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We recently reported the unexpected electrocyclic ring-
opening of thieno[2,3-b]- and thieno[3,2-b]pyrans which
are isosteres of chromenes.! These compounds arose as
intermediates to a series of novel potassium channel
openers discovered in our laboratories.?”® Of note, while
thieno[2,3-b]pyrans completely ring-open, thieno[3,2-b]-
pyrans la—c develop an equilibrium over several hours
to form 2a—c. Both la—c and 2a—c could be isolated
and characterized (eq 1). These compounds are stable
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in solution in neutral solvents such as base-washed
pentane for weeks, but re-form the same equilibrium
mixture of 1:2 (determined by NMR) within 12 h in
chloroform-d. These data suggest that this reaction is
an acid-catalyzed equilibrium process, an unusual phe-
nomenon for an electrocyclic reaction.

We now wish to report an additional unusual electro-
cyclic reaction discovered during the course of these
studies. In contrast to the ring-opened thieno[2,3-b]
analogues of 2 which underwent an Z- to E-isomerization
upon exposure to acid or iodine,! 2a did not isomerize to
give isolable Z-trienones 4. Instead, under these condi-
tions, 2a was converted in high yield to a single dimeric
product, which was isolated and characterized by NMR,
IR, MS, and combustion analysis. Furthermore the
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Figure 1. ORTEP representation of 6 showing position of
heteroatoms.
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precursor alcohol, 6,7-dihydro-7-hydroxy-5,5-dimethyl-
5H-thieno[3,2-b]pyran,” was converted in high yield to
the same product upon prolonged exposure to catalytic
acid under mild conditions, presumably through the
intermediacy of 1a and 2a. The carbon spectrum of the
product showed a doubling of the number of carbon
resonances as compared to la, the presence of three
methyls and one methylene indicative of a dimeric
material. NMR analysis of 2D carbon—carbon connectiv-
ity data indicated the product of 2a was one of the four
isomers arising from a Diels—Alder reaction, namely 5,
6,7, or 8 (Scheme 1). A relatively strong NOE observed
between the H-6 (geminal to the hydroxyl thiophene) and
H-10 (geminal to the isobutene) protons suggested the
1—3 diaxial arrangement of either 6 or 7. The NOE'’s
from the thienone ring protons were of no assistance in
determining the stereochemistry of the thienone attach-
ment but long-range proton—carbon couplings from the
cyclohexenyl protons (H-6 and H-10) to the carbonyl
carbon were small (<1.0 Hz), supporting a syn orientation
between H-6 (or H-10) and carbonyl carbon C-4, as in 6.

The structure of the product was ultimately deter-
mined by X-ray analysis of the crystal (Figure 1)" which
identified the product as isomer 6, the endo product of a
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Diels—Alder reaction of 3 with 4. The specificity of the
reaction is quite remarkable; none of the other possible
products are observed even in the crude reaction mixture.
It is interesting to speculate that the formation of the
single product 6 with such high selectivity might arise
by intermolecular hydrogen bonding between the hy-
droxyl of 8 and the carbonyl of 4 (formed in situ) to
establish proper spatial orientation prior to the [4n + 2]
cyclization process. This would thus represent further
exemplification of the recently reported diene—dienophile
hydrogen bonding control in Diels—Alder reactions (Fig-
ure 2).8

Figure 2.

The chemistry of the thienopyrans has proven to be
extremely rich and surprisingly different from the known
chemistry of the isosteric benzopyrans. Thieno[2,3-b]-
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and -[3,2-blpyrans undergo an unusual 6 electrocyclic
ring-opening with the latter being an equilibrium process
as demonstrated by NMR.! Even more unusual, the ring-
opened trienone 2a forms the single dimeric product 6
under reaction conditions which causes only E- to Z-
isomerization in the isomeric thieno[2,3-b]pyran series.

Experimental Section

[5S-(6S,10R)]-6-(3-Hydroxythiophen-2-yl)-8-methyl-10-(2-
methylpropenyl)-1-thiaspiro{4.5]deca-2,7-dien-4-one (6).
From 2a. A catalytic amount of iodine was added to a solution
of 2a! (0.50 g, 3.0 mmol) in CHCl; and stirred at rt for 2 h. The
solution was poured onto a column of silica gel, and the product
was eluted with CHsCl. to give 0.4 g of an orange solid 6. The
product was recrystallized from hexanes to give 0.199 g (40%)
of a colorless solid: mp 136—137 °C; a second crop of crystals
contained an additional 0.197 g (39%). IR (KBr): 3450—3150,
1656, and 1209 cm~!; 'H NMR (CDCly) 6 1.61 (s, 3H), 1.65 (s,
3H), 1.76 (s, 3H), 2.08—2.20 (m, 2H), 3.27-3.37 (m, 1H), 4.59
(br s, 1H), 4.92 (d, J = 9.5 Hz, 1H), 5.52 (d, J = 1.3 Hz, 1H),
5.96 (d, J = 6.0 Hz, 1H), 6.04 (s, 1H, exchangeable), 6.54 (d, J =
5.3 Hz, 1H), 6.97 (d, J = 5.3 Hz, 1H), and 8.27 (d, J = 6.0 Hz,
1H); 13C NMR 6 18.8, 22.7, 25.8, 36.7, 41.4, 41.9, 72.5, 115.2,
119.1,121.2, 122.4,123.9, 124.5, 135.5, 136.2, 150.9, 166.4, and
211.6; MS m/z 333 (MH"') Anal. Caled for C13H200282: C,
65.03; H, 6.06. Found: C, 64.87; H, 5.98.

From 6,7-Dihydro-7-hydroxy-5,5-dimethyl-5H-thieno-
[3,2-blpyran. A catalytic amount of p-toluenesulfonic acid was
added to a solution of 6,7-dihydro-7-hydroxy-5,5-dimethyl-5H-
thieno[3,2-b]pyran (2.3 g, 12.5 mmol) in methylene chloride (100
mL) and stirred at rt overnight. The solution was washed with
saturated aqueous sodium bicarbonate and dried over sodium
sulfate. The solvent was evaporated in vacuo, and the residue
was purified by flash chromatography on silica gel using 10%
ethyl acetate in hexane to give the product, 1.25 g (60%) of a
colorless solid, identical in all aspects to the above product.



