compounds (10b-e)
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Figure 1 ORTEP Drawing of the Compound (13)

These results are rationalized as follows. The cycloadducts (2, 11c) possessing all-cis relative
configurations can be formed via endo-transition state from thermodynamically preferable (Z)-o-

quinodimethane. This transition state energy would be affected by the ring-size corresponding to A-ring

(Scheme 4).
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Scheme 4 Plausible Reaction Pathway



In the cases of 10c-e, higher energy level of the transition state compared to 10b (six-membered ring)
would diminish the reaction rate toward the cycloaddition, consequently sigmatropic [1,5] rearrangement
from (E)-o-quinodimethane® could predominate over the cycloaddition.

The synthetic study of the other congeners of 2 is now ongoing in our laboratory,” and details of the

biological evaluations of them, including 11¢, will be reported in due course.
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