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Structurally well-defined macrocycfesontinue to attract strong
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derivative of3 prepared by the catalytic hydrogenation, and finally
determined by single-crystal X-ray analysis (Figur€ 1).

As shown in Figure 13 is not coplanar, and has the small
bond angle strathat C-C=C—-C(178.8 and 177.2) and
C—0O—C (113.6°). The size and shape of the cavity 8fis
different from those of folded “tublike” cyclotetrayfdgdowever,

3 seems to allowr complexes to form with the certain metal

interest from many research groups, because of the emergingons, because formation of the inner or outecomplex with

unique properties (such as specific recognition, selective binding,

and complexation) and the resulting molecular functions. As such
a macrocycle, we have been interested in a novel family of hybrid
cyclynes () consisting of 1,3-diethynylbenzene units and ether
units, which have three kinds of donor groups.
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The hybrid cyclynes (nanomolecules) having a larger cavity
(n > 3) are expected to form functional supramolecular complexes

transition metals at their triple bond is reported for cyclytés.

Of transition metals, we are particularly interested in the reaction
of silver(l) ion, since Komatsu’ grodpeported the inner Ag(l)

o complex with cyclotetrayne, and Youngs’ gréueported the
sandwich-type Ag(lyr complex with cyclotriyne. On the basis
of the various trials, we carried out the reactiorBofith AgOTf

(7.5 equiv) in benzene at 280 °C (see Supporting Information).
TLC monitoring of the reaction demonstrated the reaction
mixtures to be essentially composed of starting compound and
product. Workup and subsequent silica gel column chromatog-
raphy afforded blue fluorescent prodécfyield: almost quantita-
tive). The'H NMR spectrunt® of 6 in CDCl; showed two new
signals at 5.29 ppm (d,= 0.3 Hz) and 5.56 ppm corresponding
to the—CH,—O— which were not observed B The IR and3C
NMR spectrd’ of 6 demonstrated no presence of triple bonds.
The EI-MS spectruff of 6 clearly showed the molecular ion peak
at m/z 336. The molecular structure éfwas determined to be

with various substrates. On the other hand, the simple members,1,2:7,8-bis[tetrahydrofuro]perylene by single-crystal X-ray analy-

2 (n=1) and3 (n = 2), of this family arouse special interest in
structure and reaction behavior owing to bond angle strain,
besides the expected complex formation with transition metals.
We report here synthesis and novelAigduced highly selective
cyclization of3 as well as an attempted synthesis2of

On the basis of the MM2 structure f@rand3, we chose the
Pd-mediated coupling reaction ofdiiodobenzene with acetyl-
enes in the presence of Cul and pyrrolidin€he single step
synthetic strategy frorm-diiodobenzene and propargyl ether did
not give 2 and/or 3 but oligomer. As shown in Scheme 1,
Williamson'’s synthesis of ether from didland the corresponding
dibromide5 provided3 as colorless nonfluorescent crystals in
around 20% vyield.

The structure o8 was confirmed by spectral datdH NMR,
13C NMR, and IR} and the MS spectrumof the saturated
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sist! (Figure 2). Therefor® is a strucrural isomer a3, and not
the silver(l) .t complex 6-AgOTf).

From this figure, the molecule &is shown to have coplanar
structure with normal bond angles and bond lengths. It is to be
noted that reaction @& (a kind of tetracyclyne) with AgOTf does
not provide the Ag(lyr complex, but tetrahydrofuran ring-fused
perylene having intense blue fluorescen®e@.5 in CHCE). This
Ag(l) ion-induced cyclization leading to the highly selective
formation of the perylene skeleton is unprecedented and quite
interesting from the synthetic viewpoint, because the five-
membered heterocyclic ring-fused perylenes seem to be valuable
for creation of functional materials.
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Figure 1. ORTEP drawing oB (a, front view; b, side view). Ellipsoids
are drawn at 50% probability.

Figure 2. ORTEP drawing ob (a, front view; b, side view). Ellipsoids
are drawn at 50% probability.

We examined this reaction by changing the reaction conditions.
Consequently we confirmed that (i) metal ions other than Ag(l)
ion did not afford6, (ii) HCI as well as CESO;H were not
effective for the formation of6, and (iii) any reaction key
intermediate was not detected by TLC. From (1) our experimental
data described here, (2) our AM1 calculation on HOMO coeffi-
cents in3 andC (Scheme 2) and heat of formatioAHK) for 3,

6, andC, and (3) reported evidence for Ag(l)-catalyzed intramo-
lecular cyclization ofo-hydroxyphenyl phenylethynyl ketone to
auroné? and X-ray structure of Ag(lx complexes with condensed
aromatic hydrocarboris, the silver(l) ion-induced cyclization
leading to highly selective formation of the perylene skeleton is
considered to proceed by the double zipper (concerted) reaction
involving aromatization and successive proto-dematalaBor(

C, E — 6) shown in Scheme 2.

AHg is considered to be a measure of the stabilitg,aC, and
6, because they are structural isomers. Ak values (kcal/mol)
calculated by AM1 are 171.3 f@, 118.1 forC, and 20.3 for6,
indicating that produds is most stable, and the stability decreased
in the following order:6 > C > 3. If we assume that the reaction
rate for both zipper reactions is correlated wkhHs, the reason
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Scheme 2

we could not detect the key intermedi@eluring the reaction is
explained by the fact that the second zipper reactidAH; =
97.8 kcal/mol) is much faster than the first on®AH; = 53.2
kcal/mol). Our electrophilic cyclization leading to the perylene
skeleton is similar to Swagers’ electrophilic cyclization leading
to the phenanthrene skelettrut differs from Youngs’ nucleo-
philic cyclization leading to the chrysene skeléfdn the reaction
mode.

The product6 is a coplanar heterocyclic ring system and a
strong electron donor. To examine a possibile solid-state applica-
tion of 6, we have investigated its stacking mode (see Supporting
Information).

Consequently it is shown that moleculesé@make columns
composed of a nice— stacking of6 having interplane distances
of 3.47-3.63 A, and the intercolumn distance is about 2.60 A.
Both pentacyclic aromatic electron donors, perylene (ionization
potential (IP) 6.90 eV) and pentacene (IP 6.64 eV), have a similar
ionization potential and almost the sameelectron area. Since
preparation of efficient photovoltaic diodes by doping of penta-
cene crystals with iodine is very recently reportégyroduct6
and related systems where oxygen replaced by a heteroatom such
as S, PR SiR,, and GeRare expected to be valuable for creation
of such functional materials. Our reaction could be extended to
prepare such various heterocyclic ring-fused peryléhes.

Acknowledgment. We thank Professor Munakata (Kinki University)
for the single-crystal X-ray analysis. We are grateful to JSPS for financial
support of this research (JSPS-RFTF 9711601).

Supporting Information Available: Synthetic procedures, crystal-
lographic data foB and6, stacking structure @, and HOMO coefficients
in 3andC (PDF). This material is available free of charge via the Internet
at http://pubs.acs.org.

JA000822W

(14) Goldfinger, M. B.; Crawford, K. B.; Swager, T. M. Am. Chem.
Soc 1997 119, 4578.

(15) Bradshaw, J. D.; Soloocki, D.; Tessier, C. A.; Youngs, Wl. Am.
Chem. Soc1994 116, 3177.

(16) (a) Schia, J. H.; Kloc, Ch.; Bucher, E.; Batlogg, Blature 2000
403 408. (b) Schn, J. H. Private communication on the intercolumn distance
before and after doping.

(17) Synthesis and properties of S and Si analoguésvafl be reported
in due course.




