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Chungkyun Kim a,*, Kyung-In Lim a, Chung-Gun Song b

a Department of Chemistry, Dong-A University, 840 Hadandong, Sahagu, Busan 604-714, Korea
b Department of Electronics, Dong-A University, 840 Hadandong, Sahagu, Busan 604-714, Korea

Received 2 November 2004; revised 16 March 2005; accepted 4 April 2005

Available online 31 May 2005
Abstract

The dendritic macromolecule with 4, 8, 16 and 32 bicyclo end groups on the periphery has been created by the Diels–Alder reac-

tion of anthracene and maleimide. The dendritic skeleton with triple bonds has been prepared by the hydrosilation and the alky-

nylation of bis(phenylethynyl)dimethylsilane as a core. The peripheral anthracene on dendrimers has been substituted by the

reaction of chlorosilyl groups containing dendritic generations and 9-anthracenecarbinol. NMR and MALDI-TOF mass spectrum

has characterized these Diels–Alder products.

� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Dendrimers with unique functional groups have been

prepared by using two or three iterative reaction mech-

anisms [1]. The carbosilane dendrimers, synthesized by

the use of multifunctional molecules as a core and chlo-

rosilanes as progressing units, have increased tendency

in the research area at the last decade [2–5]. In general,
the reactions for the preparation of carbosilane dendri-

mers such as hydrosilation or alkenylation as well as

alkynylation have progressed to almost quantitative

yields. Moreover, side reactions such as a-addition or

dehydrogenation reaction hasn�t been observed in the

reaction [6–8]. This is the most important point for the

preparation of carbosilane dendrimers because the yield

of the reactions has greatly influenced the purity accord-
ing to the unimolecular property of dendrimers. Den-

drons with irregularly developed branches are very

difficult to be removed from a unimolecular dendritic

group. In our previous results, the preparation of den-
0022-328X/$ - see front matter � 2005 Elsevier B.V. All rights reserved.

doi:10.1016/j.jorganchem.2005.04.011

* Corresponding author. Tel.: +82 51 200 7247; fax: +82 51 200 7259.

E-mail address: ckkim@dau.ac.kr (C. Kim).
drimers by the use of the two-reaction pathways such

as hydrosilation and alkynylation has revealed very high

yields [4].

Reactions that create a new bond between elements

as well as metal–carbons are very important in chemis-

try because they can be used for the purpose of the func-

tion of molecules and convert into the large one. DA

reaction is a general concept for the addition of func-
tional groups in organic synthesis. The reaction of

anthracene on the dendritic periphery and ene moiety

can be introduced to the bicyclo products known as

Diels–Alder cycloadduct, one of useful methods for

the addition of functional groups on dendritic surface

[9]. The reaction of anthracene on dendritic periphery

with maleimide as ene has produced DA products on

dendritic surface with high yield (Scheme 1). In this re-
port, we would like to show the demonstration of DA

reaction on ethynylsilane dendrimers. The ethynylsilane

dendrimers are relatively stabler than siloxane dendri-

mers against acid and base. The ethynylsilane dendri-

mers are more useful than the siloxane based

denrimers to the measurement of M+ ion by MALDI

mass.
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2. Results and discussion

The preparation of carbosilane dendrimers with triple

bonds has started by the use of bis(phenylethnyl)dimeth-

ylsilane as a core, and dichloromethylsilyl groups and
phenylethynyl groups as progressing units [4d]. The

anthracene group on dendritic periphery has been substi-

tuted by the reaction of chlorosilyl groups on dendrimers

and 9-anthracenecarbinol. The first generation with 4-

ethynyl groups (G1) has been prepared by the reaction

of hydrosilation of a core molecule (G0) with dichloro-

methylsilane and continual substitution of phenylethynyl

groups into the chlorosilylated generation (G1-4Cl). The
preparative methods of ethynyl dendrimers have been

created by our previous works [8]. The yield of the reac-

tions was almost quantitative. The reaction of chlorosilyl

groups containing dendrimers and 9-anthracenecarbinol

has progressed to Gn-mA (n = 1–4; m = 4, 8, 16, 32) type

dendrimers with anthracene by eliminating TMEDA-
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HCl salt with high yield. Purified dendrimers with

anthracene, Gn-mA, have been obtained by chromatog-

raphy using a silica gel–toluene combination (Scheme 2).

The excess of anthracenecarbinol and the rest of TME-

DA have been removed by this method with the use of

mixed solvents such as toluene and chloroform. The
dendrimers have been characterized from 1H NMR,

MALDI mass as well as elemental analysis. All the gen-

erations of dendrimers (Gn-mA) exhibited to be readily

soluble in a wide range of solvents including toluene,

diethyl ether, chloroform, etc. Yields were very high

(over 90%, obtained yields after chromatographic

attachments). The 13C NMR spectra of the Gn-mA type

dendrimers have provided a unique property through the
first to the fourth generation (Fig. 1). The MALDI mass

spectrum of G1-4A in Fig. 2 has shown 6 signals. The

1200 amu is molecular ion peak with sodium

(M + Ma)+ and 1009 amu (M + Na � anthracenemeth-

ylene)+ and 819 amu (M + Na � 2 anthracenemethyl-

ene)+ are fragmentation of (M + Na)+ ions. The small

peak 1177 amu (M+), 986 amu (M � anthracenemethyl-

ene)+ and 796 amu (M � 2 anthracenemethylene)+ are
fragmentation of the molecular ion peak (M+). The mass

spectrum of G2-8A and G3-16A has shown the same

fragmentation tendency (Fig. 3). The m/z value of

G2-8A to G4-32A has shown signals containing the
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Fig. 1. 13C NMR spectrum of Gn-mA.
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molecular ion peak with one sodiummetal (Figs. 2–5 and

Table 1). In addition, the elemental analysis has shown

very near value for the calculated one (see Section 3).
Fig. 2. MALDI mass spectrum of G1
The Diels–Alder reaction of anthracene on dendritic

periphery with maleimide has been performed under

the reflux condition in toluene. The reaction rate has de-

creased according to increasing generations. The prepa-

ration of the first generational DA product G1-4AM

and G2-8AM has been completely made under the
10 h reflux condition. And the preparation of G3-

16AM and G3-32 AM has been made under the over-

night reflux condition. The excess of maleimide in the

process of preparation of G1-4AM has been removed

by washing with mixed solvents such as pentane and eth-

anol. After removing the excess reactants, the purifica-

tion of the product has progressed under

chromatography with a silica gel–toluene combination.
Other higher generations of DA products (G2-8AM,

G3-16AM and G4-32AM) have been used for the same

reaction path and purification methods. In all these

cases, the synthetic process has been monitored by 1H

NMR which observed disappearance of characteristic

anthracene signals at aromatic area (6.6–8.4 ppm) and

conversely observed the formation of new signals at

the bicyclo area (4.8–5.5 ppm). The 13C NMR spectra
of Diels–Alder reaction have progressed Gn-mAM den-

drimers providing a unique property through the first to

the fourth generations, which can be easily detected by

characteristic signals. The MALDI-mass spectra of

DA products Gn-mAM have mainly shown one molec-

ular ion peak at 1588 amu for G1-4AM, 3384 amu for

G2-8AM, 6976 amu for G3-16AM and 14,173 amu for

G4-32AM (Scheme 3) due to the molecular ion peak
with one sodium ion (Figs. 2–5). The MALDI mass

spectra of Gn-mAM with Diels–Alder products have

been shown relatively smaller mass fragmentation. The

elemental analysis has shown very near value for the cal-

culated one (Table 1).
-4A (left) and G1-4AM (right).



Fig. 3. MALDI mass spectrum of G2-8A (left) and G2-8AM (right).

Fig. 4. MALDI mass spectrum of G3-16A (left) and G3-16AM (right).
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To summarize, we have demonstrated the versatile

synthesis of dendrimers with Diels–Alder reaction that

enables new synthetic approach for the addition of func-

tional groups on dendritic periphery. These acene type

diene can be potentially used for the family of Diels–Al-

der reaction on dendritic periphery.
3. Experiment

All the reactions have been performed under dried N2

atmosphere. The NMR spectra have been recorded on

Bruker AC-200 Spectrometer. The Busan and Daejon
Branches of the Korean Basic Science Institute (KBSI)

performed MALDI mass and elemental analysis. An

HP 8452A Diode Array UV/Vis Spectrophotometer

has obtained UV spectral data. The following abbrevia-

tions have been used in these experiments: Gn-mA refers

to the dendrimers with anthracene on periphery; Gn-
mAM refers to the dendrimers with Diels–Alder

products.

3.1. G1-4A

Well-dried 1.07 g (5.13 mmol) of 9-anthracenecanbi-

nol was dissolved in 50 ml of toluene and added to



Fig. 5. MALDI mass spectrum of G4-32A (left) and G4-32AM (right).

Table 1

MALDI mass data

Entry Formula M+ (g/mol)

Calc.a Found

G1-4Ab C80H68O4Si3 1177 1200 (M + Na)+

G2-8Ac C176H148O8Si7 2587 2614 (M + Na)+

G3-16Ad C368H308O16Si15 5407 5431 (M + Na)+

G4-32A C752H628O32Si31 11,047 11,080 (M + Na)+

G1-4AM C96H80N4O12Si3 1565 1588 (M + Na)+

G2-8AM C208H172N8O24Si7 3364 3384 (M + Na)+

G3-16AM C432H356N16O48Si15 6961 6976 (M + Na)+

G4-32AM C880H724N32O96Si31 14,154 14,173 (M + Na)+

a Calc., calculated mass
b 1009 (M + Na � anthracenemethylene)+, 819 (M + Na � 2 anth-

racenemethylene)+, 1177 (M+), 986 (M � anthracenemethylene)+, 796

(M � 2anthracenemethylene)+

c 2614 (M + Na)+, 2423 (M + Na � anthracenemethylene)+, 2041

(M + Na � 2 anthracenemethylene)+

d
*
3: 5431 (M + Na)+, 5240 (M + Na � anthracenemethylene)+
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2 ml of TMEDA (13.34 mmol). 0.57 g (1.16 mmol) of

G1P-4Cl was added to the reaction medium and

warmed at 60 �C for 30 min. After cooling the reaction

bath, the salt must be removed by filtration. Chroma-
tography with silica gel, mixed solvents with toluene,

and chloroform 2 to 1 purified the reaction product.

1.32 g (1.10 mmol, 96%) of light yellow solid was ob-

tained. 1H NMR (ppm, CDCl3): d = �0.45 (s, 6H, SiMe

(G0)), 0.11 (s, 6H, SiMe (G1)), 5.32–5.61 (m, 8H,

OCH2), 6.50 (s, 2H, CH@C), 6.88–7.20, 7.20–7.35,

7.82–8.02, 8.02–8.26, 8.26–8.44 (Ph, anthracene). 13C

NMR (ppm, CDCl3): d = �4.19 (SiMe (G1)), �0.46
(SiMe (G0)), 57.43 (OCH2), 124.51, 124.77, 125.79,

126.23, 127.79, 127.91, 128.21, 128.78, 130.29, 130.69,

131.35, 143.93 (Ph, anthracene), 148.47, 159.52

(CH@C). Anal. Calc. for C80H68O4Si3 (Mw: 1177.67):
C, 81.59%, H, 5.82%. Found: C, 81.25%, H, 5.82%.

UV–Vis, kmax = 258 nm, emax = 1.62 · 105.

3.2. G2-8A

The same method as that of G1-4A was used in the

reaction of 1.40 g (6.72 mmol) of anthracenecarbinol,

2 ml of TMEDA, and 0.85 g (0.70 mmol) of G2P-8Cl.
Yield: 1.68 g (0.65 mmol, 93%) of light yellow solid.
1H NMR (ppm, CDCl3): d = �0.56 (s, 6H, SiMe

(G0)), �0.48 (s, 6H, SiMe (G1)), 0.00 (s, 12H, SiMe

(G2)), 5.09–5.52 (m, 16H, OCH2), 6.21 (s, 2H, CH@C

(G1P)), 6.59 (s, 4H, CH@C (G2P)), 6.69–6.82, 6.82–

6.96, 6.96–7.13, 7.13–7.51, 7.75–7.93, 7.93–8.20, 8.20–

8.45 (Ph, anthracene). 13C NMR (ppm, CDCl3):

d = �4.16 (SiMe (G2)), �2.62 (SiMe (G1)), �0.25 (SiMe
(G0)), 57.34 (OCH2), 124.46, 124.77, 125.72, 125.72,

125.89, 126.37, 127.49, 127.58, 127.77, 127.84, 128.70,

130.23, 130.66, 131.31, 143.71 (Ph, anthracene),

145.01, 145.66, 160.65, 163.60 (CH@C). Anal. Calc.

for C176H148O8Si7 (Mw: 2587.70): C, 81.69%, H,

5.76%. Found: C, 81.38%, H, 5.72%. UV–Vis,

kmax = 258 nm, emax = 4.07 · 105.

3.3. G3-16A

The same method as that of G1-4A was used in the

reaction of 0.92 g (4.42 mmol) of anthracenecarbinol,

2 ml of TMEDA, and 0.61 g (0.23 mmol) of G3P-16Cl.

Yield: 1.20 g (0.22 mmol, 97%) of light yellow solid.
1H NMR (ppm, CDCl3): d = �0.82 to �0.48 (m, 24H,

SiMe (G0–G2)), �0.19 to 0.11 (m, 24H, SiMe (G3)),
5.02–5.48 (m, 32H, OCH2), 6.01 (s, 2H, CH@C

(G1P)), 6.18 (s, 4H, CH@C (G2P)), 6.50 (s, 8H, CH@C

(G3P)), 6.60–6.91, 6.91–7.12, 7.12–7.50, 7.67–7.90, 7.90–
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Scheme 3. Schematic planner view of G4-32AM.
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8.17, 8.17–8.46 (Ph, anthracene). 13C NMR (ppm,
CDCl3): d = �4.17 (SiMe (G3)), �2.77 (SiMe (G2)),

�2.29 (SiMe (G1)), �0.16 (SiMe (G0)), 57.30 (OCH2),

124.46, 124.69, 125.69, 125.73, 125.84, 126.38, 127.51,

127.81, 128.68, 130.20, 130.65, 131.28, 142.91, 143.71,

145.11, 145.32 (Ph, anthracene), 144.77, 145.43,

160.54, 160.61, 163.76, 164.90 (CH@C). Anal. Calc.

for C368H308O16Si15 (Mw: 5407.75): C, 81.74%, H,

5.74%. Found: C, 81.07%, H, 5.72%. UV–Vis,
kmax = 258 nm, emax = 1.03 · 106.

3.4. G4-32A

The same method as that of G1-4A was used in the

reaction of 1.29 g (6.18 mmol) of anthracenecarbinol,

2 ml of TMEDA, and 0.85 g (0.16 mmol) of G2P-8Cl.

Yield: 1.62 g (0.15 mmol, 92%) of light yellow solid.
1H NMR (ppm, CDCl3): d = �0.80 to �0.40 (m, 48H,

SiMe), �0.19 to 0.12 (m, 48H, SiMe), 5.00–5.52 (m,
64H, OCH2), 6.01 (s, 2H, CH@C (G1P)), 6.09 (s, 4H,
CH@C (G2P)), 6.15 (s, 8H, CH@C (G3P)), 6.50 (s,

16H, CH@C (G4P)), 6.61–6.92, 6.92–7.08, 7.08–7.59,

7.59–7.87, 7.87–8.09, 8.09–8.46 (Ph, anthracene). 13C

NMR (ppm, CDCl3): d = �4.18 (SiMe (G4)), �2.75

(SiMe (G3)), �2.58 (SiMe (G2)), �2.34 (SiMe (G1)),

�0.27 (SiMe (G0)), 57.26 (OCH2), 124.41, 124.63,

125.64, 126.08, 126.37, 127.77, 128.62, 130.14, 130.60,

131.21, 142.33, 143.63 (Ph, anthracene), 144.81,
145.27, 160.60, 164.64, 164.79, 165.78 (CH@C). Anal.

Calc. for C752H628O32Si31 (Mw: 11,047.08): C, 81.76%,

H, 5.73%. Found: C, 81.78%, H, 5.71%. UV–Vis,

kmax = 258 nm, emax = 1.44 · 106.

3.5. G1-4AM

0.16 g (1.63 mmol) of Maleimide and 0.40 g
(0.34 mmol) of G1-4A dissolved in toluene and the reac-

tion mixture reflux for 10 h. The excess of maleimide
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was removed by washing with mixed solvent pentane

and ethanol 5 to 1. 0.51 g (0.32 mmol, 96%) of white so-

lid was yielded. 1H NMR (ppm, CDCl3): d = �0.34 to

�0.27 (m, 6H, SiMe (G0)), 0.66–0.68 (m, 6H, SiMe

(G1)), 4.42–4.83 (m, 8H, OCH2), 2.82–3.57, 4.83–5.47

(m, 16H, CH), 6.73–7.02, 7.02–7.31, 7.31–7.50, 7.50–
7.80 (CH@C, Ph, anthracene, maleimide). 13C NMR

(ppm, CDCl3): d = �5.37, �5.19 (SiMe (G1)), �0.34,

0.99 (SiMe (G0)), 45.54, 46.47, 48.98, 49.35 (CH),

60.42 (OCH2), 121.93, 122.21, 123.49, 124.26, 124.45,

124.67, 125.17, 125.67, 126.16, 126.26, 126.42, 126.71,

127.48, 127.89, 128.05, 128.65, 130.18, 130.64, 131.26,

138.81, 138.91, 138.97, 139.13, 139.21, 141.80, 141.91,

142.18, 142.29, 144.00 (Ph, anthracene, maleimide),
149.03, 159.87 (CH@C), 176.27, 176.38, 177.17,

177.25 (C@O). Anal. Calc. for C96H80N4O12Si3 (Mw =

1565.95): C, 73.63%, H, 5.15%, N, 3.58%. Found: C,

72.93%, H, 5.19%, N, 3.42%. UV–Vis, kmax = 245 nm,

emax = 2.52 · 107.

3.6. G2-8AM

The same method as that of G1-4AM was used in the

reaction of 0.16 g (1.63 mmol) of maleimide and 0.40 g

(0.34 mmol) of G2-8A. Yield: 0.51 g (0.32 mmol, 96%)

of light yellow solid. 1H NMR (ppm, CDCl3):

d = �0.78 to �0.40 (m, 12H, SiMe (G0–G1)), �0.50 to

0.80 (m, 12H, SiMe (G2)), 4.40–4.75 (m, 16H, OCH2),

2.75–3.49, 4.75–5.42 (m, 32H, CH), 6.01–6.24, 6.46–

6.73, 6.73–7.12, 7.12–7.60, 7.60–8.18, 8.18–8.39 (CH@C,
Ph, anthracene, maleimide). 13C NMR (ppm, CDCl3):

d = �5.40 (SiMe (G2)), �2.98 (SiMe (G1)), �0.43 (SiMe

(G0)), 45.44, 46.16, 48.91, 49.31 (CH), 60.25 (OCH2),

121.91, 123.48, 124.26, 125.27, 126.22, 127.69, 128.19,

129.00, 134.99, 137.84, 138.96, 141.83, 142.23, 143.66,

144.98 (Ph, anthracene, maleimide), 146.10, 147.11,

160.63, 161.98 (CH@C), 176.32, 177.34 (C@O). Anal.

Calc. for C208H172N8O24Si7 (3364.09): C, 74.26%, H,
5.15%, N, 3.33%. Found: C, 73.89%, H, 5.33%, N,

2.74%. UV–Vis, kmax = 245 nm, emax = 8.29 · 107.

3.7. G3-16AM

The same method as that of G1-4AM was used in the

reaction of 0.17 g (1.77 mmol) of maleimide and 0.50 g

(0.34 mmol) of G3-16A. Yield: 0.54 g (0.092 mmol,
84%) of white solid. 1H NMR (ppm, DMSO):

d = �1.20 to �0.59 (m, 24H, SiMe (G0–G2)), 0.20–

0.70 (m, 24H, SiMe (G3)), 4.31–4.63 (m, 32H, OCH2),

2.72–3.60, 4.63–5.40 (m, 64H, CH), 5.74–6.26, 6.26–

6.50, 6.50–7.10, 7.10–7.80 (CH@C, Ph, anthracene,

maleimide), 10.77 (s, 16H, NH). 13C NMR (ppm,

CDCl3): d = �5.62 (SiMe (G3)), �2.66 (SiMe (G2)),

�2.31 (SiMe (G0)), �0.03 (SiMe (G1)), 45.51, 46.17,
48.92, 49.31 (CH), 60.24 (OCH2), 121.78, 122.11,

123.78, 124.26, 126.55, 127.37, 127.65, 127.96, 134.09,
136.31, 138.26, 138.40, 138.72, 140.74, 140.86, 141.50,

143.34, 144.71, 145.16, 145.41 (Ph, anthracene, malei-

mide), 146.11, 147.10, 160.64, 161.97 (CH@C), 169.55,

170.53 (C@O). Anal. Calc. for C432H356N16O48Si15
(Mw = 6961.06): C, 74.54%, H, 5.15%, N, 3.22%. Found:

C, 74.60%, H, 5.38%, N, 3.08%. UV–Vis,
kmax = 245 nm, emax = 3.48 · 108.

3.8. G4-32AM

The same method as that of G1-4AM was used in the

reaction of 0.27 g (2.78 mmol) of maleimide and 0.80 g

(0.072 mmol) of G4-32A. Yield: 0.92 g (0.065 mmol,

90%) of white solid. 1H NMR (ppm, DMSO):
d = �1.28 to �0.57 (m, 48H, SiMe (G0–G3)), �0.20 to

0.68 (m, 48H, SiMe (G4)), 4.19–4.78(m, 64H, OCH2),

2.60–3.80, 4.78–5.44 (m, 128H, CH), 5.76–6.17, 6.17–

6.98, 6.98–7.80 (CH@C, Ph, anthracene, maleimide),

10.70 (s, 32H, NH). 13C NMR (ppm, CDCl3):

d = �5.48 (SiMe (G4)), �1.88 (SiMe (G2–G3)), 0.47

(SiMe (G0)), 1.31 (SiMe (G1)), 45.53, 46.17, 48.97,

49.33 (CH), 60.23 (OCH2), 121.81, 123.93, 124.28,
125.33, 126.58, 127.01, 127.43, 128.02, 138.41, 140.87,

141.52, 143.42, 144.91, 145.96 (Ph, anthracene, malei-

mide), 146.24, 147.12, 160.62, 161.90 (CH@C), 169.58,

170.51 (C@O). Anal. Calc. for C880H724N32O96Si31
(14154.49): C, 74.68%, H, 5.16%, N, 3.17%. Found: C,

73.78%, H, 5.18%, N, 3.04%. UV–Vis, kmax = 245 nm,

emax = 1.69 · 109.
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