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7-Amino-2-(N,N-dimethylamino)quinazoline:
a small, bright, easily synthesized scaffold for pH
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This study reports a series of pH-responsive 2-(N,N-dimethylamino)quinazolines bearing amino
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substituents at position 7. These compounds exhibited tunable fluorescence (FL) enhancements under

both acidic and basic conditions. Due to their small size, ease of synthesis, and strong fluorescence,
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rsc.li/rsc-advances applications.

1 Introduction

Fluorophore-based pH sensors are molecular tools that exhibit
fluorescence (FL) changes in response to pH variations. These
sensors play a crucial role in biological research,' environ-
mental monitoring,> and industrial applications,® where accu-
rate pH detection is essential for understanding biochemical
phenomena, optimizing reaction conditions, and ensuring
product quality.* Effective pH sensor design requires fluoro-
phores with pK, values near the target pH range and functional
groups that modulate FL through protonation or
deprotonation.®

A wide range of synthetic fluorophores has been established
for pH sensing applications, with representative molecular
scaffolds including fluorescein,’ rhodamine,” coumarin,®
xanthene,” BODIPY," cyanine,* pyranine,”” and acridine.*
These fluorophores have been successfully employed in various
pH-responsive systems. However, many of these structures
involve relatively large molecular frameworks and complex
synthetic routes, which can lead to increased cytotoxicity and
limited cell permeability, thereby compromising their
biocompatibility.

In addition to the structural limitations, operational
constraints further restrict the conventional probes’ applica-
bility. Fluorescein-based probes typically demonstrate a narrow
PH sensitivity range, which limits their applicability across
diverse experimental conditions,"*** while rhodamine-based
probes function predominantly under acidic conditions due
to the pH-dependent spirolactam ring-opening mechanism,
thereby limiting their use in neutral or alkaline environ-
ments.'®"” Recent efforts to develop alternative systems include
a luminescent metal-organic framework probe (JXUST-29) that
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these probes show promise for the development of pH sensors suitable for biological or environmental

exhibits pH-dependent emission with selectivity toward basic
amino acids, as well as a coumarin-based turn-on probe (DIC)
that responds in the alkaline region.'” However, these systems
also operate effectively only within limited pH ranges, high-
lighting the need for compact fluorophores with broader pH
responsiveness.

Small-molecule fluorophores based on quinazoline scaffolds
have attracted considerable attention due to their compact
structure and favourable photophysical characteristics.>*>
Furthermore, quinazoline-based fluorescent probes exhibit
several advantages for pH sensing applications, demonstrating
broad and tunable pH sensitivity ranges,*»** excellent revers-
ibility,> and favourable biocompatibility,***” rendering them
particularly suitable for biological,®**® environmental* and
analytical investigations.** Their pH-responsive behaviour is
often governed by photoinduced electron transfer (PET) or
intramolecular charge transfer (ICT).

In a previous study on the development of 2-aminoquin-
azolines exhibiting distinct photophysical properties, these
compounds were utilized for the development of ap-tubulin
colchicine site competition assay and for visualizing the intra-
cellular distribution of the fluorophore by FL microscopy.** In
addition, the compound 7-amino-4-methoxyl-2-N-morpholino-
quinazoline was reported, which exhibited enhanced FL under
acidic conditions.** Notably, (di-(2-picolyl)amino)quinazoline
derivatives have also been applied to ATP sensing via a copper-
mediated fluorescence on-off system.** Despite these prom-
ising features, the exploration of quinazoline derivatives as pH-
responsive probes with a broad pH range remains limited.

This study presents a new class of easily synthesized 7-
amino-2-(N,N-dimethylamino)quinazoline derivatives as pH-
sensitive fluorophores. The investigation focused on their
photoluminescence behavior and solvatochromic properties
across various solvents, including water. These findings provide
valuable insights into the design principles for small-molecule
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PH sensors capable of detecting a wide range of pH values, with
potential applications in chemical and biological systems.

2. Results and discussion

The synthesis of 7-amino-2-(N,N-dimethylamino)quinazoline
derivatives was initiated from 2,4-dichloro-7-nitroquinazoline 1,
which underwent regioselective nucleophilic substitutions at
positions 2 and 4 to afford compound 2 (Scheme 1). Subsequent
reduction of the nitro group yielded the 7-amino derivative 3.
The 7-amino group of 3 was further functionalized via methyl-
ation, dimethylation, or tosylation, affording compounds 4a,
4b, or 4c, respectively. In addition, a phenyl-substituted
analogue 6 was successfully synthesized from 1 via a Suzuki-
Miyaura cross-coupling reaction at position 4, followed by
nucleophilic substitution at position 2 and reduction of the
nitro group, highlighting the synthetic flexibility of the scaffold.

Photophysical properties, including UV-vis absorption and
photoluminescence emission (PLE) spectra, of the synthesized
compounds were systematically investigated (Table 1). Absolute
FL quantum yields (¢g) were determined in spectroscopic-grade
DMSO (10~> M) using an integrating sphere, demonstrating
sufficient efficiency of the fluorophores. FL measurements in
various spectroscopic-grade solvents (107> M, 1% DMSO)
showed that the FL intensity varied across solvents with
minimal spectral shifts. (Detailed spectral data are provided in
the SI).
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FL measurements under various pH conditions were per-
formed in 1% DMSO solutions (10~ M), with pH adjusted by
controlled addition of HCI or NaOH, and excitation wavelengths
set at isosbestic points identified in the UV-vis spectra. Addi-
tionally, the pK,H values were determined from the FL spectra
of the probes across various pH levels (Table 1). For compar-
ison, the FL-based pH-response of the previously reported 2-
(N,N-dimethylamino)-4-methoxyquinazoline 7 also
examined.

Compound 3 (7-NH,) exhibited a prominent absorption band
with a maximum (***),.,) at approximately 300 nm, which
remained largely unaffected across the pH range (Fig. 1, see also
Fig. 13S, SI). However, spectral variations were evident outside
the 280-320 nm window. Changes in the short-wavelength region
(<285 nm) may reflect modulations in n — w* transitions
involving nitrogen lone pairs, while those in the long-wavelength
region (>350 nm) could be attributed to subtle shifts in charge-
transfer interactions influenced by protonation or deprotonation.
A similar trend was observed for compound 7 without the amino
group at position 7, with its stable absorption band centred
around 302 nm and pH-dependent variations occurring primarily
outside the 288-330 nm range (see Fig. 218, SI).

Compound 3 exhibited intense FL at pH 2-7 (*"Apax = 391.8
nm) with a FL intensity approximately 4.5-fold higher than the
intensity under basic conditions (pH 9-12), where the emission
was red-shifted to 405.6 nm (Fig. 1). From the pH-dependent FL
intensity profile, a pK,H value of 8.0 was obtained (Fig. 2 and
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Scheme 1 Synthesis of 7-amino-2-(N,N-dimethylamino)quinazoline derivatives. Reaction conditions: (a) for 2: (i) NaOMe, MeOH, 0 °C, 2.5 h (ii)
Me,NH, MeOH, rt, 20 h, 93%. (b) for 5: (i) PhB(OH),, Pd(PPhs)4, K,COs, toluene, reflux, 3 h, 69%; (ii) Me,NH, 1,4-dioxane, reflux, 3 h, 91%. (c) for 3
and 6: Pd/C 10 mol%, H, atm, MeOH, rt, 20 h, 3 (85%) and 6 (18%). (e) for 4a: Mel, Cs,COs, DMF, rt, 66 h, 22%. (f) for 4b: HCHO, HCO,H, reflux, 5 h,

20%. (g) for 4c: p-TsCl, pyridine, DCM, rt, 18 h, 98%.

Table 1 Spectroscopic properties of 7-amino-2-(N,N-dimethylamino)quinazoline derivatives in DMSO and pK,H values in aqueous media (1%

DMSO)

Compound UV-vis P52 . nmM® pLEsolution em; o M (Aey)” Stokes shift cm™* ¢p solution [Aey, nm] pK, H value®

3 246 400 (265 nm) 17 838 17 [330 nm] 8.0
342 9199

4a 258 424 (260 nm) 15174 18 [330 nm] 8.1
355 4584

b 256 411 (270 nm) 14731 19 [330 nm] 8.1
350 4240

4c 260 420 (270 nm) 14 652 31 [330 nm] 7.4
350 4761

6 266 505 (280 nm) 17792 7 [350 nm] 6.7
366 7520

7 282 430 (277 nm) 12205 69 [330 nm] 7.0
355 4913

“ Spectra were recorded at room temperature at ¢ = 10> M in DMSO. ? Calculated from FL spectra under various pH conditions.
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Fig. 1 UV-vis and fluorescence spectra at Ao, 285 nm of 3 under
various pH conditions.

Table 1). The “turn-off” response under basic conditions is
attributed to the NH, group acting as an electron donor, which
facilitates a PET process that quenches the FL. In contrast,
compound 7, which lacks the 7-NH, group, was fluorescent
under neutral and basic conditions; however, its emission was
quenched under acidic conditions (see Fig. 21S and 228, SI).
This suggests that protonation of compound 7 promotes non-
radiative decay, highlighting the essential role of the 7-amino
group.

To further investigate the protonation behavior, "H NMR
experiments were conducted using camphor sulfonic acid
(Fig. 23S, SI). Upon acid addition, the methyl protons of the N,N-
dimethylamino group of compound 3 exhibited downfield
shifts (3.22 ppm to 3.6 ppm), splitting, and broadening, indi-
cating electronic perturbation consistent with protonation at
the N1 position (a similar trend was observed for compound 7,
supporting its protonation under acidic conditions; Fig. 24S,
SI). Additionally, the NH,-derived signal—likely representing an
equilibrium between amino and imine forms (I and II, respec-
tively, in Scheme 2)—also shifted downfield (4.00 ppm to 5.20
ppm) and broadened, along with the C8-H signal (6.64 ppm to
7.60 ppm). Under acidic conditions, the imine-type tautomer II
may serve as the emissive species.
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Fig.2 pH-dependence of 3 Aem = 391 NM (Aex = 285 nm), pK,H = 8.0.
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Scheme 2 Proposed mechanism of protonation and tautomerization
under acidic condition of 3.

To assess the reversibility of the FL response of compound 3,
pH cycling experiments were performed by alternating the pH
between 4 and 9 for five cycles (Fig. 3). The FL intensity was
recorded at each pH value at 1 hour intervals, and consistent
emission levels were maintained at both pH 4 and pH 9
throughout the cycles. These results confirm the chemical and
photophysical stability of the probes, enabling repeated pH
monitoring without degradation.

Compound 6, featuring a phenyl group at the 4-position of
the quinazoline core instead of a methoxy group, displayed
a photophysical profile similar to that of 3, but with a signifi-
cantly red-shifted emission (Fig. 4, see also Fig. 19S, SI). Under
acidic conditions (pH 2-4), the FL maximum (“"Ap.) was
observed at 513 nm, representing a bathochromic shift of over
120 nm compared to 3. This shift likely reflects partial stabili-
zation of the excited state via extended 7w-conjugation, although
the phenyl ring may not be fully coplanar with the quinazoline
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Fig.3 Reversibility of 3 between pH 4.0 and pH 9.0 with 1 hour cycling
intervals.
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Fig. 4 UV-vis and fluorescence spectra at Aex 277 nm of 6 under
various pH conditions.

core. Similar to compound 3, compound 6 showed pH-
dependent FL behavior, exhibiting a 2.2-fold higher intensity
under acidic conditions than under basic conditions (see
Fig. 208, SI). Its pK,H value was 6.7 (Table 1), and the enhanced
emission occurred with no significant change in the emission
maximum.

Compound 4a (7-NHMe) exhibited an absorption profile
similar to that of 3, with an absorption maximum at 300 nm
(Fig. 5, see also Fig. 14S, SI). Under acidic to neutral pH, it
showed strong FL with a slightly red-shifted emission
maximum at 412 nm—approximately 20 nm bathochromic
relative to 3—likely due to stabilization of the excited state via
(ICT) facilitated by the electron-donating methyl group. At pH
9-12, the FL was quenched without a significant shift in emis-
sion maximum, consistent with PET involving the lone pair
electrons on the NHMe group. The probe exhibited a 2.8-fold
increase in FL intensity under acidic conditions relative to basic
conditions. The pK,H was 8.1 (Table 1 and see also Fig. 158, SI).

Compound 4c (7-NHTs), bearing an electron-withdrawing
tosyl group instead of an electron-donating methyl group,
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Fig. 5 UV-vis and fluorescence spectra at Aex 290 nm of 4a under
various pH conditions.
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Fig. 6 UV-vis and fluorescence spectra at Aex 283 nm of 4c under
various pH conditions.

displayed an absorption band similar to those of compounds 3
and 4a. It exhibited “turn-on” FL under basic conditions, with
an emission maximum (“"Ayax) at 414.5 nm (Fig. 6, see also
Fig. 18S, SIT). Under highly acidic conditions, it was almost non-
fluorescent, whereas under basic conditions, the FL intensity
increased by 11.2-fold (Fig. 7). Its pK,H value was 7.4 (Table 1).
The lone pair electrons on the nitrogen atom of the 7-NHTs
group are likely delocalized toward the tosyl moiety, which may
prevent the formation of a fluorescent imine-type tautomer II
under acidic conditions, as observed in 3 and 4a. Furthermore,
this delocalization may suppress PET-based quenching under
basic conditions.

Compound 4b (7-NMe,), featuring dimethylation of the
amino group at position 7, displayed the absorption band with
a maximum at 300 nm, the intensity of which remained
unchanged across the pH range from 2 to 12 (Fig. 8, see also
Fig. 16S, SI). Its emission maximum was remarkably stable at
411 nm throughout this range. Unlike 3 and 4a, its FL intensity
increased monotonically with rising pH. Under basic condi-
tions, the emission intensity was 3-fold higher than under
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Fig. 7 pH-dependence of 4¢c Ae, = 415.5 NM (Aex = 283 Nnm), pKH =
7.4.
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Fig. 8 UV-vis and fluorescence spectra at Aex 325 nm of 4b under
various pH conditions.

acidic conditions (see Fig. 178, SI). The probe showed a pK,H of
8.1 (Table 1). This behavior reflects the absence of an N-H bond,
which prevents the formation of the imine-type tautomer (II in
compound 3).

3 Conclusion

In summary, novel 7-amino-2-(N,N-dimethylamino)quinazoline
derivatives were synthesized and characterized, demonstrating
significant potential as fluorophore-based pH sensors. This
study contributes to the development of quinazoline-based
fluorophores for diverse sensing applications. The potential
applications of these compounds extend beyond pH sensing
and may include biological imaging, environmental moni-
toring, and chemical analysis. Further evaluation of selectivity
and performance under simulated application conditions will
be an important direction for future development. Building on
these results, further efforts toward ratiometric pH sensors for
biological systems are currently underway in our laboratory.

4 Experimental procedures of UV-vis
and FL measurements

4.1 Preparation of solutions for measurements in various
spectroscopic-grade solvents

The solutions for the measurement were prepared in 10 cm?®
volumetric flasks. All solutions were prepared with 1% DMSO -
99% solvent (H,O, DMSO, MeCN, MeOH, 1,4-dioxane) (v/v), and
the concentration of each quinazoline derivative was 1.0 x
107° M.

4.2 Preparation of solutions for pH profile

A 1.0 x 10 M stock solution of the compound was prepared by
dissolving the compound in spectroscopic-grade DMSO in a 10 cm®
volumetric flask. For the FL spectra measurements, 500 pL of the
stock solution was mixed with 5.0 mL HEPES/NaOH buffer, 5.0 mL
NaNO; solution, and water in a 50 cm® volumetric flask. The
HEPES/NaOH buffer (50 mM, pH 7.42-7.45) was added to

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

maintain a buffer concentration of 5.0 x 10> M and prevent
significant pH jumps. Ionic strength was controlled at 0.10 M using
a1 M NaNO; aqueous solution. The pH of the solution was initially
set to 2.0 by adding HCI aqueous solution, and NaOH and HCI
aqueous solutions were used to adjust the pH while stirring with
a magnetic stirrer. The total solution volume was adjusted to
minimize concentration errors to within 3%.

4.3 General procedures of quantum yield ¢y measurement

The measurements and calculations were conducted using the
ISF-834 integrating sphere unit attached to a JASCO Co. FP-8550
spectrofluorometer. DMSO served as the blank solvent, and the
determination sample solutions (1.0 x 10~> M) in DMSO were
recorded at room temperature.

4.4 General procedures of pH reversibility

The solution was prepared in the same manner as for the pH
profile preparation. The pH reversibility was assessed at pH 4
and pH 9, repeated five times, and recorded at room tempera-
ture. Aqueous solutions of NaOH and HCI were used to adjust
the pH and were stirred with a magnetic stirrer. The total
solution volume was adjusted to minimize concentration errors
to within 3%.
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