
Tetrahedron Letters No. 5, pp 405 - 406, 1976. Pergamon Press. Printed in Great Britain. 

CYANOVlNYL - SUBSTITUTED A.20 DYES. AN UNUSUAL 

EXAMPLE OF NEGATIVE HALOCHROHISM IN A MONOSUBSTITUTED 

AMINOAZOBENZENE 

K.Y. Chu and J. Griffiths* 

Department of Colour Chemistry, The University, Leeds, LS2 9JT 

(Baceircd in UB 26 November 1975; accepted for publication 22 December 1975) 

The well known colour change, or halochromism, of aminoazobenzenes e.g. (I) in acid 

solution is caused by protonation of the B-nitrogen atom of the azo group, giving t’le normally 

more bathochromic cation (lI).l Whereas the visible absorption band of (I) moves to longer 

wavelengths as the electron withdrawing strength of X increases, the reverse is true for the 

cation, and this can be attributed to the opposite directions of charge migration accompanying 

electronic excitation. Thus it is found that the long wavelength bands of the neutral and 

protonated forms converge with increasing electron accepting strength of X.’ If X is 

sufficiently powerful, the bands may cross, thus giving a negative halochromism, with the 

cation absorbing at shorter wavelengths than the neutral molecule. However, this Ts a rare 

phenomenon , and the only monosubstituted aminoazobenzene known to give a negative halochromism 

is (I; R-Me, X - N2+), where the substituent is positively charged.3 In view cf the 

known powerful electron acceptor properties of the di- and tri-cyanovinyl groups, we have 

prepared various amtnoazobenzene dyes containing these substituents, and have noted an 

interesting example of negative halochromism in one of these derivatives. 

a; R-Et, X- CHO 
b; R-Et, X- Ct#: (CNj2 

c; R - Et, X - C(CN)-C(CN)2 

d; R - Et, X = C(OEt)=C(CN)2 
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The aldehyde (Ia), prepared by coupling diazotised ~-~inobenzald~hyde to 

N,N-diethylaniline, condensed readily with malon~nitrile in ethanol to give deep violet 

crystals of the di~yanovinyl derivative fib), m.p. 215-2?7’, in 57% yield,” The effectiveness 

of the dicyanovinyl residue as an electron acceptor was indicated by the deeper colour of 

(Ib) (h;iiH 523 nm) when compared with 4’-nitro-4-N,N-diethylaminoazobenzene (lEtoH 488 nm). 
wax 

However, (Ib) showed a positive halochromism (+ 27 nm in acidified ethanol), although this was 

reduced in comparison with the nitro analogue (+ 38 nm) and the aldehyde (Ia) (+ 49 nm). 

Conversion of (Ib) to the tricyanovinyl derivative ffc) was effected in 34% yield by 

addition of potassium cyanide to the vinyl group, followed by oxidation of the product with 

lead tetracetate.5 The product formed tustrous green crystals, m.p. 174175O.‘) The 

additional cyano group in (It) resulted in a remarkable bathochromic shift of the visible 

absorption band, and solutions of the dye were blue (XzifH 587 nm). No other neutral 

~nosubstituted aminoazobenzene has been reported that shows an absorption band at such long 

wavelengths. The tricyano dye was rather unstable in ethanol, slowly fading to a red 

product identified as the ethoxy compound (Id), and thus its halochromism was examined in dry 

benzene. Complete protonation occurred in 5 x 10m4N anhydrous HCI in benzene, the absorption 

band moving from 592 nm (log E 4.60) to 586 nm (log e 4.68). Thus the tricyanovinyl group 

is sufficiently electron withdrawing to cause negative halochromism. The reversibility of 

the colour change was established by neutralising the solution, when the original spectrum 

was completely restored. 

The I-ethoxy-Z,2-dicyanovinyl group was less effective as an electron acceptor, as 

evidenced by the spectrum of (Id) (1::: 473 nm), which closely resembled that of the aldehyde 

(Ia) 1X:$” 472 nm). The spectra of the cations were also similar (1~~~” 520 and 521 nm 

respectively). 
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