CHEMISTRY LETTERS, pp. 837-840, 1975. Published by the Chemical Society of Japan

LAYERED COMPOUNDS. XXVIII.!) [2.2](1,3)PYRENOPHANE

AND ANOTHER TRIPLE-LAYERED METACYCLO-PYRENOPHANE

Teruo UMEMOTO, Toshihide KAWASHIMA, Yoshiteru SAKATA, and Soichi MISUMI
The Institute of Scientific and Industrial Research, Osaka University

Suita, Osaka, Japan 565

[2.2]1(1,3)Pyrenophane (5) and a triple-layered metacyclo-
pyrenophane (10) were synthesized successfully via transannular
reaction of 4,6-bisbromomethyl[2.2]metacyclophane with bromine

as a key step and finally by dehydrogenation with DDQ.

We have previously described the synthesis of a series of metacyclo-polynu-
clear carbophanes?) by the transannular reaction of multilayered metacyclophanes?)
with Py-HBrs;, followed by dehydrogenation. By this reaction sequence, however,
it was difficult to synthesize [2.2](1l,3)pyrenophane (5) because quadruple-
layered metacyclophanes were unable to give an important precursor (4) owing to
its greater ease of transannular reaction at the center of the molecule?).

We now report the synthesis of [2.2](1,3)pyrenophané (5) and another triple-
layered metacyclo-pyrenophane (10), which are important as model compounds of
transannular m-electronic interaction or excimer fluorescence. It was reached

#) of 4,6-bisbromomethyl-

with success by contriving the transannular reaction
[2.2]metacyclophane with bromine as an important step.

Dibromide (1) was treated with 2.3 molar equivalent amount of bromine in
methylene chloride under ice-salt cooling to give (2) (80%, colorless scales
from benzene, mp 234-236°C with decomp.). Coupling of (2) with sodium sulfide
in alcohol under dilute condition afforded disulfide (3) (43%, colorless plates
from benzene, mp 259-262°C). (3) was irradiated in triethyl phosphite-benzene.
(8:1) with high-pressure mercury lamp at room temperature for 12 hr. under

nitrogen bubbling. During irradiation octahydro[2.2](1,3)pyrenophane (4)

appeared as white precipitates(22%, colorless leaflets from toluene, ca. 320°C
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decomp. ) . A toluene solution of (4) was heated to reflux with a slight excess
of DDQ for 17 hr. After evaporation of the solvent the residue was taken up
in methylene chloride and chromatographed through a short column of alumina
(activity III) to afford (5) in a quantitative yield. For analysis it was
rechromatographed on alumina (activity I) and recrystallized from toluene

(colorless granulars, 322°C decomp., Mass 456 (M+), 428 (M*-28)).
Coupling of (2) with (6) in alcohol under dilute condition afforded (7) (75%,

colorless granulars from methylene chloride-hexane, mp 207-208°C). When (7)
was irradiated in triethylphosphite-benzene (40:1) for 9 hr., there formed two
isomeric products. After separation by chromatography over silica gel, u,d-
isomer®) (9) (colorless leaflets from ethyl acetate, mp 281-283°C with decomp.)
and u,u-isomer (8) (colorless fine needles from methylene chloride-ethyl acetate,
mp 275-277°C with decomp.) were isolated in 20% and 7% yields, respectively.
Their structures were assigned by nmr analysis. (9) was refluxed with DDQ in
benzene for 21 hr. and the reaction mixture was chromatographed over alumina to
afford u,d-isomer (10) of triple-layered metacyclo-pyrenophane (51%, colorless
needles from ethyl acetate, mp 302-303°C, Mass 462 (M+), 434 (M+—28))_ It was
found that (8) was readily isomerized to (9) under the same thermal condition
as in the case of (9)—(10) for ca. 1 hr., and therefore dehydrogenation of (8)
was not cafried out.

NMR data are shown in the Table. On going from (9) to (10), Ha proton is
shifted to downfield whereas Hb shifted to Upfield both by ca. 0.9 ppm. In ad-
dition Hd appears at low field by 0.19 ppm. These changes can be explained by
larger anisotropy effect of pyrene ring than that of benzene ring. On the other

hand, there is no change between Ha’'s of (4) and (5). It is probably attributed

NMR data of aromatic protons T values in CDClj

(4) (5) (8) (9) (10)

Ha 5.57 5.50 5.57 5.01 4.19

Hb 5.76 5.67 6.57

Hc 5.94 5.82 5.76

Hd 5.61 5.01 4.82

Hy 1.46 1.54
(d,J=10 Hz) (d,J3=9 Hz)

Hy 1.84 1.92
(d,J3=10 Hz) (d,J=9 Hz)
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Electronic spectra of pyrenophanes in THF. observed in (10).
The electronic spectra of (5) and (10) are shown in the Fidure.

There are
observed bathochromic shift and disappearance of fine structure in the spectra

of (5) and (10), compared with that of pyrene as a reference.

It is probably
due to some transannular interaction between chromophores as well as ring strain.

Emission spectra of (5) and other pyrenophanes will be presented elsewhere.
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