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ABSTRACT

Two types of s-conjugated compounds were synthesized by Sonogashira coupling, and their structures and properties were investigated by
X-ray analysis and spectroscopic measurements. The monoanthraquinone compound features an out-of-plane deformation of the inner carbonyl
moiety and dimer formation in crystals and solution.

We have previously reported that the molecular design basedirom deformation for geometric reasohBuring the course

on 1,8-anthrylene units and linear acetylene linkers is a of these studies, we learned that the molecular system of
simple yet versatile approach to building a variety of the smallest cyclic analogue, namely, 1,8-anthrytene
oligomeric structures as new types of arylereethynylene
compounds.For example, the tetrameric structured ofere
readily constructed from these building units, which adopted
a unique diamond prism structure (Figure?1\Ve also
synthesized cyclic trimerdeven though the molecules suffer
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ethynylene dimes, is still unknown while the corresponding || NN

ethenylengand butadiynylene analog@ese known as novel
fused annulenes. In the molecular model3ofthe inner H
atoms collide with each other in the rigid framework, and
this steric situation is the reason why its synthesis is difficult
to perform. Despite such difficulties, we managed to
synthesize compound with two alkyl groups at the 10-
positions by the cross-coupling reaction. Moreover, a similar
coupling reaction afforded anthraguinone analogus/en
though one of the carbonyl-oxygen atoms pointed inside the
central ring. Hence, we studied the structures and properties
of these newr-conjugated compounds, particularly steric
hindrance in the rigid ring system, photophysical properties,
and self-aggregation, a phenomenon often observed in shape-
persistent aromatic compountis.

The ring system was constructed by the Sonogashira
coupling of appropriate iodides and terminal alkynes. Be-
cause we failed to synthesize the parent compound without
substituents, isopropyl groups were introduced at the 10-
positions to improve solubility. The cross-coupling reactions
of 5° and 62 afforded cyclic product in 27% yield after
chromatographic purification (Scheme 1). Compouneas
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prepared fron6 in three steps, and this diiodide was coupled
with 5 to give 3 in 20% yield? Compounds3 and 4 were

obtained as stable orange crystals that melted at high
temperature with decomposition. These compounds were

reasonably characterized by NMR and mass spectros€opy.
The X-ray structures a8 and4 are shown in Figure 2

3is an almost planar molecule having two anthracene plane

and linear sp carbons (bond angles 176.78.3°). The

interatomic distance between the inner H atoms is 2.19 A,
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some atoms, especially the inner carbonyl oxygen atom 09’
(for numbering, see Figure 1), are positioned outside the
average plane of the framework to avoid severe steric
interactions with the inner H atom in the anthracene moiety
(09'-++H9 2.41 A). This structural feature is a result of
deformation of the benzoquinone six-membered ring into a
shallow boat form (folding angle is 29or O9') rather than

(10) Compound3: mp 320-330°C dec;H NMR (400 MHz, CDC},

0) 1.81 (d,J = 7.3 Hz, 12H), 4.63 (septed,= 7.3 Hz, 2H), 7.52 (ddJ =
7.3, 8.8 Hz, 4H), 7.94 (d] = 7.3 Hz, 4H), 8.53 (dJ = 8.8 Hz, 4H), 10.04
(s, 2H);13C NMR (100 MHz, CDC}, 0) 23.3, 28.8, 94.1, and 8 aromatic
Ssignals. Compound: mp 361—364C dec;'H NMR (400 MHz, CDC},

0) 1.79 (d,J = 7.3 Hz, 6H), 4.61 (septed, = 7.3 Hz, 1H), 7.49 (ddJ) =
6.8, 8.8 Hz, 2H), 7.64 () = 7.8 Hz, 2H), 7.85 (dJ = 6.8 Hz, 2H), 7.89
(d,J = 7.8 Hz, 2H), 8.12 (dJ = 7.8 Hz, 2H), 8.53 (dJ = 8.8 Hz, 2H),
9.84 (s, 1H)1%C NMR (100 MHz, CDC4, 8) 23.4, 28.7, 92.4, 93.8, 182.5,
184.6 and 14 aromatic signals.

(11) X-ray data3: formula GgHas, FW 484.64, monoclinic, space group
P2i/a (no. 14),a = 15.538(1) A,b = 9.8645(9) A,c = 17.735(1) Ag =
108.639(2)°V = 2575.7(4) B, Z = 4, Deac = 1.25 g/cmd, u(Mo Ka) =
0.71 cnvt, T = 273 K, number of data 532431 = 0.086,wR2= 0.228,
GOF 0.970, CCDC 654618L: formula GsH2002-Y/2(CeHe), FW 511.59,
orthorhombic, space grolgbcn(no. 60),a = 13.4503(4) Ab = 11.4759(4)
A, c=33.377(1) AV =5151.93) &, Z = 8, Deaic = 1.32 g/cm, u(Mo
Ka) = 0.80 cn1l, T = 273 K, number of data 5818, number of data used
5008 (I> 2.00(l)), R1= 0.052,wR2= 0.131, GOF 0.976, CCDC 654616.
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the pyramidalization of carbonyl carbon atofisThe IR the association constant &f, of 9 (mol/L)™* at 22°C in
spectrum off gave twoiyax (C=0) bands at 1670 and 1679 CDCl;,'® suggesting weak but significant self-association.
cm1, and showed no significant effects of the deformation The small association constant compared with those of other
(cf. anthraguinone 1680 cr). In the crystal o4, anthracene  shape-persistent macrocyclic compouridpartly attributed

and anthraguinone moieties partially face each other to formto steric hindrance of the 10-substituents and the absence of
a dimer. The interlayer separation (3.46 A) indicates the substituents enhancing solvophobic interactions. Com-
presence of attractive—s interactions between electron- pound 3 did not show chemical shift dependence on
rich and electron-deficient aromatic groups in the crystal as concentration. Therefore, the incorporation of an anthra-
often observed in other syster#sThis is in contrast to the  quinone moiety is essential for the associative property of
herringbone-like crystal packing &, which is dominated  this molecular system.

by edge-to-face interactions.
In the NMR spectrum, signals due to the inner protons _
were observed at 10.0 and 9.8 foi3 and 4, respectively,

and these were shifted by ca. 0.5 ppm to the lower field V
upon cyclization. Thé3C chemical shifts of sp carbon8 (

92.4-94.0) are typical of similar oligomers without signifi-
cant deformatior}:31* Some aromatic proton signals 4f F ok
especially those due to H9, HH3, and H4 protons, were %
shifted to the higher magnetic field with increasing concen- E |~
tration (Figure 3). Since these protons are located in the %‘
T st
|
Concentration (mol/L) H2 &\ ;‘,\—L
4 H2 o S
H9 M g 3('.;0 ‘ 400 : 500 600
| 8.65 x 1074 b A (nm)
'.[ Il( Figure 4. UV-—vis spectra of3 (blue), 4 (red), and 1,8-bis-
' l (trimethylsilylethynyl)anthracene (yellow) in CHELI
I 216x10°® _/ﬂ “k J
—
': jl The absorption spectra 8fand4 are shown in Figure 4.
\ il . UL {UN Compound3 gave intense structured absorption bands in the
e i ! 24l p-band region peaking at 480 nra {21 000). This large
i bathochromic and hyperchromic effect compared with the
; ' ‘ ', reference compound, 1,8-bis(trimethylsilylethynyl)anthraéene,
100 e o th_f l} is attributed to the formation of planar macrocyclic structure
' with two anthracene chromophores. Compounghowed
:, “ broad absorption bands with a weak shoulder extending to
|'L 103x10°2 i JJJ\ 550 nm. This spectral feature is also evidence of the self-

association in solution. A strong emission band was observed
= 80 8 at 488 nm (% 0.39) for 3 in the fluorescence spectra. In
Figure 3. 1H NMR of 4 in CDC; at variable concentrations at 22 ~ contrast, the emission was very weak #ofThe above data
°C (400 MHz). indicate that the core structure ®tan serve as a new type
of dye or fluorophore for various purposes.
In summary, we constructed the nesconjugated struc-

shielding region of the facing aromatic system in the X-ray tures with two anthracene groups and two ethynylene linkers
structure, this observation indicates that the molecules formregardless of the expected severe congestion within the
similar dimers in solution. Analysis of chemical shift changes central ring. These compounds are interesting not only from

assuming the monomer—dimer equilibrium model afforded a structural aspect but also from aspects of electronic spectra
and aggregation properties. Further studies are in progress

(12) The same type of deformations were reported for some an- 1O reveal other properties and reactivities.
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