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Abstract--—--- The 7-oxa-2,3-dimethylenenorbornene derivative (3), synthesized
previously from 4H,6H-thieno[3,4-c]furan 5,5-dioxide (1) through its 2-acylated
derivative (2), reacted with a variety of dienophiles to give the adducts (4), the

functionalized tetracyclic compounds, in good to excellent yield.

A novel building block, 4H,6H-thieno[3,4-c]furan 5,5-dioxide (1), is potentially useful for construction of
polycyclic ring systems since both of the furan and the sulfolene moieties of 1 can undergo not only the Diels-
Alder reaction but also alkylation and/or acylation. Thus we have shown that 1 indeed reacts with a variety of
dienophiles! and alkylating agents.2 Furthermore, acylation of 1 readily took place to give 2-acylated derivative
(2),3 which, followed by intramolecular Diels-Alder reaction, stereoselectively afforded wicyclic compound (3)
in good yie]d.4 The adduct (3) should be of great synthetic utility because it has three asymmetric centers with
known relative sterecchemistry and a 1,3-diene which could further undergo cycloaddition to form an extra ring,
namely, synthesis of functionalized tetracyclic compound (4). We therefore have investigated the Diels-Alder

reaction of 3 with a variety of dienophiles and reported herein is the results obtained.

OZSCC S ozsfr\ N —

3 a, n=1, X, X'=S(CHp}pS
b, n=2, X,X' S(CHz)zs
¢, n=2, X, X'=0(CH3)30
d, n=1, X,X'=CN,OTMS
e, n=2, X,X'=CN,OTMS
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Table T Reaction of the dienes (3a-e) with dienophiles

Entry Substrate  Dienophile Time (h)  Products (% vield, ratio)
1 3a DMAD 1 5a (89)
2 3b DMAD 1 5b (95)
3 3c DMAD 1 5c (92)
4 3d DMAD 1 5d (88)
5 Je DMAD 1 5e (91)
6 ib N-Phenylmaleimide 4 6a,b (87, 8:1)b)
7 3b Dimethyl fumarate 24 6c,d (84, 8:1)C)
8 3b Dimethyl maleate 24 6e,f (46, 5:1), 6¢ (7))
9 3b Benzoquinone 24 6g (17), 7 (56))
10 3b 1,4-Naphthoquinone 4 6h (45), 8 (15)b)
11 3b Methyl propiolate 24 9a,b (60, 3:2), 10a,b (36, 3:2)C)
12 3b Methyl acrylate 24 11a (80, 1:3:3:9)C)
13 b 1-Cyanovinyl acetate 48 11b (53, 1:2:2:6)C)
14 3b Acrolein 0.25 11c (70, 2:3:4:6)C)

a) Reaction conditions; Entries 1-13; dienophiles (3 eq.) in toluene at reflux, Entry 14; dienophile (3eq.) and
Me2AICI (2 eq.) in benzene at room temperature. b) The products were separated each other by chromatography.

¢) The adducts were obtained as an inseparable mixture and the ratio was determined by IH-nmr.

Table I summarizes the results. All the dienes (3a-e) thus far obtained® smoothly reacted with dimethyl
acetylenedicarboxylate (DMAD) to give the corresponding adducts (5a-¢),5 respectively, in excellent yield when
refluxed for 1 h in toluene (Entries 1-5). This implys that the ring size {n) nor the protective group used (x, x')
does not affect the reactivity of the diene moiety in 3. Accordingly, we used the diene (3b) as a representative for
the following experiments. With N-phenylmaleimide (Entry 6), 3b readily reacted and stereoselectively afforded
the adduct (6a) as the major product along with the isomer (6b) in a ratio of 8:1. Similarly, dimethyl fumaraie
furnished the adducts {6¢) and (6d) in high yield with the same ratio (Entry 7). The stereochemistry of these

adducts was determined by 1H-nmr analyses based on the data reported by Vogel and co-workers.6 In the case
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of dimethyl maleate (Entry 8), however, both the yield and the selectivity were lower (45%, 5:1) and a small
amount of 6¢, arose from initial isomerization of the dienophile, was obtained. The other di-substituted
dienophiles, benzoquincne and 1,4-naphthoquinone, efficiently reacted again with 3b to give the adducts (6g)
and (6h), respectively, which underwent facile auto-oxidation in the reaction conditions used to produce
substantial amount of the aromatized products (7) and (8), respectively (Entries 9 and 10). When methyl
propiolate was used as dienophile (Entry 11), the aromatized products (10a) and (10b) were also formed, from
which the regioselectivity was determined as in the ratio of 3:2 by H-nmr anaiyses.7 Moreover, all possible
isomers were obtained from either methy! acrylate and 1-cyanovinyl acetate with 3b (Entries 12 and 13).
Therefore, with mono-substituted dienophiles, both the regioselectivity and the stereoselectivity of the
cycloaddition were poor, nevertheless the yield of the adducts was high. Lewis acid catalyst made the reaction
much faster, but improved neither the regioselectivity nor the stereoselectivity (Entry 14).8

Thus, the diene (3) was found to be highly reactive for cycloaddition and afforded the functionalized tetracyclic
compound {(4) in good to excellent yield, which further demonstrated the versatility of 1 as a building block.
The ready accessibility of 4 from 1 should be applicable to synthesis of complex natural products or compounds

of biological interest, Studies along this line are in progress.

5 a, n=1, X, X'=5{CH2)2S , R=N-Ph, a-Ha, a-Hb
b, n=2, X, X'=8(CH;)»S , R=N-Ph, B-Ha, -Hb
=0OMe, a-Ha, B-Hb

C, n=2, X, X'=0(CH)a0
d, n=1, X,X'=CN,OTMS
e, n=2, X, X'=CN,OTMS

OMe, B-Ha, a-Hb
OMe, a-Ha, a-Hb
OMe, -Ha, B-Hb
CH=CH
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9 a, E=H, E'=CO.Me 10 a, E=H, E'=CO,Me
b, E=CO,Me, E'=H b, E~CO.Me, E'=H
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Almosi all attempts, except for this case, to react in the presence of Lewis acid catalysis resulted in exclusive
formation of an unidentified product arising from the diene.
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