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Abetract. - !Ph% bi~-ind~o~bo~y~e 1* the first dye of a NsanCW.~h" 

Qqe with parall%l po~t~8 chtina btsiaded by tw% ethyl%n% links, is 

d%scrib%d. Ita stm&ur@ ia pm+ed with the help 09 visible spectra 

based upon th% theory of chroplophm8 fnteractitm, 
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Almost all known bio-compounda 

where ohremophore interaction is 

obsemd can be wpreeented mhttma- 

tically by formula A. Much fewer data 
I 

1 
are amilable about their cyclic 

gues of a %andwiehH type (formula 
to which 1 belongs. Xn~faat the st~clmre of a bis-dye with a 551~ Cp 

between obromophorer ebuld be realized only in dyes of tspe B, not in 

the two non-bonded ends of the ohromophorea would repel (of'* dye 4). 

an&lo- 

BJ (61 

an%le 
A where 

1 was oyzMms$%ed~by the usual cyanhe oondensation method from the qua- 

ternaq salt 2 [71. The highest yield of 9, 67 per cent, was obtained when 
0.445 g of salt 2 mta heated with 0.3 g of ethyl orthoformate in 2 ml of ace- 
tic anhydride - pyridi$e (%I) mixture at IN* for 5 mlnutoe. The pield of di- 

perchlorate '1, C50$4C121J4~, is low, 

but the anal;ytiaally pure product crye- 

tallises from the reaction mixture. 

Small prima of 1 deoompoae at abover 

300'. Ite solutions have a pale reddish 
orange colour due to the extreme narrow- 

neas of the principal band 8 (figma 1) 

in the spectrum at 506 ~111 (lg & 5.66). 

Phi.6 band is shifted to shorter wave- 

lengtha in oomparison with the monochm- 

mopbore dy& 3 absorption band, & 550 

nm (lg 6 5.15). It indicates that 1 has 

,nm a %era Cp angle betmen two polpethlne 

Bigure 1. Absorptionispectra (In chromophores.lnother band (r() at5gOma 

CE2C12). Pull QUFPB + 1, broken of a 50 times lower intensity (lg 8 3.98) 

curve - 3, dotted a&m - 4, is also obaeswrd in the spectrum of I. 
Its origin ail1 be diaoussed below. 

For coaiparieon ~re~tid.so eynthesised the his-indo~arbooyanine 4 of type A, 
A mixture of 0.445 g 00 salt 2 and 0.402 g of 1,3,3-trimetbyl-2-formylmetbyl- 

eneindoline was boilediwith 6 ml of acetic enhydride for 3 minutes. The dye 
was precipitated by ether and oonverted -to aiperchlorate, C50H56C12H408, 
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yield 80 per cent, m.p. 280-282O (decoup.>. Its epactrum is presented in fi- 

gure ?.Two bandsritb A_ 509 and 572 nm and nearly the samu intensity 

(lg & 5.21 and 5.29 respectively) show that the y angle is far from zero. 

? undergoes a reversible protonation in concentrated sulfuric acid to 

forx a oolourI,ees tetracation (cf. 181). But in a - 50 per Gent H.$O,+ an in- 
tense purple colour develops and an absorption band at 560 run occurs in the 
spectrum, Its shape ana location are typical of indocarboayanine dyes and 

prove that a tricatian with one trimethine chromophore is fomwd. These con- 

versions support the bis-trimthine structure 1. 

A sdution of 1 in CIL$+ &owe a d%ep zmd luminesaence with its maximum 
at 662 nm. The excitation spectrum of thie emission was found to coincid% with 

the absorption spectnam. This fact unambiguously shows that the band at 506 
and that at 590 nrn belong to the same substance. The extremely large Stokes 

shift (A3 s 466C cm-'> may sugmst that phosphorescenae occurs, but it is not 

-' quenched by anthraoene, which has a triplet state at 14900 cm (670 xun),i.e. 

near the resonance with the expeuted triplet of I. Failing phosphorescence,it 

is than fluorescence that takes place. Thus, the absenue of the O-O transit- 

ion both in the absorption and fluorescence spectra suggest the strongly for- 

bidden character of the long wavelength band,i.e. a zero 54 angle in dioation 1. 

The inspection of the molecular models of die&ion 1 shows that, unlike 

dyes of type B whose chromophores ere bonded with the odd number of methylene 

gmups (of. 1611, it can exist in three fix%d confomations similar to those 

of oyclohsrane E9 I: the chair, C (the symmetry group C,), the twisted boat, 

fB (D2), and the boat, B (C,). B is strongly hindered in the ease of 1, so 

its fraction is negligible. C seems preferable to TB because of a smaller hin- 

drance between the meso-hydrogen atoms in each of the polymetbine chains. The 
. 

angle between th% directions of two trimethine chmmophoma in c is precisely 

zero and is 28* in the TB case ISOl. The absorption band at 590 pm could be 

assigned either to C or to TB but the fluorescence experiments mentioned above 

Prove the predotiance of the centrosyametrical C [II 1 with a zerr, y angle 

betveen chmmophoree. 
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