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Dendrimers are monodisperse macromolecular architectures
with a high degree of surface functionality.! Dendrimers find appli-
cations in light harvesting systems,? catalysis,> drug delivery,*
multivalent diagnostics for magnetic resonance imaging (MRI),>
molecular encapsulation,® and bioconjugate chemistry.” Dendri-
mers are also used in organo electronic devices such as organic
light-emitting diodes (OLEDs).® Quinoline is a bioactive residue
present in various natural products and drugs and also used for
the synthesis of electronics and optoelectronic devices due to its
excellent mechanical properties.® Quinoline-based fluorophoric
systems find applications in sensor,'® OLEDs'!, and exhibit bacteri-
cidal, antitumor, antimalarial, anti-inflammatory, pro-apoptotic,
and antiproliferative and also other biological activities.!?> Quino-
line-based conjugated dendrimers exhibit photophysical, electro-
luminescence properties and function as electron transport
materials for light-emitting diodes.!® Further quinoline-based den-
drimers have also been used in ‘on-off’ switchable luminescence'*
and for metal complexation.'®

Click chemistry!® refers to Cu(l)-catalyzed Huisgen 1,3-dipolar
cycloaddition of an azide to a terminal alkyne to yield triazole
which can function as a possible ligand for metal ions and as a pro-
ton transport facilitator.!” In the present study click chemistry ap-
proach is chosen as the best process for the synthesis of triazoles.
The advantages of employing click chemistry are the excellent che-
moselectivity, extraordinary reliability, high yield, atom-economy,
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no protection-deprotection protocol in addition to air and moisture
tolerant reaction conditions. Studies of synthesis, DNA binding, and
photonuclease activity of 1,2,3-triazole-fused quinoline-peptidom-
imetics have been reported.'® Synthesis of dendrimers using click
chemistry has received much attention during recent times.!® Syn-
thesis of water-soluble glycodendrimers and chalchone dendri-
mers through click chemistry has been reported from our
laboratory.?® Dendrimers with chiral S-(—)-BINOL core exhibit
chiroptical, photophysical properties®!, and also used as enantiose-
lective lewis acid catalysts.?> Moreover, in the current context
though optically inactive and cheap core molecules can be em-
ployed for the synthesis of dendrimer with quinoline surface
group, we prefer to use S-(—)-BINOL core for many reasons. The
chiral BINOL core-based dendrimer could be used as a chiral base
and chiral auxiliary in organic synthesis,?>?3 further by increasing
the dendrimer generation, the dendritic wedges would go farther
apart which could increase the dihedral angle in the naphthyl unit,
thereby making them chiral auxiliary with higher degree of molar
rotation values. We report herein the versatile and highly efficient
synthesis as well as chiroptical and photophysical properties of a
new family of S-(—)-BINOL-based quinoline dendrimers 1-3
(Fig. 1) with 1,2,3-triazole as building unit through click chemistry
by convergent approach.

The synthesis of 3-(azidomethyl)-2-methoxyquinoline 8 is out-
lined in Scheme 1. 2-Chloro-3-formylquinoline 4 was synthesized
from acetanilide via Vilsmeier-Haack reaction.?* The reaction of
2-chloro-3-formylquinoline 4 with methanol in the presence of
KOH afforded 2-methoxy-3-formylquinoline 5,2° which was
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Figure 1. Molecular structure of dendrimers 1-3.
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Scheme 1. Synthesis of dendrimer 1. Reagents and conditions: (i) MeOH, KOH,
reflux, 3 h, 5, 85%; (ii) NaBH4, MeOH, 0 °C to rt, 6 h, 6, 87%; (iii) PPhs, I,, imidazole,
0°C, 5h, 7, 72%; (iv) NaN3, DMF, 60 °C, 6 h, 8, 81%; (v) 0.5 equiv bis(propargyloxy)-
S-(—)-BINOL 9, CuS04-5H,0 (5 mol %), sodium ascorbate (10 mol %), H,O/THF (1:3),
rt, 10 h, 1, 84%.

reduced with NaBH,4 in MeOH to give the alcohol 6 which on fur-
ther reaction with PPhs and I, in the presence of imidazole in dry

CH,Cl, gave 2-methoxy-3-(iodomethyl)quinoline 7 in 64% yield.
The reaction of the iodide 7 with NaN3 in DMF at 60 °C afforded
3-(azidomethyl)-2-methoxyquinoline 8 in 81% yield. The structure
of the azide 8 has been confirmed from spectral and analytical
data.?’

The core unit bis(propargyloxy)-S-(—)-BINOL 9 was obtained by
the reaction of S-(—)-BINOL with propargyl bromide in the pres-
ence of K,CO5; in DMF as reported earlier.?° The reaction®® of
0.5 equiv of bis(propargyloxy)-S-(—)-BINOL 9 with 1 equiv of quin-
oline azide 8 in the presence of CuSO4-5H,0 (5 mol %) and sodium
ascorbate (10 mol %) in a mixture of water and THF (1:3) at room
temperature gave the bis-triazole chiral dendrimer 1 in 84% yield
(Scheme 1). In 'H NMR spectrum of dendrimer 1 showed a singlet
at 6 3.99 for methoxy protons and two set of doublets at § 5.06 and
5.15 for methylene protons attached to the S-(—)-BINOL and a sin-
glet at 6 5.34 for the methylene protons attached to the triazole
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ring in addition to aromatic protons. The '>*C NMR spectrum of
dendrimer 1 displayed methoxy carbons at 6 49.4 and methylene
carbons at § 51.1, 63.9 respectively, in addition to the aromatic car-
bons. The structure of the dendrimer 1 was further confirmed from
spectral and analytical data.*®

In order to synthesize the first generation dendrimer 2, the
building unit viz. 3,5-bis(propargyloxy)benzyl chloride 10 was ob-
tained as follows: the bis-propargyl derivative obtained by the
reaction of methyl 3,5-dihydroxybenzoate with propargyl bromide
in DMF in the presence of K,CO3 was treated with LAH followed by
the reaction of SOCl,/Py in DCM to give the chloride 10. The reac-
tion of 3,5-bis(propargyloxy)benzyl chloride 10 with 2 equiv of
quinoline azide 8 under the Cu(I)-catalyzed Huisgen ‘click reaction’
conditions gave the first generation chloride G{-Cl 11 in 91% yield
(AB,-type). The dendritic chloride 11 with NaN3 in DMF at 60 °C
afforded the first generation azide G;-N3 12 in 83% yield.?® The
reaction of 0.5 equiv bis(propargyloxy)-S-(—)-BINOL core unit 9
with 1 equiv of dendritic azide G;-N3 12 in the presence of the
Cu(I)-catalyzed Huisgen ‘click reaction’ conditions generated the
(AB,-type) first generation dendrimer (G;) 2 in 78% yield (Scheme
2).

The "H NMR spectrum of dendrimer 2 showed a singlet at 5 3.98
for methoxy proton and two sets of doublets at § 4.93 and 5.01 for
—-CH,- protons attached to S-(—)-BINOL unit and three singlets at 6
5.03, 5.04, and 5.59 for -N-CH,- and -O-CH,- protons, in addition
to aromatic protons. The '>C NMR spectrum of dendrimer 2 dis-
played methoxy carbons at § 49.2 and -N-CH,- carbons at ¢
53.6, 53.8, and 61.9 and -O-CH,- carbon at § 63.8 in addition to
aromatic carbons. In the MALDI-TOF mass spectrum, the molecular
ion peak appeared at m/z 1723.31 (M+Na)" and the structure of the
dendrimer 2 was further confirmed from spectral and analytical
data3!

A similar synthetic strategy was adopted for the synthesis of
second generation dendrimer 3 from the building block viz. 3,5-
bis(propargyloxy)benzyl chloride 10 and dendritic azide G;-N3; 12
under Cu(l)-catalyzed Huisgen click reaction conditions to give
second generation chloride (G,-Cl) 13 in 75% yield. The use of
NaN3 in DMF at 60 °C allowed the conversion of the desired den-
dritic chloride 13 to the dendritic azide G,-N5 14 in 79% yield.?®
The reaction of the bis(propargyloxy)-S-(—)-BINOL core unit 9 with
2 equiv of dendritic azide G,-N3 14 in the presence of Cu(I)-cata-
lyzed Huisgen click reaction conditions gave dendrimer 3 (AB,-
type) in 68% yield (Scheme 3). In the MALDI-TOF mass spectrum,
the molecular ion peak appeared at m/z 3541.41 (M+Na)" and the
structure of the dendrimer 3 was further confirmed from spectral
and analytical data.>?
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Scheme 2. Synthesis of dendrimer 2. Reagents and conditions: (i) 2 equiv 2-
methoxy-3-azidomethylquinoline 8, CuSO4-5H,0 (5 mol %), sodium ascorbate
(10 mol %), H,O/THF (1:3), rt, 10 h, 11, 80%; (ii) 1.5 equiv NaN3, DMF, 60 °C, 6 h,
12, 83%; (iii) 0.5 equiv bis(propargyloxy)-S-(—)-BINOL 9, CuSO4-5H,0 (5 mol %),
sodium ascorbate (10 mol %), H,O/THF (1:3), rt, 10 h, 2, 78%.

Chiroptical studies of enantiopure chiral dendrimers 1-3: The mo-
lar specific rotation values were determined for the chiral dendri-
mers 1-3 in CHCl5 at 589 nm. The specific rotation [%]2> and molar
rotation data are given in Table 1. The specific rotation value de-
creases with an increase in the dendrimer generation Gg to Go.
The molar rotation values are due to the presence of chiral S-(—)-
BINOL unit which makes the dendrimer as an auxiliary chiral mol-
ecule with dendritic wedges. The dihedral angle between the naph-
thyl units in the BINOL core increases as the generation of the
dendrimer increases, which leads to a greater steric repulsion be-
tween the dendritic wedges and hence increases to negative values
of specific rotation. In our earlier observation with respect to chiral
glycodendrimers,2° the specific rotation of the dendrimer was due
to the presence of both the glucose unit and binaphthyl unit and
hence the overall rotation values could switch over from negative
to positive values as the generation increases. However, in the
present study the molar rotation changes to large negative values
on passing over from zero to second generation, because of the in-
crease in the dihedral angle at the naphthyl moiety and the den-
dritic wedges broaden out to a maximum value due to steric
hindrance. Similar observation has also been reported by Meijer
and co-workers,® Chen et al.>* and Gibson and Rendell* in various
chiral dendrimer with binaphthyl core unit. However the molar
rotation values do not switch over to the positive side, which indi-
cate that broadening of the dihedral angle occurs without exceed-
ing the critical angle of 110°. The enhancement of molar rotation
value of the dendrimers, which have the same molar content of
the element, upon the addition of large dendritic fragments turns
out to be the most interesting result.

Photophysical properties of chiral dendrimers 1-3: The photo-
physical data for chiral dendrimers 1-3 are listed in Table 2. Figure
2 shows the absorption spectra of compounds 1-3 in DMSO. There
are three major absorption bands at 272, 312, and 324 nm and
three shoulder peaks at 282, 298, and 339 nm due to the BINOL
and quinoline units, respectively. Molar extinction coefficients of
the absorption bands increase significantly as the generation of
the dendrimer increases. Also, it should be noted that there is no
spectral broadening or spectral shift with increase in generation
(Fig. 2) which reflects the perfection of the synthesized quinoline
dendrimers. The absorbance in UV spectrum increases relatively
to a small extent while passing from zero to first generation due
to slight increase in the number of quinoline units from 2 to 4.
However, on passing from first to second generation the absor-
bance probably increases enormously due to the presence of a
large number of quinoline units viz. 8.

Figure 3 shows fluorescence spectra of dendrimers 1-3 in DMSO
and the fluorescence parameters for these compounds are col-
lected in Table 2. As shown in Figure 3, on excitation at 324 nm,
the dendrimers 1-3 give emission bands at 374 nm due to the
quinoline units. It is clear from Figure 3, the fluorescence intensity
of the chiral dendrimers increases as the generation grows, which
is consistent with the increased number of fluorophoric quinoline
units, otherwise known as multivalency effect®® in dendrimer
chemistry. The fluorescence quantum yields &; of dendrimers 1-
3 have been measured in DMSO using anthracene as the standard.
The quantum yields of dendrimers 1-3 are listed in Table 2. As the
generation increases, the quantum yield decreases consistently.

To further prove the observed decrease in the quantum yield we
have carried out fluorescence lifetime measurement by exciting the
sample at 295 nm using time correlation single photon counting
method. Lifetime of all the three dendrimers shows biexponential
decay as shown in Figure 4. Lifetime values with their relative ampli-
tudes are given in Table 3. The average lifetime of the dendrimers is
found to be lower with increasing length of the dendritic arm, which
is in good agreement with the observed decrease in fluorescence
quantum yield of dendrimers 1-3. The observed biexponential
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Scheme 3. Syntheis of dendrimer 3. Reagents and conditions: (i) CuSO4-5H,0 (5 mol %), sodium ascorbate (10 mol %), H,O/THF (1:3), rt, 10 h, 13, 75%; (ii) 1.5 equiv NaNs,
DMF, 60 °C, 6 h, 14, 79%; (iii) 9, CuS04-5H,0 (5 mol %), sodium ascorbate (10 mol %), H,O/THF (1:3), rt, 10 h, 3, 72%.

Table 1
Specific rotation of chiral quinoline dendrimers 1-3 3000000 3
Compound Mass calculated [ Molar rotation
D) 2500000 2
1 790.03 —41.40 —327.07
2 1700.64 —-24.97 —424.64 20000004
3 3521.33 —16.65 —586.30 > 1
2
8 1500000
<
Table 2 1000000+
Photophysical properties data for chiral dendrimers 1-3 in DMSO (1 x 107> mol/L) 1
Compound /s max (nm) & (mol/L) (x10%)  Jep max (nm) @ 500000
1 272 1.74 374 0.65
312 1.12 0
324 1.33 ; . ; . ; . ; . ; .
2 272 2.64 374 0.60 350 400 450 500 550 600
312 1.62 Wavelength, nm
324 1.85
3 272 4194 374 0.49 Figure 3. Fluorescence spectra of the chiral dendrimers 1-3 in DMSO
312 3.02 (1 x 107> mol/L).
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Figure 4. Fluorescence decay curve for the dendrimers 1-3 in DMSO. The excitation
Figure 2. Absorption spectra of chiral dendrimers 1-3 in DMSO (1 x 107> mol/L). wavelength is 295 nm.
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Table 3
Fit parameters for fluorescence decay curves shows in Figure 4 in DMSO
(1 x 107> mol/L)

Compound 74 (ns) B, 7, (ns) B, Vi Tavg (DS)
1 1.48 29.27 26.27 70.73 1.09 19.01
2 3.24 67.78 21.27 32.22 1.18 9.05
3 3.82 79.45 16.32 20.55 1.11 6.39

fluorescence decay is probably due to the presence of two fluoro-
phoric units viz. BINOL and quinoline and t; decay time is due to
the quinoline moiety, which increases together with their relative
amplitude as the number of quinoline unit increases from zero to
second generation. The 7, decay time could be due to BINOL unit
and the decay time and its amplitude has decreased because of ex-
cess crowding in G, generation. The number of BINOL unit remains
the same in all the dendrimers. Only when the generation increases
the crowding increases from Gg to G, and hence biexponential decay
is observed. Therefore, the decreased quantum yield and lifetime are
attributed to self-quenching effect and the enhancement of nonradi-
ative transition in the higher generation dendrimers compared to
the lower generations.

In conclusion, synthesis of 1,2,3-triazole-linked chiral quinoline
dendrimers has been achieved by click reaction. Though, UV absorp-
tion and emission spectra did not show the changes in absorption and
emission bands, the molar extinction coefficients and fluorescence
intensity increased with increase in dendrimer generation due to in-
crease in the number of quinoline surface group. Fluorescence quan-
tum yield and lifetime were found to be lower for the higher
generations due to self-quenching effect and the enhancement of
nonradiative transitions. The detailed biological activities and the
use of such dendrimers for the cleavage of DNA are underway.
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General procedure for the Cu-catalyzed Huisgen click reaction: acetylenic
derivative (1.0 mmol) was added to dendritic azide (2.0 mmol) in a mixture
of THF and water (3:1) solution. Solid sodium ascorbate (10 mol %) was added
to the reaction mixture, followed by the addition of CuSO4-5H,0 (5 mol %). The
reaction mixture was stirred overnight at rt. The solvent was evaporated under
reduced pressure and the crude product was dissolved in EtOAc (100 mL),
washed with NH4Cl solution (50 mL), brine solution (50 mL), H,O (100 mL),
dried (NaSO4), and concentrated. Evaporation of the solvent afforded the
residue which was purified by column chromatography (silica gel) with CHClz/
MeOH (99.7:0.3) as eluent to give the corresponding triazole.

Azide [Gy]-CH,-N5 8: pale yellow liquid; yield: 81%; "H NMR: (300 MHz, CDCl5)
5 4.05 (s, 3H); 4.14 (s, 2H); 7.33 (t, 1H, ] = 7.5 Hz); 7.56 (t, 1H, = 7.7 Hz); 7.66
(d, 1H, J=7.8 Hz); 7.79 (t, 1H, J=8.1Hz); 7.88 (s, 1H). '3C NMR: (75 MHz,
CDCl;) 6 50.1, 53.6, 120.1, 124.3, 124.9, 127.0, 127.4, 129.7, 137.2, 146.2, 160.1.
MS (ESI): m/z=215.1 [M+1]. Anal. Calcd for C;1H;0N4O: C, 61.67; H, 4.71; N,
26.15. Found: C, 61.56; H, 4.79; N, 26.24.

First generation dendritic azide [G;]-CH,-N; 12: white solid; yield: 83%; mp:
158 °C; 'H NMR: (300 MHz, CDCl3) 6 4.11 (s, 6H); 4.23 (s, 2H); 5.18 (s, 4H); 5.64
(s, 4H), 6.56 (s, 2H); 6.60 (s, 1H); 7.39 (t, 2H,] = 7.5 Hz); 7.61-7.68 (m, 4H); 7.71
(s, 2H), 7.81 (s, 2H); 7.85 (d, 2H). '*C NMR: (75 MHz, CDCl3) 6 49.2, 53.8, 54.6,
62.1,101.7, 107.5, 119.1, 123.3, 124.6, 124.8, 127.1, 127.6, 130.2, 137.8, 138.3,
143.9, 146.6, 159.5, 159.6. MS (ESI): m/z=670.3 [M+1]. Anal. Calcd for
C35H31N1104: C, 62.77; H, 4.67; N, 23.01. Found: C, 62.86; H, 4.61; N, 23.13.
Second generation dendritic azide [G>]-CH>-N3 14: white solid; yield: 79%; mp:
118 °C; 'H NMR: (300 MHz, CDCls) 6 4.10 (s, 12H); 4.17 (s, 2H); 5.09 (s, 12H);
5.53 (s, 4H), 6.60 (s, 8H); 6.48 (s, 6H); 6.55 (s, 1H); 6.59 (s, 2H); 7.36 (t, 4H,
J=7.1Hz); 7.58 (d, 2H, ] = 6.6 Hz); 7.63 (d, 8H, ] = 7.5 Hz); 7.71 (s, 4H); 7.78 (s,
4H); 7.87 (d, 4H, ] = 8.4 Hz). '*C NMR: (125 MHz, CDCl3) 6 49.3, 53.9, 54.1, 54.6,
61.9, 70.0, 101.6, 102.0, 107.4, 107.5, 119.1, 123.1, 123.6, 124.6, 124.8, 126.9,
127.6, 130.2, 136.8, 137.7, 138.3, 143.6, 144.1, 146.5, 159.4, 159.5, 159.8. MS
(ESI): m/z=1580.5 [M+1]. Anal. Calcd for Cg3H73N»5040: C, 63.07; H, 4.66; N,
22.15. Found: C, 62.93; H, 4.59; N, 22.27.

Dendrimer 1: white solid; yield: 84%; mp: 88 °C; '"H NMR: (300 MHz, CDCl5) 6
3.99 (s, 6H); 5.06 (d, 2H, J = 12.6 Hz); 5.15 (d, 2H, ] = 12.6 Hz); 5.34 (s, 4H); 6.58
(s, 2H); 7.05 (d, 4H, J = 3.6 Hz); 7.14-7.19 (m, 2H); 7.35-7.40 (m, 4H); 7.45 (s,
2H); 7.53 (d, 2H, J=8.1 Hz); 7.62-7.67 (m, 4H); 7.71 (s, 2H); 7.87 (d, 2H,
J=8.4). 3C NMR: (125 MHz, CDCl5) & 48.9, 53.7, 63.9, 115.8, 119.1, 120.6,
122.9,123.9,124.6,124.8,125.3,126.3,127.1, 127.6, 127.8, 129.4, 129.4, 130.2,
133.8, 137.8, 144.8, 146.5, 153.5, 159.4.. MS (ESI): m/z=791.2 [M+1]. Anal.
Calcd for C4gH3gNgO4: C, 72.90; H, 4.84; N, 14.17. Found: C, 72.75; H, 4.90; N,
14.24.

Dendrimer 2: white solid; yield 78%; mp: 106 °C; 'H NMR: (300 MHz, CDCls) é
3.99 (s, 12H); 4.93 (d, 2H, J = 12.6 Hz); 5.01 (d, 2H, J = 11.4); 5.03 (s, 4H); 5.04
(s, 8H); 5.59 (s, 8H); 6.34 (s, 4H); 6.51 (s, 2H); 6.59 (s, 2H); 7.07-7.12 (m, 4H);
7.18-7.23 (m, 2H); 7.31-7.36 (m, 6H); 7.57-7.61 (m, 8H), 7.73 (s, 10H,
J=9.9 Hz); 7.80 (d, 6H, ] = 8.7 Hz). '3C NMR: (75 MHz,CDCls) § 49.2, 53.6, 53.8,
61.9, 63.8, 101.7, 107.4, 115.9, 119.1, 120.6, 122.5, 123.6, 123.9, 124.6, 124.8,
125.3,126.4,127.1,127.6,127.9, 129.5, 130.2, 133.9, 136.9, 138.3, 143.6, 145.1,
146.5, 153.6, 159.4, 159.7. MS (MALDI-TOF): m/z=1723.31 [M+Na]*. Anal.
Calcd For CogHgoN22010: C, 67.75; H, 4.74; N, 18.11. Found: C, 67.87; H, 4.83; N,
18.13.

Dendrimer 3: white solid; yield 72%; mp: 106 °C; 'H NMR: (300 MHz, CDCls)
& 4.04 (s, 24H); 4.81 (d, 4H, J = 12.9 Hz); 4.90 (d, 4H, J = 7.9 Hz); 4.94 (s, 8H);
5.01 (s, 16H); 5.30 (s, 8H); 5.53 (s, 16H), 6.17 (s, 4H); 6.45 (s, 10H); 6.48 (s,
2H); 6.52 (s, 4H); 7.02 (s, 4H); 7.13-7.21 (m, 2H); 7.32 (t, 8H, J=7.3 Hz);
7.55-7.60 (m, 20H); 7.64 (s, 8H); 7.67-7.73 (m, 14H); 7.79 (d, 8H,



4370 P. Rajakumar, R. Raja/Tetrahedron Letters 51 (2010) 4365-4370

J=8.7Hz). 13C NMR: (125 MHz, CDCl3) & 492, 53.5, 53.8, 53.9, 61.7, 61.7,
61.9, 63.7, 101.6, 101.9, 107.3, 107.4, 115.8, 119.1, 120.5, 122.7, 123.4, 123.6,
123.9, 124.6, 124.6, 127.9, 129.4, 1302, 133.8, 136.9, 138.2, 143.5, 1437,
146.5, 153.5, 1594, 159.6, 159.7. MS (MALDI-TOF): m/z = 3541.41 [M+Na]".
Anal. Calcd for Cyg5H;64Ns0022: C, 65.44; H, 4.69; N, 19.88. Found: C, 65.56;
H, 4.75; N, 20.01.
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