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ABSTRACT

Acid-catalyzed condensation of furan and pentafluorobenzaldehyde yielded conjugated macrocycles with six and eight furan rings. They

represent systems similar to annulenes with 30

7 and 40 electrons. From their structural analyses, it was found that furan rings in both the

molecules were inverted in an alternative fashion and displayed nontwisted conformations.

Porphyrins and expanded porphyrins represent model systemsenter of 44 and 46zdecapyrrolic systems to prevent the

to understand the delocalizationsoglectrons in large cyclic

twisting of the macrocyclé.To date, 34 core-modified

conjugated systems. Electronic properties of such macro-octaphyrins are the largest planar expanded porphyrins to
cycles are strongly dependent on their structural features andbe characterized in the solid and solution stétes.

the nature of substituentdnvariably, such macrocycles tend

Reaction of pyrrole with pentafluorobenzaldehyde gener-

to twist and adopt nonplanar conformations due to their ates a series of expanded porphyfifReplacing the pyrrolic

flexible nature?® Owing to this affinity for twisting, even
4n + 27 systems are devoid of aromatic featutéis a recent

units with other heterocycles such as thiophene/furan/seleno-
phene can be used to generate core-modified porphyrinoids,

report, a spacer, such as benzene, has been employed in thghich are structurally similar to annulenk# dearth of

T Regional Research Laboratory (CSIR).
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straightforward synthetic methods to generate flat expanded
porphyrinoids has hindered the study of such giant molecules.
Herein, we report the one-pot synthesis of stable and neutral
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cyclo-hexa furans [1.1.1.1.1.1],, and cyclo-octa furans || G

[1.1.1.1.1.1.1.1]2, by direct condensation of furan with aryl
aldehyde.

In a simple procedure (Scheme 1), 8B(Et), was added 1.0
to an equimolar ratio of furan and pentafluorobenzaldehyde
in methylene chloride, under an inert atmosphere, and was
stirred in the dark followed by oxidation with FeCAfter
workup and column chromatographic purification, two
different products, cyclo-hexa furafisand cyclo-octa furans
2, were isolated in 2% and 1% vyield (Supporting Informa-
tion). An uncharacterizable blue band was also isolated
during chromatographic purification.
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F Figure 1. Electronic absorption spectra dfand2 (~10-6 M) in

methylene chloride at room temperature.

1. 1 equiv BF3.0(Et),,
CH,ClI,
2. FeCl;

weaker band at 663 nm. In spite of its extended conjugation,
2 exhibits absorptions at 535 nm and 498(sh) nm with no
low-energy absorptions. The lack of a red shift in the
absorption spectrum fo2 with respect tol reveals an
antiaromatic character, as expected forner 4ystem. The
molar extinction coefficients of both the macrocycles are
comparable to 18sporphyrin systems, indicative of strong
absorption in the visible region. Protonation of macrocycles
1 and2 could not be observed upon addition of trifluoroacetic
acid, as evidenced by no change in their absorption spectra.
IH NMR spectra revealed a symmetrical structure for both
i ) . i 1 and2. In the case of, two singlets were observed at
_V_arylng the reac_tlon cond|_t|ons by Iong durations of 7.85 and 2.5 ppm corresponding to an equal number of (six)
stirring or by changing the acid catalysts did not ha_"e any protons. Two discrete singlets are possible only if three rings
profound effect on the y|eld of the products. The qx!d_atlon are inverted in an alternate fashion such that the protons of
was successful only with Felwhereas other oxidizing ¢ inyerted and the noninverted furan rings are different
agents such as chloranil or DDQ did not afford the ¢ each other. Becauskis a 307 system, the protons
conjugated macrocycles. Poor yields of the products formed ., o the center of the macrocycle experience diatropic ring
can be. attributed to the reduced regcuvny of furan in current effects and are hence upfield shifted, whereas protons
comparison to pyrrole. Lack of formation of macrocycles ., yhe neriphery are downfield shifted justifying the aromatic
with an odd number of furan subunits can be due to their nature of the macrocycle. In a similar fashignhdisplayed
_unstable nature because the_y c_annot form completely COMtwo singlets corresponding to an equal number of (eight)
jugated structures upon cyclizatién. ) protons at 9.4 and 5.85 ppm. Such anisotropy in chemical
1 and 2 represent unsaturated cyclic structures purely shifts for 4nzexpanded porphyrins has been reported in the
through an spearbon framework that bears a close resem- literature® The difference in the chemical shift valuesy,

blance. to. annuk_enes. accounts for a f‘?rma' 30zlectron for furan ring protons calculated from thid NMR spectrum
count in its conjugated pathway, amdis a 40t system. ¢ fond to be 5.35 and 3.55 farand 2, respectively.

ngause qf their extensive conjugation, they absorb In the Neither molecule exhibited fluxional behavior, as studied by
visible region of the electronic absorption spectrum (Figure low-temperature measurements. The chemical shift values

1). 1 exhibits a strong absorption at 551 nm followed by a do not vary, and still two distinct singlets were observed

. o .
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observation of two distinct singlets f@ris possible only if can reduce the bulk strain of the molecule. As seen along
the molecule is planar with @, axis of symmetry. Thiswas  the molecular plane defined by the eightso-carbons, it
further confirmed from single-crystal X-ray analysis &f shows a deviation from the absolute planar conformation.
(Figure 2)1° The two arms that arise from the trifuran subunits ([O1, O2,
03] and [05, 06, O7]), tend to come toward the center of
the macrocycle. The angle between the two trifuran planes
was found to be 40 Carbon—carbon (C—C) bond lengths
were in between single bond and double bond distances, with
the maximum and minimum being 1.454 and 1.342 A,
respectively, substantiating the delocalizatiomwr@lectrons.

The distance between the oxygens of noninverted furans (O1,
03, 05, and 07) was found to be 7.5 A. This distance is
sufficient to accommodate tw@-CH protons inside the
macrocyclic core. A similar trend has already been observed
in core-modified expanded porphyrifis.

Cyclic voltammetric studies were helpful to understand
the ring current effects in both macrocycldsshowed a
typical porphyrinoid-like voltammogram with two reversible
oxidations and reductions, confirming its aromatic behavior.
The Aredox Calculated from the first oxidation and reduction
potential was found to be 1.57 V. On the other hagd,
exhibits only a single oxidation and reduction peak with a
Aredox Of 1.38 V. Cyclo-octa furans2, represent a novel
example of an expanded porphyrin, useful to study anti-
aromatic planar 4nsystems.

In summary, we have described a one-pot synthesis
of cyclo-hexa furan [1.1.1.1.1.1] and cyclo-octa furan
[1.1.1.1.1.1.1.1]1 and2 are the first examples of expanded
porphyrins bearing six or eight furan subunits. To the best
of our knowledge? is the largest cyclic oligofuran system
to be characterized in the solid state. Structural features in
Eir%l:lrtea%d?ggt{ocr%i?égt:/lijecﬁisg gggtgﬁﬂtﬁ)laﬁginlgﬁr(1T(s)pe)1re terms of four ring inversions in an alternate fashion in
omitted for clarity. Thermal ellipsoids were scaFI)ed tc); 5002 prob- expandgd porphyrins are replorted for the f|r§t time. A similar
ability level. synthetic methodology is being explored with other hetero-
cyclic systems such as thiophene, selenophendandthyl
pyrrole.

The remarkable feature of the crystal structure lies in the
near-planar conformation for arf# 40r macrocycle. The
shape resembles that of a square, with all the four sides
having a length of 11.55 A. The nontwisting @fcan be
attributed to the symmetrical multiple ring inversions whic
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