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| Two 1,8-naphthyridine derivatives containing amino acid by amido bond, Boc-L-alanine-2-methy-1,8-naphthyridine (1) and Boc-L- |
alanine-2,4-dimethy-1,8-naphthyridine (L.2) were synthesized and characterized. And there absorption and fluorescence spectra in various

| solvents and solid are presented comprehensively. The two ligands exhibit similar electronic absorption spectra with A, at about 330 nm, |

| which can be tentatively assigned to T—7" transition. A comprehensive study of spectroscopic properties upon titration of L1, L2 with |

| HBF, as a proton source in CH;OH was investigated. Compounds L1 and L2 can use as acid-controlled molecular switching on from the |

| luminescence intensity change caused by proton source. |

| |
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1,8-Naphthyridine compounds have been extensively \I'-I)J\ ~ | \'H)J\ o s |
investigated not only due to their special conjugate 7 electronic : H N™ °N y N~ "N~ °N
H EO

structures, good coordination capabilities' and favourable
photophysical and photochemical properties™® but also their
potential applications as functional materials in the fields of
solar energy conversion, sensors”’, supramolecular assem-
blies'*"?, photocatalysis'*'*, nonlinear optical materials, biolo-
gical activities''® and optical molecular devices'"" efc. A num-
ber of 1,8-naphthyridine derivatives®*' have been synthesized
since the first 1,8-naphthyridine compound was prepared in
the 1920s. Numerous complexes with naphthyridine-based
ligands in different coordination modes have also been reported
since 196977,

Additional research effort on luminescent 1,8-naphthyri-
dine derivatives and their Cu(I) complexes has focused on
emissive T—7" or metal-to-ligand charge-transfer (MLCT)
excited states which can be tuned by hydrogen-bonding sites
leading to intra- or intermolecular interactions. However, the
studies on 1,8-naphthyridyl derivatives modified with amino
acid is rare. The amino acids enable the ligand to rotate freely,
thereby resulting in various coordination modes and interesting
spectroscopic properties. Herein, we report on the synthesis
and characterization of two new 1,8-naphthyridine ligand L1
and L2 in which a 1,8-naphthyridinyl segment and a Boc-L-
alanine group are connected by a amido bond (Scheme-I).
their spectroscopic properties are comprehensive studied.
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Scheme-I: Synthetic routes and chemical structures of L1, L2

EXPERIMENTAL

All of commercially available reagents and solvents are
analytically pure used in the experiment without any further
purification unless stated otherwise. The solvents used for
photophysical measurements were of HPLC grade. Silica gel
(200-300 mesh) was used for column chromatography and
thin layer chromatography was performed on Merck silica gel
plates (GF-254). 7-Amino-2,4-dimethyl-1,8-naphthyridine, 7-
amino-2-methyl-1,8-naphthyridine were prepared according
to the reported literatures™.

'H NMR spectra were run on a Bruker Avance 400/500
spectrometer with tetramethylsilane (‘"H) as an internal stan-
dard. Electrospray ionization (ESI) mass spectra were performed
on a Finnigan LCQ quadrupole ion trap mass spectrometer
(samples were dissolved in HPLC grade methanol). Elemental
analyses were performed on by Beijing Institute of Chemistry,
Chinese Academy of Sciences. UV-visible absorption spectra
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were recorded using a Hitachi U-3010 spectrophotometer.
Emission and excitation spectra were obtained on a Hitachi F-
4500 fluorescence spectrophotometer. The fluorescence
quantum yields in solution were measured relative to quinine
sulfate in 0.1 N sulfuric acid aqueous solution (A = 345 nm,
®Dr=0.546) at room temperature and calculated by ®s = Fr(B./
B,)(n/n,)*(Dy/D,), where the subscripts s and r refer to the
sample and reference standard solution respectively, n is the
refractive index of the solvents, D is the integrated intensity
and @ is the luminescence quantum yield. The quantity B is
calculated by B = 1-10™", where A is the absorbance at the
excitation wavelength and L is the optical path length. Errors
for wavelength values (1 nm) and F (10 %) are estimated.

Syntheses of L.1: To a 50 mL flask were added 7-amino-
2-methy-1,8-naphthyridine (0.8534 g, 5.4 mmol) in 40 mL
freshly distilled CH,Cl,, then added Boc-L-alanine (1.70 g, 9
mmol) and N,N'-dicyclohexylcarbodiimide (1.75 g, 9 mmol) under
electromagnetic stirring. The mixture was stirred for 24 h under
nitrogen atomsphere at room temperature and monitored by
TLC. After the reaction is finished, the solvent was removed
under reduced pressure after freezing and filtering to obtain a
pale yellow solid. The crude product was purified by chroma-
tography on silica gel (CH,ClL:EtOH = 100:1) to give L1 as
white solid (0.8 g, Yield: 45 %). '"H NMR (500 MHz, CD;CN)
S (ppm): 9.68 (s, 1H NH), 8.40 (d, J = 8.8 Hz, 1H Napy-H),
8.29 (d, J = 8.8 Hz, 1H Napy-H), 8.16 (d, J = 8.2 Hz, 1H
Napy-H), 7.37 (d, J = 8.2 Hz, 1H Napy-H), 5.98 (s, 1H CH),
4.39 (s, IHNH), 2.71 (s, 3H CHj3), 2.29 (s, 9H CH,), 1.43 (s,
3H CH3). ESI-MS (m/z): 331.18 [M + H]". Elemental analysis
calcd (%) for C7;H,N,O;: C, 61.80; H, 6.71; N, 16.96; found:
C, 61.75; H, 6.77; N, 17.03.

Syntheses of L.2: To a 50 mL flask were added 7-amino-
2,4-dimethy-1,8-naphthyridine (0.8661 g, 5 mmol) in 40 mL
freshly distilled CH,Cl,, then added Boc-L-alanine (1.70 g, 9
mmol) and N, N-dicyclohexylcarbodiimide (1.75 g, 9 mmol) under
electromagnetic stirring. The mixture was stirred for 24 h under
nitrogen atomsphere at room temperature and monitored by
TLC. After the reaction is finished, the solvent was removed
under reduced pressure after freezing and filtering to obtain a
pale yellow solid. The crude product was purified by chroma-
tography on silica gel (CH,CL:EtOH = 100:1) to give L2 as
white solid (0.83 g, Yield: 48 %). '"H NMR (400 MHz, CDCl5)
4 (ppm): 9.26 (s, IH NH), 8.51 (d, J = 9 Hz, 1H Napy-H),
8.35 (d, /=9 Hz, 1H Napy-H), 7.16 (s, 1H Napy-H), 5.07 (s,
1H CH), 4.45 (s, 1H NH), 2.74 (s, 3H CH3), 2.68 (s, 3H CHs),
1.52 (d,J=7.2 Hz, 3H CH3), 1.48 (s, 9H CHs;). ESI-MS (m/7):
345.19 [M + H]*. Elemental analysis calcd. (%) for
CisHuuN,O5:C, 62.77; H, 7.02; N, 16.27; found: C, 62.74; H,
6.98; N, 17.21.

RESULTS AND DISCUSSION

As outlined in Scheme-I, the naphthyridine precursor was
prepared starting from 2,6-diaminopyridine in a one-step
synthetic route with reference to literature methods*’. The
reaction of naphthyridine precursor with a excess of Boc-L-
alanine and N, N'-dicyclohexylcarbodiimide in dry CH,Cl, at room
temperature yielded L1 or L2 as the product (about 45 %).
Both of L1 and L2 synthesized were fully characterized by

'"H NMR spectroscopy, mass spectroscopy and elemental
analyses. This was the first time to synthesis new ligands Boc-
L-alanine-1,8-naphthyridine that containing amino acid by
amido bond. A broad peak in the '"H NMR spectrum, which is
an indication of the NH proton of the 7-amido1,8-naphthyri-
dine group, was found after 9 ppm for .1 and L2. And the CH
protons are found at about 6 ppm in the '"H NMR spectrum.
The other one broad peak in the 'H NMR spectrum, which is
an indication of the NH proton of the amino acid group, was
found at about 4.3 ppm for L1 and L2. Also, mass spectrum
and elemental analyses revealed that compound L1 and L2
should contain Boc-L-alanine groups. Notably, compound L1
and L2 were prepared in a high yield by directly reacting the
naphthyridine precursor with Boc-L-alanine in dry CH,Cl, at
room temperature which dewatered by N,N'-dicyclohexyl-
carbodie.

Electronic absorption spectroscopy and photolumine-
scence: The spectral properties of compounds L1 and L2 were
examined under various conditions and the results are
summarized in Table-1. Fig. 1 showed the compounds L1 and
L2 in dichloromethane moderately intense absorptions at 319-
333 nm and exhibit intense bands between 225 and 250 nm.
And the intense absorptions expressed the characteristic absor-
ption peak of 1,8-naphthyridine which emerged abruption. The
structured low-energy absorption bands with a large extinction
coefficient (about 1.5 x 10* mol' dm®cm™) may be assigned
to the 0—0 vibrational band of the strong SO—S1 transition
with some charge-transfer character, as evidenced by the slight
sensitivity towards solvent polarity (Fig. 2). On going from
L1 to L2, the introduction of the Me unit caused a unconspi-
cuous shift (3 nm) in the absorption maximum.

Upon excitation at 330 nm, the emission spectra of L1
and L2 in CH,Cl, feature a broad and structureless peak, with
Amax (Quantum yield; Stokes shift) of 374 nm (3 %; 41 nm),
378 nm (11 %; 43 nm), respectively (Table-1). Although the
emission bands in L1 and .2 occur at almost the same position,
but the quantum yield of the latter is obviously higher relative
to the former. It may be due to their analogous-extended
structures but distinct photoluminescence mechanism (the Me
group in L2 can push electrons). The emission intensity of L2
is dependent on solvents and increases markedly with an
increase in solvent polarity (Fig. 2). More than 25-fold
enhancement in fluorescence intensity was recorded when

TABLE-1

OPTICAL PROPERTIES OF L1 AND L2 IN

VARIOUS SOLVENTS AT 298 K

A (nm) a

Cpd.  Solvent (e, mol”" A, (nm) shsi;(t)l(tri) (Ii";';’) D,
dm’cm™)

nmhexane 322,334 361 27 0.03
L CHCL 31933 374 41 sy 003
CHCN 318,331 378 47 0.03
MeOH  332(19636) 362 30 0.05
nhexane | 336 386,399 63 0.03
CHCl, 322,335 378 e 0.11
L2 chen 32034 332 43 415 013
MeOH 334 (15592) 390 56 0.15

“Solid state. @ = fluorescence quantum yield, calculated using quinine
sulfate as standard (¢ = 0.546 in 0.5 mol/L H,SO,)
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Fig. 1. UV-visible absorption (left) and emission spectra (right) of L1 and L2 in CH,Cl, measured at a concentration of 1 x 10~ mol/L at 25 °C
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Fig. 2. Absorption (left) and fluorescence (right) spectra of L1 and L2 in various solvents and solid
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Fig. 3. UV-visible absorption (left) and fluorescence (right) spectra of L1 and L2, upon addition of HBF, in CH;OH. Measured at a concentration of 2 x 107
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the extremes of methanol and n-hexane were compared in
Fig. 2. Moreover, the fluorescence intensity and the maximum
of the low-energy absorption band of L1 is insensitive to
solvents. On the other hand, the emission spectra of L.1 and
L2 in solid feature a broad and structureless peak, with A, of
411 nm, 475 nm, respectively (Table-1). And it has appeared
red shift 64 nm compared L1 with L2.

Upon titration of L1 and L2 with HBF, as a proton source
in CH;OH, the absorptions of L1 and L2 have no significant
change but all of them appear isosbestic points, (Fig. 3). The
hydrogen ion associated with the naphthyrine moiety involves
the promotion of the 7Ty~ ™ transition”. But L1 and L2
exhibits an attenuate emission with a Am. at about 362 and
390 nm upon excitation at 330 nm at room temperature, respec-
tively. They exhibits two enhanced emission with a A at about
405 nm, 355 nm for L1 and 405 nm, 370 nm for L2 upon
excitation at 330 nm at room temperature (Fig. 3). The variation
range occurred for L1 and L2 though titrating of HBF, by 2.5
eq. The luminescence intensity was measured as a function of
HBF, concentration and decreased with an increase in the
degree of protonated nitrogen atoms on the naphthyridine ring.
Compounds L1 and L2 can use as acid-controlled molecular
switching on from the luminescence intensity change caused
by proton source.

Conclusion

In summary, two new ligands based on 1,8-naphthyridine
and modified with Boc-L-alanine named Boc-L-alanine-2-
methyl-1,8-naphthyridine (L1) and Boc-L-alanine-2,4-
dimethyl-1,8-naphthyridine (L.2) were synthesized and
characterized. Then, there absorption and fluorescence spectra
in various solvents and solid are presented comprehensively.
The two new ligands exhibit similar electronic absorption
spectra with Adn. at 318 to 330 nm, which can be tentatively
assigned to m—7 transition. And the intense absorptions
expressed the characteristic absorption peak of 1,8-naphthy-
ridine which emerged abruption. And a comprehensive study
of spectroscopic properties upon titration of L1 and L2 with
HBEF, as a proton source in CH;OH was investigated.
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