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SUMMARY

As a part of the project undertaken to study the effect of substitution,
a number of chain B-substituted hemicy anines hare been synthesised by
condensing 4.,4'-bis{(dimethylamino)benzopienone with 1ariously 6-sub-
stituted quinaldintum alky! rodides. Absorption and photosensitisation
of the dves hare been recorded

Contrary to the earhier observation that chamn B-substiturion in hemi-
cyamne causes hypsochromic shifts in absorption,' ~¢ rhe dyes under
1eport hare shown uniform bathochromuc shifts, which confirms the
authors’ previous findings.” ~° Further, these dyes absorb at longer wave-
lengths and are betier sensiiisers than their f-pheny! and f-p-nitrophenyl
analogues 3-°

Progressively weightier hetero-6-halosubstitutions have led to progress-
we bathochromic shifts and extended extrasensirisations, rrrespectite
of the nature of the B-substituents.” ~° Ethoquaternised hemucyanines
haie been found to absorb ar longer wavelengths and to exhibtt greater
photosensitisation than their methoquaternised analogues

+ To whom all correspondence should be addressed
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1. INTRODUCTION

A survey of the relevant literature reveals that chromophoric chain
substitutions in styrylcyanines, at positions either o~ or - to the hetero-
cyclic nucleus, cause hypsochromic shifts in absorption maxima as
compared with their chain unsubstituted analogues,! ~# but the extent
of hypsochromic shift is more pronounced in the former case.>-® As the
reported observations did not appear to be based on extensive investiga-
tions, it was considered worthwhile to undertake a project for the
synthesis of a reasonable number of chromophoric chain S-substituted
hemicyanines and to study the effect of the nature of the various
substituents on absorption and photosensitisation. In previous investiga-
tions the authors also reported the preparation and properties of chain -
substituted cyanines.” ~°

Although the hemicyanines have been extensively studied!®~'® from
different points of view—the effect of diverse substitutions in the hetero-
cyclhic moiety being the one most studied—very litile work has been
carried out to study the effect of substituents in the prime chromophoric
chain of the dye molecules. The present communication deals with the
synthesis of 12 chain B-substituted hemicyanines and a study of their
optical properties. The dyes have been obtained by the condensation of
6-substituted quinaldinium alkyl iodides with 4,4’-bis(dimethylamino)-
benzophenone as shown under Scheme 1.

The data for absorption maxima (4,,,) and ranges of extrasensitisa-
tion have been recorded and compared with those of their corresponding
B-phenyl, B-p-mitrophenyl and chain B-unsubstituted analogues;!!-1%
wherever possible reasonable conclusions have been drawn.

2. RESULTS AND DISCUSSION

Analytical data and some other characteristics of the dyes are given in
Table 1. The sensitisation spectrographs of the dyes and of an unbathed
plate are shown 1n Fig. 1. The absorption data are presented in Table 2
and extrasensitisation data in Table 3.

2.1. Optical absorption

Scrutiny of the absorption data of the chroemophoric chain f-substituted
dyes (series 1) of the present investigation together with those of the
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TABLE 2
Absorption Data of the Dyes (Metho and Etho Salts 1n Absolute Ethanol)

X N
S 2~ CH=C N
N |O e

e ]
1 R Y
|
Y = Y = @ Y = Y=H
NMec, NO.
Series | Series 2 Series 3 Series 4
(present work) (ref 8) (ref 8) (refs 11,14)
"’ R D‘ ¢ ’-'mu\ ;-ma\ ;"nlar ;'mur
symbol () (i) () (rigl)
H Me D., 568 562 563 530
Cl . Me D, 577 570 370 548
Br Me Dy 579 575 575 550
i Me D, 585 582 584 552
Me Me D, 578 545 569
OMe Me Dy 580 548 575
OEt Me D, 581 569 578
5.6-Benz Me D, 575 371 573
H Et D, 570
Cl Et D, 578
Br Et D, 580
1 Et D, 585

authors’ previous work®?® (series 2 and 3) and of the B-unsubstituted
dyes'! '* (series 4) quoted from the literature leads to the following
generalisations.

The chromophoric chain fS-substitution has uniformly resulted in
bathochromic shifts in absorption maxima (4,,,,) of about 30 mu, over
their S-unsubstituted analogues, contrary to the earlier observations that
both «- and f-substitutions lead to hypsochromic shifts. This also
corroborates the authors’ previous observations.” =2

The study of the effect of the nature of the chain f-substituent reveals
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some interesting observations. The electron-donating f-p-dimethyl-
aminophenyl substituent has, in all cases, extended absorption over the
analogous dyes containing the electron-attracting B-p-nitrophenyl or just
the B-phenyl substituents.

As far as the hetero-6-substituted dyes are concerned, the absorption
values of B-phenyl and B-p-nitropheny! are almost the same, but when
the substituent 1s B-p-dimethylaminophenyl a noticeable bathochromic
shift of about 5 myu is observed. The overall contribution of the 6-sub-
stituents 1n the heterocyclic system, though small, is regular and system-
atic Thus progressive weighting has caused progressive bathochromic
shifts 1n the series already reported,’ ® the sequence being

6-1 > 6-Br > 6-Cl > 6-H
and also
6-OEt1 > 6-OMe > 6-Me > 6-H

and the present results conform with the earlier observations.!” ~2°

The absorption data of the dyes having the condensed -naphthaquin-
aldine system are anomalous, but a weighting effect 1s clearly discernible,
in that these dyes absorbed at longer wavelengths than the analogous
B-unsubstituted dyes '! '*

That the weighting of the dye molecule causes bathochromic shift is
also observed in ethoquaternised dyes (D —D,) when compared with
their methoquaternised analogues (D5 3-D ).

2.2. Photosensitisatien

It has been found that B-p-dimethylaminophenyl substituted metho- and
etho-quaternised hemicyanines (series 1) are superior sensitisers with
respect to maximum extension and intensity of extrasensitisation among
all the dyes studied (series 2 and 3) by the authors.”~? In most cases
(Diy Dig D3 Dy and Dy, two peaks are observed and in 6-Br and
6-1 dyes (D, D3, Dg;and D) even three are discernible. Among the
dyes under report bathochromic shifts are in several cases as large as
1600 A Since the methoquaternised dyes (D;;-D,) of the present
communication were found to be fairly good sensitisers, four etho-
quatermised dyes (D,~D,) were prepared with a view to examine
whether weighting improved sensitisation In fact, etho dyes were found
to be greater sensitisers than their metho analogues.

A further examination of the sensitisation data of the dyes studied
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in this work and also of the authors’ earlier reported dyes’ ® reveals
that the extension of optical sensitisation of the dyes caused by
6-substituents in the heterocyclic moiety, follows the sequence:

I>Br>Cl>H
and
EtO > MeO > Me > H > f-naphthyl

These dyes are slightly better sensitisers probably because of the
presence of the effecuive electron-donating auxochrome (—NMe,) 1n
the chain f-substituent

2.3. General comparative conclusion

It 1s evident that with identical hetero substituents, the p-p-dimethyl-
aminophenyl substituted dyes have uniformly absorbed at longer wave-

lengths and are better sensitisers.

|

N7 N
AN

Me Me O O

The obvious conclusion that electron accession to the conjugated system
aids the bathochromic absorption shift and sensitisation is untenable,
because the B-p-nitrophenyl substituted dyes are almost equally effective
sensitisers and absorb in almost the same range when there is eiectron
recession to the conjugated system. It seems, therefore, that the electron
transporting character of B-substituted groups does not materially affect
the optical property of the dyes

3. EXPERIMENTAL

3.1. Chain substituted hemicyanines

The quinaldinium salt, obtained by the procedure reported earlier.” and
4.4'-bis(dimethylaminc)benzophenone (1:1 molar) were dissolved in a
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minimum volume of absolute ethanol. a few drops of piperidine were
added and the mixture was refluned gently under a moisture trap for
about 2h. The resulting solution on cooling afforded the dye, which
was recrystalhised from methanol

3.2. Recording of optical properties

The absorption maxima of the dyes were recorded on a Beckmann
Spectrophotometer. Model DU, in 1/1000 solutions in absolute ethanol.
The sensitisation spectrographs were recorded on an Adam Hilger
Wedge Spectrograph, on Ilford N40 process plates bathed in dilute
ethanolic solutions (1/50000) of the dyes. After bathing for 4 mn, the
plates were dried and exposed for 4 min to light from a 150 cp point-o-lite
AC lamp source The spectrograph of an unbathed process plate was
also recorded for comparison

ACKNOWLEDGEMENT

The authors wish to thank Dr (Mrs) D. Kuman Jha, Head of the
Department of Chemustry. M R Mahila College, L N. Mithila
University, Darbhanga-846004 (India) for her encouragement and keen
interest 1n this work

REFERENCES

1 A I Kipnanovand!l K Ushenko. Iziest Akad Nauk USSR, Otd Khim
Nauh , 492 (1950), Chem Abst , 45, 3265 (1951).

2 I K Ushenko, Ukr Khum Zh ,b20,384(1954); Chem Abst ,50,6049(1956)

3 1 K Ushenko, Ukr Khuim Zh., 21. 738 (1955), Chem Abst., 80, 16752
(1956)

4 1 G Farben Ind AG. Brit Pat 498,012 (30 June 1937)

5 A 1 Kiprianovandl K Ushenko, J Gen Chem , USSR, 20, 514, Englhish
translation, 543 (1950)

6 F M Hamer, J Chem Soc, 1480 (1956)

7 B N Jha and J. C Banery, Dyes and Pigments, 1, 161 (1980)

8 B N Jha andJ C Banerp, Bull Chem Soc., communicated (1981)

9 B N Jha, Ph D Thesis, Bihar University, Muzaffarpur, Bihar, India (1974)

10 F M Hamer. Cyanne dyes and related compounds, New York, Interscience

Publishers Inc (1964). Gives a comprehensive survey of the subject with
which this paper 1s concerned



Chromophoric chain f-substituted hemicyanines 89

11 J. C Banerji, A K Swinha and R.} N Sahay. J Indian Chem Soc.. 43,

225 (1966).

12. J.C Banerji, K D. Banerjee, N. P Bhattacharyaand S N. Sanyal. J. Indian
Chem Soc., 45. 496 (1968)

13 J. C Banerpjp and S N Sanyal, Indian J. Chem., 6, 346 (1968)

14 S. N. Sanyal, Ph D Thesis. Bihar Umversity, Muzaffarpur, Bihar, India
(1966).

15 B Bhuyan, L. N Patnatk and M K Rout, Z. Plys. Chern , 258, 601 (1977).

16. N Mishra.B Bhuyan, L N. Patnaikand M K Rout, Indian J. Chem . 14B,
806 (1976)

17 J. Eggert, Chern Z., 58, 397 (1934).

18 I I Levkoevand E. B Lifshits, Zi Nauch. 1, Prikl -Fotog: 1 Kinemarogr ,
3, 419 (19538), Chem Abst , 18703 (1959)

19 V R Ranade and A R. Kulkarm, J Indian Chem Soc . 56. 393 (1977)

20 F Fortess and V. S. Salvin. Text Res J . 28. 1016 (1958)



