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[71- AND [61(3, 7)TROPOLONOPHANES
Hideshi Saito, Yutaka Fujise and Shé 1t8
Department of Chemistry, Tohoku University

Sendai 980, Japan

Abstract:  Synthesis of the titled tropolonophanes has been attempted. Though the [71- compound was
obtained, the lower homolog was failed to be synthesized probably because of the strain imposed on the
desired compound. The former tropolonophane was shown to exist in the enolone form. PMR and elec-
tronic spectra of [7] and [ -homologs and their methylethers revealed some nonplanarity in the 7-
membered rings. PMR spectrum also established the conformation of the bridge in the former compound.

1)

In the previous paper ’, we have reported the synthesis of [8](3,7)tropolonophane (le), the first
single-decked tropolonophane, and demonstrated that the compound possessed a nearly planar tropolone
ring with a conformationally flexible bridge. In the continuous effort to impose strain on tropolone ring,
we have attempted synthesis of two lower homologs of ]3. In this paper, we describe our synthetic effort
toward [71- and [6](3, 7)tropolonophanes (Ib and I¢c), and some physical properties of the la and 1b and
their methylethers (g\c': and gb)

Synthesis: The synthesis of 1b followed the reaction sequence used in that of la],) 3, 7-Bis(bromomethyl )-
tropolone methylether (3) and disodium 1, 5-pentanedithiolate were heated in refluxing methanol (high
dilution) to give the dlthlc[ﬂfroponophune 4b in 52% yield ) m-Chloroperbenzoic acid oxidation of 4b
afforded the corresponding mefhoxy-dlsulfone 5b in 95% yield. Acid hydrolysis (HBr) of 5b yielded the
disul fotropolonophane é.l? in 91% yield. Contrary to the case of la’, however, thermolysis of é6b at
various temperatures induced only its decomposition. On the other hand, thermolysis of Sb at 470-480°C
followed by flash column chromatography (A|203) gave the methoxy[7Itroponophane ’2\13 in 3% yield.

Acid hydrolysis (HBr) of gb afforded, after purification via Cu salt, the desired }b as colorless needles
in 41% yield.
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Suffixes a, b and ¢ denote n=8, 7 and 6, respectively, through this paper.

Synthesis of lc was then attempted by the same reaction sequence. The corresponding 4c (28%

4761



4762

yield), ig (94%) and $c (84%) were thus obtained. However all attempts to pyrolyze ’55 or éc at
various temperatures yielded only intractable tar. The strain inherent in the desired lf and ?5 seems to
have hampered the thermal C-C bond formation with 502 extrusion.
The present results coincide with the fact that the lowest known member of [nlcyclophanes synthe-
sized by the SO 3).

extrusion method is [8] for para series and [7] for meta series Thus, 1b may be

2
the lowest possible member of [nl(3, 7)tropolonophanes to be synthesized by this method.

Diketone-enolone problem in 1b: Although tropolone is known to have tendency to take a keto form

5)

when planarity is disturbed sferically]"" + the compound lb exists in tropolone form judged from the

following spectroscopic observations. General feature of IR spectrum is very similar to those of la and

3, 7-dimethyltropolone (7), showing a broad OH band (3180 cm_]) and strong CO bands (1552, 1537 cm'])

~

and devoid of any band in normal carbonyl region. The low-field signals in PMR spectrum (Fig. 1) of 1b

consist of a clear AB, pattern (J=10.0 Hz) at 6.86 (t, H_ (tropolone numbering)) and 7.20 ppm (d, H4).

2 5
No signal except those due to the bridge protons is observed at around 3-4 ppm region where protons on

a sp3 carbon in the keto form are expected to appear.
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Fig. 1 PMR spectrum of 1b (200 MHz, in C02C|2)
1)

Planarity of 7-membered rings in 1q, ng, 29 ond 2b: When chemical shifts of tropolone protons in la

and 1b are compared with those of 7, a small but regular up-field shift is clearly observed for Hyr on

going from Lthrough la to 1b, while

ble 1. t hemi ift i ivati .-
Table Proton chemical shift in tropolone derivatives H_ remains constant (Table 1). A simi-

5
Compd No. 7 la b 8 2q ‘2}3 lar but amplified up-field shift is also
H, 7.%  7.24 7.20 6.7 6.68 658  observed for Hyand Hoin 20 and 20
compared with those of 2-methoxy-3,7-
H5 6.86 6.86 6.8 6.56 6.63 6.58 dimethyltropone Q) (Table ])6). This
H6 7.36 7.24 7.20 7.13 6.79 6.58 is explicable by the increasing out-of-

plane deformation of 7-membered ring
in the order. Shorter bridge, causing more deformation and reduction of the conjugation between the
enolone part and the diene system, results in larger up-field shift of the hydrogens B and & to the
carbonyl group. The larger shifts in the methoxytropones (2a and gh) than in the corresponding tropo-

lones (la and ll:) suggest deeper bending of the 7-membered ring in the formers probably because of
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their smaller delocalization energies.

All bands in electronic spectra of Jg and 1b (Fig. 2a) show, when compared with that of 7, batho-
chromic shift in the same order and loss of fine structure, two common features observed in short-bridged
phanes7), in neutral, alkaline and acidic media. The spectra of 2a and 2b show the same trends com-
pared with that of 8 (Fig. 2b). These changes would also reflect the nonplanarity of 7-membered rings
in these phanes. ~
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Fig. 2 Electronic spectra (a) of la(-=-), llz(—) and 7 (=== Y, )

Conformation of the bridge in lb: Seven signals are observed in NMR spectrum (Fig. 1) for bridge
protons at =1.59 (IH, dtt}, 0.40 (2H, br.dt), 0.77 (1H, complex m), 0.85 (2H, complex m), 1.31 (2H,
ddt), 1.85 (2H, dddd), 2.54 (2H, ddd) and 3.48 (2H, td), suggesting that the bridge has a plane of

symmetry within NMR time scale. The nonequivalence of two "benzylic" protons (Hg) suggests no flipping

of the bridge across the plane of tropolone ring, though some conformational change may be inevitable.
Detailed decoupling experiments disclosed the hydrogen sequence shown in Fig. 3a. Consideration of
angular dependency of vicinal coupling constant™’ and anisotropy of tropolone ring suggested averaged
conformation of the bridge. Of the two possible orientations of tropolone ring relative to the bridge,

the one (Fig. 3b) with H, ot 3.48 ppm facing to the enolone part was considered more likely because of

the anisotropic effect of that part9). The most stable conformation obtained by molecular mechanics
2. 54 0. 85 1.31 0.77
5.6 = b) 1.31
12 3 \ 13 6 0.85 H 0.77
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3 48 . 0. 40 -1 59 K4 OH

Fig. 3 (a) PMR parameters of bridge hydrogens in 1b  (b) Conformation of 1b and assigned TH chemical
~ shifts
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10 .
) revealed the correctness of the assumption. The coupling constants calculated from the

8,11)

calculations

conformation are in good agreement with the experimental values.

1)

No flipping of the 7-membered ring occurs at room temperature even in the dithia compound 4a'",

1 1

the disulfones §3 and 6a’”’, as is judged from the presence of two sets (for ;13 and 29) or a set (for 29)
of AB signals for Hy. Apparently a bridge with 10 atoms is not long enough to allow the flipping in
these cases.
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