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Abstract—Phenyl-substitution to the C8 position of an imidazopyrazinone ring resulted in the significant bathochromic shift of the
lowest energy band, while the substitution to the C6 position does not produce such a shift. This provides evidence that a color
variation range of the solvatochromism of 2-phenylimidazopyrazinone derivatives depends strongly on the position of phenyl-sub-
stitution. Results indicated that an imidazopyrazinone with the phenyl groups at the C2 and C8 positions acts as a potential indi-
cator of the proton donor ability of solvents.
� 2004 Elsevier Ltd. All rights reserved.
The imidazo[1,2-a]pyrazin-3(7H)-one ring is an essential
core structure of the bioluminescent substrates isolated
from some marine luminescent organisms.1 During our
previous studies on bio- and chemiluminescence2 and
physical properties3 of imidazopyrazinone derivatives,
it was found that 2-phenylimidazo[1,2-a]pyrazin-3(7H)-
one (1) exhibits a significant solvatochromism.3a The
solution color, changing from yellow to red, is control-
led by the strength of the hydrogen-bonding interaction,
in which the imidazopyrazinone subunits and solvent
molecules act as hydrogen-bond acceptors and donors,4

respectively. This suggests that imidazopyrazinone
derivatives are applicable as an indicator of the proton
donor ability of solvents. To this purpose, phenyl-sub-
stitution effects on solvatochromism of imidazopyrazi-
none were investigated, using 6-phenyl (2), 8-phenyl
(3), and 6,8-diphenyl (4) derivatives of 1, and it was
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found that the phenyl-substitution at the C8 position
was effective in causing a bathochromic shift, but that
substitution at the C6 position was not. Herein, a brief
report is given on the solvatochromic properties of 2–
5, in addition to the crystal structure of a hydrogen-
bonding complex of tri-tert-butylphenyl derivative (5)
and acetic acid.
Imidazopyrazinones 2–5 were prepared by condensation
of the corresponding pyrazinamine precursors with
phenylglyoxal derivatives under acidic conditions.5,6

Figure 1 provides the UV–vis absorption spectra of 2
and 3 in dimethylsulfoxide (DMSO), acetonitrile,
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Figure 1. Solution colors and UV–vis absorption spectra of 2 and 3 in various solvents: (a) 2,2,2-trifluoroethanol, (b) acetic acid, (c) methanol,

(d) ethanol, (e) 2-propanol, (f) acetonitrile, and (g) DMSO.

Figure 2. Plots of wavenumbers m (in cm�1) of the lowest energy bands

for 1–4 against Kamlet–Taft�s a values.
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alcoholic solvents, and acetic acid.7 The solution color
of 2 varied from yellow to red, similarly to that of 1,
depending on the solvent, while those of 3 and 4 (not
shown in Fig. 1) changed from orange to violet. The
lowest energy bands of 2–4 are summarized in Table 1
together with those of 1.3a As shown in Figure 2, the
wavenumbers (m in cm�1) of the lowest energy bands
of 1–4 are linearly correlated to Kamlet–Taft�s solvato-
chromic parameter, the a values,8 but not to the b and
p* values:8 m = 1370a + 20,200 (r = 0.99) for 1,
m = 1400a + 19,900 (r = 0.99) for 2, m = 1690a + 18,700
(r = 0.99) for 3, and m = 1410a + 19,200 (r = 0.99) for
4. The observed solvatochromism originates from the
hydrogen-bonding interaction between 1–4 (hydrogen-
bond acceptor) and the solvent molecules (hydrogen-
bond donor).3a The similar slope values observed for
1–4 suggest that the pattern of hydrogen-bonding inter-
action is essentially the same among 1–4; the energy lev-
els of the frontier orbitals of 1–4 change similarly with
dependence on the strength of hydrogen-bonding
interactions.

The order of the m values for the imidazopyrazinones is
1 � 2 > 3 � 4 in each solvent, indicating that the phenyl-
substitution to C6 and C8 positions causes a small and
large bathochromic shift of the lowest energy band,
respectively. The regioselective phenyl-substitution ef-
fects on the bathochromic shift are supported by the
AM1 COSMO calculation (e = 46.5 for DMSO).9,10
Table 1. Absorption maxima (kmax) of the lowest energy bands of 1–4 in va

Solvent a value

1

DMSO 0.00 497 (1.67)

Acetonitrile 0.19 489 (1.54)

2-Propanol 0.76 474 (1.62)

Ethanol 0.83 469 (1.57)

Methanol 0.93 465 (1.57)

Acetic acid 1.12 458 (1.67)

2,2,2-Trifluoroethanol 1.50 452 (1.72)

a An accurate molar absorptivity of 4 in DMSO was not obtained because 4
The HOMO–LUMO energy gaps, 6.74, 6.73, 6.40, and
6.40eV, calculated for 1, 2, 3, and 4, respectively, corre-
spond well to the m values in the same solvent. As shown
in Figure 3, p electrons in the LUMO of 4 are delocal-
ized to the phenyl groups at C2 and C8 positions, but
not at the C6 position. The phenyl groups at the C2
and C8 positions of 3 are also involved with a delocali-
zation of p electrons in the LUMO, while only the phe-
nyl group at the C2 position of 2 is involved. The p
electron distribution in the HOMOs of 1–4 and the en-
ergy levels (ca. �7.9eV) are similar to each other. By
rious solvents

kmax/nm (e/104Lmol�1 cm�1)

2 3 4

503 (1.46) 535 (1.18) 522a

495 (1.48) 523 (1.21) 514 (0.82)

477 (1.57) 504 (1.23) 497 (0.81)

472 (1.51) 499 (1.29) 491 (0.91)

469 (1.53) 493 (1.28) 488 (1.00)

464 (1.61) 484 (1.34) 479 (0.98)

456 (1.67) 470 (1.50) 471 (1.30)

was slowly decomposed when dissolved with DMSO.



Figure 3. Schematic representation of the HOMOs and LUMOs of 1–4.

S. Fujio et al. / Tetrahedron Letters 45 (2004) 8531–8534 8533
contrast, the LUMO levels of 3 (�1.54eV) and 4
(�1.57eV) are significantly lower than those of 1
(�1.17eV) and 2 (�1.21eV). Consequently, the phe-
nyl-substitution at the C8 position causes the batho-
chromic shift of the lowest energy band through the
delocalization of p electrons in the LUMO.

Structural information of the hydrogen-bond interac-
tion was obtained using X-ray crystallographic analysis
of the hydrogen-bonding complex of 5 and acetic acid
(molar ratio 1:1).11 Figure 4 shows that a hydrogen
atom of the carboxyl group is located close to the oxy-
gen atom, O10, of 5 enabling a hydrogen bond. This
O10

O1a

O2a

C1a

C2a

C2
N1

C9

C8

N7
C6

C5

N4

C3

Figure 4. ORTEP drawing of the 5–acetic acid complex.
observation is in accord with the AM1 COSMO calcula-
tions: the O10 atoms of 1–4 are suggested as being the
most negatively charged (net atomic charge = ca. �0.6)
among all the atoms. Consequently, the O10 of 1–4must
be an important and key participant for the hydrogen-
bond interactions with the solvent molecules. Another
characteristics of 5 in the complex is that the imidazo-
pyrazinone ring is planar and the C@O bond length
(1.263(4) Å) is comparable to that of 1 (1.259Å),12 indi-
cating that the hydrogen-bond interaction in the com-
plex causes a small perturbation to the structure of the
imidazopyrazinone ring system of 5.3a

In conclusion, it was found that phenyl-substitution at the
C8 position effects a bathochromic shift, which leads to
an expansion of the color variation range in the imidazo-
pyrazinone series. These findings indicate that imidazo-
pyrazinone derivatives with phenyl groups at C2 and
C8 positions function as potential indicators of the pro-
ton donor ability of solvents. Further investigation to
develop the indicators based on this molecular design
is now in progress and will be published elsewhere.
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