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Dendrimers, which are prepared by repetition of a given

set of reactions using either divergent or convergent strate-

gies, are highly branched and regular macromolecules with

well-defined structures.1 Dendrimers and dendrons can be

considered as unique quantized building blocks for nano-

science and have served as functional objects in nanotechno-

logy and nano-materials science.2,3 As synthetic nanoscale

objects, the structures and properties of the individual dend-

ritic building blocks are hugely versatile. Unlike many other

nanoscale objects, dendrimers are inherently synthetically

versatile. Therefore dendrimers and dendrons have hugely

wide ranging potential applications across a wide range of

areas of interdisciplinary science. The two most widely

studied dendrimer families are the Fréchet-type polyether

and the Tomalia-type poly(amidoamine) (PAMAM) dendri-

mers.1 PAMAM dendrimers are synthesized by the divergent

approach.4 This methodology involves building the dendri-

mers from the core by an iterative synthetic procedure. The

convergent approach to dendrimer synthesis introduced by

Fréchet and co-workers revolutionized the synthetic appro-

aches to monodisperse dendrimers.5 The convergent meth-

odology 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 reactions at each growth step. 

The ability to prepare well-defined (un)symmetrical den-

drimers is the most attractive features of the convergent

synthesis. Future applications of dendrimers rely on efficient

and practical synthetic procedures. Therefore, the innovative

strategy different from conventional convergent and diver-

gent routes has been required to simplify dendrimer syn-

thesis. The synthetic methods in dendrimer chemistry have

recently been upgraded to allow easier access to high-quality

dendritic products. These advances have taken advantage of

widely-applied approaches such as the click chemistry.6,7

This has allowed dendritic architectures to be incorporated

into ever more elaborate nanostructures.8 The representative

click chemistry is the copper-catalyzed 1,3-dipolar cyclo-

addition reaction between alkyne and azide explored by

Sharpless and Tornøe.9,10 We were among the first to re-

cognize that the click chemistry between alkyne and azide

possess high value for convergent synthetic strategy of den-

drimer. As a result, the fusion and stitching methods for the

convergent synthesis of dendrimers using click chemistry

between an alkyne and an azide have been developed over

the years.11,12 Taking advantage of this fact, herein we report

the convergent synthesis of carbazole core PAMAM den-

drimers by stitching method of PAMAM dendrons with a

carbazole core (Scheme 1). 

Experimental Section

1H NMR and 13C NMR spectra were recorded on 300 or

500 MHz NMR spectrometers. Mass spectra were obtained

from Korea Basic Science Institute (KBSI) in Daegu and

POSTECH. Flash chromatography was performed with 37-

75 μm silica gel. Polydispersity (PDI) of dendrimers was

determined by gel permeation chromatography (GPC) analysis

relative to polystyrene calibration (Agilent 1100 series GPC,

Plgel 5 μm MIXED-C, refractive index detector) in THF

solution. UV-visible spectra were recorded with a Shimadzu

UV-3100 spectrophotometer with a baseline correction and

normalization carried out using Microsoft Excel software.

The emission spectra for dilute solutions were determined

using a Hitachi F-4500 fluorescence spectrophotometer.

General Procedure for the Synthesis of PAMAM Den-

drimers 3-Gm. A mixture of alkyne-functionalized PAMAM

dendrons 2-Dm (0.21 mmol) and N-octyl-3,6-diazidocarb-

azole 1 (0.10 mmol) in DMF (1 mL) in the presence of CuI

Scheme 1. Synthesis of dendrimers 3-Gm. Reagents and condi-
tions: CuI, DMF, rt. 
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was stirred at rt for ~48 h. The reaction mixture was poured

into brine (20 mL) and the resulting solution was extracted

with EtOAc (20 mL × 3). The combined organic phase was

dried with sodium sulfate, concentrated, and purified by

column chromatography to afford the desired product 3-Gm.

Compound 3-G1: Rf = 0.15 (EtOAc/Hex = 1:1); A

brownish oil; 97% yield; IR 3140, 2951, 2928, 2855, 1736,

1504, 1439, 1204, 1042 cm−1; 1H NMR (300 MHz, CDCl3) δ

0.84 (t, J = 6.8 Hz, 3H), 1.23 (m, 6H), 1.34 (m, 4H), 1.91

(quin, J = 6.6 Hz, 2H), 2.56 (t, J = 6.9 Hz, 8H), 2.89 (t, J =

6.9 Hz, 8H), 3.67 (s, 12H), 3.92 (s, 4H), 4.37 (t, J = 6.9 Hz,

2H), 7.54 (d, J = 8.8 Hz, 2H), 7.89 (d, J = 8.8 Hz, 2H), 8.02

(s, 2H), 8.44 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 13.9,

22.4, 27.1, 28.8, 29.0, 29.2, 31.6, 32.6, 43.5, 48.7, 48.9, 51.5,

109.8, 113.1, 119.7, 121.3, 122.6, 129.9, 140.6, 145.4,

172.7; MS (FAB): m/z 816.5 [M++H]; HRMS (FAB) Calcd

for C42H57N9O8 : 815.4330. Found: 816.4408 [M++H]. PDI:

1.01.

Compound 3-G2: Rf = 0.2 (EtOAc/MeOH = 4:1); A

brownish oil; 87% yield; IR 3318, 3071, 2951, 2932, 2847,

1736, 1651, 1539, 1439, 1200, 1045 cm−1; 1H NMR (300

MHz, CDCl3) δ 0.82 (t, J = 6.8 Hz, 3H), 1.21 (m, 6H), 1.33

(m, 4H), 1.89 (quin, J = 6.6 Hz, 2H), 2.39 (t, J = 6.4 Hz,

16H), 2.46-2.53 (m, 16H), 2.71 (t, J = 6.4 Hz, 16H), 2.88 (t,

J = 5.9 Hz, 8H), 3.28 (q, J = 5.3 Hz, 8H), 3.61 (s, 24H), 3.94

(s, 4H), 4.36 (t, J = 6.9 Hz, 2H), 7.14 (t, J = 4.9 Hz, 4H),

7.53 (d, J = 8.7 Hz, 2H), 7.87 (d, J = 8.8 Hz, 2H), 8.12 (s,

2H), 8.48 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 13.8, 22.3,

26.9, 28.7, 28.8, 29.0, 31.4, 32.4, 33.5, 36.9, 43.3, 47.7, 49.0,

49.2, 51.3, 52.7, 109.7, 113.0, 119.4, 121.4, 122.5, 129.8,

140.4, 144.5, 171.8, 172.7; MS (FAB): m/z 1616.8 [M++H];

HRMS (FAB) Calcd for C78H121N17O20 : 1615.8974. Found:

1616.9060 [M++H]. PDI: 1.01.

Compound 3-G3: Rf = 0.15 (EtOAc/MeOH = 1:1); A

brownish oil; 80% yield; IR 3287, 3078, 2955, 2851, 1736,

1647, 1551, 1439, 1219, 1045 cm−1; 1H NMR (500 MHz,

CDCl3) δ 0.84 (t, J = 6.8 Hz, 3H), 1.23 (m, 6H), 1.33-1.37

(m, 4H), 1.90 (m, 2H), 2.36 (m, 16H), 2.40 (t, J = 6.3 Hz,

32H), 2.51 (m, 24H), 2.59 (m, 8H), 2.72 (t, J = 6.4 Hz, 32H),

2.80 (m, 16H), 2.87 (m, 8H), 3.27 (m, 16H), 3.31 (m, 8H),

3.64 (s, 48H), 3.95 (s, 4H), 4.39 (t, J = 6.8 Hz, 2H), 7.07 (m,

8H), 7.57 (d, J = 8.5 Hz, 2H), 7.79 (m, 4H), 7.89 (d, J = 8.6

Hz, 2H), 8.21 (s, 2H), 8.54 (s, 2H); 13C NMR (125 MHz,

CDCl3) δ 14.0, 22.5, 27.2, 29.0, 29.1, 29.3, 31.7, 32.6, 33.7,

33.8, 37.1, 37.5, 43.6, 47.6, 49.2, 49.9, 51.6, 52.5, 52.9,

109.9, 113.4, 119.7, 121.7, 122.8, 130.0, 140.7, 144.5, 172.2,

172.3, 173.0; MS (MALDI): Calcd for C150H249N33O44:

3216.8261. Found: 3239.6764 [M++Na]. PDI: 1.01.

Compound 3-G4: Rf = 0.1 (MeOH); A brownish oil; 84%

yield; IR 3298, 3082, 2951, 2843, 1736, 1647, 1547, 1439,

1200, 1045 cm−1; 1H NMR (500 MHz, CDCl3) δ 0.86 (t, J =

6.8 Hz, 3H), 1.24 (m, 6H), 1.33-1.38 (m, 4H), 1.91 (m, 2H),

2.39-2.46 (m, 120H), 2.54-2.57 (m, 56H), 2.71-2.78 (m,

120H), 3.27 (m, 56H), 3.66 (s, 96H), 3.97 (s, 4H), 4.40 (br,

2H), 7.13 (m, 16H), 7.58 (d, J = 8.8 Hz, 2H), 7.72 (m, 8H),

7.88 (d, J = 8.8 Hz, 2H), 7.94 (m, 4H), 8.26 (s, 2H), 8.57 (s,

2H); 13C NMR (75 MHz, CDCl3) δ 13.7, 22.3, 27.0, 28.8,

29.0, 29.3, 31.4, 32.3, 33.4, 36.8, 37.1, 43.4, 47.6, 48.9, 49.4,

49.7, 51.3, 52.1, 52.5, 109.8, 113.2, 119.4, 121.5, 122.5,

129.9, 140.4, 144.5, 172.0, 172.2, 172.7; MS (MALDI):

Calcd for C294H505N65O92: 6418.6836. Found: 6441.2371

[M++Na]. PDI: 1.02.

Results and Discussion

Dendrimers contain three distinct structural parts that are

the core, end-groups, and branched units connecting core

and periphery. When the core is selected as the luminescent

chromophore, the dendrons and their periphery indeed

isolate the chromophore core and can also tune the solubi-

lity. By careful structural design, dendrimers will have the

potential applications across a wide range of areas of inter-

disciplinary science. Since the convergent approach installs

the core in the final reaction step, it can allow various

functional groups to be incorporated in dendrimers. More-

over, the approach enables the preparation of ordered and

symmetrical dendrimeric structures, which is very attractive

in terms of dendrimer syntheses. These characteristics of the

convergent synthesis are ideal for the synthesis of dendri-

mers whose the luminescent chromophore unit is located at

the core region. This method, however, could be limited to

obtain the core-functional PAMAM dendrimers which are

mainly prepared by the divergent approach. To overcome

this limitation, we were intrigued to investigate the stitching

method for the convergent synthesis of chromophore core

PAMAM dendrimers. N-Octyl-3,6-diazidocarbazole 1 was

designed to serve as an chromophore building block and the

azide functionalities for dendrimer growth via click reac-

tions with the alkyne-dendrons. Compound 1 was prepared

from the reaction of N-octyl-3,6-dibromocarbazole with

NaN3
 in the presence of N,N'-dimethylethylenediamine and

copper(II) iodide and sodium ascobate.

The synthetic strategy for the chromophore core PAMAM

dendrimers, linked by the triazole units, utilized a convergent

method using the alkyne-functionalized PAMAM dendrons

2-Dm and N-octyl-3,6-diazidocarbazole 1 (Scheme 1). The

propargyl-functionalized PAMAM dendrons 2-Dm (m = 1-

4: generation of dendron) were synthesized by the divergent

approach using propargyl amine as a propargyl focal point.12d

To efficiently connect the propargyl focal point PAMAM

dendrons with N-octyl-3,6-diazidocarbazole 1, the synthetic

approach selected is based on the click condition using Cu(I)

species.13

To test the effectiveness of the click reaction between the

bis(azide) core 1 and alkyne-dendrons 2-Dm, we have

screened several conditions using various Cu(I) sources in

different solvents.13 We have found that the reaction of N-

octyl-3,6-diazidocarbazole 1 and 2.1 equiv of alkyne-dend-

rons 2-D1 in the presence of 0.1 equiv of CuI in DMF at

room temperature for 5 h afforded the desired product 3-G1

in 97% yield. The disappearance of 1 as well as generation

and disappearance of the mono-triazole derivative were

monitored by TLC runs of the reaction mixture. It was

observed that the desired product was obtained from only
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catalytic amount of CuI without amine additive even at room

temperature which may potentially be explained by anchi-

meric assistance due to the amino ester part. Given the success

in the synthesis of first-generation dendrimer, therefore we

expanded this reaction to get higher-generation dendrimers.

The reaction of 1 and 2.1 equiv of 2-D2 in the presence of

0.1 equiv of CuI in DMF at rt for 10 h gave the dendrimer 3-

G2 in 87% yield. The reactions of N-octyl-3,6-diazidocarba-

zole 1 and 2.1 equiv of alkyne-dendrons 2-D3 and 2-D4 in

the presence of 0.5 equiv of CuI in DMF afforded the

dendrimers 3-G3 and 3-G4 in yields of 80 and 84%, respec-

tively, after 24 and 48 h at rt. For completion of the reaction

between the alkyne-dendrons and the core, the higher gene-

ration dendron takes longer time than the lower generation

dendron which could be differentiated by the accessibility of

acetylide due to the steric hindrance (bulkiness) of dendron

and spatial congestion of focal region. This result showed

that the formation of triazole by click reaction can be regard-

ed as an efficient connector to construct the symmetric

chromophore core PAMAM dendrimers from the stitching

the dendrons with a chromophore. Therefore this approach

may provide facile methodological insight into introduction

of various fluorescent cores and would greatly contribute to

researches on the application side. 

Structural characterization of the dendrimers 3-Gm with
1H NMR, 13C NMR, and IR spectroscopy showed complete

stitching of dendrons. From the 1H NMR spectra (CDCl3),

the peaks of the triazole proton and the methylene protons

adjacent to the carbon of triazole in dendrimers 3-Gm were

found at 8.02 and 3.92 ppm for 3-G1, 8.12 and 3.94 ppm for

3-G2, 8.21 and 3.95 ppm for 3-G3, and 8.26 and 3.97 ppm

for 3-G4, respectively. As the dendrimer generation increased,

the peaks of the triazole protons shifted gradually to down-

field which may be influenced by the dendritic micro-

environment effect.14 The peaks of the amide protons (NH)

in the 1H-NMR spectra were found at 7.14 ppm for 3-D2,

7.07 and 7.79 ppm for 3-D3, and 7.13, 7.72, and 7.94 ppm

for 3-D4, respectively. The IR spectra showed the dis-

appearance of the acetylene peak at 3283-3299 cm−1 and the

azide peak at 2114 cm-1 in the final dendrimer (Figure 1),

while the 1H NMR revealed no alkyne peak around δ 2.19

ppm. Their FAB or MALDI mass spectra for dendrimer ex-

hibited very good correlation with the calculated molecular

masses. Analysis of the dendrimers by gel-permeation

chromatography (GPC) shows very low polydispersity values,

PDI = 1.01-1.02 for all dendrimers (Figure 2).

The UV-visible absorption and photoluminescence (PL)

spectra of 3-Gm and 1 in chloroform solutions were investi-

gated (Figure 3). Compound 1 exhibited the maximum ab-

sorption at 252 and 292 nm. Dendrimers showed absorption

maxima at 253 and 288, 253 and 289, 252 and 288, and 245

and 288 nm for 3-G1–G4, respectively. The photolumine-

Figure 1. IR spectra for (a) 2-D1, (b) 1, and (c) 3-G1.

Figure 2. GPC diagrams of dendrimers 3-Gm obtained from THF
eluent.

Figure 3. (a) UV-vis spectra in CHCl3 (conc. = 1.0 × 10−5 M) and
(b) PL spectra in CHCl3 (λex = 290 nm, conc. = 1.0 × 10−7 M) for 1
(−−), 3-G1 ( ), 3-G2 ( ), 3-G3 ( ), and 3-G4 ( ).○ ▲ ▽ ◆
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scence (PL) spectra of compound 1 and 3-Gm in chloroform

solutions were obtained. Compound 1 showed no fluore-

scence due to the quenching effect from the electron-rich α-

nitrogen of the azido group.15 The maximum emission peaks

of dendrimer showed at 391, 391, 392, and 392 nm for 3-

G1–G4, respectively, due to the elimination of the quench-

ing through the formation of the triazole ring. And these

dendrimers have shoulder emission peaks at 375 nm. The PL

efficiencies of the dendrimers 3-Gm are decreased with

increasing the generation number. This decrease in PL effici-

ency is most probably related to molecular aggregation

phenomena. Our results demonstrate that potentially lumine-

scent PAMAM dendrimers can be obtained by incorporating

a profluorophore unit with PAMAM dendrons. 

In summary, we have successfully synthesized the fluore-

scent core PAMAM dendrimers having a carbazole unit at

core by click chemistry between azide and alkyne. N-Octyl-

3,6-diazidocarbazole as the profluorophore-diazide building

block, designed to serve as the core in dendrimer, was stitch-

ed together with the propargyl-functionalized PAMAM den-

drons leading to the formation of fluorescent core PAMAM

dendrimers in high yields. This strategy will lead to the

convenient synthesis of other fluorescent nanomaterials with

specific structures and properties in conjunction with their

potential applications across a wide range of areas of

interdisciplinary science.
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