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Summary. We report on a simple synthetic route to a novel anthracene-

based bis-armed amino acid derivative as a useful fluorescent probe.

Various photophysical studies of this amino acid derivative are also de-

scribed. Here, Suzuki–Miyaura cross-coupling reaction has been used as a

key step for carbon–carbon bond formation.
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Introduction

In the past couple of decades, fluorescent probes have

emerged as powerful tools for studying the structure and

dynamics of proteins (Lakowicz and Weber, 1973; Eftink

and Ghiron, 1977; Guerrier-Takada et al., 1983; Lakowicz,

1983; Beechem and Brand, 1985; Cech and Bass, 1986;

Petrich et al., 1987; Sugimoto et al., 1989; Cech et al.,

1992; Elove et al., 1992). Fluorophores that can be used

as covalent labels of proteins are important, as they can

be utilized to report information about particular micro-

environments of protein chains. Fluorescent probes con-

taining amino acid groups are particularly attractive in

this respect as they are easy to incorporate in proteins

via solid-phase synthesis (Kouyama and Mihashi, 1981;

Steinhauser et al., 1982). Such extrinsic probes are often

preferred to the natural fluorophore in proteins, i.e. trypto-

phan, because it is extremely difficult to understand the

fluorescence properties of multi-tryptophan proteins and

besides, tryptophan has a multi-exponential decay of fluo-

rescence, making the situation complicated even for sin-

gle-tryptophan proteins (Petrich et al., 1983). Moreover,

tryptophan absorbs ultraviolet light, which is scattered to

a significant extent in heterogeneous media. So, it is de-

sirable to synthesize fluorescent probes with amino acid

moieties, which have single exponential fluorescence

decays and preferably, absorb light of longer wavelengths,

particularly in the range of emission of tryptophan, so that

they can be used as energy acceptors from tryptophan.

Several researchers are working towards this objective.

For example, Hamada et al. (2005) have reported the

incorporation of fluorescent amino acid L-2-acridoalanine

1 (Fig. 1) for fluorescence sensing. Brun et al. (2004)

have synthesized coumarin based fluorescent amino acid

while Vázquez et al. (2004) have synthesized phthalimide

based amino acid. Guzow et al. (2001) and Rzeska et al.

(2001) have synthesized a highly fluorescent substitut-

ed 3-[2-(phenyl)benzoxazol-5-yl]-alanine derivatives 2.

Similarly, K�ooczán et al. (2001) synthesized 4-ethoxy-

methylene-2-[1]-naphthyl-5(4H) oxazolone 3. A number

of unusual amino acids have been incorporated into pep-

tides and the photophysical properties of the correspond-

ing peptides have been studied.

In the present communication, we report the synthesis

and structural properties of a functionalized anthracene

derivative, which we propose to be a potentially use-

ful fluorescent probe for proteins. Since its discovery,

anthracene has found various chemical applications in

electroluminicent devices and fluoroscent probes be-

cause of its highly fluorescent nature. A number of fluo-

rescent probes with an anthracene unit has been reported

by various research groups and found useful applications

in different fields. For example, Stack et al. (2002) have

synthesized fluorescent probe specific for catechols.

Malakhov et al. (2004) synthesized 1-(phenylethynyl)-

pyrene and 9,10-bis(phenylethynyl)anthracene fluorescent



dyes useful for DNA labeling. Swamy et al. (2005) have

synthesized anthracene derivative containing two boronic

acid groups at 1,8-position and these derivatives are found

to be sorbitol-selective fluorescence sensors.

Our group has earlier reported the synthesis of sym-

metrical and unsymmetrical 9,10-diarylanthracene deriva-

tives via the Suzuki–Miyaura (SM) (Miyaura and Suzuki,

1995; Kotha et al., 2002) cross-coupling reaction (Kotha

et al., 2004). During these studies, some of the 9,10-dia-

rylanthracene derivatives revealed interesting fluorescent

properties. Recently, we synthesized various bis-, tris-

and tetra-armed amino acid derivatives via the SM

cross-coupling reaction of respective aromatic iodides

or bromides and DL-4-boronophenylalanine derivative

(Kotha et al., 2007). These amino acids can be incorpo-

rated in biologically active peptides to deliver ‘‘drug like

molecules’’.

Materials and methods

Analytical TLC was performed on (10� 5 cm) glass plates coated with

silica gel G or GF 254 (containing 13% CaSO4 as a binder). Visualization

of the spots was achieved either by exposure to I2 vapor or UV light. Flash

chromatography was performed using silica gel (100–200 mesh) and

usually eluted with EtOAc and petroleum ether (bp 60–80 �C) mixtures.

Melting points are uncorrected. 1H NMR and 13C NMR spectral data were

recorded on Varian VXR 300 or Varian VXR 400 spectrometers using

TMS as internal standard and CDCl3 or DMSO-d6 as solvent. The cou-

pling constants (J) are given in hertz (Hz). High Resolution mass spectral

data were recorded on Q-ToF micromass machine. UV spectral data were

obtained on Shimadzu UV-2100 or UV-260 instruments or Perkin-Elmer

instrument. The fluorescence spectra were recorded on Perkin-Elmer LS-

55 spectrofluorimeter. Concentration of bis-armed amino acid derivative

6 was 2.7mM.

Preparation of bis-armed amino acid derivative 6

In a three-necked RB flask attached with reflux condenser and nitrogen

inlet–outlet, 9,10-dibromoanthracene 4 (40 mg, 0.12 mmol), boronic acid

derivative 5 (154 mg, 0.48 mmol), Na2CO3 (50 mg, 0.47 mmol) in H2O

(1 ml) and THF=toluene (1:1, 4 ml) were mixed, stirred and degassed for

20 min. To this mixture, Pd(PPh3)4 (11.0 mg, 10 mol%) was added. The

resulting mixture was refluxed at 80 �C. At the conclusion of the reaction

(TLC monitoring), the reaction mixture was quenched with water and

usual work-up procedure gave crude product which was purified by the

silica gel column chromatography. Elution of the column with 12%

ethyl acetate=petroleum ether mixture gave product 6 (59 mg, 68%) as

pale yellow solid. Mp: 200–216 �C; 1H NMR (CDCl3, 300 MHz):

d¼ 1.47 (s, 18H), 3.34–3.13 (m, 4H), 3.80 (s, 6H), 4.75 (dd, 2H), 5.18

(d, 2H), 7.30–7.32 (m, 4H), 7.36–7.40 (m, 8H), 7.64–7.67 (m, 4H) ppm;
13C NMR (CDCl3, 75 MHz): d¼ 28.3, 38.7, 52.3, 54.6, 80.0, 125.0, 126.8,

129.3, 129.8, 131.4, 135.4, 136.7, 137.6, 155.1, 172.5 ppm. HRMS (QToF):

calcd. for C44H48N2O8þNa [MþNa]þ: 755.3308; Found: 755.3442.

Results and discussion

Having synthesized the various 9,10-diarylanthracene de-

rivatives and multi-armed amino acid derivatives via SM

cross-coupling reaction, we thought to utilize this meth-

odology for the synthesis of bis-armed amino acid deri-

vatives having anthracene moiety which might exhibit

interesting photophysical properties. Towards this goal,

when 9,10-dibromoanthracene 4 was subjected to the

cross-coupling reaction with DL-4-boronophenylalanine

derivative 5 (Kotha et al., 2007) as a coupling partner,

the corresponding cross-coupling product 6 was isolated

in 68% yield (Fig. 2).

The product 6 was fully characterized by 1H NMR, 13C

NMR, and QToF-HRMS spectral data. In 1H NMR sin-

glet at d¼ 1.41 corresponds to 18 protons of tert-butyl

group while singlet at d¼ 3.8 corresponding to six pro-

tons confirmed methyl ester. Multiplet at d¼ 3.2 indicated

benzylic protons while a doublet at d¼ 4.75 revealed the

methine protons and a doublet at d¼ 5.18 confirmed the

presence of two �NH protons. Fifteen lines in 13C NMR

spectrum further confirmed the two fold C2-symmetry of

the compound 6. Molecular ion peak in QToF-HRMS at

755.3442 (Calcd. for C44H48N2O8þNa: 755.3308) fur-

ther confirmed the formation of compound. As expected,

the product 6 possess interesting fluorescent properties

which was visible with naked eye, so detailed studies of

absorption and fluorescence were carried out.

Fig. 1. Fluorescent amino acids

Fig. 2. Synthesis of BAAA derivative 6
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Absorption study

Highest molar extinction coefficient was measured at

398 nm in chloroform. When the same solution was excit-

ed at 398 nm, light emission was observed at 414 nm–

434 nm. As indicated from Fig. 3a, there is no major effect

of the polarity of solvent on the absorption property of the

compound 6.

Fluorescence study

It is well-known that substitutions alter the absorption and

fluorescence properties of organic compounds. However,

in the present case, we found that the fluorescence quan-

tum yield (ff) of 6 is almost unaffected by synthetic

modification and is rather high (�1.0 in CHCl3), which

is same as the parent 9,10-diphenylanthracene (Du et al.,

1998). Polarity of the solvents does not have significant

effect on ff value (Table 1).

Thus, it appears that upon covalent binding with a pro-

tein, this fluorophore is likely to behave as a good marker.

Degassing the solution does not affect the quantum yield

of the fluorophore, indicating the absence of luminescence

quenching by oxygen. KI, on the other hand, is found to

quench its fluorescence in the methanolic solution quite

significantly (from 0.7 to 0.27). The Stern-Volmer con-

stant is found to be 123 l mol�1 (Fig. 4).

The fluorescence lifetime (tf) of compound 6 in differ-

ent solvents is 5.5 � 0.5 nsec. With increase in water con-

tent in the methanolic solution, there is an increase in tf

from 5.4 to 6.7 nsec, as the volume of water is increased

from 500 to 1500 ml. The bimolecular quenching constant

calculated from the Stern-Volmer plot is 85 l mol�1,

which is slightly smaller as compared to that of the

steady state results (Fig. 4). This could be due to some

ultrafast component that is missed in the resolution of

our instrument.

Fluorescence of the probe is not quenched by trypto-

phan. So, it can be used as an excellent fluorocent marker

of proteins. Of course, since the ff does not differ much

Fig. 3. (a) Absorption spectra of compound 6 in different solvents (concentration of 6 is 2.7mM). (b) Fluorescence spectra of compound 6 in different

solvents excited at 398 nm

Table 1. Variation of ff with ET (30)

Solvent ET (30) ff

Toluene 33.9 0.90

1,4-Dioxane 36.0 0.87

CHCl3 39.1 1.00

DMF 43.2 0.80

t-BuOH 43.3 0.70

EtOH 51.9 0.85

MeOH 55.4 0.70

Ethylene glycol 56.3 0.80

Fig. 4. The Stern-Volmer plot obtained from the steady state and the

time resolved experiments with addition of KI solution. The Y-axis

represents fluorescence properties
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from that in water, it can not be used to monitor protein

unfolding per se. However, the addition of the compound

6 to a fixed concentration of tryptophan quenches the

tryptophan fluorescence (Fig. 5). This may be attributed

to fluorescence resonance energy trasfer (FRET) from

tryptophan to the fluorophore, thus causing the decreasing

the quantum yield. This property makes the fluorophore

particularly attractive as a covalent label of protein, as

there is a possibility of following protein unfolding by

a decrease in FRET from tryptophan to the fluorophore.

Similar covalent labels have been used conveniently in the

recent past to monitor the chain dynamics of labled pro-

teins (Hudgins et al., 2002). Moreover, as described earli-

er, its fluorescence is quenched by iodide, upon unfolding

the fluorophore become more accessible to iodide ions

and this can also be used to monitor unfolding.

Conclusions

We have synthesized a highly fluorescent amino acid

derivative 6 and studied the photophysical properties.

Quantum yield of 6 is found to be 1 in chloroform and

no major effect of polarity of solvent was observed. The

fluorophore quenches tryptopan fluorescence significantly,

presumably by FRET while its own fluorescence is not

quenched by tryptophan. However, iodide ion quenches

the fluorescence of the fluorophore 6. So, this highly fluo-

rescent bis-armed amino acid derivative can be used to

monitor unfolding of proteins.
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