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Abstract

N-(tert-butoxycarbonyl)-3-(benzoxazol-5-yl)alanine methyl ester derivatives substituted in position 2 by heterocyclic group were synthesized
and their photophysical properties in methanol, acetonitrile and methylcyclohexane were studied by means of absorption and fluorescence spec-
troscopies. The positions of their emission bands depend on the solvent polarity and are shifted to longer wavelengths in more polar solvents as a
result of a charge transfer from a substituent to the benzoxazole moiety. High molar absorption coefficient values and fluorescence quantum yields
are characteristic for most of the compounds studied making them efficient fluorescent probes. Moreover, the presence of additional heteroatom in
the substituent enables those compounds to act as chemosensors for metal ions or protons.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Benzoxazoles are a group of heterocyclic compounds which
are widely used in chemistry, industry and medicine. Among
them 2-phenylbenzoxazoles are known as photostable highly
efficient UV dyes [1] used as organic brightening agents
[2], laser dyes [1], organic plastic scintillators [3] and opti-
cal fibre sensors [4]. Some benzoxazole derivatives are also
used as dopants in organic light-emitting diodes [5], chro-
mophores in nonlinear optical polymers [6—10], chemosensors
for metal ions [11,12] or pH sensors [13]. Moreover, some
benzoxazole derivatives are biologically active [14-28]. They
are also used as fluorescent probes to determine spectroflu-
orimetrically glutathione [29] and cysteine [30] in biological
samples. Such many applications of those compounds are a
result of their photophysical properties among which high
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molar absorption coefficient values and fluorescence quantum
yields are most important. Furthermore, substituent in posi-
tion 2 of the benzoxazole ring may be quite easily changed
modifying the photophysical properties of the compound. For
example, an electron-donor substituent in a phenyl ring of 2-
phenylbenzoxazole shifts the absorption and emission spectra
to the longer wavelengths because of a charge transfer in the
excited state from a phenyl ring to the benzoxazole moiety
[1,31].

The amino acid derivatives of benzoxazoles, 3-(2-
benzoxazol-5-yl)alanines, may be incorporated into a peptide
chain [32]. Moreover, they have photophysical properties sim-
ilar to the parent compounds because a benzoxazole moiety
is mainly responsible for their fluorescent properties [33-38].
Some of those compounds are potential micropolarity probes
[38,39] or chemosensors for H3O [40] and metal ions [40,41].
Because of that we synthesized a series of new 3-(2-benzoxazol-
5-yl)alanine derivatives with a heteroaromatic substituent in
position 2 which enable those compounds to form a complex
with a metal ion or be protonated (Fig. 1). Their photophysical
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Fig. 1. The synthesis scheme (number below the structure denotes the reaction yield).

properties in methanol, acetonitrile and methylcyclohexane
were studied in order to find out how substituent prop-
erties influence on the compound spectroscopic properties
and if there is a structure—properties relationship which may
enable to design more rationally probes possessing required
properties.

2. Materials and methods
2.1. Synthesis

Quinoline carboxaldehydes, except for 3-quinolinecarboxal-
dehyde, were synthesized from corresponding methyl derivative
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using selenium dioxide according to the literature procedure
[42,43] or its modified version. All other aldehydes were com-
mercially available. 3-Methyl[b]thiophene-2-carboxaldehyde
and 1-methylpyrrole-2-carboxaldehyde were purchased from
Avocado, 5-ethyl-2-furaldehyde, 2-benzofurancarboxaldehyde,
5-methyltiophene-2-carboxaldehyde, imidazole-2-carbox-
aldehyde, quinoline-3-carboxaldehyde from Lancaster,
lepidine from Aldrich, 3-methylisoquinoline from Fluka,
6-methylquinoline from Koch-Light Laboratories Ltd., whereas
lead tetraacetate and 3-nitro-L-tyrosine from Lancaster and
Fluka, respectively. 3-Nitro-L-tyrosine methyl ester and N-
Boc-3-nitro-L-tyrosine methyl ester were prepared according
to literature procedures published in [44,45], respectively.

2.1.1. General procedure

All compounds were synthesized from N-Boc-protected 3-
amino-L-tyrosine methyl ester as a substrate, via the intermediate
Schiff base, which underwent oxidative cyclization to the hete-
rocyclic compound in the presence of lead tetraacetate in DMSO
according to the procedure published previously [35,37] (Fig. 1).
Only in the case of N-Boc-3-[2-(2-benzofuryl)benzoxazol-5-
ylJalanine methyl ester ((Bfur)Box-Ala), NBS was used as an
oxidizing agent [33] (the detailed procedure in supplementary
data). The products were isolated by means of column chro-
matography (Merck, Silica gel 60, 0.040-0.063 mm) and then
recrystallized. In the case of (Bfur)Box-Ala, additional purifica-
tion by means of semi-preparative RP-HPLC (Kromasil column,
C-8, Spm, 250 mm long, i.d.=20mm) was necessary. The
purity of the obtained compounds was checked by means of
TLC (Merck plates, Kieselgel 60 Fs4, spots revealed usinga UV
lamp (254 nm, 366 nm), solvent ratios in volume parts) and ana-
lytical RP-HPLC (Kromasil column, C-8, 5 pum, 250 mm long,
i.d.=4.5 mm, detection at 223 or 320 nm (quinolinecarboxalde-
hydes)). The mobile phase was a gradient running from 0% to
100% of B (A =water with addition of 0.01% trifluoroacetic
acid, B=80% of an aqueous solution of acetonitrile with addi-
tion of 0.08% trifluoroacetic acid) over 60 min plus 100% of
B over 10 min. The identification of the product was based on
the 'H and '3C NMR spectra recorded on Varian, Mercury-400
BB spectrometer (400 and 100 MHz, respectively) in CDCI3 or
DMSO-dg (8 was referenced internally to the residual proton
resonance of the solvent or SiMey), infrared spectra recorded
on a Bruker IFS-66 instrument, mass spectra recorded on a
MASSLAB TRIO-3 (FAB) or Bruker Biflex III (MALDI-TOF)
instrument and elemental analysis taken on a Carlo Ertba CNSO
Eager 200 instrument. Melting points (mp) were determined
in capillary tubes using Gallenkamp Griffin MPA-350.MB2.5
apparatus and are uncorrected.

2.1.2. Identification data for all compounds studied
2.1.2.1. N-Boc-3-[2-[2-(5-ethyl)furylJbenzoxazol-5-
vlJalanine methyl ester ((Fur)Box-Ala). The Schiff base:
brown oil, Rg=0.77 (AcOEt/petroleum ether 1:1).

Purification: eluent—AcOEt/petroleum ether 1:2 (v/v), yel-
low solid (47% yield).

Identification: Ry=0.50 (AcOEt/petroleum ether 1:2);
R =53.4min; mp 115-117 °C; IR (KBr): vpax (cm_l) 3352.0,

3140.0,2977.4,2939.7, 1758.8, 1716.0, 1632.9, 1563.7, 1502.3,
1477.6, 1436.7, 1392.1, 1365.7, 1285.8, 1214.9, 1174.3,
1144.6, 1063.6, 1019.9, 981.5, 856.4, 815.9, 786.3, 726.1;
'"H NMR (400 MHz, CDCl3): 8y (ppm) 1.33 (t, 3H, CHs,
J=7.61Hz), 1.42(s,9H, (CH3)3),2.81 (q, 2H, CH,,J=7.21 Hz,
J=15.42Hz), 3.16-3.27 (m, 2H, CPH,), 3.73 (s, 3H, OCH3),
4.64 (q, 1H, C*H, J=5.21 Hz, J=13.42Hz), 5.02 (d, 1H, NH,
J=8.61Hz), 6.23 (dt, 1H, C*H, J=0.80 Hz, J=3.40 Hz), 7.09
(dd, 1H, C°H, J=2.00Hz, J=8.21Hz), 7.18 (d, 1H, CH,
J=3.60Hz), 7.46 (d, 2H, C*H, C'H, J=8.41 Hz); 13C NMR
(100MHz, CDCl3): 8¢ (ppm) 12.17 CH3, 21.89 CH,, 28.51
(CHz)3, 38.49 CP, 52.52 OCHj3, 54.80 C%, 80.13 C**Bu, 107.37
C¥,110.51 C7, 115.85 C%', 120.68 C*, 126.42 C°, 133.01 C3,
141.20C°,148.33C8,149.78 C?,153.33C2,157.33C”, 162.57
NHCO, 171.33 CO; MS m/z (FAB): 415 (MH™); anal. calcd. for
CxHaeN2Og (%): C, 63.76; H, 6.32; N, 6.76; found: C, 64.07;
H, 6.46; N, 6.71.

2.1.2.2. N-Boc-3-[2-(2-benzofuryl)benzoxazol-5-ylJalanine
methyl ester ((Bfur)Box-Ala). The Schiff base: yellow solid
(65% yield), Ry =0.59 (AcOEt/petroleum ether 2:5).

Purification: column chromatography (eluent—AcOEt/
petroleum ether 1:5 (v/v)), RP-HPLC (gradient: 30-100% B in
120 min, A =223 nm), white solid (6% yield).

Identification: Rf=0.49 (AcOEt/petroleum ether 2:5);
tr =429 min (gradient: 30-100% B in 60 min, A =223 nm);
mp 85-87 °C; IR (KBr): vax (cm’l) 3344.5, 3125.3, 2977.1,
2932.4,1740.8,1690.9, 1632.3, 1596.5, 1529.7, 1478.4, 1436 .4,
1391.9,1367.5,1345.5,1321.8, 1289.6, 1255.5,1167.9, 1056.1,
955.3, 881.9, 855.8, 813.0, 798.4, 776.0, 740.6, 719.4; 'H
NMR (400 MHz, CDCl3): 8y (ppm) 1.44 (s, 9H, (CH3)3),
3.20-3.32 (m, 2H, CPH,), 3.75 (s, 3H, OCH3), 4.67 (q, 1H,
C*H, J=6.01Hz, J=14.02Hz), 5.06 (d, 1H, NH, J=7.61 Hz),
7.19 (dd, 1H, C°H, J=1.60Hz, J=8.61 Hz), 7.33-7.37 (m,
1H, C®H), 7.44-7.49 (m, 1H, C>H), 7.55 (d, 2H, C*H, C'H,
J=8.81Hz),7.63(d, IH, C*'H, J=0.80 Hz), 7.67 (dd, 1H, C*H,
J=0.80Hz, J=8.41Hz), 7.73 (d, 1H, C"H, J=7.61 Hz); 13C
NMR (100 MHz, CDCl3): 8¢ (ppm) 28.51 (CH3)3, 38.53 CP,
52.56 OCH3, 54.83 C%, 80.10 C*B¥, 110.62 C7, 110.83 C¥,
112.33 C7', 121.23 C*, 122.52 C¥, 124.19 C7, 127.26 C°,
127.41C3,127.78 C°,133.56 C,141.30C%, 143.81 C?,149.91
C8, 153.80 NHCO, 156.12 C2, 157.92 C72, 172.26 CO; MS m/z
(MALDI): 437 (MH"); anal. calcd. for Co4HouN,Og (%): C,
66.04; H, 5.54; N, 6.42; found: C, 66.10; H, 5.46; N, 6.61.

2.1.2.3. N-Boc-3-[2-[2-(5'-methyl)thienyl Jbenzoxazol-5-
yl]Jalanine methyl ester ((Tf)Box-Ala). The Schiff base: yellow
solid (91% yield), R¢=0.61 (AcOEt/petroleum ether 2:5).

Purification: eluent—AcOEt/petroleum ether 1:2 (v/v), white
solid (82% yield).

Identification: Ry=0.44 (AcOEt/petroleum ether 1:2);
R =53.6 min; mp 108-110 °C; IR (KBr): viax (cm_l) 3333.3,
3074.2,2968.6,2933.2,1736.1, 1687.5, 1627.3, 1584.0, 1526.5,
1478.8,1453.8,1436.8, 1391.3, 1367.5, 1348.0, 1324.9, 1294.1,
1274.6, 1254.7, 1223.5, 1195.8, 1164.0, 1057.4, 1007.7, 993.6,
916.0, 872.8, 851.2, 808.2, 793.9, 757.2, 736.3, 716.0, 678.3,
501.0; '"H NMR (400 MHz, CDCl3): 8y (ppm) 1.42 (s, 9H,
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(CH3)3), 2.58 (s, 3H, CHj3), 3.15-3.26 (m, 2H, CPH,), 3.73
(s, 3H, OCH3), 4.64 (g, 1H, C*H, J=6.01Hz, J=7.61Hz),
5.02 (d, 1H, NH, J=8.01Hz), 6.85 (dd, 1H, C*H, J=0.80 Hz,
J=3.60Hz), 7.08 (dd, 1H, C°H, J=1.60 Hz, J=8.21 Hz), 7.44
(d,2H, C*H, C'H, J=8.41Hz),7.70 (d, 1H, C*'H, J=3.60 Hz).;
13C NMR (100 MHz, CDCl3): 8¢ (ppm) 15.87 CHj3, 28.50
(CH3)3, 38.53 CP, 52.52 OCHj3, 54.83 C%, 81.74 CBu 110.38
C7, 120.37 C*, 126.25 C°, 127.00 C*, 127.16 C¥', 130.59 CZ,
132.86 C>,143.70 C?, 144.07 CY', 147.04 C8, 151.85 C2, 159.26
NHCO, 172.37 CO; MS m/z (FAB): 417 (MH"); anal. calcd. for
C,1Hp4N>Os5S (%): C, 60.56; H, 5.81; N, 6.73; S, 7.70; found:
C, 60.98; H, 5.91; N, 6.58; S, 7.40.

2.1.2.4. N-Boc-3-[2-[2-(3 -methyl)thionaphthenyl |benzoxazol-
5-yl]alanine methyl ester ((Btf)Box-Ala). The Schiff base:
yellow solid (98% yield), Rf=0.70 (AcOEt/petroleum ether
2:5).

Purification: eluent—AcOEt/petroleum ether 1:3 (v/v), white
solid (65% yield).

Identification: Rf=0.45 (AcOEt/petroleum ether 1:3);
tr =39.8 min; mp 143-145°C; IR (KBr): vpax (cm’l) 3365.1,
3055.4,2969.9,2936.7,1743.1,1692.8,1612.0, 1571.2, 1505.0,
1479.2,1433.8,1388.8,1361.6,1337.2,1319.3, 1260.2, 1210.8,
1171.3, 1058.9, 1020.3, 1003.0, 941.1, 904.6, 875.1, 822.9,
785.5,753.9,723.1,711.1, 657.8; "H NMR (400 MHz, CDCl3):
3y (ppm) 1.43 (s, 9H, (CH3)3), 2.94 (s, 3H, CH3), 3.21-3.25 (m,
2H, CPH,), 3.74 (s, 3H, OCH3), 4.65 (d, 1H, C*H, J=7.61 Hz),
5.03 (d, 1H, NH, J=8.01 Hz), 7.14 (dd, 1H, C®H, J=1.20Hz,
J=8.41Hz), 7.45-7.47 (m, 2H, C'H, C®H), 7.53 (d, 1H, C'H,
J=8.41Hz), 7.56 (s, IH, C*H), 7.85-7.89 (m, 2H, C*H, C” H);
13C NMR (100MHz, CDCl3): 8¢ (ppm) 13.73 CH3, 28.52
(CH3)3, 38.62 CB, 52.56 OCH3, 54.87 C%, 80.32 CBU 110.64
C7,120.82 C*,122.79 C¥, 123.45 C7', 124.89 C°, 126.72 CY,
126.81 C¥, 128.06 C¥, 133.14 C°, 136.77 CZ, 140.41 C'%,
140.80 C°, 142.58 C32, 147.10 C3, 149.68 C?, 162.06 NHCO,
172.04 CO; MS m/z (MALDI): 467 (MH™); anal. calcd. for
CysHysN->O5S (%): C, 64.38; H, 5.58; N, 6.01; S, 6.87; found:
C, 64.68; H, 5.53; N, 6.08; S, 6.88.

2.1.2.5. N—Boc-3-[2-[2-(]/-methyl)pyrrolo]benzoxazol—5-
vljalanine methyl ester ((Pyr)Box-Ala). The Schiff base:
brown oil, R¢=0.11 (AcOEt/petroleum ether 2:5).

Purification: eluent—AcOEt/petroleum ether 2:5 (v/v), white
solid (64% yield).

Identification: Ry=0.40 (AcOEt/petroleum ether 2:5);
R =39.2min; mp 110-112°C; IR (KBr): vpax (cm™!) 3365.0,
3122.4,3103.2,2988.5,2961.6,2948.0,2922.2,1743.7,1691.8,
1627.6,1588.9,1510.7, 1475.5, 1448.1, 1436.8, 1411.6, 1392.6,
1362.2,1338.3,1317.4,1260.7,1212.6, 1169.1, 1074.1, 1062.3,
1021.9, 1006.9, 960.1, 922.9, 875.7, 862.3, 820.5, 790.3, 765.7,
742.0, 723.8, 663.5, 614.6, 576.1, 560.4; '"H NMR (400 MHz,
CDCl3): 6y (ppm) 1.42 (s, 9H, (CH3z)3), 3.14-3.25 (m, 2H,
CPH,), 3.73 (s, 3H, OCH3), 4.14 (s, 3H, N-CH3), 4.63 (q, 1H,
C*H, J=6.01Hz, J=13.62Hz), 5.01 (d, 1H, NH, /=8.01 Hz),
6.25 (dd, 1H, C*H, J=2.40Hz, J=4.21Hz), 6.87 (t, 1H, C'H,
J=2.00Hz), 7.03-7.08 (m, 2H, C°H, C3'H), 7.42 (d, 1H, C'H,

J=8.41Hz), 7.44 (s, IH, C*H); 13C NMR (100 MHz, CDCl3):
8c (ppm) 28.45 (CH3)3, 37.17 N-CHs, 38.53 CB, 52.46 OCH3,
54.83C*,81.07C"BY, 109.01 C*, 110.06 C7, 115.34C>',120.02
C*, 120.76 CY', 125.57 C°, 128.76 C?, 132.35 C°, 137.14 C°,
142.86 C8, 150.71 C2, 162.86 NHCO, 172.86 CO; MS m/z
(MALDI): 400 (MH"); anal. calcd. for Co1HpsN3O5 (%): C,
63.14; H, 6.31; N, 10.52; found: C, 63.33; H, 6.37; N, 10.46.

2.1.2.6. N-Boc-3-[2-(2-imidazolyl)benzoxazol-5-yl]alanine
methyl ester ((2-im)Box-Ala). The Schiff base: brown oil,
R¢=0.12 (AcOEt/petroleum ether 2:5).

Purification: eluent—AcOEt, recrystallization from the mix-
ture of AcOEt/EtOH, grey solid (30% yield).

Identification: Rf=0.51 (AcOEt); tr =31.2min; mp 221-
223°C; IR (KBr): vmax (cm~1) 3344.7, 3163.7, 3126.4, 2976.8,
2925.0,2875.4,2792.1,2726.8,2628.3, 1737.4,1690.0, 1636 .4,
1596.6, 1526.2,1478.4, 1436.8, 1388.7, 1368.6, 1346.5, 1322.7,
1293.4,1271.4,1257.2,1220.4,1165.0, 1106.4, 1085.3, 1059.9,
993.7, 971.5, 919.6, 868.0, 853.2, 813.5, 796.6, 769.0, 735.0,
685.0; 'H NMR (400 MHz, DMSO-dg): 8y (ppm) 1.30 (s,
9H, (CH3)3), 2.96-3.18 (m, 2H, CPH,), 3.63 (s, 3H, OCH3),
4.23-4.28 (m, 1H, C*H), 7.31-7.35 (m, 3H, C*H, C¥'H, C°H),
7.67-7.71 (m, 2H, C*H, C"H), 13.59 (s, 1H, N''H); 13C NMR
(100 MHz, DMSO-dy): ¢ (ppm) 28.02 (CH3)3,36.26 CP,51.73
OCH3, 55.37 C%, 78.22 CBu  110.39 C7, 120.02 C4, 124.05
C¥, %, 126.75 C°, 131.95 C3, 134.66 C2, 134.80 C?', 140.99
C?, 148.57 C8, 155.34 NHCO, 172.41 CO; MS m/z (FAB): 388
(M +2H)"); anal. calcd. for C19HpN4O5 (%): C, 59.06; H,
5.74; N, 14.50; found: C, 58.83; H, 5.70; N, 14.20.

2.1.2.7. N-Boc-3-[2-(3-isoquinolinyl)benzoxazol-5-ylJalanine
methyl ester ((3-iQ)Box-Ala). 3-isoquinolinecarboxaldehyde
was synthesized according to the literature procedure [42] (28%
yield).

The Schiff base: lightbrown solid (86% yield), Rf=0.31
(CH,Cl,/MeOH/AcOH 100:10:1).

Purification: eluent—CH,Cl,/MeOH 50:1 (v/v), recrystal-
lization from the mixture of CH,Cl,/petroleum ether, pinkish
solid (6% yield).

Identification: R;=0.26 (CH,Cl,/MeOH 50:1); tgr =48.1
min; mp 182-183°C; IR (KBr): vpax (Cm_l) 3335.8, 3005.2,
2976.1,2932.5,1752.7,1703.3, 1550.5, 1435.2, 1364.5, 1148.8,
1060.3,979.8,763.1; "HNMR (400 MHz, DMSO-ds): 811 (ppm)
1.31 (s, 9H, (CH3)3), 3.00-3.21 (m, 2H, CPH,), 3.65 (s, 3H,
OCH3), 4.28 (s, 1H, C*H), 7.29 (d, 1H, NH, J=7.61 Hz), 7.36
(dd, 1H, C°H, J=1.60Hz, J=8.41 Hz), 7.75 (d, 2H, C*H, C"H,
J=8.41Hz),7.82-7.93 (m, 2H, CH, C”'H), 8.25 (q, 2H, C*'H,
C%H, J=8.01 Hz, J=12.22Hz), 8.87 (s, 1H, C*H), 9.50 (s,
1H, C'H); 13C NMR (100 MHz, DMSO-ds): ¢ (ppm) 27.96
(CH3)3, 36.30 CB, 51.64 OCH3, 55.33 C, 78.17 C*Bv 110.47
C7,120.39 C*, 121.13 C¥, 126.99 C°, 127.57 C¥, 127.72 C ,
128.80 C¥, 129.30 C°, 131.44 C°, 134.57 C'Y, 135.08 C7,
138.92 C¥', 141.48 C°, 149.27 C8, 153.04 C', 153.12 NHCO,
162.04 C2, 172.30 CO; MS m/z (MALDI): 448 (MH"); anal.
calcd. for CpsHysN305 (%): C, 67.10; H, 5.63; N, 9.39; found:
C, 67.20; H, 5.35; N, 9.20.
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2.1.2.8. N-Boc-3-[2-(3-quinolinyl)benzoxazol-5-ylJalanine
methyl ester ((3-Q)Box-Ala). The Schiff base: yellow solid
(96% yield), Ry =0.84 (AcOE).

Purification: eluent—AcOEt/petroleum ether 1:1 (v/v), white
solid (50% yield).

Identification: Ry=0.54 (AcOEt/petroleum ether 1:1);
tr =47.1 min; mp 154-155°C; IR (KBr): vmax (cm~1) 3209.6,
3025.6,2975.7,1745.1, 1711.7, 1627.4, 1477.5,1449.2, 1435.0,
1281.8, 1133.6, 1061.9, 1049.9, 974.4, 714.6; '"H NMR
(400 MHz, CDCl3): 8y (ppm) 1.43 (s, 9H, (CH3)3), 3.20-3.32
(m, 2H, CPH,), 3.75 (s, 3H, OCH3), 4.67 (q, 1H, C®H,
J=6.41Hz, J=13.62Hz), 5.05 (d, 1H, NH, J=8.01Hz), 7.19
(dd, 1H, C®H, J=2.00 Hz, J=8.01 Hz), 7.58 (d, 2H, C*H, C'H,
J=8.41Hz),7.64-7.68 (m, 1H, C®H), 7.82-7.86 (m, 1H, C” H),
7.98 (d, 1H, C¥H, J=7.61Hz), 8.20 (d, 1H, C¥H, J=8.41 Hz),
9.00 (d, 1H, C¥H, J=2.00Hz), 9.73 (d, 1H, C* H, J=2.40 Hz);
13C NMR (100 MHz, CDCl3): 8¢ (ppm) 28.50 (CH3)3, 38.60
CPB, 52.58 OCH3, 54.85 C%, 73.50 C*Bv, 110.86 C7, 121.06
C4, 127.27 C°, 127.95 C¥, 128.95 C%, 129.88 C3', 131.60
Cl?, 133.82 C3, 135.56 C¥', 142.00 C7', 143.00 C°, 144.67
C?, 146.25 C°, 148.77 C8, 149.55 C%, 151.67 NHCO, 165.27
C2, 171.65 CO; MS m/z (MALDI): 448 (MH"); anal. calcd. for
Cy5Hp5N305 (%): C, 67.10; H, 5.63; N, 9.39; found: C, 67.26;
H, 5.81; N, 9.35.

2.1.2.9. N-Boc-3-[2-(4-quinolinyl)benzoxazol-5-ylJalanine
methyl ester ((4-Q)Box-Ala). 4-Quinolinecarboxaldehyde: It
was synthesized according to modified literature procedure
[43]. To the solution of 4-methylquinoline (0.66 ml, 5 mmol) in
1,4-dioxane (6 ml) selenium dioxide (0.56 g, 5.06 mmol) was
added and the reation mixture was refluxed for 8 h. Then the
solvent was evaporated in vacuo and the product was isolated
by means of column chromatography using as an eluent AcOEt.
Recrystallization from the mixture of AcOEt/petroleum ether
gave the product as a yellow solid (0.39 g, 2.51 mmol, 52%
yield).

Identification: Rf=0.23 (AcOEt/petroleum ether 1:1);
tr =24.6 min; mp 135-136 °C; IR (KBr): vpax (cm’l) 3064.2,
2853.7,2742.0,1702.1,1614.5, 1587.1, 1508.6, 1464.6, 1352.1,
1300.0, 1265.8, 1236.8,1213.3,1161.2, 1138.6, 1077.3, 1046 4,
884.4, 845.6, 813.9, 760.9, 709.7, 649.9; 'H NMR (400 MHz,
CDCl3): 8y (ppm) 7.73-7.89 (m, 3H, COH, C”'H, C¥H), 8.23
(dd, 1H, C*H, J=0.80Hz, J=8.41 Hz), 9.03 (m, 1H, CZH),
9.21 (d, 1H, C5'H, J=4.41 Hz), 10.53 (s, 1H, CHO); 13C NMR
(100MHz, CDCl3): 8¢ (ppm) 124.14 C¥', 124.64 C'¥', 126.01
CY,129.64 C7, 130.16 C¥, 130.45 C, 137.07 C¥, 149.41 C7,
150.61 C2', 199.04 CHO; MS m/z (FAB): 159 (M + 2H)*); anal.
calcd. for C;oH7NO (%): C, 76.42; H, 4.49; N, 8.91; found: C,
76.41; H, 4.41; N, 8.77.

The Schiff base: brown oil, Rf=0.39 (AcOEt).

Purification: eluent—(1) AcOEt, (2) AcOEt/petroleum ether
1:1 (v/v), white solid (32% yield).

Identification: Ry=0.73 (AcOEt); fr =53.9min; mp 133-
134°C; IR (KBr): vinax (cm~1) 3363.6, 2968.9, 1758.2, 1696.1,
1536.6, 1505.9, 1479.6, 1440.7, 1390.6, 1368.0, 1350.2, 1325.8,
1271.6,1251.8,1215.0,1173.7,1124.6, 1114.3, 1054.8, 1000.9,
977.7, 931.9, 923.6, 908.4, 851.1, 798.5, 764.4, 687.6, 663.5,

634.7, 607.0; "H NMR (400 MHz, CDCl3): 8y (ppm) 1.43 (s,
9H, (CH3)3), 3.21-3.34 (m, 2H, CPH>), 3.77 (s, 3H, OCH3),
4.68 (q, 1H, CH, J=6.01Hz, J=13.62Hz), 5.08 (d, 1H,
NH, J=8.41Hz), 7.24 (d, 1H, C°H, J=1.60Hz), 7.61 (d, 1H,
C'H, J=8.41Hz), 7.69 (s, 1H, C*H), 7.75-7.86 (m, 2H, C®H,
C"H), 8.22-8.24 (m, 2H, C¥H, C¥H), 9.10 (d, 1H, CZH,
J=4.41Hz), 9.45 (dd, 1H, CYH, J=1.20Hz, J=8.61 Hz); 13C
NMR (100 MHz, CDCl3): 8¢ (ppm) 28.51 (CH3)3, 38.66 CP,
52.62 OCHj3, 54.88 C®, 80.74 CBv, 110.96 C7, 121.60 C¥,
124.82 C*, 126.53 C°, 127.97 C!¥, 128.58 C%, 130.17 C%,
130.45 C7, 131.25 C¥, 133.53 C°, 142.67 C¥, 149.45 C°,
149.66 C¥', 150.04 C8, 154.22 C%, 155.34 CONH, 161.22 C2,
172.59 CO; MS m/z (MALDI): 448 (MH™); anal. calcd. for
CsHasN305 (%): C, 67.10; H, 5.63; N, 9.39; found: C, 67.15,
5.68; N, 9.30.

2.1.2.10. N-Boc-3-[2-(6-quinolinyl)benzoxazol-5-yl]alanine
methyl ester ((6-Q)Box-Ala). 6-Quinolinecarboxaldehyde: 6-
methylquinoline (1 g, 7 mmol) was heated to 180 °C. Selenium
dioxide (0.78 g, 7mmol) was added in small portions with
stirring during 1 h. The reaction mixture was refluxed at about
200 °C for additional 1 h and then cooled to the room temper-
ature and extracted with boiling diethyl ether. After solvent
evaporation, the product was isolated by means of column
chromatography using as an eluent AcOEt. Recrystallization
from the mixture of AcOEt/petroleum ether gave the product as
an orange solid (0.29 g, 1.82 mmol, 26% yield).

Identification: tg =15.2min; mp 75-77 °C; IR (KBr): vimax
(cm™1) 3039.9, 1697.3, 1621.1, 1460.6, 894.3, 773.4; 'H
NMR (400 MHz, CDCl3): 8y (ppm) 7.52-7.56 (m, 1H, C*'H),
8.20-8.24 (m, 2H, C*H, C3'H), 8.33-8.37 (m, 2H, C>'H, C" H),
9.06-9.07 (m, 1H, C?H), 10.22 (s, 1H, CHO); '3C NMR
(100 MHz, CDCl3): 8¢ (ppm) 122.76 C¥, 127.29 C¥', 128.26
C'%, 131.40 C7, 134.16 C¥, 134.87 C°, 137.99 C¥, 151.46
CY,153.68 CZ, 192.01 CHO; MS m/z (FAB): 159 (M +2H)*);
anal. calcd. for C1oH7NO (%): C,76.42; H, 4.49; N, 8.91; found:
C, 76.27; H, 4.44; N, 8.82.

The Schiff base: yellow solid (99% yield), Rf=0.17
(AcOEt/petroleum ether 1:1).

Purification: eluent—AcOEt, white solid (59% yield).

Identification: Rf=0.53 (AcOEt); tr =42.7 min; mp 127-
128 °C; IR (KBr): vimax (cm™1) 3362.7, 3009.5, 2978.0, 2928.5,
1739.8, 1691.5, 1554.0, 1435.0, 1274.0, 1119.7, 1054.9, 952.6,
720.3; '"H NMR (400 MHz, CDCl3): 8y (ppm) 1.43 (s, 9H,
(CH3)3), 3.20-3.31 (m, 2H, CPH,), 3.76 (s, 3H, OCHa),
4.67 (q, 1H, C*H, J=5.61Hz, J=13.42Hz), 5.07 (d, 1H,
NH, J=8.41Hz), 7.18 (dd, 1H, C®H, J=2.00Hz, J=8.41 Hz),
7.49-7.52 (m, 1H, C¥'H), 7.56 (d, 2H, C*H, C5'H, J=8.81 Hz),
8.25(d, 1H, C*H, J=8.81Hz), 8.31 (d, 1H, C’H, J=8.41 Hz),
8.55(dd, 1H, C"H, J=2.00Hz, J=9.01 Hz), 8.75 (d, 1H, C3 H,
J=2.00Hz), 9.01 (dd, 1H, C*H, J=1.60Hz, J=4.21 Hz); 13C
NMR (100 MHz, CDCl3): 8¢ (ppm) 28.51 (CH3)3, 38.58 CP,
52.59 OCHj3, 54.84 C, 80.57 CBv, 110.81 C7, 120.98 C*,
122.33 C¥, 125.35 C°, 127.03 C°, 127.86 C%, 128.13 C7,
128.25 C1Y, 130.70 C¥, 133.18 C°, 137.10 C¥, 142.86 C°,
148.49 C8, 149.69 C?, 150.36 C?, 152.28 CONH, 163.20
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C2, 172.37 CO; MS miz (MALDI): 448 (MH™); anal. calcd.
for Cy5Hy5N305 (%): C, 67.10; H, 5.63; N, 9.39; found: C,
67.02; H, 5.65; N, 9.23. N-Boc-3-[2-(8-quinolinyl)benzoxazol-
5-ylJalanine methyl ester ((8-Q)Box-Ala) [41].

2.2. Spectroscopic measurements

Absorption spectra of all compounds studied in methanol,
acetonitrile and methylcyclohexane were measured using a
Perkin-Elmer Lambda 40P spectrophotometer whereas emission
spectra were measured using a Perkin-Elmer LS 50B spectroflu-
orimeter. The solvents used were either spectroscopic or HPLC
grade. Quantum yields (QY) were calculated using as a refer-
ence quinine sulphate in 0.5M H»SO4 (QY =0.53 +£0.02) or
2-aminopyridine in 0.05M H>SO4 (QY =0.605) and were cor-
rected for different refractive indexes of solvents [46]. In all
fluorometric measurements the optical density of the solution
does not exceed 0.1.

Fluorescence intensity decays were collected using a time-
correlated single-photon counting apparatus (the pico/femto-
second laser system, Ti:sapphire “Tsunami’ laser pumped with
an argon ion laser ‘BeamLok’ and thermoelectrically cooled
MCP-PTM R3809U-05) at the Centre of Ultrafast Laser Spec-
troscopy, Adam Mickiewicz University, Poznan, Poland [47].
The excitation wavelength was 270 nm, whereas the fluores-
cence intensity decay was measured at the maximum of the
emission band which wavelength was selected by means of
monochromator (about 7.5 nm bandwidth). The fluorescence
intensity decays were recorded at 20 °C with a polarizer set up at
amagic-angle. The Ludox solution was used as a reference. The
fluorescence lifetimes were calculated using software delivered
by Edinburgh Analytical Instruments.

Fluorescence intensity decay data were fitted by the iterative
convolution to the sum of exponents:

I(t) = a; exp (—5) )

where «; and t; are the pre-exponential factor and fluorescence
lifetime, respectively. The average fluorescence lifetime as well
as the fluorescence (k¢) and nonradiative (ky,) rate constants were
calculated from the equations:

Sot? QY (1 -QY)
Toy = =, ki=—, nr—
Z,’aifi Tav Tay

@)

3. Results and discussion

Absorption and fluorescence spectra of all compounds stud-
ied in acetonitrile are presented in Figs. 2 and 3 whereas
calculated molar absorption coefficients, absorption and emis-
sion maxima, fluorescence quantum yield, fluorescence lifetime,
average fluorescence lifetime for multi-exponential decays and
quality of the fit in all studied solvents are presented in Table 1.
Absorption maxima of the compounds studied are in the range
from 300 to 340 nm whereas emission maxima are in the range
from 340 to 420 nm. The increase of the solvent polarity and its
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Fig. 2. Normalized to unity absorption (upper panel) and emission (lower panel)
spectra of 3-(2-benzoxazol-5-yl)alanine derivatives in acetonitrile.
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spectra of 3-[2-(quinolinyl)benzoxazol-5-yl]alanine derivatives in acetonitrile.



Table 1

Absorption (A4ps) and emission (Aey) maxima, molar absorption coefficient (¢), fluorescence quantum yield (¢), fluorescence lifetimes (7), pre-exponential factors («), quality of the fit (X 122), fluorescence (k¢) and
nonradiative (ky) rate constants of 3-[2-(heteroaromatic)benzoxazol-5-yl]alanine derivatives in MeOH, MeCN and methylcyclohexane

Compound Jabs (nm) (g, dm? mol~"' cm~") Aem (nM) ¢ 7; (ns) a; <> (ns) X2 ke (x108/s) kar (x 108/s)
MeOH
(Fur)Box-Ala 246, 278, 310, 316 (32090), 333 342, 359, 372 0.863 1.43 1.000 - 1.10 6.03 0.96
(Bfur)Box-Ala 277, 286, 316, 325 (38720), 341 349, 363, 383 0.862 1.12 1.000 - 1.12 7.70 1.23
(TH)Box-Ala 250, 260, 320 (31060) 354,377, 395 0.644 1.69 1.000 - 1.18 3.81 2.11
0.30 1.000 2.82
(BtH)Box-Ala 232,259, 320, 331 (46290), 347 360, 378, 397 0.174 0.28 0.975 5.80 27.53
0.30 1.18
0.66 0.025
(Pyr)Box-Ala 225,244, 274, 283, 306, 313 (37250), 327 340, 356, 372 0.717 137 1.000 - 1.12 5.23 2.07
(2-im)Box-Ala 242, 274, 300, 307 (28860), 322 334,351, 361 0.906 1.36 1.000 - 1.00 6.66 0.69
(3-iQ)Box-Ala 222,236, 255, 267, 278, 318, 322 (30610), 339 349, 365, 382 0.631 2.18 1.000 - 1.08 2.89 1.69
1.74 1.000 1.31
(3-Q)Box-Ala 242,258, 282, 321 (25850), 342 386 0.502 1.81 0.868 2.87 2.85
1.75 1.15
0.92 0.132
0.54 1.000 42.45
240, 257, 324, 335 (17500), 354 . 0.44 0.782 K .
(4-Q)Box-Ala ( ) 411 0314 0.53 1.06 5.92 12.94
0.73 0.218
1.04 1.000 293
. 241,266, 309, 319 (28970), 340 . 0.74 0.562 K .
(6-Q)Box-Ala s ( ) 386 0.199 L02 115 1.95 7.85
1.24 0.438
0.64 1.000 1.59
(8-Q)Box-Ala 262, 314 (15330) 354,412 0.076 0.62 0.987 067 14 1.13 13.79
1.98 0.013
MeCN
(Fur)Box-Ala 246,252, 269, 278, 307, 314 (33160), 329 339, 355, 369 0.661 1.32 1.000 - 1.02 5.01 2.57
(Bfur)Box-Ala 276, 286, 308, 314, 323 (43770), 340 346, 368, 380 0.507 1.08 1.000 - 1.07 4.69 4.56
1.49 1.000 1.28
(THBox-Ala 250, 260, 314, 319 (30620), 326 351, 376, 393 0.582 1.57 0.814 391 2.81
1.49 1.04
0.87 0.186
0.31 1.000 1.40
232,259, 318, 331 (48833), 348
(BtH)Box-Ala ( ) 356, 375, 395 0.222 0.30 1.000 7.40 25.93
0.30 1.20
0.75 0.000
(Pyr)Box-Ala 225,244,274, 283, 306, 314 (38050), 328 338, 354, 369 0.587 1.31 1.000 - 0.96 4.48 3.15
(2-im)Box-Ala 242,273, 299, 307 (29090), 321 331, 346, 359 0.663 1.30 1.000 - 1.10 5.10 2.59
(3-iQ)Box-Ala 222,235, 255, 266, 321 (30510), 338 345,362,378 0.640 2.03 1.000 - 1.11 3.15 1.77
1.39 1.000 1.22
(3-Q)Box-Ala 241,257,278, 308, 320 (27450), 342 381 0.508 1.49 0.739 139 0,98 3.65 3.54
0.95 0.261
0.12 1.000 1.82
(4-Q)Box-Ala 239, 257, 322, 334 (18900), 351 383, 402 0.060 0.11 0.964 5.00 78.33
0.25 0.036 0.12 125
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Table 1 (Continued )

Compound Jabs (nm) (g, dm? mol~' em~") Jem (NM) ¢ 7; (ns) o <> (ns) X3 ke (x108/s) kar (x 108/s)
0.35 1.000 382
0.22 0.818 033 131
240, 262, 271, 308, 318 (28990), 339 0.53 0.182 ' .
(6-Q)Box-Ala , 262, 271, 308, 318 ( ), 3 379 0.037 012 0364 1.12 29.18
0.31 0.591 0.33 1.08
0.72 0.045
0.20 1.000 36.99
(8-Q)Box-Ala 261, 313 (13720) 354, 408 0.024 0.15 0.980 155 Lol 0.15 (1.60) 6.30 (65.07)°
4.10° 0.020 : :
Methylcyclohexane
(Fur)Box-Ala 245,269, 278, 306, 314 (30900), 319, 329 333,351, 366 0.508 1.17 1.000 - 1.12 434 421
(Bfur)Box-Ala 250, 276, 286, 300, 309, 315, 324 (44960), 341 345, 364, 381 1.000 0.86 1.000 - 1.09 11.63 0
1.20 1.000 1.39
(THBox-Ala 250, 260, 313, 319 (28070), 326, 344 348, 373, 387 0.554 1.28 0.746 4.66 3.75
1.19 1.04
0.74 0.254
0.28 1.000 1.43
(BtHBox-Ala 234,261, 317, 323, 332 (49270), 349 353,373,394 0.228 0.27 1.000 8.44 28.59
0.27 1.10
0.99 0.000
(Pyr)Box-Ala 227,244, 274, 283, 306, 314 (40250), 320, 329 332, 349, 364 0.561 1.17 1.000 - 1.13 479 3.75
1.23 1.000 6.64
1.17 0.985 - 160
428 0.015 . :
. d
(2-im)Box-Ala = 327,343,357 0.827 1.19 0.839 7.19 1.50
4.69° 0.000 1.15 1.17
0.22 0.161
(3-iQ)Box-Ala 222,233,257, 307, 321 (32530), 338 343, 361, 380, 404 0.721 1.70 1.000 - 1.09 424 1.64
0.27 1.000 239
0.13 0.708
035 0290 0.25 123
(3-Q)Box-Ala 242,257, 266, 278, 308, 321 (27160), 328, 344 354,370, 392 0.079 010 0.489 3.04 35.42
0.26 0.447 0.26 1.06
0.50 0.064
0.10 1.000 36.25
(4-Q)Box-Ala 243,257,322, 337 (17680), 355 355, 381, 450 0.002 0.03 0.857 0.20 99.80
0.10 1.09
0.18 0.143
2.50 1.000 1136
253 0.011
0.04 0,989 1.07 1.43
- - b b
(6-Q)Box-Ala 241,264,273, 307, 312, 319 (29410), 325, 342 364 0.006 2.95¢ 0.013 0.04 (0.60) 6.90 (99.40)
0.04 0.960 1.44 (0.10)° 1.02
0.35 0.027
0.19 1.000 16.71
(8-Q)Box-Ala 234, 260, 316 (13810) 353,373,394, 413 0.038 8';2 8.(9)2? 023 105 1.65 41.83

2 The average fluorescence lifetime.

b The fluorescence and nonradiative rate constants calculated using the average fluorescence lifetime which do not include the longest fluorescence lifetime component.

¢ The longest fluorescence lifetime component (about 3—4 ns) with very low contribution is probably impurity fluorescence.
4 Too low solubility.
¢ The average fluorescence lifetime calculated without taking into account the longest fluorescence lifetime component.
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ability to form hydrogen bonds influences the emission spectra
causing their bathochromic shift whereas the absorption spec-
tra remain almost unchanged. It indicates that electric dipole
moment in the excited state is higher than in the ground state
because of a charge transfer from the substituent to the benzox-
azole moiety [48]. For the quinoline (azaaromatic) derivatives,
hipsochromic shift of the absorption spectrum is observed for
polar aprotic solvent (MeCN) whereas protic one (MeOH)
causes its bathochromic shift. Such behaviour of the absorption
spectrum indicates that the long-wavelength transition in the 3-
[2-(quinoline)benzoxazol-5-yl]alanine derivatives has n — "
character. Moreover, bathochromic shift of the emission spectra
as well as the increase of the fluorescence quantum yield with
the increase of the solvent polarity and its ability to form hydro-
gen bond (Table 1) indicate on 7" — m character of the radiative
transition [49,50].

Absorption and emission spectra of compounds studied
possess the most distinct vibrational structure in methyl-
cyclohexane. In polar solvents it becomes more diffuse.
However, the vibrational structure of the absorption spectra
of all quinoline derivatives as well as the emission spectra
of (3-iQ)Box-Ala and (3-Q)Box-Ala is similar to that of
N-Boc-3-(2-(2-naphthyl)benzoxazol-5-yl)alanine methyl ester
spectra [36] as a result of the isoelectronic character of the
substituents in position 2 of the benzoxazole ring (naphthyl
and quinoline). The molar absorption coefficients as well as
the fluorescence quantum yields of majority of compounds
studied are high whereas the fluorescence lifetimes are short
indicating on the high probability of the radiative transitions
(Table 1). The fluorescence rate constants are in the range
from 3 to about 8 x 108/s, except for some quinoline deriva-
tives. In all studied solvents the highest molar absorption
coefficients (about 50000dm>®mol~'em™') is observed
for  N-Boc-3-[2-[2-(3'-methyl)thionaphthenyl]benzoxazol-5-
yl]alanine methyl ester ((Btf)Box-Ala) whereas the lowest
(about 14000dm> mol~!cm~!) for N-Boc-3-[2-(8-quino-
linyl)benzoxazol-5-yl]alanine methyl ester ((8-Q)Box-Ala).
The character of the solvent influences on the values of molar
absorption coefficients. For (Bfur)Box-Ala, (Pyr)Box-Ala,
(Btf)Box-Ala, (2-im)Box-Ala, (3-Q)Box-Ala and (6-Q)Box-
Ala, they are higer in more polar solvents whereas the opposite
is true for (Tf)Box-Ala. In all other cases, it is difficult to find
any distinct relationship.

Fluorescence quantum yields of compounds studied are
relatively high, except for quinoline derivatives. The highest
fluorescence quantum yield is observed for (Bfur)Box-Ala in
methylcyclohexane (1.000) and the lowest for (4-Q)Box-Ala
(0.002) in the same solvent. For the majority of studied com-
pounds, the fluorescence quantum yield is higher in more polar
solvents, except for (Btf)Box-Ala and (3-iQ)Box-Ala for which
the opposite relationship is observed. Relatively low fluores-
cence quantum yield of some quinoline derivatives in non-polar
solvent suggests that the emissive state (transition) possesses
n— 1 character, for which the radiationless deactivations are
more efficient than radiative ones (kpr > k¢) (Table 1), on the
contrary to the m° — 1 transition [49]. However, in more polar
and/or protic solvents the state inversion takes place and emis-

sionisthe  <— 7" [51] resulting in higher fluorescence quantum
yields in those solvents (Table 1). High fluorescence quan-
tum yield of all the other compounds studied in which the
ring heteroatom is bounded to carbon atoms by single bonds
is probably a result of 7" — 77 transition because non-bonding
orbital of the heteroatom, which is perpendicular to the ring
plane, overlays with  orbitals of the neighbouring carbon atoms
[49,50].

Most of the compounds studied, especially quinoline deriva-
tives, have multi-exponential fluorescence intensity decays
which may be a result of the emission from two states or
the presence of different conformers or different complexes
with solvent molecule(s) in the excited state. In those cases,
the decay is more heterogenous in polar aprotic solvent than
in the protic one (Table 1). The fluorescence lifetimes of the
compounds studied are rather short (about 1-2ns) (Table 1).
The longest fluorescence lifetime has (3-iQ)Box-Ala in MeOH
(t=2.18ns) whereas the shortest—(4-Q)Box-Ala in methyl-
cyclohexane (<t>=0.10ns). In most cases, the fluorescence
lifetime lengthens with the increase of the solvent polarity which
also confirms a charge transfer from the substituent to the ben-
zoxazole ring in the excited state.

The character of the substituent in position 2 of the ben-
zoxazole ring also influences on the photophysical properties
of the compounds studied. The absorption and emission
bands shift batochromically with a change of the heteroatom
in the substituent in the order nitrogen <oxygen < sulphur
((2-im)Box-Ala < (Pyr)Box-Ala < (Fur)Box-Ala < (Tf)Box-Ala
and (Bfur)Box-Ala< (Btf)Box-Ala). It is probably connected
with the differences in electronegativity of those heteroatoms.
The molar absorption coefficients increase in the order
(Pyr)Box-Ala > (Fur)Box-Ala> (Tf)Box-Ala> (2-im)Box-Ala
and (Btf)Box-Ala> (Bfur)Box-Ala whereas the fluorescence
quantum yields in the order (2-im)Box-Ala> (Fur)Box-
Ala> (Pyr)Box-Ala> (Tf)Box-Ala (in MeOH and MeCN)
and (Bfur)Box-Ala> (Btf)Box-Ala (in all solvents studied)
(Table 1).

The size of the substituent in position 2 of the 3-(benzoxazol-
5-yl)alanine derivative is also important as in the case of
derivatives with aromatic hydrocarbon groups [36]. The bigger
is the aromatic substituent, the more bathochromically shifted
the absorption and emission spectra are (Table 1) as a result
of greater delocalization of the electrons. Also, the increase
of the molar absorption coefficient value, the decrease of the
fluorescence quantum yield (except for (Pyr)Box-Ala and (3-
iQ)Box-Ala) and in most cases the shortening of the fluorescence
lifetime regardless of the heteroatom present in the substituent
are observed (Table 1).

In the case of azaaromatic derivatives, the position of the
nitrogen atom in the quinoline ring influences the photophys-
ical properties of Box-Ala derivatives (Table 1). The increase
of the distance between the benzoxazole ring and the nitro-
gen atom in the quinoline ring causes hipsochromic shift of
the absorption spectrum whereas the emission spectrum shifts
bathochromically and the fluorescence quantum yield as well as
the fluorescence lifetime decrease. Thus, the fluorescence quan-
tum yield and the fluorescence lifetime increase in the order
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(6-Q)Box-Ala> (3-Q)Box-Ala> (3-iQ)Box-Ala. However, (8-
Q)Box-Ala possesses lower fluorescence quantum yield and
longer fluorescence lifetime than (4-Q)Box-Ala (Table 1).

4. Conclusion

3-(Benzoxazol-5-yl)alanine derivatives substituted in posi-
tion 2 by heteroaromatic group are new simple and small
fluorophores which may be used as potential chemosensors for
metal ions and/or pH sensors. Moreover, absorption and emis-
sion spectra of compounds studied display bathochromic shift as
compared with tyrosine and tryptophan what make them suitable
to use in fluorescence conformational analysis in the presence of
natural aromatic amino acids. The positions of their absorption
and emission bands as well as the molar absorption coefficient,
fluorescence quantum yield and fluorescence lifetime are deter-
mined by the character of the substituents as well as the solvent
properties.
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