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요 약. Siloxane tetramer(Me(CH2=CH)SiO)4를 중심분자로 한 나뭇가지꼴 거대분자(제1세대~제4세대)를 

allylmagnesium bromide오｝ dichloromethylsilane< 이용한 alkenylation과 hydrosilation 반응를 통해 제조하였다. 

Dichlorosilyl기를 가진 G4세대와 p-bromophenol, p-phenylphenol, lithium phenylethynylide등과의 반응에서 특 

정기능을 가지는 G4P-BP(Mw: 16,300), G4P-PP(16,121), G4P-PA(11,764) 등이 합성되었다. 새롭게 형성된 나 

뭇가지꼴 거대분자는 NMR, UV, MALDI mass의 분석에 의해 균일한 구조를 가지고 있음이 확인 되였다.

ABSTRACT. Dendritic macromolecules of the first to fourth generation were synthesized, using alkenylation 
and hydrosilation cycles with allylmagnesium bromide and dichloromethylsilane as building blocks and siloxane 
tetramer (Me(CH2=CH)SiO)4 as core molecule. By the reaction of the dichloromethylsilyl-capped generation (G 
4P) with p-bromophenol, p-phenylphenol and lithium phenyethynylide, dendrimers with specific functions (G4P- 
BP (Mw: 16,300), G4P-PP (16,121), and G4P-PA (11,764)) have been produced. Analysis of new dendrimers 
by NMR, UV and MALDI mass spectrometry suggests that they are pure and unified.

INTRODUCTION

Dendritic macromolecules have received con­
siderable attention as a new class material.1,2 The 
interest is due to their hig미y branched structure, 
which may result in a variety of new and im­
proved property.3 Currently, the development of 

this area is shifting from the preparation of even 
larger molecules to that of dendrimers with useful 
supramolecular phenomena.4 The use of dendri­

mers includes many purposes which as nanoscale 
compounds, agents for delivering drugs, chemical 
sensors and liquid crystals.9,11,14 The first prepara­

tion of carbosilane dendrimers introduced by van 
der Made et al. was performed by repetitive alk- 
enylation-hydrosilation cycles.6 Roovers and Sey- 

ferth described the synthesis of carbosilane den­
drimers via repetitive addition of chlorosilane to 

alkene in Gn-type dendrimers, while admitting nu­
cleophilic substitution with vinylmagnesium bro­
mide of the terminal chlorosilyl groups.7,8 To date, 
most of the synthetic methods for silicon con­
taining dendrimers have been demonstrated by re­
peating units possessing many functions such as vi­
nyl,7'9 allyl,6,10 and polyol5 groups. As an exten­
sion of a part of our previous paper.1 we now re­
port some detailed result on the reactions of di- 
chlorosilyl-capped carbosilane dendrimers (G4P 
with 64 Si-Cl bonds) with allylmagnesium bromide, 
j?-bromophenol, p-phenylphenol and lithium 
phenylacethylide. The reaction of them produces 
the dendrimers with specific functions, such as al­
lyl, bromophenoxy, p-phenylphenoxy and phenyla- 
cethyl groups (Mw: 7,913 (G4), 16,300 (G4P-BP), 
16,121 (G4P-PP), and 11,764 (G4P-PA)) on their 
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periphery. The identification of the terminated 
molecules can be obtained by NMR spectroscopy, 
analysis of MALDI mass spectra, analysis of UV 
spectrum as well as elemental analysis.

EXPERIMENTAL

All reactions were carried out under a dried N2 
atmosphere. NMR spectra were measured using 
samples in the CDCI3 solution: ‘H NMR spectra at 
200.13 MHz and 13C NMR spectra at 50.32 MHz 
by Bruker AC-200 Spectrophotometer. UV spectra 
were measured by HP 8452A Diode Anay UV/Vis. 
Spectrophotometer. Elemental analysis (Carlo Erba 

1108) and MALDI mass (Kratos Kompact MALDI 
2) attachments were performed in the Pusan and 
Taejon Branch of the Korean Basic Science In­
stitute.

Ether and THF were dried by distillation from a 
blue solution of sodium benzophenone ketyl and 
solvents such as pentane and hexane were dried 
and distilled from sodium metal. Siloxane tetramer 
(Me(CH2=CH)SiO)4 was purchased from Fluka Che­
mical Co. Platinum catalysts (Pt on activated car­
bon, 10% Pt content) were used after vacuum dry 
at room temperature. Full experimental details for 
hydrosilation and (o-alkenylation will appear else­
where1,6 but the following may serve as examples:

Table 1. NMR data of terminated dendrimers

Ph

G4P - PA*
13C

G4P-BP BC

G4P-PP

13C

】H**

G4 叱*3

-0.06
-0.10

-0.67 (s, 24H, G2) 0.48, 0.66 7.24-7.29 (m)
-0.05 (s, 48H, G3) 0.92, 1.25, 1.58 (m) 7.44-7.49 (m)
-0.02 (s, 12H, Gl)
-0.01 (s, 12H, GO)

0.38, 0.41 (d, 96H, G4)
-4.97 (G0-G3) 18.04, 18.89, 20.63 (G3) 122.71 (C-q)
-1.05 (G4) 18.35 (G2) 128.17 (C-o)

128.75 (C-p)
132.08 (C-m)

-0.63 (s, 72H, G2-G3) 0.48 (m) 6.72, 6.76 (d)
-0.12 (s, 12H, Gl) 0.84 (m) 7.25, 7.30 (d)

0.07 (s, 12H, GO) 1.36 (m)
0.27 (s, 96H, G4)

-0.40 (G0-G3) 17.10, 17.90, 18.49 (G3) 114.62 (C-q)
-0.37 (G4) 17.80-18.60 121.43 (C-o)

(G0-G2) 132.55 (C-m)
153.08 (C-Br)

-0.15 (G2-G3, 72H) 0.47, 0.88 6.90-6.94
-0.13 (Gl, 12H) 1.25, 1.44 7.17-7.42

0.07 (GO, 12H)
0.27 (G4)

-5.18 (G0-G3) 17.22, 17.95, 18.72 (G4) 119.98, 126.64, 128.18, 128.60
-3.70 (G4) 18.49 134.99, 140.53, 153.68

0.60 (m, H)
1.30 (m, H)

(s, H, G2-G3, 72H)
(s, H, G4, 96H)

0.07 (Gl, 12H) 1.52-1.53, 1.56-1.57
0.40 (GO. 12H) (d, H, G4)

-5.69 (G40 17.94, 18.22, 18.78 (G3)
一 5.03——4.95 18.22, 18.56, 18.99 (G2)

(G0~G3) 19.18 (Gl)
*S(C-C): 90.06, 106.34 ppm, **8(HC=CH2): 4.80 (s, CH2=), 4.86, 4.88, 4.89, 4.90 (dd, CH2=), 5.79 (septet, CH=), 

*3： 113.08 (CH2=), 134.78 (CH=).
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Alkenylation: G1. 103 mmol of allylmagne- 
sium bromide (1.3 equiv. number of chlorine) was 
slowly added to 8.49 g (9.95 mm아) of G1P in 25 
ml THF. After the addition was finished, the reac­
tion mixture was refluxed for 2 h and solvents 
were removed under reduced pressure. The mag­
nesium salt was precipitated in pentane and filtered 
off. The volatile components were removed under 
reduced pressure, leaving 8.10 g of a colorless li­
quid. Yielded compounds were chromatographed 
on silica gel with chloroform as an eluent. The pro­
duct, G1 (MeSiCH2CH2SiMe(CH2CH=CH2)O)4, 
was obtained as a clear, colorless oil (5.10 g, 6.00 
mmol, 60%). Spectroscopic data of Gn types den­
drimers (n=l~3) based on siloxane tetramer are re­
viewed in ref. 1c and G4 in Table 1.

Hydrosilation: G1P, A mixture of 3.70 g (10.37 
mmol) of GO, 7.41 g (64.38 mmol, 1.5 equiv.) of 
HSiMeCL and 0.10 g of a dried platinum catalyst 
(Pt on activated carbon, 10% Pt content) in 25 ml 
THF was stirred for 12h at room temperature. The 
excessive HSiMeCl2, and THF were removed under 
vacuum. The catalyst was filtered off in pentane and 
the pentane was evaporated, leaving 8.49 g (9.95 
mmol, 93%) of G1P (Cl2MeSiCH2CH2MeSiO)4 as 
a clear, colorless oil, which was very sensitive to 
moisture. GnP types dendrimers (n=l~3) based on 
siloxane tetramer are reviewed in ref. 1c.

G4P-PA. 15 ml (1 M in THF) of a lithium phe- 
nylacethylide solution was slowly added to 1.36 g 
(0.18 mmol) of G4P in 25 ml THF. After the ad­
dition was completed, the reaction mixture was re­
fluxed for 4 h and solvents were removed under 
reduced pressure. The compounds were chromato­
graphed on silica gel with chloroform as an eluent. 
The product G4-PA was obtained as a clear, yel­
low-brown glass (1.75 g, 0.14 mmol, 77%). Spec­
troscopic data are described in Table 1.

G4P-BP. 15 mmol of a /?-bromophenol solu­
tion (1 M in THF) was slowly added to the solu­
tion of 1.36 g (0.18 mmol) of G4P and 5 g of 
TMED in 25 ml toluene. After the addition was 
completed, the reaction mixture was stirred for 5 h. 
When the reaction was done by ]H-NMR, solvents 

and unreacted TMED were removed under reduced 

pressure. The TMED HC1 salt was precipitated in 
pentane and filtered off. All yielded compounds 
were chromatographed on silica gel with chloroform 
as an eluent. The product G4-BP was obtained as 
a clear, colorless glass (1.92 g, 0.12 mmol, 66%). 
Spectroscopic data are described in Table 1.

G4P-PP. 20 mmol of a p-phenylphen이 solu­
tion (1 M in THF) was slowly added to the solu­
tion of 1.36 g (0.18 mmol) of G4P and 5 g of 
TMED in 25 ml toluene. After the addition was 
completed, the reaction mixture was stined for 5 h. 
When the reaction was done by 'H-NMR, solvents 
and unreacted TMED were removed under reduced 
pressure. The TMED HC1 salt was precipitated in 
pentane and filtered off. All yielded compounds 
were chromatographed on silica gel with chloro­
form as an eluent. The product G4-PP was obtained

(d)
G2P

(CI2MeSiCH2CH2MeSiO)4 G1P

((CH2=CHCH2)2MeSiCH2CH2MeSiO)4 

((CbMeSiCHzCHzCH，? 서 eSiCHzCHzMeSiOM 

(((CH2=CHCH2)2MeSiCH2CH2CH2)2

MeSiCFMCH? 에 eSiO)4 

G3P

(e)

(D

(g)

(((Cl2MeSiCH2CH2CH2)2MeSiCH2CH2CH2)2

MeSiCH2CH2MeSiO)4

((((CH2=CHCH2)2MeSiCH2CH2CHz)2

MeSiCH2CH2CH2)2MeSiCH2CH2MeSiO)4 

(«(ClzMeSiCH2CH2CH2)2MeSiCH2CH2CH2)2

MeSiCH2CH2CH2)2MeS!CH2CH2MeSiO)4

G2P

G3P

G4P

+ 64 CH2=CHCH2MgBr

(a) + 4 HSiMeCI2, Pt/C, Et2O, reflux, (b) + 8 CH2=CHCH2MgBr

(c) + 8 HSNeCI? PVC, Et2O, reflux, (d) + 16 CH2=CHCH2이gBr 

(e) + 16 HSiMeCh，Pt/C, Et2O, reflux, (f) + 32 CH2=CHCH2MgBr 

(g) + 32 HSiMeCt2. Pt/C, Et2O, reflux,

Scheme 1. Synthetic methods of dendrimeric silanes.
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Fig. 1. Planar view and 13C NMR spectroscopic view of G4.
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as a clear, colorless glass (2.45 g, 0.15 mmol, 83%). 
Spectroscopic data are described in Table 1.

Results and discussion. The synthesis of car­
bosilane dendrimers (G0-G4 and G1P~G4P) is 
based on the complete hydrosilation15 and alk- 
enylation of allylsilane and chlorosilane groups on 
its periphery as shown in Scheme 1.

Two well-known reactions involving dichloro- 
silyl-capped G4P generation with 64 Si-Cl bonds 
were investigated. The reactions were performed 
with p-bromophenol and p-phenylphenol in order 
to anchor specifically on the periphery of respec­
tive dendrimers, while the reactions were also at­
tempted with lithium phenylacethylide in order to 
cover the surface of dendrimers with 64 groups 
phenylethynyl units. The treatment of a toluene 
solution of G4P 1.1 equiv. of lithium phenyla­
cetylide at refluxing THF for 4 h gave rise to the 
dendrimers G4P-PA in quantitative yields (Fig. 4). 

The reactions were monitored by 'H and 13C NMR 

which showed the disappearance of the signal due 
to the MeSiCl2 groups of G4P on behalf of a new 
signal at 0.41 ppm corresponding to the terminal 
MeSi groups. The same reactions were conducted 
with G4P and /?-phenylphenol and /j-bromophenol 
in the presence of TMED leading in quantitative 
yields to G4P-BP (Fig. 2) and G4P-PP (Fig. 3) 
dendrimers, respectively, here also, reaction needed 
2 h at 50°C to go to completion. The purification of 
the dendrimers (G4, G4P-PP, G4P-BP and G4P- 
PA) by chromatography was necessary after each 
reaction step.

MALDI mass spectroscopy has recently found 
an application in this area.12 This is demonstrated 
by the investigation of polyacethylene dendrimers,13 
polyesters16 and carbosilane-based dendritic po­
lyols5 with excellent results. The MALDI mass 

spectrum of G4 with 64 allylic end groups (Mw: 7,

Fig. 3. Planar view and 13C NMR spectroscopic view of G4P-PP.

1998, Vol 42, No. 3
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Fig. 4. Planar view and 13C NMR spectroscopic view of G4*PA.

%1nt.

100 7 

95-. 
9Q-.
85:

80- 

75 r 

70 r

前。

65 t 

60:

45^

40。

35-

30-

25-
20-
15- 

10J

5t

100% «s 7 mV [8UE 224 mV] Shots 1-30 Smooth Av 30

Fig. 5. MALDI mass spectroscopic view of G4 dendrimer.
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Table 2. UV/VIS spectroscopic data of dendrimers

Compds. X* 入max(nm) £max(lmole ~ 'em ')

4 224 158 39.50
8 224 437 54.63
16 224 1,187 74.19
32 224 3,005 93.91
64 224 6,290 98.29

G4P-PA - 283 36,193 -
G4P-BP - 285 55,117 -
G4P-PP - 288 56,908 —

*number of double bonds

number of double bonds

Fig- 6. Graphical view of the maximal coefficient of ab­
sorption (Emax) in each generation (Gn-type dendrimers n 
=0~4) vs. number of double bonds.

913) shows main signals at m/z=7902.2 that are 
clearly due to the 64 allylic end groups containing 
dendrimers (Fig. 5). The m/z value of the dom­
inant signal corresponds to the calculated value of 
m/z for G4 dendrimer. But, the MALDI mass spec­
trum of G4P-BP with 64 p-bromophenoxy end 
groups (Mw: 16,300), G4P-PP with 64 p-phenyl- 
phenol end groups (Mw: 16,121) and G4P-PA 
with 64 p-phenylethynyl end groups (Mw: 11,746) 
showed no molecular ion peaks.

The information concerning a perfect building 
block of Gn (n=l~4) type dendrimers can be ob­
tained, such as a direct comparison of its UV ab­
sorption spectra at (爲】演 at 224 nm. The increasing 
number of double bonds for each generation is in 
direct proportion to molar absorption coefficients 
(Emax)- We expect a good possibility of determining 
the molecular mass of Gn-type dendrimers by the 

use of these phenomena (Table 2 and Fig. 6). Also, 
the increasing generation leads to an increase of 
Emax, due to the increased double bonds on the peri­
phery. All terminated dendrimers were soluble in 
THF, Et2O, and toluene, but practically insoluble 
in hydrocarbons and alcohol.
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