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The reactive species 2,5-dimethylene~2,5~dihydrofuran gk) is a valuable

intermediate for the synthesis of bridged-aromatic compounds. Generated con-

Venientlyl

by a 1,6-Hofmann elimination, 1 dimerizes or cross-dimerizes with
other xylylene-like species (e.g., gfxylylene,'g) to give phanes2 containing a
bridged furan ring (e.g.,fg_and'gl. The furan unit is particularly useful as
it provides a functionality for structural transformations within the macro-
cyclic system, The syntheses, structural properties, and chemical transfor-
mations of phanes of type 3 and 4 are of continuing interest.3 As useful as
};is, it necessarily provides bridged-aromatic structures containing solely
two-carbon bridges. We describe here the synthesis and characterization of a
vinylog of‘iJ 2-allylidene-5-methylene-2,5-dihydrofuran gﬁz. Compound’g,
easily prepared by a 1,8-Hofmann elimination,4 provides a macrocycle unit for
the construction of functionalized [6.2], [4.4],and [4.2]phane systems, there-
by making accessible structures which have been either unknown or difficult to
prepare by alternate routes.

Reductive amination5 of 5-methy1furan--2-acrolein6 (3a) with DMF /HCOOH
gives the tertiary amine 5b. Methylation and anion exchange in the usual man-
ner’ provides the quaternary ammonium hydroxide 5¢c. Pyrolysis of ;g (as a
moist semi-solid) at 80-100° and 0.5 mm pressure occurs smoothly to give the
1,8~elimination product‘QJ isolated in a cold trap.8 Thus obtained (70%
yield), 6 is a yellow liquid of moderate stability: it can be kept for weeks
in a freezer, under nitrogen; as a 10% solution in CCl4 it has a half-life of
about 90 min at room temperature. The NMR spectrum of 6 is summarized below
(60 MHz, CDC13); MS, m/e 120 (100%, M+), 91 (96%), 65 (21%), and 39 (32%).
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When the Hofmann base Es’is pyrolyzed in water/toluene,l it affords main-
ly the head-to-head, 1,8-to-1,8 dimer of ji, [6.2](2,5)furanophane-l,S—diene2
(1) in 33% yield.? Dimer 7 has mp 84-85° (MeOH). IH-NMR (cCl,): 6 6.0 (B,
4H, furan); 5.8 (m, 4H, vinyl); 2.8 (s, 4H, [2]-bridge methylenes); and 2.4
(m, 4H, [6]-bridge methylenes). MS, m/e 240 (100%, M+), 120 (86%), and 91
(48%).10 The bridge double bonds are assigned the trans-configuration as
shown based on the IR spectrum (KBr): 1680 (m) and 970 (s) cm_l.

The a,B-unsaturated furan moiety in’zvis somewhat air sensitive and the
[6.2] system is best preserved in its reduced form. Hydrogenation of 7 (Pd/C)
gives [6.2] (2,5) furanophane gg)lo in 83% yield: mp (MeOH-HZO) 8-9°; lH-NMR,

§ 5.8 (aB,4H, furan), 2.9 (s, 4H, [2]-bridge methylenes), 2.6 (m, 4H), 1.6
(m, 4H), and 1.4 (m, 4H); MS, m/e 244 (100%, M+), 201 (36%), 119 (91%), 117
(91%), and 107 (82%).

Pyrolysis of §E’provides, in addition to 7, the head-to-tail systemll’a,
best isolated as 10 by hydrogenating the pyroi;;is product mixture, followed
by TLC separation (6% yield). Product 10, [4.4](2,5)furanophane,lo has: mp
(MeOH) 143-143.2°; NMR, & 5.8 (s, 4H, furan), 2.6 (m, 8H), and 1.5 (m, 8H);

MS, m/e 244 (100%, M+), 187 (12%), 173 (11%), 147 (15%) and 107 (20%).

Compound 10, to our knowledge, is the first example of a [4.4]furano-
phane; the [6.2]furanophane system has been generated previously by two methods
of less general synthetic utility.12

The usefulness of'gvin phane syntheses has been extended by cross-dimeri-
zation. Pyrolysis in water/toluene of an equimolar mixture of 5¢ and the
Hofmann base precursor1 of 2 provides, in addition to the expected homo-di-
mers, the mixed system ll. As in the cases above, the [4.2) system is best
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isolated and purified as the dihydro derivative. The pyrolysis product mix-
ture was hydrogenated and subsequent TLC separation gave [4]paracyclo{2}(2,5)-
furanophane (;3}13 in 13% yield.10 Product 12 has: mp (MeOH) 76-77°; lH—NMR
(cCiy), 6 6.8 (s, 4H, benzenoid), 5.6 (AB, 2H, furan), 2.68 (m, 4H, [2]1-
bridge methylenes), 2.5 (m, 2H), 2.2 (m, 2H), and 1.6 (m, 4H); MS, m/e 226
(738, "), 198 (33%), and 104 (100%).

The new structures reported here are of intrinsic interest as higher
homologs of the extensively studied [2.2] systems. In addition, we believe
that they will prove useful intermediates in the broader field of macro-
cyclic chemistry. Compounds’g_and }EJ for example, are essentially C16 bis-
(1,4-diketones). Functional group transformations in these compounds as well
as other cyclization reactions of‘édare subjects of current study.
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