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THE SYNTHESIS OF THIENO[3,4-b]FURAN USING A TANDEM INTRAMOLECULAR-REVERSE
DIELS-ALDER REACTION APPROACH
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Abstract. The title compound has been prepared by a route involving as the
key steps the intramolecular Diels-Alder addition between a furan and a
pendant acetylenic ester, and the subsequent retro-Diels-Alder fragmentation
of the adduct, induced by 3,6-di(pyridin-2'-yl)~s-tetrazine.

,4=blthiophene (3) are heterocycles

that may be classified as heteropentalenes in that they are isoelectronic with the formally
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aromatic pentalene dianion.
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While (1)-(3) have all been included in a theoretical study of the aromatic stability of fused
five-membered heterocycles,2 only (3) is known,3 although the preparation of the 4-phenyl-
substituted derivative of (1) has been reported.4 In this note we record the synthesis of (1)

and an approach to (2) using a novel route involving sequential intramolecular and reverse

Diels-Alder reactions.

The intramolecular Diels-Alder reactions of furans possessing pendant ethylenic dienophiles
. . s - 5 7
is a subject of intense current activity. Aryne56 and allenes have also recently been

successfully used as intramolecular traps for furans, but the use of acetylenic dienophiles has
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a. NaH, THF, propargyl chloride, 25°, 2h; b. EtMgBr, THF, 0°, then C1C02Me:

CO Me
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c. toluene, 44, 14h; 4. 3,6-4i( yridin-2'-yl)-s-tetrazine, CHCl,, 60°, 40 min.; e. 3,6-di-
3 2 3

(pyridin—2'-yl)—E—tetrazine, toluene, *¥, 15h; f. DDQ, CH2C12, 25°, 30 min.; g. HO-, 60°,

.+ .
2.5h, then H ; h. Cu chromite, quinoline, 200°, 30 min.

Yields refer to reactions where X

= S.
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not been studied in detail.8 We find that the acetylenic ester (8), readily prepared from
the thiol (4) as shown in the Scheme, in refluxing toluene affords the adduct (10), m.p.
56-9° (dec.). When (10) was warmed briefly in chloroform with the electron-deficient diene
3,6-di(pyridin-2'-yl) -s-tetrazine, the furan (13) was formed via the usual addition-cyclo-
reversion sequence.9 The intramolecular addition and cycloreversion steps can also be
carried out by simply heating (8) with one equivalent of the dipyridyltetrazine in toluene.
Activation of the acetylene by the methoxycarbonyl group is essential for intramolecular
addition to occur, since the terminal acetylene (6) could not be induced to undergo reaction

under these conditions.

Brief treatment of the ester (13) with DDQ afforded methyl thieno[3,4-b]furan-3-carboxy-
late (15), m.p. 63-4°, lH n.m.r. (CDC13) 8§ 8.22, s, H2; 7.25, &, J 2.3 Hz, H4; 6.85, 4, J

2.3 Hz, H6; 3.90, s, CO2CH3. The parent heterocycle (1) was prepared from (13) by a sequence

involving ester hydrolysis, decarboxylation and dehydrogenation. Thieno[3,4-blfuran (1) was

obtained as a colourless oil, 1H n.m.r. (300 MHz, CDC13) § 7.58, 4, J2 3 2.4 Hz, H2; 6.92, 4,
’

2.4 Hz, 0.9 Hz, H6; 6.41, d of 4, J

2.5 Hz, H4; 6.74, dof &, J 2.5 Hz,
r

J J
4,6 6,4 6,3 3,2 J3,6
0.9 Hz, H3. The long range coupling observed between H3 and H6 is analogous to that found

for thieno(3,4-b]lthiophene (3)3 and for benzofuran:lo

H3 H3 H3
/i 7 7 7 s 7
s O
H6 H6 H7
= 0. = 0. J = 0.9 H
J3,6 0.9 Hz J3,6 0.7 Hz 3,7 z

The electronic spectrum of (1) in ethanol shows Amax 216 (log € 3.65), 221 (sh) (log € 3.62)

and 259nm (log € 3.74), and is essentially devoid of fine structure.

In an attempt to synthesise the furo[3,4-b]furan ring system of (2), we have carried out
an analogous series of reactions starting with furfuryl alcohol (5) (Scheme). In this case
the adduct (11) could not be isolated, but the tandem intramolecular reverse Diels-Alder
sequence could be effected by refluxing (9) in toluene in the presence of dipyridyltetrazine.
This afforded the ester (4), m.p. 129-30°, in 89% yield. However, all attempts to introduce
the requisite additional unsaturation, either by dehydrogenation or bromination-dehydrobrom-
ination, have so far been unsuccessful. The preparation of (14) does however illustrate that
the dipyridyltetrazine can be efficiently used to trap the adduct (11), despite the fact that

(11) is presumably present only in low concentration in refluxing toluene. This tandem
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Me02C MeO, C

(14) (17)

intramolecular-reverse-Diels-Alder reaction sequence should find application in other syn-

theses.
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