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Abstract. — The bis-indocarbocysnine 1, the first dye of a "“sandwich"
type with parallel polymethine chains bonded by two ethylene links, is
described. Its strusture is proved with the help of visible spectra
based upon the theory of chromophore interaction.

The phenomenon of intramolecular chromophore intersction was observed in
the visible spsctra of biswoyanine dyes and firast correctly explaimed by
AJ.Elprianov and one of us {(I.L.M.) in 1965 [1]. Since then many examples
illustrating this phenomenon has become available. Amopg them there are bis-
dyes with conjugated chromophores {(for a review sse [21), bis-cyanines with
non-gonjugated chromophores [31, as well as colourless compounds having =&
similar structure [4]. But no-one has yet synthesized a bis-dye with a zero
¢ angle between the directions of the polymethine chromophores. Such & com-
round would be intereating in that its wost intense absorption band is expec-
ted to be shifted tec shorter wavelengths in comparison with the corrTesponding
monochromophore dye band [5]. We present here the first example of such dyes
with p = 0, the bis~indocarbocyanine 1, Its visible spectrum, treated in
terms of the theory of chromophore interaction, provides the simplest and
most unambiguons demonstration of its atructure.
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WMe, MeC tically by formula A. Much fewer data
are available about their cyclic aralo-
1 gues of a "sandwich" type (formula B) [6]
to which 1 belongs. In fact the structure of a bis-dye with a zero cp angle
between chromophores could be realized only in dyes of type B, not in A where
the two non-bonded ends of the chromophores would repel (cf. dye 4).

1 was synthesized by the usual cyanine condensation method from the gqua~-
ternary salt 2 [7]. The highest yield of 1, 6»7 per cent, was obtained when
0.445 g of salt 2 was heated with 0.3 g of ethyl orthoformate in 2 ml of ace-
tic anhydride - pyridine (1:1) mixture at 130° for 5 minutes. The yield of di-
1 Pperchlcrate 1, 050354(31211408, is low,

but the analytically pure product orys-
tallises from the reaction mixture.
Small prisms of 1 decompoge at above
300°. Its solutions have a pale reddish
orange colour due to the extreme narrow-
nesas of the principal band S8 (figure 1)
in the spectrum at 506 nm (lg € 5.68).
This bend is shifted to shorter wave-
lengths ln comparison with the monochro-
mophore dys 3 absorption band, 1mu 550
nn (lg €& 5.15). It indicates that 1 has
300 400 ' 600 A,nm & zero ¢ angle between two polymsthine
Figure 1. Absorption spectra (in CBTOmOPhOTes. Another band (L) at 590 nm
cnzcla). Pull curve - 1, broken of a 50 times lower intensity (lg & 3.98)
curve - 3, dotted sutve = 4. is also observed in the spectrum of 1.
Ita origin will he discussed below.
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For comparison we also synthesized the bis-indocarbocyanine 4 of type A.
A mixture of 0.445 g of salt 2 and 0.402 g of 1,3,3-trimethyl-2-formylmethyl-
eneindoline was boiled with 6 ml of acetic amhydride for 3 minutes. The dye
was preclpitated by ether and converted into diperchlorate, 050356012"408'
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yield 88 per cent, m.p. 280-282" (decomp.). Its spectrum is presented in fi-
gure 1. Two bands with hm 509 and 572 nm and nearly the same intensity
(lg € 5.21 and 5,29 respectively) show that the 30 angle is far from zero.

Cl107

1 undergoes a reversible protonation in concentrated sulfuric acid to
fora a colourless tetracation (e¢f, [8]1). But in a ~ 50 per cent 32504 an in-
tense purple colour developa and an absorption band at 560 nm occurs in the
spectrum, Its shape and location are typiecal of indocarbocyanine dyes and
prove that a trication with one trimethine ¢hromophore iz formed. These con-
versions support the bis-trimethine structure 1.

A solution of 1 in CH2012 ahows a deep red luminescence with its maximum
at €62 nm, The excitation spectrum of this emission was found to coincide with
the absorption spectrum. This fact unambiguously shows that the band at 506
and that at 590 nm belong to the same substance, The extremely large Stokes
shift (AY = 4660 om 1) may suggest that phosphorescence occurs. but it is not
quenched by anthracene, which has a triplet state at 14900 om (670 nm),i.e.
near the resonance with the expected triplet of 1. Falling phosphorescenae,it
is then fluorescence that takes place. Thus, the absence of the 0—0 transite
ion both in the absorption and flucrescence spectra suggest the strongly for-
bidden character of the long wavelength band,i.e. a zero CP apgle in dication 1.

The imspection of the molecular models of dication 1 shows that, unlike
dyes of type B whose chromophores sre bonded with the odd number of methylene
groups (cf. [6]), it can exist in three fixed conformations similar to those
of cyclohexane [9]: the chair, ¢ (the symmetry group C ), the twisted boat,
TB (De), and the boat, B (c ). B is strongly h:l.ndered in the case cof 1, s0
its fraction is negligible, c seems preferable to TB because of a smaller hin-
drance between the meso-hydrogen atoms im each of the polymethine chains. The
angle between the directions of two trimethine chromophores in C is‘ precisely
zero and is 28° in the TB case [10]. The absorption band at 590 nm could be
assigned either to C or to TB but the fluoreacence experiments mentioned above
prove the predominance of the centrosymmetrical ¢ [11] with a zero ¢ angle
between chromophores,
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