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SUMMARY 

A number of chromophoric chain B-aryl-substituted (CCBAS) styryl 
cyanines (hemicyanines) have been synthesised by condensing substituted 
quaternised quinaldine bases with substituted benzophenones, with a view 
to studying the effect of the aryl substituents on their visible absorption 
and silver halide photosensitisation properties. 

The dyes absorb at longer wavelengths than the unsubstituted 
analogues, showing uniform bathochromic shifts andextra-photosensitis- 
ation properties, which corroborate the authors’ previous findings. 

Irrespective of the nature of the substituent attached to the chromo- 
phoric /3-phenyl group, electron withdrawing and donating groups result 
in a bathochromic shift of the visible absorption bandandextension of the 
extra-photosensitisation in most cases. 

1. INTRODUCTION 

We have reported recently the spectroscopic and sensitisation properties 
of a number of hemicyanines. ’ - 3 As a continuation of this work some 
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more CCBAS dyes have been prepared and the effect of the various P-aryl 
substituents on optical properties has been studied. These dyes were 
prepared by condensing Cdimethylamino-, 4-dimethylamino-4’-nitro-, 
4-dimethylamino-2’-nitro- and 4-dimethylamino-3’,5’-dinitro-benzophe- 
nones with different 6-substituted quinaldinium salts as summarised in 
Scheme 1. 

Absorption maxima (A,,,,,) and the ranges of extra-sensitisation data 
have been recorded and comparison made between the corresponding 
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chain /I-substituted and /3-unsubstituted analogues.4,5 The styryl 
cyanines have been examined extensively3 - ’ 2 and earlier observations 
suggest that substituents attached to a- or B-carbon atom with respect to 
the heterocyclic end group in the chromophoric chain cause hypso- 
chromic shifts of the absorption maxima compared with the unsubstituted 
analogues. ’ 3 - ” 

However, the dyes now described show invariably bathochromic shifts 
which con&-m the authors’ previously reported work.rm3 

Since the B-phenyl, /3-Qnitrophenyl and /I-Znitrophenyl substituents 
have a strong resonance effect, it is possible that chromophoric chain 
/l-substitution of this type may affect the resonance stabilisation of the 
dye molecule. However, the steric hindrance to the resonance stabilisation 
in the prime chromophoric chain due to the bulkiness of the /I- 
substituents may also be an important factor to consider. 

2. RESULTS AND DISCUSSION 

Analytical and other experimental data for the dyes are summarised in 
Table 1. Sensitisation spectrographs of photographic plates treated with 
the dyes were obtained and compared with that of an undyed plate 
(Fig. 1). The absorption maxima (&_) of the iodide salts in ethanol are 
recorded in Table 2 and the extra-sensitisation data in Table 3. 

2.1. Visible absorption spectra 

Comparison of the absorption data for the present CCBAS styryl cyanine 
dyes (series 1, series 2, D,, of series 3 and D,, of series 4), with those 
analogues described previouslyrP2 (D,,_, of series 3, D,, of series 4 and 
series 5) and with the fl-unsubstituted dyes4v5 (series 6) cited from the 
literature permits the following generalisations to be made. 

A chain /I-a@ substituent causes a general bathochromic shift of 
the absorption maximum of about 20-4Omp relative to corresponding 
unsubstituted analogues,4$5 irrespective of the nature of any additional 
groups attached to the phenyl ring, i.e., whether they are electron 
attracting or electron donating or whether they are just space occupying. 
This is in contrast to the earlier observations that either (x- or B- 
substitution generally leads to hypsochromic shifts.” - I7 The present 
report also corroborates the authors’ previous investigations.’ -3 
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It can also be seen that the nature of the /I-phenyl substituent (where 
R = H, Cnitro or 2-nitro) has little effect on the absorption maximum. 
It is interesting that the recently reported 4-dimethylaminophenyl 
substituted dyes carrying electron donating substituents at the /?-position 
have, in all cases, I,, at longer wavelengths than the corresponding 
/_I-aryl dyes containing electron withdrawing groups or no group in the 
phenyl ring. The effect of the 4-dimethylaminophenyl group is almost 
equivalent to the space occupying, but electronically ineffective, /I-3,5- 
dinitrophenyl group. 

The influence of Gsubstituents in the heterocyclic moiety on A,,,,, is 
small but consistent for most of the series (l-3). Thus the progressive 
bathochromic shifts in various series and in the series already reported’p2 
follow the sequence: 

6-I > 6-Br > 6-Cl> 6-H 

and also 

6-OEt > 6-OMe > 6-Me > 6-H 

[except in series 1, where D, > both D, and DJ. 
The present results also confirm the earlier observationsls,rY that the 

nature and position of the substituents in the heterocyclic terminal 
residue of the dye molecule can influence both the visible absorption band 
and the sensitisation properties. 

Absorption spectrographic properties of the dyes based on the con- 
densed /I-naphthaquinaldine system are anomalous, but even here, the 
effect of /3-aryl groups is clearly operative and the dyes again absorb at 
longer wavelengths than the /I-unsubstituted analogues.4,5 

2.2. Photosensitisation 

Analysis of the sensitisation data does not permit any definite general- 
isation to be made. Although most of the newly prepared dyes (series 1,2 
and 3) except the B-3,5-dinitrophenyl dyes (series 4) are fairly good 
sensitisers, the effect of the chromophoric chain /&substitution has no 
appreciable beneficial effect. The ranges of extra-sensitisation are in 
general lower than those for the fi-unsubstituted analogues. This may be 
a steric effect, due to the CCBAS group projecting above and below the 
plane of the conjugated planar molecule.20 

The /I-4nitrophenyl dyes (series 2) are slightly better sensitisers when 
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compared with the /S-2-nitrophenyl (series 3) and jI-phenyl (series 1) dyes. 
In some cases (D,-D,, D,, and DzI-D& two peaks can even be observed. 
In contrast the B-3,Sdinitrophenyl dyes (series 4) are desensitisers, and 
the intensity of the silver halide plates in the blue-violet range is 
decreased. The desensitising property varies in the order 

and 

D,<D,<D,<D, 

D, < D,, < &a < D,* 

It can also be seen that the extension of optical sensitisation induced by 
6-substituents in the heterocyclic moiety follows the sequence: 

I>Br>Cl>H 

and 

OEt>OMe>Me>H 

Moreover, it was also found that the present dyes were inferior 
sensitisers in comparison with the /I-4-dimethylaminophenyl dyes (series 
5), recently reported by the authors,2 with regard to the range of extra- 
sensitisation, the extension of the sensitisation maxima, number of peaks 
and intensity of extra-sensitisation. Of the electron attracting chromo- 
phore, -NO,, and the electron donating auxochrome, -NMe,, the 
latter is more effective than the former. 

2.3. General comparative conclusion 

Comparison of the absorption data of the variously /?-substituted styryl 
dyes leads to some interesting observations. 

The recently reported /Udimethylaminophenyl substituted dyes’ 
(series 5) have consistently longer A,,.,,, values than the corresponding j3-4- 
nitrophenyl substituted dyes (series 2). The suggestion that the opposite 
mesomeric effect of the two substituents (A) and (B) is responsible for the 
comparatively lower bathochromic shifts in the case of(B), does not appear 
to be valid. For, if this were the case, the /I-Znitrophenyl substituted 
dyes (series 3) should have shown significant hypsochromic shifts, the 
2-nitrophenyl group (C) being more strongly electron attracting than 
the 4-nitrophenyl group (B), because of combined mesomeric and 
inductive effects. It may, however, be argued that the bulky /I-2- 
substituent causes out-of-plane twisting of the phenyl group, thus 



224 B. N. Jha, J. C. Banerji 

h & &% 
Me ’ ‘Me 

OdN\2 

(A) (B) (C) 

annulling the mesomeric effect and leaving only the inductive effect 
operative. 

The enhanced bathochromic shifts conferred by the /I-3,5dinitrophenyl 
substituent (series 4) suggests that steric effects are probably more 
important than electronic effects. In this case the 3,5-dinitrophenyl group 
will have no mesomeric effect and only an insignificant inductive effect as 
a substituent. 

It can also be seen for a given terminal hetero substituent that the 8-4 
dimethylaminophenyl substituted dyes2 (series 5) are the best sensitisers 
among those dyes studied by the authors. The obvious conclusion is that 
the strong electron donating effect to the conjugated system causes an 
enhanced bathochromic shift and a correspondingly enhanced sensitis- 
ation. On the other hand, the /I-4nitrophenyl substituted dyes (series 2) 
are less effective sensitisers and absorb at a slightly shorter wavelength. 
The /3-4-nitro substituted ring is not likely to lie exactly in the same plane 
and thus does not fully participate in resonance delocalisation, and 
consequently its electron withdrawing effect is reduced. 

The optical properties of the /_I-Znitrophenyl dyes (series 3) are more 
interesting. Although in the /&2nitrophenyl compounds, the nitro group 
causes electron withdrawal due to both mesomeric and inductive effects, 
the mesomeric effect of the 2nitrophenyl substituent is likely to be 
insignificant, as steric interference would, in all probability, twist the 
benzene ring out of the plane of the main conjugated system [model (D)I], 

NMe, 

(W 
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thus inhibiting resonance delocalisation. Even so, the absorption and 
sensitisation properties of these dyes lie between those for the /3-4- 
dimethylaminopheny12 (series 5) and the fl-phenyl dyes (series 1) and 
close to the P-Cnitrophenyl dyes (series 2). 

3. EXPERIMENTAL 

3.1. Chain substituted styryl cyanines 

4_Dimethylaminobenzophenone, 4dimethylamino-4’-nitrobenzophenone, 
4-dimethylamino-2’-nitrobenzophenone and 4-dimethylamino-3’,5’-di- 
nitrobenzophenone (reported by Jha and Banerji’) were obtained by 
adaptation of the method of. Shah et al.” The quaternary salts were 
prepared by the general procedure suggested by Johnson and Adams.22 

Condensation to give the dyes was effected, using the method reported 
earlier. 1*2 A mixture of the ketone and the quinaldinium salt (M:M) 
dissolved in the requisite volume of absolute ethanol/pyridine, was 
refluxed for about 2 h in the presence of piperidine as catalyst. The dye 
which precipitated after concentration was purified by recrystallisation 
from methanol. 

3.2. Absorption and sensitisation spectra 

The absorption maxima (A,,, ) of ethanolic solutions (l/1000 = w/v) of 
the dyes were recorded on a Beckmann Spectrophotometer Model DU, 
adjusting the transmission of the dye solutions to between 40 and 60 “/A. 
The sensitisation spectra were recorded on an Adam Hilger Wedge 
Spectrograph, using process plates (N40, Ilford Ltd) and a 150 cp point- 
o-lite AC lamp, as light source. The plates were previously dipped in dye 
solutions (l/50 000 = w/v in 30 y0 ethanol) for 4 min, drained and dried. 
Exposures of 4min were given and plates were developed by the usual 
procedure. The spectrograph of an unbathed plate was also recorded for 
comparison (Fig. 1). 
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