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Farbenindustrie,* who condensed an appropriate ali-
phatic dicarboxylic acid, e. g. glutaric or adipic acid, with
two molecules of an o-aminophenol or thiophenol to
give a bis-heterocyclic alkane which was quaternised
and condensed with ethyl o-formate in the presence of
a base. This method gave symmetrical dyes (VI; n=0)
and was applicable only to bridged benzothiazole or
benzoxazole cyanines. Gevaert extended the method to
other heterocycles.” An alternative method devised in
our Laboratories which was applicable to the synthesis
of symmetrical and unsymmetrical dyes was to condense
o-aminophenol or -thiophenol with A!-cyclopentenyl- or
cyclohexenyl-carboxylic acid. The resultant 2-cyclo-
pentenyl or cyclohexenyl base was quaternised and
reacted with a quaternary salt of the same or different
heterocyclic base containing a 2-alkylthio- or alkylthio
vinyl group to give ay bridged tri- or pentamethin-
cyanines.?
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Pentamethincyanines (VII) bridged by a saturated
chain in the § 8’ position have also been synthesized in
our Laboratory via cyclohexane-1:3-diones and their
reaction products with mercaptan. Intermediates con-
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¢ I.G. Farbenindustrie AG,Brit. Pat. 483,045 | 1936.
7 Gevaert Photo-Producten N.V., Brit. Pat. 511,940 / 1937.
8 KENDALL, SUGGATE, and Wo00D, Brit. Pat. 546, 565-6 | 1941.
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taining one heterocyclic ring are also readily preparable,
and from these unsymmetrical dyes can be obtained.?
Recently BRookER and HESELTINE in the Kodak Labo-
ratories have been able to obtain similar dyes and also
those with longer chains from related intermediates
(VIII) containing a terminally reactive methyl group.’°

In addition to bridging by hydrocarbon chains it is
also possible to bridge by chains containing either an
oxygen, sulphur or nitrogen atom. In these cases it has
proved easiest to bridge the a f and 8y carbons of the
polymethin chain. Thus, reaction of 2-methyl-3-furoic
acid with o-aminothiophenol gave an intermediate, the
quaternary salt of which possessed a reactive methyl
group, enabling dyes IX (Y = O, R” = H) to be pre-
pared. Similarly obtained were dyes IX (Y = S,
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R” = Me) and dyes X containing a dihydropyran
bridge.

AN D’
D o D
Nt CH={
+ 7 \
N/ N-
| - |
R X X R’

In all of these dyes the hetero-atom is linked to the
f-atom of the chain, as it is also in dyes XI (Y = S).
The corresponding dyes in which Y = O could not
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be prepared owing to the unavailability of the required
benzofuran-3-carboxylic acid. Use of the appropriately
substituted coumarilic acid, however, gave the dyes
XII (Y = O) where the oxygen is linked a.
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% KeENDALL and DovLE, Brit. Pat. 595,783-5; 604,217 [ 1945.
10 BrookER and HESELTINE, U.S. Pat. 2,756,227 | 1953.
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bridge. Formally bridged pentamethincyanines, the
light absorption is complicated by the fact that there
is appreciable steric hindrance (with the heterocyclic
ring at position 4) and that the central quinoline ring
can also share the positive charge. The longer-wave-
length band is considerably hypsochromic compared
with the unsubstituted pentamethincyanine.

The iminazolenine dyes (XV) also show two bands (3
in the case of the 2-quinoline dye) of moderate intensity,
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the longer-wavelength band being very hypsochromic
compared with that of a pentamethincyanine. Much of
this shift can be associated with the y-aza link. Once
again the iminazolenine ring can carry the positive
charge, and models indicate that in these dyes there is
little or no steric hindrance.

We thank Mr. R.M.HAwkiNs for the preparation of some
of the dyes, and Mr. L. R. BROOKER for the light absorption
measurements.





