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Fluoran compounds used for the thermosensitive data-recording systems usually have substi-
tuted amino groups at the 2-position of the fluoran ring. Their absorption spectra are signifi-
cantly affected by the electron-donative ability of the 2-amino groups. We investigated the
relationship between the steric effects around the 2-amino groups and the absorption spectra
of fluoran dyes.

Keywords: fluoran dye; electronic absorption spectra; steric hindrance

INTRODUCTION

Fluoran dyes are well-known as leuco dyes or colored cationic dyes for
thermosensitive recording papers and have an equilibrium between the col-
orless lactone form L and the colored zwitterion form Z ", They develop

;H/:© Lewis acid N O O :H/QQ
e

Colorless Lactone Form Colored Zwitterion Form

(L) (2)
SCHEME 1 Equilibrium between Lactone Form and Zwitterion form

EtN

their colors by reacting with a Lewis acid, such as phenol derivatives
(Scheme 1). In particular, 2-anilino-3-methyl-6-diethylaminofluoran (L in
scheme 1) is one of the typical fluoran-based black color formers.

49



Downloaded by [University of Haifa Library] at 19:36 17 August 2012

50 MITSUHIRO YANAGITA et al.

The absorption spectrum of the colored zwitterion form Z has two main
bands in the visible region. It is previously accounted for by the PPP-MO
calculation which the first absorption band is shifted hypochromically in
proportion with the decrement of the electron-donating ability in the 2-
amino substituents”, The relationship between the steric hindrances around
the 2-amino groups and the absorption spectra of fluoran dyes, however,
has not been investigated in detail. In this paper, we have synthesized sev-
eral fluoran derivatives having steric hindrances between substituted amino
groups R* at the 2-position and substituents R' at the 3-position. The ab-
sorption spectra of these fluoran dyes are discussed in terms of the reso-
nance ability between the lone-pair electrons on the amino nitrogen and the
n-electrons of the fluoran ring.

EXPERIMENTAL

All fluoran compounds 1 (Scheme 2) were prepared by N-alkylation of the
intermediates 2 which were obtained by the reaction of 2-(4-diethylamino-2-
hydroxy)benzoyl benzoic acid with p-aminophenol derivatives in conc.
H,SO,. For example, 1a-3 was prepared by the reaction of 2a with 1,4-
dibromobutane refluxed in 2-butanone in the presence of anhydrous potassi-
um carbonate for 72 h. The structures of all intermediates and target com-
pounds were identified by 'H NMR and MASS spectroscopy. The UV-Vis
spectra of all compounds were measured in m-cresol with a Shimadzu UV-
2200 spectrophotometer.

EtN 43R EtN

NH, N-alkylation

O 2aR'=H
2bR'=Cl
2cR'=Me

2 _ I\
R\R —Ng :() _Na NP —N:>
H la-1 1a-2 1a-3 la-4 1a-5

Cl 1b-1 1b-2 1b-3 1b4 1b-§
Me 1c-1 lc-2 1c-3 1c-4 1c-§

SCHEME 2 Structure of fluoran dyes 1a-1 — 1¢-§
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RESULTS and DISCUSSION

The absorption spectra of 2-pyrrolidino-6-diethylaminofluoran 1a-3, 2-
piperidino-6-diethylaminofluoran 1a-5§ and 2-pyrrolidino-3-methyl-6-
diethyl-aminofluoran 1¢-3 are shown in Figure 1. The wavelength of the first
absorption maximum of 1a-5 is hypochromically shifted by 100 nm com-
pared with that of 1a-3. Changing from the five-membered ring in 1a-3 to
the bulky six-membered ring in 1a-5 may cause rotation about the C-N bond
at the 2-position to relieve steric strain. The bond rotation in 1a-5 may cause

! === 1 [ A R e Ta-a ||
! —1e —lt
© aal b [ 2 ) ® 2\
C obp4 i S P
= A 2 HIA /\
e i Ry [ i
= i S i
Sl K ) Bos v X
=<' l LA <"’/
r’._,.". \ \_ \
0o X Ny 00 e
W0 s00 600 70D 600 w0 e To0 w00
Wavelength / nm Wavelength / nm

FIGURE 1 Electronic absorp- FIGURE 2 Electronic absorp-
tion spectra of 1a-3, 1a-5 and 1c- tion spectra of 1a-4 and 1a-5 in
3 in m-cresol (7.5 x 107 M) m-cresol (7.5 x 10° M)

a reduction in the overlap effects between the lone-pair electron on nitrogen
and the n-electrons of the fluoran ring. Similar effects of electron-donating
ability were suggested from >C NMR and 'H NMR studies of relevant de-
rivatives of aniline *, In addition, the wavelength of the first absorption
maximum of 1¢-3 having a methyl group in place of hydrogen at the 3-
position of the fluoran ring shows a hypochromic shift of about 90 nm com-
pared with that of 1a-3. This result suggests that the enlarging van der Waals
radius of ortho-sustituent gives significant influence for the absorption spec-
tra of the fluoran dyes.

The absorption spectra of 2-piperidino-6-diethylaminofluoran 1a-5 and 2-
morpholino-6-diethylaminofluoran 1a-4 are shown in Figure 2. Compared
with the piperidine compound, the wavelength of the first absorption maxi-
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mum of the morpholine analogue 1a-4 shows a bathochromic shift of 13 nm.
This shift is considered that the sizes of the six-membered ring are slightly
smaller in the case of morpholino group than piperidino group so that rota-
tion about C-N bond to relieve steric hindrance may lead to an increase in
electron-donating ability of the heterocyclic nitrogen atom.

The wavelengths of the first absorption maxima of all fluoran compounds
are shown in Table 1. These results suggest that the absorption spectra of
fluoran compounds are significantly influenced by the steric factors arising
between ortho-substituent R' of the fluoran ring and the a-methylene proton
of the five or six-membered ring. In general, the wavelength of the first ab-
sorption maximum shows a hypochromic shift depending on changing from
a five-membered ring to a six-membered ring in the 2-amino groups R’ and
the enlarging van der Waals radius of the 3-substiuent R'. It became obvious
that the steric hindrance between the 2- amino group R”and the bulky sub-
stituent R' at the 3-position had a remarkable effect on the absorption spec-
trum of fluoran dyes.

TABLE I The fist absorption maxima A, / nm (absorbance ) of 1a-1 -

1c-5
M)
- <j -,<:|:> —O N -N/\:/\O

640(0.84) 635(0.86) 652(0.74) 569(120) 556(1.00)
fa-1 1a-2 fa-3 la-4 1a-§

612(1.11) 574(1.17) 569(1.04) 557(191) 559(1.85)
1b-1 1b-2 16-3 164 1b-5

in m-cresol ( 7.5 x 107

Colored zwitterion formof | 1569 (0.80) 563(1.08) 562(1.68) S50(168) S53(1.73)
(Z) le-1 1c-2 lc-3 le4 le-5
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