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Project Code : MRG5080197
Project Title : Synthesis of Conjugate Fluorescent Dendrimers for Sensing Applications
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Abstract:

A series of fluorescent dendritic phenylene ethynylene polyelectrolytes have been
synthesized with an aim of application as water-soluble sensor probes. The key
reactions include a regioselective iodination of triphenyl amine and Sonogashira cross-
coupling with terminal acetylenic compounds. After the installation of hydrophilic
peripheral groups, the resulting macromolecules exhibit good water-solubility as well as
fluorescent signal. The first generation fluorescent dendrimer containing nine phenylene
ethynylene units and six carboxylate peripheral groups exhibits a highly selective
fluorescence quenching by ng+ ions. The Stern-Volmer constant (Kgy) is 33,700 M'1 in
aqueous media in the presence of Triton X-100 surfactant. The zeroth generation
polycationic analog exhibits interesting fluorogenic responses to various types of
surfactants, DNA, potassium poly(vinyl) sulfate (PVSK) and bovine serum albumin
(BSA).

Keywords : Dendrimer, Fluorescence, Sensor
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Synthesis Procedures

4, 4, 4”-triiodotriphenylamine (Tl,). A mixture of 10 (7.36 g, 30 mmol) in chloroform (100 mL)
and methanol (50 mL) was added BTMAICI,( 34.47 g, 99 mmol) and CaCO; (18 g, 0.18 mol). The
reaction mixture was allowed to reflux for 72 h., 20% Na,S,0; solution was added to the mixture
until the mixture became light yellow. The mixture was filtered and the filtrate was separated. The
aqueous layer was extracted with methylene chloride (3 x 50 mL). The combined organic layer was
washed with water (2 x 100 mL) and dried over anhydrous MgSO,. The mixture was concentrated
and the residue was reprecipitated in methanol from methylene chloride solution. Compound 11 was
obtained (14.59 g, 78%) as a white solid: mp ; 182-184°C; 1H NMR (CDCl;, 400 MHz) 0 7.53 (d,J =
7.5 Hz, 6H), 6.80 ( d, J = 7.5 Hz, 6H); C NMR (CDCl3, 100 MHz) O 146.6, 138.5, 126.1, 88.7;
MALDI-TOF m/z Calcd: 622.81 Found: 622.561.

Monomers. A mixture of Tl, (2.0 g, 3.2 mmol) ), PdCI,(PPh;), (11 mg, 0.16 mmol), Cul (3.0 mg,
0.16 mmol), trimethylsilyl acetylene (0.34 g, 3.5 mmol) in toluene (10 ml) was added DBU (1 mL)
and the mixture was stirred at room temperature for 24 h. After the mixture was filtered and the solid
washed with toluene (3x15 ml). The combined filirate was evaporated and the residue was eluted
through a silica gel column by hexane to monomers as a light yellow oil (0.57 g, 33% yield). 1H
NMR (CDCl;, 400 MHz) O 753 (d, J = 6.8 Hz, 4H), 7.33 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.8 Hz,
2H), 6.81 (d, J = 6.8 Hz, 4H), 0.23 (s, 9H); C NMR (CDCl3, 100 MHz) O 146.5, 138.4, 133.2,
126.3, 123.1, 117.5, 140.6, 93.9, 86.7, 0.01; MALDI-TOF m/z Calcd for 592.95 Found: 593.247.

4-iodo-N,N-dimethylaniline. A mixture of N,N-dimethylaniline (6.0 g, 50 mmol) in chloroform (100
mL) and methanol (50 mL) was added BTMAICI,( 18.08 g, 52 mmol) and CaCO; (16.45 g, 0.15
mmol). The reaction mixture was allowed to reflux for 36 h, 20% Na,S,0; solution was added to the
mixture until the mixture became light yellow. The mixture was filtered and the filtrate was separated.
The aqueous layer was extracted with methylene chloride (3 x 50 mL). The combined organic layer
was washed with water (2 x 100 mL) and dried over anhydrous MgSO,. The mixture was
concentrated and the residue was reprecipitated in methanol from methylene chloride solution.
Compound 4-iodo-N,N-dimethylaniline was obtained (10.37 g, 84%) as a purple solid: mp ; 91-93°C;
"H NMR (CDCl;, 400 MHz) 0 7.46 (d, J =5.6 Hz, 2H), 6.49 (d, J = 5.6 Hz, 2H), 2.92 (s, 6 H); “c
NMR (CDCl;, 100 MHz) O 137.5, 114.7, 40.4; MS-ES" m/z Calcd: 246.99 Found.

N, N-dimethyl-4-((trimethylsilyl)ethynyl)aniline. A mixture of 4-iodo-N,N-dimethylaniline (2.51 g, 10
mmol), PdCI,(PPh;), (35 mg, 0.5 mmol), Cul (8 mg, 0.5 mmol) and trimethylsilylacetylene (1.08 g, 11
mmol) in toluene (10 ml) was added DBU (1 mL) and the mixture was stirred at room temperature
for 24 h. After the combined was filtered and the solid washed with toluene (3x15 ml). The combined
filtrate was evaporated and the residue was eluted through a silica gel column by gradient solvents
from pure hexane to methylene chloride/hexane (1/3) as an eluent to afford N, N-dimethyl-4-
((trimethylsilyl)ethynyl)aniline as a yellow solid (2.17 g, 82% yield). mp: 88-89°C; "H NMR (CDCl,,
400 MHz) 0 7.11(d, J = 7.2 Hz, 2H), 6.35 (d, J = 7.2 Hz, 2H), 2.72 (s, 6H), 0.01 (s, 9H); “C NMR
(CDCl;, 100 MHz) 0149.9, 132.9, 111.3, 109.6, 106.3, 90.9, 39.9, 0.01;



Methyl 4-((trimethylsilyl)ethynyl)benzoate. A mixture of methyl 4-iodobenzoate (2.00 g, 7.6 mmol),
PdCI,(PPh;), (0.27 g, 0.4 mmol), Cul (0.07g, 0.38 mmol) and trimethylsilylacetylene (0.83 g, 8.4
mmol) in toluene ( 10 ml) was added DBU ( 1 mL) and the mixture was stirred at room temperature
for 24 h. After the combined was filtered and the solid washed with toluene (3 x 15 ml). The
combined filtrate was evaporated and the residue was eluted through a silica gel column by gradient
solvents from pure hexane to methylene chloride/hexane (1/4) as an eluent to afford methyl 4-
((trimethylsilyl)ethynyl)benzoate as a white solid (1.45 g, 82% yield). mp: 108-110°C; ' NMR
(CDCl,, 400 MHz) 0 7.99 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 3.92 (s, 3H), 0.23 (s, 9H);
C NMR (CDCl;, 100 MHz) 0 166.7, 132.0, 129.8, 129.5, 127.9, 104.2, 97.9, 52.4, 0.01; MALDI-
TOF m/z Calcd: 232.09 Found: 233.425.

4-ethynyl-N,N-dimethylaniline. A mixture of N, N-dimethyl-4-((trimethylsilyl)ethynyl)aniline ( 1.00 g,
4.6 mmol) ) and K,CO; (0.059 g, 0.43 mmol) in methylene chloride (15 mL) and methanol (15 mL)
was stirred at room temperature for 12 h. The organic layer was separated and the aqueous layer
was extracted with methylene chloride (2 x 50 mL) and was then dried over anhydrous MgSO,. The
combined filtrate was evaporated and the residue was eluted through a silica gel column by gradient
solvents from pure hexane to methylene chloride/hexane (1/3) as an eluent to afford 4-ethynyl-N,N-
dimethylaniline as a brown-yellow solid (0.60 g, 90 % yield). mp: 67-69°C. 'H NMR (CDCl;, 400
MHz) 07.37 (d, J = 8.8 Hz, 2H), 6.62 (d, J = 8.8 Hz, 2H), 2.07 (s, 7H); C NMR (CDClg, 100 MHz)
0; 150.4, 133.2, 111.7, 108.7, 84.9, 74.9, 40.

Methyl 4-ethynylbenzoate. A mixture of methyl 4-((trimethylsilyl)ethynyl)benzoate (1.00 g, 4.3
mmol) and K,CO; (0.059 g, 0.43 mmol) in methylene chloride (15 mL) and methanol (15 mL) was
stirred at room temperature for 24 h. The organic layer was separated and the aqueous layer was
extracted with methylene chloride (2 x 50 mL) and was then dried over anhydrous MgSO,. The
combined filtrate was evaporated and the residue was eluted through a silica gel column by gradient
solvents from pure hexane to methylene chloride/hexane (1/4) as an eluent to afford Methyl 4-
ethynylbenzoate as a white solid (0.60 g, 87% yield). mp:103-105°C. "H NMR (CDCl;, 400 MHz) )
7.98 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 3.92 (s, 3H); C NMR (CDCl,, 100 MHz) 0 166.3,
132.0, 130.1, 129.4, 126.7, 82.8, 80.1, 52.2; C; MS m/z Calcd: 160.05 Found: 161.035.

(5). A mixture of monomer (0.41 g, 0.69 mmol), PdCI,(PPh;), (28 mg, 0.07 mmol), Cul (13 mg,
0.07 mmol), Methyl 4-ethynylbenzoate (2.43 g, 1.52 mmol) in toluene (10 ml) was added DBU (1 ml)
and the mixture was stirred at room temperature for 24 h. After the combined filirate was evaporated
and the residue was eluted through a silica gel column by gradient solvents from pure hexane to
methylene chloride/hexane (2/1) as an eluent to afford 5 as a yellow solid (0.28 g, 62% yield). mp:
120-122°C; "H NMR (CDCl;, 400 MHz) 0 8.02 (d, J = 8.0 Hz, 4H), 7.57 (d, J = 8.0 Hz, 4H), 7.44 (d,
J = 8.4 Hz, 4H), 7.39 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 3.93 (s,
6H), 0.23 (s, 9H); ®C NMR (CDCl;, 100 MHz) O 0.01; MALDI-TOF m/z Calcd for 657.23 Found:
656.908.

Dendron. A mixture of 5 (0.20 g, 0.34 mmol) ) and K,CO; (42 mg,0.034 mmol) in methylene
chloride (15 mL) and methanol (15 mL) was stirred at room temperature for 24 h. The organic layer

was separated and the aqueous layer was extracted with methylene chloride (2 x 50 mL) and was



then dried over anhydrous MgSO,. The combined filtrate was evaporated and the residue was eluted
through a silica gel column by gradient solvents from pure hexane to methylene chloride/hexane
(2/1) as an eluent to afford dendron as a yellow solid (0.15 g, 74% yield). mp: 193-195°C; "H NMR
(CDCl;, 400 MHz) 0 8.01 (d, J = 8.0 Hz, 4H), 7.57 (d, J = 8.0 Hz, 4H), 7.44 (d, J = 8.4 Hz, 4H),
7.41 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 3.93 (s, 6H), 0.23 (s,
9H); C NMR (CDCl;, 100 MHz) 0 166.6, 147.0, 138.4, 133.0, 129.5, 129.3, 128.1, 124.1, 124.0,
117.4, 1171, 92.3, 88.7, 83.4, 52.2; MALDI-TOF m/z Calcd for 585.19 Found: 584.804.

Dendrimers (1) ester. A mixture of T, (0.30 g, 0.48 mmol), PdCl,(PPh;), (55 mg, 0.080 mmol),
Cul (15 mg, 0.080 mmol), methyl 4-ethynylbenzoate (0.25 g, 1.6 mmol) in toluene (10 ml) was
added DBU ( 1 mL) and the mixture was stirred at room temperature for 24 h. After the combined
filtrate was evaporated and the residue was eluted through a silica gel column by gradient solvents
from pure hexane to methylene chloride/hexane (2/1) as an eluent to afford dendrimers (1) ester as
a yellow solid (0.80 g, 75% yield). mp: 242-244°C; "H NMR (CDCls;, 400 MHz) 0 8.00 (d, J = 8.4 Hz,
6H), 7.56 (d, J = 8.4 Hz, 6H), 7.45 (d, J = 8.4 Hz, 6H), 7.08 (d, J = 8.4 Hz, 6H); C NMR (CDClj,
100 MHz) O 166.5, 146.9, 133.0, 131.4, 129.5, 129.3, 128.0, 124.1, 117.5, 92.3, 88.7, 52.2; MALDI-
TOF m/z Calcd: 719.03 Found: 719.802.

Dendrimers (2) amine. A mixture of Tl, (0.30 g, 0.48 mmol), PdCI,(PPh;), (55 mg, 0.080 mmol),
Cul (15 mg, 0.080 mmol), 4-ethynyl-N,N-dimethylaniline (0.25 g, 1.6 mmol) in toluene (10 ml) was
added DBU (1 mL) and the mixture was stirred at room temperature for 24 h. After the combined
filtrate was evaporated and the residue was eluted through a silica gel column by gradient solvents
from pure hexane to methylene chloride/hexane (2/3) as an eluent to afford Dendrimers (2) amine
as a yellow solid (0.25 g, 78% yield). mp: 284-286°C; "H NMR (CDCl;, 400 MHz) ) 7.39(d, J = 8.8
Hz, 6H), 7.38(d, J = 8.8 Hz, 6H), 7.04 (d, J = 8.8 Hz, 6H), 6.66 (d, J = 8.8 Hz, 6H), 2.99 (s, 18 Hz);
C NMR (CDCl;, 100 MHz) O; MALDI-TOF m/z Calcd: 674.34 Found: 674.845.

Compound 1. A mixture of Dendrimers (1) ester (0.50 g, 0.69 mmol) in THF (15 mL) and
methanol (15 mL) was added saturated KOH aqueous solution (0.5 mL) and the mixture was stirred
at room temperature. After 24 h the solution was evaporated and the residue dissolved in water (30
mL). Ice was added to the aqueous layer which is acidified and the mixture kept in refrigerator. The
product was filtered to afford 1 as a yellow solid (0.34 g, 72% yield). mp: >350°C decompose ; 1H
NMR (CDCl;, 400 MHz) ) 13.13(broad, 3H), 7.95 (d, J = 8.4 Hz, 6H), 7.63 (d, J = 8.4 Hz, 6H), 7.55
(d, J = 8.4 Hz, 6H), 7.10 (d, J = 8.4 Hz, 6H); C NMR (DMSO-dg, 100 MHz) 0 166.4, 146.7, 133.9,
131.8, 130.0, 126.4, 124.3, 117.4, 92.2, 88.7; MALDI-TOF m/z Anal. Calcd: 677.18 Found: 677.776.

Compound 2. A mixture of Dendrimers (2) amine (0.20 g, 0.69 mmol) in CH;CN (15 mL) was
added CHjl (0.5 mL) and the mixture was stirred at 70 °C in seal tube. After 24 h the solution was
evaporated to afford 2 as a yellow solid (0.34 g, 72% yield). mp:> 350 ‘c decompose ; 'H NMR
(CDCl;, 400 MHz) 0 13.13(broad, 3H), 7.95 (d, J = 8.4 Hz, 6H), 7.63 (d, J = 8.4 Hz, 6H), 7.55 (d, J
= 8.4 Hz, 6H), 7.10 (d, J = 8.4 Hz, 6H); “C NMR (DMSO-dg, 100 MHz) O 166.4, 146.7, 133.9,
131.8, 130.0, 126.4, 124.3, 117.4, 92.2, 88.7; MS-ES" m/z Calcd: 719.87 Found: 240.004 [M]3+.



Compound 4. A mixture of Tl, (20 mg, 0.032 mmol), PdCl,(PPh;), (5 mg, 0.007 mmol), Cul (2 mg,
0.001 mmol), methyl 4-ethynylbenzoate (0.11 g, 0.18 mmol) in toluene (10 mL) was added DBU (
0.1 mL) and the mixture was stirred at room temperature for 24 h. After the combined filtrate was
evaporated and the residue was eluted through a silica gel column by gradient solvents from pure
hexane to methylene chloride/hexane (3/1) as an eluent to afford 4 as a yellow solid (83 mg, 64%
yield). mp:198-200°C; "H NMR (CDCl;, 400 MHz) 0 8.01 (d, J = 8.0 Hz, 12H), 7.56 (d, J = 8.0 Hz,
12H), 7.45 (d, J = 8.4 Hz, 24H), 7.09 (d, J = 8.4 Hz, 24H), 3.93 (s, 18H); C NMR (CDCl,,100
MHz,) O 166.6, 147.0, 146.6, 146.3, 133.0, 132.8, 132.7, 131.4, 129.5, 129.3, 128.1, 124.4, 124.0,
123.9, 118.5, 118.0, 117.3, 92.4, 89.1, 88.7, 52.2; MALDI-TOF m/z Calcd for 1996.21 Found:
1997.537.

Compound 3. A mixture of 4 ( 40 mg, 0.02 mmol) ), Saturated KOH aqueous solution (0.1 mL) in
THF (10 mL), methanol (10 mL) and water (10 mL) was refluxed with stirring for 2 days. The solution
was evaporated and the residue dissolved in water (15 mL). Ice was added to the aqueous layer
which is acidified and the mixture kept in refrigerator. The product was filtered to afford 3 as a yellow
solid (26 mg, 68% yield). mp: >350 °‘c decompose ; "H NMR (DMSO-dG, 400 MHz) ) 7.92(d,J=74
Hz, 12H), 7.59 (d, J = 7.4 Hz, 12H), 7.51-7.45 (m, 24 H) 7.02 (2, 24H); “C NMR (DMSO-dG, 400
MHz, ppm) O 167.1, 147.0, 146.5, 146.3, 133.5, 133.4, 133.1, 131.7, 130.8, 129.9, 127.1, 124.25,
118.0, 116.9, 92.4, 92.3, 89.5, 88.9; MALDI-TOF m/z Calcd for 1910.56 Found: 1911.515.
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emission maxima wavelength, molar absorptivity L8z quantum yield ﬁaﬁ*gﬂlumi’]\‘lﬁ 1

Without Triton X-100

Compound Absorption Fluorescence
Mo (nm) e (Mem™) Ay (M) D
1 374 5900 454 0.097
2 370 26823 485 0.14
3 375 63500 489 0.037

With Triton X-100

Compound Absorption Fluorescence

)\'max (nm) € (M-lcm-l) }Vmax (nm) q)F

1 383 9592 434 0.47
2 382 21310 438 0.46
3 379 49820 421 0.65

Table 1 Photophysical properties of 1-3 in 50 mM phosphate buffer (pH 8.0)
without and with Triton X-100.
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Figure 1 Emission spectra of solutions of a) 1 (1x10° M) b) 2 (0.1x10" M) c) 3 (0.1x10° M) with by

addition of increasing concentration of triton X-100. Almax plot with concentration of triton X-100
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Figure 2. Emission spectra of a) 1 b) 2 c) 3(10x10'6 M) without and with triton X-100 (0.1 mM) by addition of 40x10° M solution of metal ions.



v a . { ° v a o { s &
m3lFUSanawas Triton X-100 surfactant Mnanzawaziliiansuesdygimnige ehands
9 o e . { o 2 ' v @ °
il sensitivity gafigaluminTada Hg aanududuves surfactant gniwualasnimasas
o { v o ' o 4 ' v o d { v
21997 1/l "?.]@]'J’]NLTN"]J%TQG surfactant 14 N 55\'1W']J'3'T§]$VL@]TY]T1|El']i]ﬁfy}fy']m"llaﬁa’]i 3 N’]ﬂﬁq@uﬁal"ﬁ

aNudutuaad Triton X-100 1vinny 100 lulasluans (0.1 Hadluansd)

4_ T I
. I B e = m B
40 80 100 200 300 400 500

Concentration of Triton X-100 (1 0° M)

Figure 3. 1y/l plots for the 3 (0.1 yM) — Triton X-100 complex with ng+(40 pM).

[

a a o [ 2 o
UszAnEnwlunsszivayyrungesisaauduaians 3 dan Hg awnsnm lalasld Stem-Volmer

(]

plot FINL1¢n Stern-Volmer constant (Ksy) Wszuufisl Triton X-100 ﬁmgammﬁmﬁﬂuﬁ'm:uuﬁvlﬂ
§i Triton X-100 (33,700 M 1fiwuriu 5,800 M) (Figure 4)

il y=0.0337x+1
3.5 R2=0.991

+ without Triton X-100

m with Triton X-100

y = 0.0058x + 1
R2=0.994

0 v v ' ' ]
0 20 40 60 80 100

concentrations (pM)

Figure 4. Stern-Volmer plots for fluorescence quenching of 3 (0.1 uM) with and

without Triton X-100 (0.1 mM)
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Figure 5 Change in emision spectra of 3 + Triton X-100 (0.1 mM) + Hg2+ (40 uM) with the addition
of 100 uM EDTA.
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Figure 6 Top) Fluorescence spectra, and Bottom) Wavelength shifting at maximum emission (blue)

and emission intensity (black) of 2 (0.86 |IM) at various concentration of sodium dodecyl sulfate
(SDS) in MilliQ water. Data are shown as the mean+1SD and are derived from three repeat

analyses per sample and three independent samples. Excitation wavelength = 370nm, PMT= 600.
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Figure 7 Top) Fluorescence spectra, and Bottom) Wavelength shifting at maximum emission (blue)

and emission intensity (black) of 2 (0.91 LLM) at various concentration of PVSK in MilliQ water. Data
are shown as the mean+1SD and are derived from three repeat analyses per sample and three

independent samples. Excitation wavelength = 370nm, PMT= 600.
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Figure 8 Top) Fluorescence spectra, and Bottom) Wavelength shifting at maximum emission (blue)

and emission intensity (black) of 2 (1.0 M) in the present of various concentration dsDNA
[P1(=5'GCA TAT GCC TA3)+P1A(=5'TA GGC ATA TGC3")] in 10mM phosphate buffer pH 6.56, and
150 mM NaCl. Data are shown as the mean+1SD and are derived from three repeat analyses per

sample and three independent samples. Excitation wavelength = 370nm, PMT= 540.
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Figure 9 Top) Emission intensity at maximum wavelength at various concentrations of NaCl (10, 50,
100, 150, and 300 mM), and bottom) Fluorescence spectra in NaCl 150 mM of 2 (2.5 LLM) in the
absent (green) and the present of ssDNA(P1(= 5GCA TAT GCC TA3)) 0.50 LLM(pink),
dsDNA(P1+P1A( = 5TA GGC ATA TGC3')) 0.25 [UM(yellow), and dsDNA,;(P1+P2(= 5GCA TAT
GCA TAZ')) 0.25 LLM(blue) respectively. Condition: 10 mM sodium phosphate buffer pH 6.56/MilliQ

water. Data are shown as the mean+1SD and are derived from 3 repeat analyses per sample and 3

independent samples. Excitation wavelength = 370nm, PMT= 600.
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Figure 10 Top) Fluorescence spectra of the different concentration 2 (1.0, 2.5, 5.0, and 10 M)
without (dash line) and with (solid line) dsDNA (P1(=5'GCA TAT GCC TA3’ )+P1A(=5'TA GGC ATA

TGC3’)) 0.25 UM, and bottom) Histogram of emission intensity at maximum wavelength of the
different concentration of 2 (1.0, 2.5, 5.0, and 10 M) without (green) and with (pink) dsDNA

(P1(=5'GCA TAT GCC TA3’ +P1A(=5'TA GGC ATA TGC3)) 0.25 UM in 10mM sodium phosphate

buffer pH 6.56 and 150 mM NaCl. Excitation wavelength = 370nm, PMT= 600.
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Figure 11 Top) Fluorescence spectra, and bottom) Wavelength shifting at maximum emission (blue)

and emission intensity (black) of 2 (0.91 LLM) in the present of various concentration of bovine
serum albumin (BSA) in 10 mM phosphate buffer pH 6.56. Data are shown as the mean+1SD and
are derived from three repeat analyses per sample and three independent samples. Excitation

wavelength = 370nm, PMT= 600.
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