CHEMISTRY LETTERS, pp. 721-724, 1991 © 1991 The Chemical Society of Japan

Novel Negative Solvatochromic Betaine Dyes, 5-(2,4,6-Triphenyl-N-
pyridinio)tropolonates.  Synthesis and Characterization
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5-(2,4,6-Triphenyl-N -pyridinio)tropolonates, troponoid
betaine dyes, were prepared. These dyes were negatively
solvatochromic and more blue-shifted than Eg 30 in all of the
solvents. The dihedral angle between the pyridinium and the
tropolonate rings was larger than that of Et 30.

2,6-Diphenyl-4-(2,4,6-triphenyl-N-pyridinio)phenolate (Et 30) is known as one
of the largest solvatochromic dyes: this dye has an absorption at 453 nm in water and
at 810 nm in diphenyl ether, a shift of 357 nm.1) This negative solvatochromism is
explained in terms of the large polarity change on excitation from the more polar
ground state to the less polar excited state.2) The structural modification of the
electron-rich part of Ept 30 is, therefore, interesting in not only the theoretical but also
the practical points of view. In this paper, we report the synthesis and the character-
ization of troponoid betaine dyes, 5-(2,4,6-triphenyl-N-pyridinio)tropolonates (1),
which are expected to have the more polar ground state than Ep 30 since tropolone
(3.53 D)3) is more polar than phenol (1.73 D).4)

0 Ph Ph
HoN B | X
Ph OH +

+ - ~

I X 3 R ~Ph N“>ph Ph™ "N gtl
+ N
PH O/_ Ph aOAc / reflux / EtOH

BF4 a R=H R Me Me

2 b: R=i-Pr 14 % 4



722 Chemistry Letters, 1991

Dyes 1 were prepared by essentially the same as that of E 30: an EtOH solution
of 2,4,6-triphenylpyrillium tetrafluoroborate (2) and 5-aminotropolones (3a: R=H, 3b:
R=i-C3H7) was refluxed for 3 h in the presence of NaOAc to give pale yellow solids in
29 and 46% yields, respectively. The subsequent treatment with 10% aqueous NaOH
gave red crystals 1a5) and dark blue crystals 1b.6) The solvatochromic data for 1, Ep

30, and 2,4-dimethyl-6-(2,4,6-triphenyl-N-pyridinio)phenolate (4), an ortho betaine

Table 1. Solvatochromic Data of Et 30, 1, and 4

Amax/ nm

Solvent ET30 - 1a 1b 4
Chloroform 731.2 602.4 646.7
Tetrahydrofuran 764.5 654.0 —b)
Dichloromethane 695.6 588.0 624.0 652
Pyridine 711.2 594.0 629.1 653
Acetone 677.5 566.0 596.2 636
Ethanol 550.9 (553.6)3) 474.4 504.8 530
Methanol 515.1 408.0 411.7 500
Acetonitrile 621.5 525.6 560.2 622
Water 453.1 406.4 —b

a) The values in parentheses were measured in this work. b) Not observed.

Fig. 1. ORTEP representations of 1aA (left) and 1aB (right).
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dye,”) are summarized in Table 1. Absorption bands of 1 were shorter than those of
ET1 30 and 4 in all of the solvents showing a negative solvatochromism. The blue-
shifted absorption maxima of 1 are explained by that the ground state of 1 was more
polar than those of Et 30 and 4 and that the excited state of 1 was less stable than
those of ET 30 and 4 since 1 has an a-diketone structure in the both states.

Absorption bands of 1a were more blue-shifted than 1b. The extinction coefficient of
la is 2650 in acetonitrile, while about 1270 for ET 30.7) Hence la is more than twice
as sensitive for detection of water as Ep 30.

The crystal structure of 1la in Fig. 1 showed the presence of two conformers
(1aA and 1aB) in the crystal lattice, whose dihedral angles between pyridinium and
tropolonate rings were 74.6° for 1aA and 67.9° for 1aB.8) These angles are larger
than that (65°) of the bromo derivative 5 of Et 309 and smaller than that (90°) of 4.7)
The difference of the dihedral angles seems to mainly depend on the molecular width
of the electron-rich part. The C-O bond lengths, 1.255 and 1.240 A for 1aA and 1.259
and 1.255 A for 1aB, are shorter than those (1.329 and 1.268 A) of tropolone,!0)
those of sodium tropolonate (1.285 and 1.279 A),1D 4 (1.29 A)? and 5 (1.29 A).9)
This means that both C-O bonds of 1la have a significant carbonyl character and that a
considerable amount of negative charge is located on the seven-membered ring in the
ground state. On the other hand, the C-N bond lengths, 1.474 A for 1aA and 1.467 A
for 1aB, are similar to those of 4 (1.47 A) and 5 (1.479 A), suggesting little conjuga-
tion between the tropolonate and pyridine rings in the ground state.
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Fig. 2. Energy diagrams of the electronic ground and excited states of 1 and E 30.
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An isopropyl group at C-3 of the tropolonate ring made the absorption red-
shifted. This is attributable to the inductive effect of isopropyl group, since it is hard
to assume a steric inhibition by an isopropyl group at C-3 of the conjugated system.
Consequently, the isopropyl group destabilizes the negatively charged tropolonate in
the ground state and stabilizes the diradical species in the excited state. In parallel,
this red shift of 1b is also explained by the difference of the dipole moment of 3-
isopropyltropolone (3.37 D)!2) and tropolone (3.53 D).3)
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