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Abstract—This letter presents the synthesis and evaluation of two novel triketone-containing acidichromic colorants. Analysis
results indicate that both prepared triketone-containing compounds undergo two distinct and reversible color changes under both
strongly acidic and basic conditions. Thus, a pH sensitive triketone functional group is introduced for the first time to design and

synthesize acidichromic colorants.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Research on the relation between color and structure in
organic compounds has received a great deal of atten-
tion for decades.' Compounds exhibiting reversible
color changes depending on either the pH in the solution
or on alternating exposure to HCIl and NHj3 in films are
called acidichromic colorants.*!° Acidichromic colo-
rants are highly promising for use in pH sensors,
photo-, and chemical-switching systems, as well as gas
controlled reversible color-change devices. Given that
most reported acidichromic colorants contain only one
pH-sensitive functional group in molecules, their color
changes are limited to a narrow pH range. Therefore,
acidichromic colorants seldom change their color under
both extremely high and low pH values. The absence of
two or more distinct color changes in both acidic and
basic conditions limits applications of phenol or ani-
line-containing acidichromic colorants. Thus, novel
acidichromic colorants that respond to strong acidic
and basic conditions are highly desired for both aca-
demic and industrial purposes. To meet this end, new
functionalities must be explored to serve as pH-sensitive
groups as an alternative for existing phenols and aro-
matic amines in acidichromism. In this letter, we re-
ported rational design and chemical synthesis of two
novel acidichromic colorants by combination of a pH-
sensitive triketone-containing functional group with an
aniline-containing molecule. The resulting compounds
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underwent two distinct and reversible color changes
under both acidic and basic conditions.

2. Results and discussion

Previous studies have demonstrated that the triketone
functional group in 2-benzoyl-1,3-cyclohexanedione is
coplanar,!' owing to the conjugation of C-2 carbonyl
moiety with the cyclohexene ring system by an intramo-
lecular hydrogen bond of the C-3 hydroxyl hydrogen to
the oxygen atom of C-2 carbonyl group, as shown in
Figure 1. After deprotonation of C-3 hydroxyl group,
however, the intramolecular hydrogen bond is dis-
rupted. The subsequent intrinsic electrostatic repulsion
between the 2-acyl oxygen atom and the two 1,3-dike-
tone oxygens causes deformation of the molecule from
planarity. This observation suggested that the triketone
moiety of 2-benzoyl-1,3-cyclohexanedione is coplanar
under neutral conditions, but is deformed from planar-
ity when the hydroxyl group is deprotonated under basic
conditions, due to the electrostatic repulsion between
the carbonyl oxygen and the negatively charged oxygen
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atom. Thus, the conformation of triketone-type com-
pounds can be regulated by protonation/deprotonation
of the enolic hydrogen at the C-3 position.

Figure 2 shows the structure of the designed potential
acidichromic colorant. Two dimethyl groups on the
six-membered ring at the left hand side of the molecule
were incorporated to prevent the possible oxygen-pro-
moted aromatization. The double bond in the middle
of the molecule extended the conjugation and avoided
the steric hindrance between the carbonyl group and
hydrogen atoms on the benzene ring. The N,N-dimeth-
ylamino group at the para position of benzene ring not
only increased the molecule’s UV absorption wavelength
to the desired visible ranges under neutral conditions,
but also provided a protonation site under acidic condi-
tions. Scheme 1 outlines the straightforward preparation
of the target molecule 4. The synthesis started with ester-
ification of dimedone 1 with acetyl chloride in methylene
chloride using triethylamine as a base, followed by a
potassium cyanide-catalyzed isomerization'? to 2-acetyl-
cyclohexane-1,3-dione 3. The subsequent base-catalyzed
aldol condensation of 3 with 4-N,N-dimethylamino-
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benzaldehyde in methanol afforded the target 4!3 with
an overall yield of 60%. The structure of 4 was con-
firmed by X-ray crystallography as shown in Figure 3.

With the availability of 4, the acidichromic behavior in
both strong acids and bases was then determined. Under
neutral pH conditions in methylene chloride, compound
4 exhibited a red color due to the extended conjugation
with a UV absorption A, value of 463 nm. When gas-
eous hydrochloric acid was bubbled through the solu-
tion, it turned colorless instantly owing to protonation
of the nitrogen atom. When treated with a strong base,
that is, sodium methoxide or sodium hydride, com-
pound 4 turned yellow immediately owing to the
expected conjugation disruption. The proposed acidi-
chromic switch of 4 is shown in Scheme 2, and their cor-
responding UV absorption spectra in both acidic and
basic conditions are depicted in Figure 4 with the A..«
values of 343 and 390 nm, respectively. Figure 5 showed
the UV absorption changes of 4 when titrated with dif-
ferent concentrations of NaOMe in methylene chloride.
An isosbestic point was observed at 414 nm, which sug-
gests interconversion of neutral and deprotonated forms
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Figure 3. X-ray crystal structure of 4.
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Scheme 2. The acidichromic switch of 4 and the corresponding colors in acidic, neutral, and basic conditions.
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Figure 4. UV spectra of 4 in neutral, acidic, and basic conditions.

of 4. The reversible acidichromic process was repeated
10 times without significant changes in the UV spectra
by sequentially exposing 4 with an acid—base-base-acid
sequence, as shown in Figure 6.

The fact that compound 4 failed to change color when
gaseous ammonia was bubbled vigorously through the
solution suggested that the enolic hydrogen is too stable
to be deprotonated by ammonia. The failure to response

Wavelength (nm)

to gaseous ammonia deterred 4 from being applied in
gas controlled reversible color-change devices. Thus,
the dimedone moiety in 4 was replaced with the 4-
hydroxycoumarin moiety in an effort to adjust the rela-
tive stability of the intramolecular hydrogen bonding.
The resulting coumarin-containing compound 5 was
prepared by the same procedure as that of 4 except that
the Dean-Stark trap with piperidine in benzene was
used in the final aldol condensation step.'*
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Figure 5. UV curves of titration 4 (2.7 x 107> M) with increasing concentrations of NaOMe in CH,CH,.
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Figure 6. Reversible acidichromic behaviors of 4. Optical density variations at neutral (463 nm), acidic (343 nm), and basic (390 nm) conditions
during sequentially exposing 4 with an acid—base—base-acid sequence in CH,Cl, for 10 cycles.

Compound 5 resembled 4 in acidichromism when trea-
ted with strong acids and bases, as outlined in Scheme
3. Upon bubbling of gaseous ammonia, however, com-
pound 5 did reveal a color change from red to pink.
The observation of two Ag.c values at 502 and
398 nm in UV spectra, shown in Figure 7, indicated
that approximately two thirds of the enolic hydrogens
were deprotonated by ammonia and the rest of them
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remained intact. Thus, the combination of red and
yellow gave 5 the color of pink. This result demon-
strated that 5 displayed weaker intramolecular hydro-
gen bonding than that of 4. Presumably, the relative
strength of the intramolecular hydrogen bond in 5
can be further adjusted by incorporating various elec-
tron-withdrawing substitutents on benzene ring of the
coumarin moiety.

Scheme 3. The acidichromic switch of 5 and the corresponding colors in acidic, neutral, and basic conditions.
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Figure 7. UV spectra of 5 in neutral, acidic, and basic (gaseous ammonia) conditions.

3. Conclusions

A unique property of triketone functional group, that is,
sensitivity to pH, has been introduced for the first time
in the design and synthesis of two novel acidichromic
colorants. Both acidichromic colorants contain two
pH-sensitive functional groups and exhibit reversible
color changes from red to yellow under high pH condi-
tions and to colorless under low pH conditions. These
molecules may potentially function as pH sensors or
for use in chemical-switching systems. Further incorpo-
ration of electron withdrawing substituents like halo-
gens on the coumarin moiety of 5 to tune finely the
acidichromic property is currently underway.
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