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Various structural modifications of 3-amino and 3-hydroxyisoquinolines have been carried out to provide
new fluorescent derivatives. The transformations involved nucleophilic substitution of a bromine atom or
a triflate moiety at positions 1 and 3, respectively, as well as the condensation reaction of a 3-amino
group with triethyl orthoformate and subsequent transformation with amines to give amidines. The
new compounds have been studied by fluorescence spectroscopy.

� 2011 Elsevier Ltd. All rights reserved.
OTf morpholine
N O
During the course of our recent research in the area of substi-
tuted isoquinoline-3-amine derivatives1,2 we observed visible fluo-
rescence in some cases. These findings prompted us to explore
fluorescence of this kind in isoquinoline derivatives in detail by
carrying out structural changes and studying the fluorescence
properties of the resulting compounds. As the preliminary visual
observations occurred mostly with amino compounds, we decided
to synthesize various isoquinoline derivatives containing free and
substituted amino groups at different positions. For this purpose,
transformations of isoquinoline-3-triflate as well as 1-bromoiso-
quinoline-3-amine and its 4-alkyl derivatives—both compound
types have been described previously in the literature2,3—seemed
of interest.

For comparison of the behavior of primary and tertiary amines,
3-morpholinoisoquinoline (2) was synthesized first. Although 2
has already been described,4 we found that this compound could
be prepared more conveniently from 1 with morpholine. Thus,
heating triflate3 1 in morpholine under reflux conditions (at
130 �C) afforded the desired compound in acceptable yield (75%)5

(Scheme 1).
A further set of differently substituted isoquinoline-amines and

the applied reaction pathways are shown in Scheme 2.
(a) The bromine atom at position 1 of isoquinolines 3a–c was

substituted by hydrogen (catalytic hydrogenation over Pd/C accord-
ing to literature procedures5) to give derivatives 3d–f. Furthermore,
the same bromine atom was also substituted by a morpholine
moiety to yield 1-morpholino compounds 6a–c.6
ll rights reserved.
(b) Primary amines (3a–f and 6a–c) were, then transformed
into amidines 5 and 8. Thus, the primary amines were treated with
triethyl orthoformate to give the water-sensitive formimidates 4
and 7.7 These compounds when reacted with morpholine in boiling
toluene gave rise to the new amidines 5a–f and 8a–c.8

Of the possible 28 structures involved in Schemes 1 and 2, nine
derivatives (2, 3d, 5b, 5c, 5f, 6a, 6b, 6c and 8b) were selected for
detailed photophysical studies. The structures of these selected
compounds are separately shown in Figure 1.

Table 1 summarizes the photophysical properties of the selected
compounds. The location of the maximum of the first absorption
[kmax(abs)] and the fluorescence [kmax(fl)] bands shifts moderately
to higher wavelength upon modification of the molecular structure.
The largest displacement was observed for compounds 6c and 6b.
The fluorescence quantum yield (Uf) and fluorescence lifetime (sf)
decreased substantially upon introduction of the bromine atom at
position 1 mainly due to acceleration of the triplet formation by
the presence of the heavy atom.9 Comparison of the properties of
5c and 5f confirmed that the bromine atom brings about consider-
able fluorescence quenching. The rate constant of fluorescence emis-
sion (kf) and radiationless deactivation (knr) from the singlet excited
state were calculated using kf = Uf/sf and knr = (1 �Uf)/sf relation-
ships, respectively. As shown in Table 1, kf is insensitive to variation
of the molecular structure. Changing the 3-amino substituent to a
N 130 °C N
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Scheme 1. Synthesis of 3-morpholinoisoquinoline (2).
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Scheme 2. Various transformations of 4-substituted 1-bromoisoquinoline-3-amines (3a–c).
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Figure 1. Structures of the isoquinoline-amines selected for photophysical studies.

Table 1
Photophysical properties of the isoquinoline-amines in acetonitrile

3d 2 6a 6b 6c 5b 5c 5f 8b

kmax(abs)a (nm) 363 366 371 377 377 372 370 363 370
kmax(fl) (nm) 431 457 457 468 461 451 451 434 456
Uf 0.28 0.22 0.25 0.16 0.19 0.0064 0.0082 0.068 0.11
sf (ns) 12.4 14.4 7.7 4.9 4.6 �0.1 �0.1 2.2 3.1
kf (107 s�1) 2.3 1.5 3.2 3.3 4.1 b b 3.1 3.5
knr/(107 s�1) 5.8 5.4 9.7 17 18 >400 >400 42 29

a The locations of all absorption maxima are given in Ref. 13.
b Fluorescence lifetime is too small to determine precisely.
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Figure 2. Absorption and fluorescence spectra of isoquinoline-3-amine (3d) (thin
line) and 1-morpholinoisoquinoline-3-amine (6a) (thick line).
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3-morpholino moiety barely affected knr, but the introduction of the
morpholine moiety at C-1 accelerated energy dissipation from the
singlet excited state. Replacement of the H4 atom in 6a with methyl
or benzyl groups (i.e. 6b and 6c) led to further increase in knr. The fas-
ter nonradiative deactivation in the case of 8b compared to 6b prob-
ably implies that the amidine moiety also promotes the transition
from the singlet excited to the ground state.

Very little information is available on the fluorescence charac-
teristics of isoquinoline-3-amines. Utilization of the 4-phenyl
derivative as a colorimetric Hg2+ sensor has been reported.12 As
representative examples, Figure 2 presents the absorption and
fluorescence spectra of compounds 3d and 6a. These spectra reveal
that introduction of the morpholine moiety at position 1 of the iso-
quinoline causes a significant bathochromic shift (26 nm) in the
fluorescence spectrum, whereas a somewhat smaller displacement
occurs for the absorption bands.
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These results indicate that the prepared compounds represent a
new valuable group of fluorescent isoquinoline derivatives. Com-
parison of the fluorescence spectra of the variously substituted
derivatives shows some significant changes as a consequence of
structural variations.
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