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New fluorescent benzoxazolylalanine derivativesringa(oligo)thiophene units at the side
chain were synthesized in good yields. Evaluatibrthe photophysical properties of the
syntethized amino acids revealed that some of #wvatives display high fluorescent

guantum yields, making them good candidates foliegijon as fluorescent probes.
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Abstract — A series of new benzoxazolylalanine derivatiearing (oligo)thiophene units at
the side chain were synthesized in good yields. gihaophysical characterization of these
amino acids was performed by UV-vis absorption #odrescence emission studies and
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The insertion of coded and unnatural amino acids the backbone of both natural and
synthetic polymers is a very appealing area ofaretesince it can lead to the development of
macromolecules possessing biomimetic charactesjstith unique structural and biological
properties. By synthetic manipulation at the sidmic of the coded amino acids, new
functions and functional relationships can be gateer as well as altered physicochemical
properties, such as luminescence, conducting abiligher thermal stability and metal ion
and other analytes recognition ability, among of@perties. Furthermore, the chirality of
the amino acid should make these polymers suit@iplehiral recognition and induce chain
helicity in aggregated phaskdhe fact that amino acids and peptides are kn@wpind a
variety of metal ions as they contain a large numdfepotential donor atoms through the
peptide backbone and amino acid side chains hasisaged their application to the solution
based detection of metalnd as solid-state metal-ion biosensors.

2-Benzoxazole derivatives have long been recogréeedery interesting biologically active

compounds as they display high lipophilicity anedit range biological activity. In recent
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reports, several derivatives have been presentethtéfsingal, antimicrobial and anticancer
agents. Moreover, benzoxazoles also have excellent optmaperties (broad spectral
windows, high molar absorption coefficients andflescence quantum yields) and they have
been described as fluorescent probed sensing materials, namely as fluorescent and/or
colorimetric sensors for metals, anionic species parmaceutical analysi$®> Thiophene
and its derivatives also display interesting biatabactivityand important electroluminescent
properties with wide application in polymer scienaich has prompted their application as
energy transfer and light-harvesting systems, fatical and electronic devicésas sensors
and as fluorescent markeér&urthermore, the combination of amino acid buiidiiocks and
thiophene derivatives has resulted in several elesnpf heteroaromatic amino acids with
application as ligands of the NMDA receptor, mononér conducting polymers with
complexing ability, paramagnetic amino acids foolpng protein dynamics, as UV- and
pharmaceutically active amino acids for incorpamatinto mutant proteins with changed

optical and thermodynamic propertfes.

The importance of the several above mentioned egipins of thiophene, benzaxole and
amino acid derivatives reveals that there is atmalcinterest on the synthesis of new and
more complex systems that combine these units.efdrey;, in order to contribute and expand
the body of work published in this area in the hsars, we decided to design new amino
acid-based systems consisting on functionalizedirag containing these heterocyclic nuclei.
The (oligo)thienyl-benzoxazole amino acid derivasivbecause of the presence of amino and
carboxyl groups, can be incorporated into peptltires and as such used as an energy donor
in conformational studies of peptides by meansludréscence or be used as fluorescence
markers. Following our previous research in thetlsssis and characterization of unnatural
amino acids, benz-X-azole derivatives with interesting opticabgerties® and heterocyclic
colorimetric/fluorescent chemosensors containingg¢gthiophene, benzoxazole and amino
acid moieties“**we now report the synthesis and characterizatienseries of benzoxazolyl
alanine derivatives bearing (oligo)thiophene unitshe side chain. With the study of these
new (oligo)thienyl-benzoxazolyl-alanines we inteéondevaluate the effect of the length of the
(oligo)thienyl group at the 2-position of the beramole moiety in the photophysical

properties of the resulting compounds.



The new (oligo)thienyl-benzoxazolyl-alaninés with ethylenedioxythiophene, bithiophene
and terthiophene units linked to the benzoxazdihiae system were synthesized in good
yields, by a multistep synthesis, in order to corapshe photophysical properties of
compoundsi-6 with our recently reported system with thiophéh8everal (oligo)thiophene
moieties were used in order to study the influentehe structure modification (e.g. the
rigidification of the thiophene derivative by addia ethylenedioxy bridge in compoudd
and increase of the-conjugated system in compounfia and 6a) on the overall optical
properties of compounds6.

Starting from commercially available 3-nittetyrosine, N-Boc-3-aminot-tyrosine methyl
ester1 was obtained by using simple synthetic procedtfr@te synthesis of 2-formyl-
(oligo)thiophenes2a'? and 2c*®* has been previously reported by us. Condensation o
compounddl and2a-c in ethanol afforded the corresponding imino denes 3a-c, as stable
solids which allowed their characterization. By atgan with lead tetraacetate (LTA) in
DMSO, the imino compounds were oxidised to thed&gybthienyl)benzoxazol-5-yl] alanine
derivatives4a-6a, in 56 to 74% yiel{Scheme 1, Table 1.

< Scheme 1 >

In order to study the effect of tié andC-terminal protecting group of these amino acids in
the photophysical properties, compoutadwas then selectively deprotected atGtsandN-
terminus yielding the correspondind\-Boc protected compoundib® and the fully
deprotected ethylenodioxythienyl-benzoxazolyl-ateni derivative 4c.® By a similar
procedure, compoundsa-6a were selectively deprotected, resulting in theesponding\-
Boc protectedb-6b and the fully deprotected alanine derivatiessc (Scheme 2, Table 1).
The structures of the new (oligo)thienyl-benzoxgkzalanines 4-6 were unambiguously

confirmed by their analytical and spectral data.

< Scheme 2 >
<Tablel >

The absorption and emission spectra of (oligo)fimanzoxazolyl-alanines4-6 were
measured in absolute ethanol (1 to 2 ¥ &0solution) (Table 1). The nature of the thiophenic
substituent at position 2 of the benzoxazole hadear influence on the absorption and

emission bands of compoundss. The wavelength of maximum absorption was shifted
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longer wavelengths as the number of thiophene umdieasedca. 50 nm for each added
thiophene (Table 1, entries 1, 4 and 7). The saemsltwas observed in the emission spectra
as the position of the wavelength of maximum erorssvas red-shifted with the increase of
the number of thiophene units, which varied frdga= 398 nm forda to Aen= 490 nm foréa
(Figure 1).

< Figure 1 >

The fluorescence quantum yields were determinatyusiO.1IM solution of 1-naphthylamine
in cyclohexane as standardby = 0.46}" and (oligo)thienylbenzoxazolyl-alanine$6
exhibited good to excellent relative fluorescenecaarqum yields. Alanine®a-c, with a
bithiophene at position 2 of the benzoxazole, vieoad to be strongly emissive (0.37ds <
0.55) while compound6a-c, with a terthiophene substituedlisplayed much lower quantum
yields (0.10 <& < 0.13). The ethylenedioxythienylbenzoxazolyl-ates 4a-c displayed
residual fluorescence (Table 1, entries 1 to 3).this compound it was found that the rigidity
introduced by the ethylenedioxy bridge on the thege ring had practically no effect on the
wavelengths of maximum absorption and emissiohpatjh a strongly deleterious effect on
the fluorescence quantum yield was observed, wlmnpared to 2-thienylbenzoxazolyl-
alanine which was reported to have a fluorescenemtgm vyield of 0.78° A related alanine
derivative containing a benzoxazole bearing a niiti;phene was reported by other
authorst® with the wavelength of maximum emission3&4 nm and a relative fluorescente

quantum vyield of 0.64.

The fluorescence quantum yield of non substitut#igid)thiophenes is expected to increase
as the oligothiophene chain length increases, dweftirther extension of the conjugated
system. On the other hand, the heavy atom indugiedosbit coupling by the sulphur atoms
can give raise to a very efficient intersystem smog mechanism, thus lowering the
emission:? Moreover, azomethine nitrogens contribute to thevipeatom effect concomitant
with the increased degree of conjugatidiAlso, the different chains (thiophene, bithiophene
and terthiophene) should exihibt different degreésorsion between the thiophene units,
which leads to variations in the effectivity congtign length, affecting the planarity of the
whole heteroaromatic systelfif. In our case, we believe that a combination of aheve

mentioned effects could be responsible for thedti@rserved in our results.



Keeping in mind further applications of these amamds as emissive probes for energy
transfer or FRET (Fluorescence Resonance EnergpsiEnig studies in more complex
structures as peptides chains, in Figure 1 can lzseeen the good superposition of some
absorption and emission spectra (for example comgba and4a), which opens up a very

wide range of potential interesting application®éoexplored.

As can be seen by the results, the presenée ahdN-terminal protecting groups does not
affect the position of the absorption and emis&iands, nor the fluorescence quantum yield,
which does not vary significantly, within the sarseries of compounds (for example,
compare entries 1 to 3 in Table 1). In order tessghe influence of the solvent polarity in
the photophysical properties of alaningé®, spectra were run in cyclohexane, dioxane,
acetonitrile and ethanol/water (1:1) and the olat@iresults showed that no solvatochromic

effect was observed, suggesting that these compgaanedsolvent polarity independent.

In summary, we have achieved the synthesis of mgevdscent heteroaromatic amino acid
derivatives 4-6 containing (oligo)thiophene and benzoxazole megettombined with an
alanine residue by simple procedures in good yialt$ their photophysical properties were
evaluated. Due to their interesting photophysicaebpprties these heterocyclic alanine
derivatives could find application as useful bulgliblocks for peptide-based fluorimetric
chemosensors, as fluorescent markers and prob&®i6F studies in peptides. Studies on the
application of these new derivatives as chemossres@r currently ongoing and it is expected
that their metal ion sensing ability can be combplar#o that of 2- thienylbenzoxazolylalanine,
which has been found to respond via a fluorescepuanching effect to the presence of
Cu(ll), Ni(ll) and Hg(ll) in a very efficient manng&®
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14. General procedure for the synthesis of alaraeda: compoundL (1 equiv.) was stirred
with the corresponding 2-formyl (oligo)thiopheB€1 equiv.) and heated in ethanol at reflux
(5 mL/equiv.) for 3h. The solvent was evaporated @ne crude imin@ used in the next step
without further purification.

N-tert-Butyloxycarbonyl 3-(bithien-2’-yl)imina--tyrosine methyl esteBb (crude): yellow
solid. Mp. 162.5-163.6 °CH NMR (CDCk) 6 = 1.43 (s, 9H, C(CHJs), 2.96-3.12 (m, 2Hp
CHy), 3.73 (s, 3H, CH), 4.52-4.60 (m, 1Hg-H), 5.01 (dJ = 7.8 Hz, 1H, NH), 6.92-6.95 (m,
2H, H-2 + H-5), 7.06-7.10 (m, 2H, H-6 + H-4"), 24d,J = 4.2 Hz, 1H, H-3’), 7.31-7.34 (m,
2H, H-3" + H-5"), 7.41 (d,J = 3.9 Hz, 1H, H-4"), 8.70 (s, 1H, N=CH) ppr’C NMR
(CDCl3) 0 = 28.31 (C(®13)3), 37.90 B CHy), 52.26 (CH), 54.46 (C), 80.01 (QCHs)3),
115.03 (C2), 116.45 (C6), 124.18 (C3’), 125.18 (;3126.02 (C5"), 127.61 (C1), 128.21
(C4™), 129.49 (C5), 133.51 (C4’), 134.95 (C3), 186 (C2’ or C2"), 141.09 (C5’), 142.88
(C2' or C27), 149.37 (N=CH), 151.25 (C4), 155.12%0O Boc), 172.46 (C=0 ester) ppm. MS
(FAB) m/z (%): 487 (IM + H[, 63), 486 (28), 431 (26), 307 (38), 298 (36), 136), 154
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(100). HRMS: (FAB) m/z for CyH27N2OsS,; caled. 487.1361, found 487.1368.
C24H26N205S,: caled. C 59.24, H 5.39, N 5.76, S, 13.18; foun8941, H 5.48, N 5.76, S
13.23.

The corresponding crude imir3e(1 equiv.) and lead tetraacetate (1.5 equiv.) veéireed at
room temperature in DMSO (5 mL/equiv.) for 3 dallse mixture was poured over water and
extracted with ethyl acetate (3 x 10 mL). Afteridgywith anhydrous magnesium sulphate
and evaporation of the solvent under reduced presthe crude compound was submitted to
column chromatography with silica gel by elutiorttwidlichloromethane.
N-tert-Butyloxycarbonyl [2-(bithien-2’-yl)benzoxazol-5]yL-alanine methyl estdsa: yellow
solid (0.198 g, 74%). Mp. 107.0-108.7 °C. UV (ethifnimax nm (log€) 365.0 (4.53)H
NMR (CDCk) 6 = 1.43 (s, 9H, C(CH)3), 3.16-3.29 (m, 2HB CHy), 3.74 (s, 3HCH3), 4.63-
4.66 (m, 1Ha-H), 5.03 (dJ = 8.1 Hz, 1H, NH)7.06-7.09 (m, 1H, H-4")7.11 (dd,J = 1.2
and 8.4 Hz, 1H, H-6),7.24 (d,J = 4.2 Hz, 1H, H-4"),7.31-7.34 (m, 2H, H-7 and H-3” or
5"), 7.44-7.46 (m, 1H, H-3" or 5”), 7.48 (s, 1H, H-47.80 (d,J = 4.2 Hz, 1H, H-3")ppm.
13C NMR (CDCk) 6 = 28.24 (C(®l3)3), 38.26 p CH,), 52.29 (CH), 54.57 ¢C), 79.99
(C(CHa)3), 110.20 (C7), 120.23 (C4), 124.43 (C4’), 125.@5’), 125.90 (C3”), 126.31
(C6), 127.38 (C2), 128.14 (C4"), 130.66 (C3’),A85 (C5), 136.19 (C2"), 142.30 (C5"),
142.35 (C3a), 149.62 (C7a), 155.05 (C=0 Boc), 169@R), 172.08 (C=0 ester) ppm. MS
(FAB) m/z (%): 486 ([M+ 2H]", 34), 485 ([M+ H]", 87), 430 (32), 429 (100), 325 (37), 297
(38), 296 (31), 293 (58), 193 (28), 185 (71), 134)( HRMS: (FAB)mM/zfor Cy4H25N205S;
calcd. 485.1205, found 485.1212.

15. General procedure for the synthesis of alanbe@b: the corresponding alanine methyl
ester (1 equiv.) was dissolved in 1,4-dioxane (l/eguiv.), in an ice bath, and sodium
hydroxide 1M aqueous solution (1.5 eq) was added drop wise.iixture was stirred at
room temperature for 3h. The pH was adjusted tol®-addition of KHSQ@ 1 M aqueous
solution and extracted with ethyl acetate (3 x 10).mAfter drying with anhydrous
magnesium sulphate and evaporation of the soltkatresidue was triturated with diethyl
ether and the pure compound was obtained as a solid

N-tert-Butyloxycarbonyl [2-(bithien-2’-yl)benzoxazol-5]yL-alanine 5b: yellow solid
(0.064 g, 95%). Mp. 183.5-185.0 °C. UV (ethanaha nm (loge) 365.0 (4.53)'H NMR
(CDCl) 0 = 1.46 (s, 9H, C(CH)3), 3.34 (d,J = 4.5 Hz, 2HB CHy,), 4.65-4.72 (m, 1Hg-H),
5.15 (d,J = 7.5 Hz, 1H, NH),7.05-7.08 (m, 1H, H-4")7.18-7.22 (m, 2H, H-6 + H-4"){.29-
7.33 (m, 2H, H-3” + H-5"),7.47 (d,J = 8.4 Hz, 1H, H-7), 7.61 (d = 1.2 Hz, 1H, H-4),
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7.81 (d,J = 3.9 Hz, 1H, H-3)ppm.**C NMR (CDCE) § = 28.30 (C(Els)s), 37.96 p CHy),
54.50 (¢C), 80.10 (CCHg)3), 110.22 (C7), 120.18 (C4), 124.47 (C4), 125.C5(), 125.79
(C3"), 126.58 (C6), 127.35 (C2"), 128.25 (C4)32.43 (C3’), 133.01 (C5), 136.10 (C2"),
142.20 (C5’), 142.03 (C3a), 149.42 (C7a), 155.06G@Boc), 159.01 (C2), 174.65 (GE)
ppm. MS (FAB)M/z(%): 472 ([M+ 2H]", 6), 471 (]M+ H]", 18), 470 (M, 10), 415 (11), 307
(32), 289 (16), 166 (11), 155 (30), 154 (100). HRMBAB) m/z for Cy3H»3N205S,; calcd.
471.1048, found 471.1054.

16. General procedure for the synthesis of alardnése: the correspondintyl-Boc protected
alanine was stirred in a trifluoroacetic acid/darieimethane solution (1:1, 4 mL/mmol) at
room temperature for 2h. The solvent was evapoyated solid residue dissolved in pH 8
aqueous buffer solution and extracted with ethgtate (3 x 10 mL). After drying with
anhydrous magnesium sulphate and evaporation addivent, the product was isolated as a
solid.

[2-(Bithien-2’-yl)benzoxazol-5-yl]--alaninebc: light yellow solid (0.031 g, 55%). Mp. 248.6-
250.2 °C. UV (ethanolfmax nm (loge) 365.0 (4.04)'H NMR (DMSO-dg) d = 3.05-3.15 (m,
2H, B CHy), 4.10-4.17 (m, 1Hg-H), 7.15-7.19 (m, 1H, H-4"), 7.30 (dd,= 1.2 and 8.4 Hz,
1H, H-6), 7.48 (dJ = 3.9 Hz, 1H, H-4’), 7.54 (ddl = 1.2 and 3.6 Hz, 1H, H-3” or H-5"),
7.65 (d,J = 1.2 Hz, 1H, H-4), 7.66 (dd,= 1.8 and 5.4 Hz, 1H, H-3" or H-5"), 7.72 (d,=
8.4 Hz, 1H, H-7),7.91 (d,J = 3.9 Hz, 1H, H-3)ppm.*C NMR (DMSOds) § = 30.52 p
CHy), 53.11 ¢C), 118.92 (C7), 124.41 (C4’), 125.24 (C5"), 125.8C3"), 126.57 (C6),
127.33 (C2’), 128.10 (C4”), 130.18 (C4), 130.302§C130.45 (C3’), 132.41 (C5), 136.35
(C2”), 141.03 (C3a), 142.33 (C5"), 151.62 (C7a80165 (CQH) ppm. MS (FAB)mM/z (%):
372 (M + 2H[", 11), 371 ([M+ H]", 32), 278 (19), 186 (70), 154 (100). HRMS: (FAB)z
for C1gH15N203S,; caled. 371.0524, found 371.0522.
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Captions

Table 1. Yields, UV-visible absorption and emission data foligo)thienylbenzoxazolyl-
alanines4-6 in absolute ethanol.
% The evaluation of the photophysical propertiescafpound6c was not possible due to

insobility.

Scheme 1. Synthesis of fully protected (oligo)thienylbenaawlylalanine derivativeda to

6a.

Scheme 2. Synthesis ofN- and C-terminal deprotected (oligo)thienylbenzoxazeaddnine

derivativesda-c to 6a-c.

Figure 1. Normalized UV-visible absorption and emission sgecf compoundda, 5a and
6a in absolute ethanol dt = 298 K @a, Aexc = 314 NM;58, Aexc = 365 NM;6a, Aexc = 400 NM)

(absorption, full line; emission, dotted line).
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Tables

Tablel

Yield  Absorption Emission Stokes’ shift Quantum

Entry Compd. (%) Amax(nm) (Ioge) Amax (nm) (nm) yield &¢

1 Ja 56 314 (4.37) 398 84 0.03
2 4 84 320 (4.12) 400 80 0.03
3 4c 54 320 (4.28) 386 66 0.05
4 5a 74 365 (4.32) 445 80 0.46
5 5b 95 365 (4.39) 442 77 0.37
6 5c 55 365 (4.29) 448 83 0.55
7 6a 72 400 (4.57) 490 90 0.10
8 6b 96 400 (4.49) 480 80 0.13
9 6c 60 .8 -8 -8 .8




Figurel

Normalised absorption and emission

(a.u.)

Figures

Wavelength (nm)
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