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A para-substitution on the phenyl group of 2-phenylimida-
zopyrazinone successively resulted in a change of the solvato-
chromic property, especially of the color-variation range and
sensitivity to solvents, demonstrating that derivatives possessing
an electron-withdrawing group are preferable as potential indi-
cators of the proton-donor ability of solvents.

The imidazo[1,2-a]pyrazin-3(7H)-one (imidazopyrazinone)
ring (Chart 1) is an essential core structure of bioluminescence1

and chemiluminescence.2 In addition to the luminescent proper-
ties, a series of imidazopyrazinone derivatives exhibit a unique
solvatochromism originating from the hydrogen-bonding inter-
action between a carbonyl group of imidazopyrazinone (hydro-
gen-bond acceptor) and protic solvent molecules (hydrogen-
bond donor).3 Because the colors of imidazopyrazinone solu-
tions depend on the strength of the hydrogen-bonding interac-
tion, imidazopyrazinones are applicable as colorimetric sensors
of the proton-donor abilities of solvents. In fact, it was recently
found that the 2-phenylimidazopyrazinone derivative (1c) acts
as a potential indicator in various solvents, while the correspond-
ing 2-methyl derivative does not.3 To gain further insights into
control of the color variation range and sensitivity toward the
proton-donor ability of solvents, we studied the substituent ef-
fects on the solvatochromic property of 1c using para-substitut-
ed derivatives (Chart 1, 1a, R = N(CH3)2; 1b, R = OCH3; 1d, R
= Cl; 1e, R = CN).4 In this paper, we report that the spectro-
scopic characteristic of 2-phenylimidazopyrazinones 1 is readily
modulated by the substitution of R, and that derivatives 1with an
electron-withdrawing group R are preferable as potential indica-
tors of the proton-donor ability of solvents.

The UV–vis absorption spectra of 1a–1e in water, alcoholic
solvents, acetic acid, chloroform, acetonitrile, and DMSO were
measured; those of 1a, 1c, and 1e are shown in Figure 1. The col-
ors of 1c and 1e in solutions varied from red to yellow and from
pink to orange, depending on the solvent, respectively, while
those of 1a showed a small change from dark to pale orange.6

The wavenumbers (� in cm�1) of the lowest energy bands of
1a–1e are linearly correlated to Kamlet–Taft’s � value
(Figure 2),7,8 indicating that the hydrogen-bonding interaction
between 1a–1e (hydrogen-bond acceptor) and the solvent mole-
cules (hydrogen-bond donor) regulates the solvatochromism.3

The linear lines were obtained as follows: 1a: � ¼ 550�þ
19920 (r ¼ 0:94), 1b: � ¼ 1110�þ 19970 (r ¼ 0:99), 1c: � ¼
1360�þ 19690 (r ¼ 0:99), 1d: � ¼ 1340�þ 19540 (r ¼
0:99), and 1e: � ¼ 1420�þ 18770 (r ¼ 0:98). The slope grad-
ually increases with increasing the electron-withdrawing proper-
ty of R: 1a � 1b < 1c � 1d < 1e. In particular, the value of 1a
(R = N(CH3)2) is remarkably small. On the other hand, the in-
tercept gradually decreases with increasing the electron-with-
drawing property of R: 1a � 1b > 1c > 1d � 1e. Especially,
a significantly small value was found for 1e (R = CN).

The smallest slope value of 1a among 1a–1e was readily ex-
plained by AM1 COSMO calculations (" ¼ 46:5 for DMSO).9,10

1a: R = N(CH3)2
1b: R = OCH3
1c: R = H
1d: R = Cl
1e: R = CN
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Figure 1. Graduated changes of colors and UV–vis absorption
spectra of 1a, 1c, and 1e in various solvents: (i) 2,2,2-trifluoroe-
thanol (� ¼ 1:51), (ii) water (� ¼ 1:17), (iii) acetic acid (� ¼
1:12), (iv) methanol (� ¼ 0:93), (v) 2-propanol (� ¼ 0:76),
(vi) chloroform (� ¼ 0:44), (vii) acetonitrile (� ¼ 0:19), and
(viii) DMSO (� ¼ 0:00).
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Figure 2. Plots of wavenumbers � (cm�1) of the lowest energy
bands for 1a–1e against Kamlet–Taft’s � values: 1a (T), 1b (�),
1c ( ), 1d (�), and 1e ( ).
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The HOMO and LUMO energy levels of 1a–1e and the corre-
sponding protonated molecules 1aHþ–1eHþ were calculated,11

because the hydrogen-bonded structure of 1a–1e with a solvent
molecule (D–H) is depicted by resonance structures I and II,
possessing neutral and protonated imidazopyrazinone parts,
respectively (Scheme 1).3 As summarized in Figure 3, the
HOMO–LUMO energy gap of 1aHþ (R = N(CH3)2) is the
smallest among 1aHþ–1eHþ because of a steep rise of the
HOMO level, while the HOMO–LUMO energy gaps of 1a–1e
do not change very much. The resulting difference (0.57 eV) in
the HOMO–LUMO energy gaps between 1a and 1aHþ is much
smaller than those (0.8–1.0 eV) of other derivatives. Thus, this
reasonably explains the observation that 1a had the smallest
slope of the �–� correlation.

Interestingly, however, the significantly small intercept
of 1e (R = CN) could not be explained only by changes of the
HOMO–LUMO energy gaps. This may be attributed to a specific
solvation, which is not considered in the AM1-COSMO calcula-
tion, because 1e has a large calculated dipole moment (24 D)
compared to the others (18–22 D), which may work for an elec-
trostatic interaction with solvent molecules.

In conclusion, we found that the para-substituent R on the
phenyl group efficiently modulates the solvatochromic property
of 2-phenylimidazopyrazinones 1. In particular, the �–� correla-
tions revealed that the small intercept and the steep slope of 1e
(R = CN) lead to a wide color variation range and a high sensi-
tivity toward the proton-donor ability of solvents. Therefore, 2-
phenylimidazopyrazinone derivatives 1 possessing an electron-
withdrawing group on para-position are preferable as potential
indicators of the proton-donor ability of solvents.
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Figure 3. Energy levels of HOMO and LUMO for 1a–1e and
protonated molecules 1aHþ–1eHþ calculated with the AM1-
COSMO method (" ¼ 46:5 for DMSO).
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