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Abstract: The stitching method for the synthesis of Fréchet—type dendrimers was elaborated using
click chemistry between an alkyne and an azide. The core building block, 4,4'—(3,5—bis{(azidopro—
pyloxy)benzyloxy)bisphenyl, was designed to serve as the azide functionalities for dendrimer growth
via click reactions with the alkyne—dendrons. The synthetic strategy involved an 1,3—dipolar
cycloaddition reaction between an azide and an alkyne—functionalized Fréchet—type dendrons in the

presence of Cu(l) species which is known as the best example of click chemistry.
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Introduction

Dendrimers, which are prepared by repetition of a given

set of reactions using either divergent or convergent strategies,

are highly branched and regular macromolecules with well—
defined structures and have served as functional objects in
nanotechnology and nanoscience.” The convergent approach
to dendrimer synthesis introduced by Fréchet and co—workers
revolutionized the synthetic approaches to monodisperse
dendrimers.®** The convergent methodology installs the core
in the final step, enabling the incorporation of functionalities.
It provides greater structural control than the divergent
approach due to its relatively low number of coupling reac—
tions at each growth step. The ability to prepare well—defined
(un) symmetrical dendrimers is the most attractive features

of the convergent synthesis. The convergent approach allows
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for a large degree of chemical diversity such that functional
groups can be incorporated at nearly central position in the
dendritic architecture.

Although recent research emphasis seems to shift from the
synthesis of novel dendrimers to their properties and potential
applications, future more expanded applications of dendrimers
rely on efficient and practical synthetic procedures. Recently,
click chemistry,5 the copper—catalyzed 1,3—dipolar cycloaddi—
tion reaction between an alkyne and an azide, has attracted
much attention in the synthesis of dendrimers®” and dendritic
and polymer materials.® 1% In the convergent synthesis of
the dendrimers, two feasible methods are the fusion of two
dendrons and the stitch of multi—functional group with den—
drons. We have developed the fusion and stitching methods
for the synthesis of symmetric and unsymmetric dendrimers
and diblock codendrimers using click chemistry between
an alkyne and an azide.” Taking advantage of this fact, herein
we report the synthesis of Fréchet—type dendrimers by
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Figure 1. Structures of dendrons 1-Dm and synthetic strategy of dendrimers.

the stitching method of dendrons with tetra—core moiety
(Figure 1). Because of the high yields and lack of bypro—
ducts provided by the click chemistry for stitching together
dendrons and core unit, the various dendrimers having
functional building block at core could be obtained easily
and shown the characteristic behaviors.

Experimental

'H-NMR spectra were recorded on a 300 or 500 MHz
NMR spectrometer using the residual proton resonance of
the solvent as the internal standard. Chemical shifts are
reported in parts per million (ppm). When peak multiplicities
are given, the following abbreviations are used: s, singlet; d,
doublet; ¢ triplet; g, quartet; quin, quintet; d of d doublet of
a doublet; m, multiplet; bAr, broad. BC—NMR spectra were
proton decoupled and recorded on a 75 or 125 MHz NMR
spectrometer using the carbon signal of the deuterated
solvent as the internal standard. FAB and MALDI mass
spectra were obtained from Korea Basic Science Institute
(KBSD in Daegu or Daejeon and POSTECH. Flash chroma—
tography was performed with 37-75 pm silica gel. Analytical
thin layer chromatography was performed on silica plates
with Fosy indicator and the visualization was accomplished
by UV lamp or using an iodine chamber. Polydispersity
(PDD of dendrimers was determined by gel permeation
chromatography (GPC) analysis relative to polystyrene cali—
bration (Agilent 1100 series GPC, Plgel 5 pm MIXED—-C,

Z2|H, 337 A1FE, 20094

refractive index detector) in THF solution.

General Procedure for the Preparation of Dendrimers 3-Gm
from Alkyne-Dendrons 1-Dm and Tetra(azides) 2. A mixture
of alkyne—dendrons 1-Dm (0.22 mmol) and 4,4'—(3,5—bis
(azidopropyloxy)benzyloxy)bisphenyl 2 (0.05 mmol) in THF—
H,0 (4:1, 1 mL) in the presence of 20 mol% CuSO; - 5H20
with 40 mol% sodium ascorbate was stirred at 50 C for ~100
h. The reaction mixture was poured into brine (20 mL) and
the resulting solution was extracted with EtOAc (20 mL x
3). The combined organic phase was dried with sodium sulfate,
concentrated, and purified by column chromatography to afford
the desired product 3-Gm.

3-G1. 78% vyield; A white solid; mp 72~74 C; IR 3001,
2939, 2862, 1597, 1458, 1366, 1157, 1057 cm™'; "H-NMR
(500 MHz, CDCls) & 2.38 (quin, /=6.0 Hz, 8H), 3.76 (s,
24H), 3.96 (t, /=5.6 Hz, 8H), 4.52 (s, 8H), 4.56 (t, /=6.8
Hz, 8H), 4.66 (s, 8H), 4.99 (s, 4H), 6.37 (m, 6H), 6.50 (d,
J=1.7 Hz, 8H), 6.58 (d, /=1.3Hz, 4H), 6.99 (d, /=8.6 Hz,
4H), 7.45 (d, J= 8.6 Hz, 4H), 7.55 (s, 4H); *C-NMR (75
MHz, CDCl3) §29.9, 47.0, 55.3, 63.6, 64.2, 69.8, 72.4, 76.6,
99.7, 100.8, 105.5, 106.0, 115.1, 123.0, 127.7, 133.7, 139.8,
140.2, 145.1, 157.7, 159.8, 160.9; MS (FAB): m/z 1587.0
[M*]; HRMS (FAB) Calcd for CgsHggN12015: 1586.7122.
Found: 1587.7232 [M" + H]. PDI: 1.01.

3-G2. 74% vyield; A white solid; mp 60~62 TC; IR 3008,
2939, 2839, 1597, 1458, 1373, 1149, 1049 cm™; 'H-NMR
(500 MHz, CDClg) 62.36 (quin, /= 5.6 Hz, 8H), 3.77 (s, 48H),
3.94 (t, /= 4.9 Hz, 8H), 4.51 (s, 8H), 4.54 (1, /= 6.3 Hz, 8H),
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Scheme 1. Reagents and conditions: 20 mol% of CuSO4 + 5Hx0/40 mol% of sodium ascorbate, THF/HO (4:1), 50 C.

4.65 (s, 8H), 4.95 (s, 20H), 6.37 (m, 2H), 6.40 (m, 8H), 6.53
(m, 41, 6.56—6.58 (m, 20H), 6.59 (m, 8H), 6.97 (d, /= 8.6
Hz, 41), 7.44 (d, J = 8.5 Hz, 4H), 7.53 (s, 4H); ®C—NMR
(75 MHz, CDCl3) 629.8, 47.0, 55.2, 63.5, 64.2, 69.7, 69.9,
72.3, 76.6, 99.8, 100.8, 101.4, 105.1, 105.9, 106.6, 115.0,
122.9,127.6, 133.5, 139.1, 139.7, 140.2, 145.0, 157.7, 159.7,
159.9, 160.9; MS (MALDID: Caled for CisoHigeN120s4:
2675.1316. Found: 2676.1557 [M* + HI, 2698.1112 [M'+
Nal. PDL: 1.01.

3-G3. 75% yield; A white solid; mp 56~58 C; IR 3008,
2939, 2839, 1597, 1458, 1373, 1149, 1049 cm™"; "TH-NMR
(500 MHz, CDClg) 62.33 (quin, /=5.6 Hz, 8H), 3.76 (s, 96H),
3.92 (t, J=5.8 Hz, 8H), 4.50—4.52 (m, 16H), 4.65 (s 8H),
4.95 (s, 52H), 6.36 (m, 4H), 6.40 (m, 161, 6.56 (m, 46H),
6.59 (m, 8H), 6.66 (m, 16H), 6.95 (d, /=8.2 Hz, 41, 7.41 (d,
J=8.3 Hz, 4H), 7,51 (s, 4H); ®C~NMR (75 MHz, CDCly) &
29.8, 47.1, 55.3, 63.6, 64.2, 69.9, 70.0, 72.3, 76.6, 99.9,
100.8, 101.4, 101.5, 105.2, 106.0, 106.3, 106.6, 115.0, 122.9,
127.6,133.5,139.1, 139.3, 139.7, 140.3, 145.0, 157.7, 159.8,
159.9, 160.0, 160.9; MS (MALDID): Calcd for Ca7gHag0N120g6:
4851.9705 . Found: 4875.9343 [M*+H+Nal. PDI: 1.01.

3-G4. 73% vield: A white oil; IR 3008, 2939, 2839, 1597,
1458, 1373, 1203, 1149, 1049 cm % 'H-NMR (500 MHz,
CDCl) 62.29 (m, 8H), 3.75 (s, 192H), 3.89 (m, 8H), 4.46 (m,
8H), 4.50 (s, 81, 4.63 (s, 8H), 4.93 (s, 1161, 6.39 (m, 36H),
6.55 (m, 9611), 6.60 (m, 8H), 6.66 (m, 46H), 6.94 (m, 4H),
7.40 (m, 4H), 7.49 (s, 41); ®C~NMR (75 MHz, CDCls) §29.8,
47.0, 55.3, 63.6, 64.2, 70.0, 72.3, 99.9, 101.6, 105.2, 106.4,
106.7, 115.0, 122.9, 127.6, 133.6, 139.1, 139.2, 139.3, 140.3,
144.8,159.8, 159.9, 160.0, 160.9; PDI: 1.03.

Results and Discussion

The inward growth employed by the convergent synthesis
is ideally suited for the attachment of diverse core moieties.*
As a result, building dendrimers via the convergent approach
allows for the synthesis of symmetric dendrimers and for
specific incorporation of function into the dendrimer interior.
We decided to apply this methodology for the synthesis of
dendrimer containing a kind of chromophore as a preliminary
investigation. The synthetic strategy for Fréchet—type den—
drimers, linked by the triazole units, utilized a convergent
method using the alkyne—functionalized Fréchet—type den—
drons 1-Dm and the tetra—azides (Figure 1). To efficiently
connect the alkyne focal point Fréchet—type dendrons with
core unit, the synthetic approach selected is based on the
click condition using Cu (I) species.'! The alkyne focal point
Fréchet—type dendrons 1-Dm (m=1~4: generation of
dendron, Figure 1) are synthesized according to the reported
procedure.” The 4,4'— (3,5—bis (azidopropyloxy) benzyloxy)
bisphenyl 2, designed to present azide functionalities available
for dendrimer growth via click reactions with the dendrons,
was synthesized readily from the bis—alkylations of 4,4'—
bisphenol with 3,5—bis (azidopropyloxy)benzyl chloride'? in
the presence of a base.™

To demonstrate the effectiveness of the dipolar cyclo—
addition reactions of the tetra(azides) core 2 and alkyne—
dendron 1-D1 (Scheme 1), we have screened with several
conditions using various Cu(l) sources in different solvents.”!!
We have found that the reaction conducted from the condition
of 5 mol% of CuSOy + 5H20 with 10 mol% of sodium ascor—
bate with respect to the alkyne in a 4:1 solvent ratio of THF
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to HoO for 24 h at 50 C afforded the desired product 3-G1
in yield of 78%. The disappearance of tetra(azides) 2 as
well as generation and disappearance of the mono, di, and
triazole derivatives were monitored by TLC runs of the
reaction mixture. The dendrimer 3-G1 was purified by column
chromatography and the structure of dendrimer was con—
firmed by 'Y and *C-NMR spectroscopy, IR spectroscopy,
and FAB mass spectra. Given the success in the synthesis
of first generation dendrimer, we expanded this reaction to
get higher generation dendrimers with 5 mol% of CuSQ; -

5H20 with 10 mol% of sodium ascorbate with respect to the
alkyne in a 4:1 solvent ratio of THF to H20. Reactions of
the tetra(azides) 2 with 4.4 equiv of 1-D2 and 1-D3 afforded
the dendrimers 3-G2 and 3-G3 in yields of 74 and 75%,
respectively, after 48 and 70 h, which were separated by
column chromatography. In case of 1-14, the triazole den—
drimer 3-G4 was obtained in 73% vyield after 100 h. For
completion of the reaction between the dendritic acetylene
and the core, the higher generation dendron takes longer
time than the lower generation dendron. This observation
led us to imagine that the reaction between the dendritic
acetylene and the azide core was kinetically controlled by
the accessibility of acetylide due to the steric hindrance
(bulkiness) of dendron and spatial congestion of the core
region. This comparative efficiency of the click methodology
is emphasized by the synthesis of the dendrimers with the
tailed made core unit. Therefore this approach may provide
new methodological insight into introduction of various
functional cores and would greatly contribute to researches
on the application side. We are now investigating for self—
emissive dendrimer with a fluorescent or phosphorescent
probe in core region.

Structural characterization of the dendrimers 3-Gm with
lH—NMR, 13C—NMR, and IR spectroscopy showed no defects
due to incomplete reaction. From the II—NMR spectra
(CDCl3), the peaks of the methylene protons adjacent to the
nitrogen of triazole, the triazole proton, and the methylene
protons adjacent to the carbon of triazole in dendrimers 3-
Gm were found at 4.56, 7.55, and 4.66 ppm for 3-G1, 4.54,
7.53, and 4.65 ppm for 3-G2, 4.52, 7.50, and 4.65 ppm for
3-G3, and 4.50, 7.49, and 4.63 ppm for 3-(G4, respectively
(Figure 2). The peaks of the methylene protons adjacent
to the oxygen of bisphenyl in dendrimers 3—-Gm were found
at 4.99 ppm for 3-Gl, 4.95 ppm for 3-G2, 4.93 ppm for 3-
G3, and 4.93 ppm for 3-G4, respectively. As the dendrimer
generation increased, the peaks of all discussed protons
shifted gradually to down—field which may be influenced by
the dendritic microenvironment effect.® Analysis of the
dendrimers by mass spectrometry as well as by gel—per—
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Figure 4. IR spectra for (a) 1-D4; (b) 2 (c) 3-G4.

meation chromatography provides no signs of products
with defects that would arise from incomplete coupling
(Figure 3). As expected, the obtained dendrimer possessed
a very well—defined molecular structure with very low poly—
dispersity values (PDI=1.01-1.03). The IR spectra shows

1

the disappearance of the acetylene peak at ~3277 cm ~ and
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the azide peak at ~2098 cm™ in the final dendrimer (Figure
4) while the '"H-NMR revealed no alkyne peak at around &
2.46 ppm.

Conclusions

We have demonstrated that click reactions between the
tetra(azides) core and the alkyne—functionalized Fréchet—
type dendrons lead to the formation of symmetric Fréchet—
type dendrimers. This method can be applied for the fast
synthesis of Fréchet—type dendrimers with functional units
at core and may then provide an insight into designing various
dendrimers with the functional cores.
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