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ELECTRONIC SPECTRA OF'1,11DIANTHRYLPOLY-YNBS.
A NOVEL LINEAR RELATION BETWEEN THE'A max AND THE
SQUARE OF THE NUMBER OF THE TRIPLE BONDS, n®
Shuzo Akiyama and Masazumi Nakagawa
Department of Chemistry, Faculty of Science
Osaka University
Nakanoshima, Osaka, Japan
(Received 8 July 1963; in revised form 20 Jamuary 1964)
IN the course of the synthesis of macrocyclic tetra- and octa-
acetylenes containing two anthracene nucleil, the present
authors have synthesized l,ll-dianthryld:l.—a and tetra-acetylenesa
(V, n=2 and 4, respectively). It is now of interest to synthe-
size the corresponding tri-, penta- and hexa-acetylenes
(V, n=3, 5 and 6) to compare their electronic spectra with
those of the other poly-ynes and polyenes, The synthesis of
Vv (n=3, 5 and 6) has been carried out according to the sequence
of reactions outlined in the following chart,
The properties of 1,1Cdianthry1poly-ynes (V) and the

intermediate substances are summarized in Table 1.

1 S, Akiyama, S. Misumi and M. Nakagawa, Bull. Chem, Soc.

Japan, 33, 1293 (1960) ; 35, 1289 (1962).
2 S, Akiyama and M. Nakagawa, ibid, 33, 1291 (1960),
3 S, Akiyama, S. Misumi and M. Nakagawa, ibid. 22; 1326

(1962),
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The analytical and infrared spectral data of the substan-
ces listed in Table 1 are in accord with the assigned structures,

The electronic spectral data of 1,ltdianthry1poly-ynes (v)
are summarized in Table 2, and their absorption curves are

illustrated in Fig. 1.
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FIG. 1

The Absorption Curves of l,lLDianthrylpoly-ynes (v)
The curves, with the exception of the diécetylene
at the bottom, have been displaced upward on the
ordinate axis by 0.5-1logé unit increments from the
curve immediately below.

It is well known that the square of the wavelength of

the absorption maxima (A max ) varies linearly with the number

‘of the conjugated multiple bonds (n) in some series of poly-
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{VI): X=0H (viix)
{(VII): X=C1

(1) LiCsCH (n'=1) and Li{CEC)gH (n'=2); (2) Cu(0COCH;)g in
pyridine; (3) 50Cls in tetrahydrofuran and pyridine; (%)
NaNHp in 1iq. NHa; (5) BrMgC2CCH(OMgBr)CsCH

ITI (n’'=2), IV (n’ =2) and VIII (yellow needles, extremely
unstable) were used without purification.

TABLE 1
Properties of 1,1-Dianthrylpoly-ynes (V)

and the Related Compounds

m.p. {(°C) colour and crystal form
II, n' =1 120 pale yellow tiny cubas
111, n' =1 135-140 pale yellow tiny cubes
IV, n'=1 165~170 {(dec.) yellow fine needles
II, n'=2 106-109 {dec.) pale yellow fine needles
vI 166 pale yellow fine leaflets
VvV, n=3 ca, 270 {(dec.) yellow leaflets
V, n= ca, 220 (dec.) orange fine needles
v, n=6 ca., 210 {(dec.) red fine needles
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FIG, 2
Plot of }\:\ax versus n for 1,1’-D1anthry1poly—ynos (v)

a: benzene ; b: tetrahydrofuran ; c¢: cyclohexane
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FIG. 3

Plot of 7\,,‘, versus n® for 1,1’-D1anthry1poly—ynes (v)

a: benzene ; b: tetrahydrofuran ; c: cyclohexane
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e
enes* and poly—ynes5 ( A maxcc n ). On the other hand, a
linear relastion between the )\max and the n ( )\maan ) in
some charge-resonance systems such as cyanine dyes and poly-

ene -~ Lewis acid complexes was also well recognizeda.

It was anticipated that the plots of )\:ax of the poly-
ynes (V) versus n might give a straight line as in the case of
other series of poly-yne compounds, But in fact, the linear
relationship did not hold in these polyacetylenes as illust-
rated in Fig. 2. Unexpectedly, a linear relation was obtained
by plotting the A

n® (Fig. 3). This linear relationship could be expressed by

max of the longest wavelength peaks against
the following empirical formulae with excellent agreement with
the observed values. The observed and calculated values of

these peaks are given in Table 3.

e
Alnux = 2,.0n + 425 mp (benzene)
e
)\mnx = 2,0n + L22 m/M { tetrahydrofuran)
2
Alnux = 1.85n + 420.5 mp (cyclohexane)

e
The novel relationship ( A o€ n ) seems to indicate

max
the pronounced contribution af the l-anthryl end-groups to
the electronic excitation of the polyacetylenic chromophore.

The furthe:r studies on the synthesis and the spectral proper-

4 L. N. Ferguson, Chem. Revs., 43, 403 (1943) and references
cited therein,

5 H., H. Schlubach and V. Franzen, Ann., 573, 110 {1951)

J. B. Armitage, N. Entwistle, E. R. H. Jones and M, C.

Whiting, J. Chem. Soc., 1954, 147 ; C. L. Cook, E, R, H,

Jones and M, C. Whiting, ibid. 1952, 2883,
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TABLE 3

The Wavelength of the Longest Absorption Maxima

Apax (mA)
n bengzene tetrahydrofuran cyclohexane
obs, calce, obs, calc. obs, calc.,

2 433 433 430 430 428 428
3 Lu3 443 Llo LLo 437 437
b sy 457 456 b5y 450 150
5 k75 k75 473 L72 L66 467
6 L96 kg7 4ok Lol 487 487

ties of 2,2£ and 9,9Ldianthry1poly-ynes are now in progress
in order to get further information on the role of the end-
groups in the electronic excitation of poly-yne system.

The present authors wish to express their deep thanks to
Professor Ryoichi Fujishiro and Dr., K. Nishimoto of the Osaka
City University for their interest, encouragement and valuable
discussions throughout this research,

The details and the theoretical part of this research

will be published elsewhere,



