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Dendrimers with a regular, three-dimensional, tree-like 
structure have attracted much attention as well-defined macro-
molecules.2 Polysilane dendrimers containing Si atoms con
nected to three or four other Si atoms should be quite interesting 
in relation to linear one-dimensional polysilanes.3,4 Despite 
several attempts at the synthesis of polysilane dendrimers, the 
molecular weight distribution and uniformity of branching could 
not be strictly controlled.5'6 We wish to report the structurally 
defined synthesis of polysilane dendrimers up to the second 
generation with a molecular weight of 1832.9. 

2-Lithio- 1,3-diphenylpentamethyltrisilane, PhMe2SiMeSi(Li)-
SiMe2Ph (la), was used as a key intermediate for the synthesis 
of polysilane dendrimers. The lithium reagent la was prepared 
and isolated as highly inflammable yellow crystals by the 
reaction of bis(l,3-diphenylpentamethyltrisilanyl)mercury and 
lithium in 80% yield (Scheme I).7-8 

A divergent method for polysilane dendrimer synthesis is 
shown in Scheme 2. First, PhMe2SiCl was reacted with 
silyllithium la in toluene to give quantitatively colorless crystals 
of 2a possessing a core and three branching points for a 
polysilane dendrimer. Then, the resulting 2a was treated with 
3 equiv of trifluoromethanesulfonic acid in dichloromethane 
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followed by the reaction with la in toluene to yield the first 
generation 3a in 43% yield as a viscous oil.9 

In order to simplify the NMR spectra, permethyl-substituted 
polysilane dendrimers were synthesized by use of 2-lithiohep-
tamethyltrisilane, Me3SiMeSi(Li)SiMe3 (lb).8 Thus, treatment 
of 3a with 6 equiv of trifluoromethanesulfonic acid in dichlo
romethane followed by the reaction with lb in hexane/toluene 
resulted in the formation of the second generation 4 in 29% 
yield as colorless crystals (Scheme 2). The permethyl-
substituted polysilane dendrimer 3b was also prepared as 
colorless crystals.10 It should be pointed out that the reactions 
in toluene or hexane proceed very cleanly to give the coupling 
products without any scrambling or redistribution reaction. 

Polysilane dendrimers were successfully separated and puri
fied by a gel permeation chromatography instrument equipped 
with a recycling system. As expected, the 'H and 13C NMR 
spectra of 4 gave eight different proton and carbon signals.11 

The 29Si NMR showed seven resonances: the core Si atom at 
-62.3 (1 Si), the adjacent SiMe2 at -26.7 (3 Si), the next 
adjacent SiMe at -64.8 (3 Si), the exterior SiMe2 at -30.0 (6 
Si), the outermost SiMe at —80.1 (6 Si), and the peripheral 
SiMe3 at -11.3 (6 Si) and -11.4 ppm (6 Si). Assignments of 
these 29Si resonances were made on the basis of peak intensities. 
The two methyl groups due to the outermost SiMe2 are dia-
stereotopic: 0.37 and 0.39 ppm for 1H NMR and 1.92 and 2.21 
ppm for 13C NMR. As a result, two signals of the peripheral 
SiMe3 can be observed: 0.13 and 0.15 ppm for 1H NMR, 0.93 
and 1.02 ppm for 13C NMR, and -11.3 and -11.4 ppm for 
29Si NMR. 

No molecular ion peaks appeared in the mass spectrum (DEI 
and FAB). However, (M+ — Me) ion peaks were observed in 
the range of 1813-1824 consistent with the C63Hi89Si3] formula. 
The dendrimer 4 contains 31 silicon atoms and 30 Si—Si bonds. 
Its enhanced electronic properties include an extinction coef
ficient € = 9.64 x 104 at Amax = 279 run, which is 2 times 
larger than that of 3b (lmax = 269 nm, e = 4.91 x 104). 

The structure of 4 was unambiguously confirmed by X-ray 
diffraction (Figure I).12 There are two independent molecules 
in the unit cell, and the crystal structure possesses a crystal-
lographic 3-fold axis. The thermal motions associated with each 
arm increase with distance from the central silicon atom. The 

(9) 3a: 1H NMR (CDCl3, <5) -0.38 (s, 3 H, SiMe), 0.14 (s, 18 H, SiMe2), 
0.19 (s, 9 H, SiMe), 0.24 (s, 18 H, PhMeMeSi), 0.31 (s, 18 H, PhMeMeSi), 
7.28-7.32 (m, 30 H, ArH); 13C NMR (CDCl3, 6) -8.60, -7.11, -0.97 
(PhMeMeSi), -0.89 (PhMeMeSi), 1.63, 127.7,128.3, 134.0, 140.7; 29Si 
NMR (CDCl3, 6) -79.0, -64.5, -29.1, -14.9; mass spectrum (DEI) mil 
1141-1144(M+ - Me). 

(10) 3b: mp 153-153.5 0C; 1H NMR (CDCl3, 6) 0.14 (s, 54 H), 0.17 
(s, 9 H), 0.33 (s, 3 H), 0.36 (s, 18 H); 13C NMR (CDCl3, <S) -10.09, -6.04, 
0.97, 1.60; 29Si NMR (CDCl3, 6) -80.4, -66.3, -30.0, -11.4; mass 
spectrum (EI) m/z 784 (M+). , 

(11)4: mp 139-140 0C; ^H N M R J C D C l 3 , ^ ) 0.13 (s, 54 H), 
0.15 (s, 54 H), 0.20 (s, 18 H), 0.37 (s, 18 H), 0.39 (s, 18 H), 
0.40 (s, 9H), 0.44 (s, 18 H), 0.47 (s, 3 H); 13C NMR (CDCl3, 
d) -9.81 (6 C), -4.95 (3 CJ, —3.31 (1 C), 0.93 (18 C), 1.02 
(18 C), 1.92 (6 C), 2.21 (6 C), 2.73 (6 C); 29Si NMR (CDC 
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Figure 1. ORTEP drawing of polysilane dendrimer 4. Silicon and 
carbon atoms are shown isotropically for clarity. Torsion angles (deg): 
Cl-Sil—Si2-Si3 39.4, Sil—Si2—Si3—Si4 80.4, Sil—Si2—Si3—Si8 
164.4, Si2-Si3-Si4-Si5 157.8, Si8-Si3—Si4—Si5 86.0, Si2—Si3— 
Si8-Si9 84.0, Si4-Si3-Si8-Si9 157.7, Si3-Si4-Si5-Si6 149.5, 
Si3-Si4-Si5-Si7 88.7, Si3-Si8-Si9-Sil0 99.6, Si3—Si8—Si9—Sil 1 
139.9. 

longest chain has 11 silicon atoms. The conformations of the 
hexasilane chain for Sil—Si2—Si3—Si4—Si5—Si6 and S i I -
Si2—Si3—Si4—Si5—Si7 are C-T-T and C-T-C (C, cis; T, trans), 

respectively.13 Those of the other chains, Sil—Si2—Si3—Si8— 
Si9—SiIO and Sil—Si2—Si3—Si8—Si9—Sil 1, are T-C-C and 
T-C-T, respectively. Polysilane dendrimer 4 is the largest pure 
synthetic polysilane hitherto known. 
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(12) Crystal data of 4: MF = SiJiQaHi9;!, MW = 1832.87, trigonal; a 
= b = 22.887(6) A, c = 32.124(8) A, V = 14578(7) A3, space group />31c, 
Z = 4 , Dc = 0.835 g/cm3. A total of 5027 reflections with F0 > 2a(F0) and 
sin BIX < 0.55 was used in the refinement. The number of effective 
reflections was reduced because of the large thermal motions of the 
peripheral atoms, and therefore the constraint refinement was applied; first 
only non-hydrogen atoms anisotropically to give an /{-factor of 0.13 and 
next only hydrogen atoms isotropically to give an ^-factor of 0.11. Finally 
only non-hydrogen atoms were again refined including the refined hydrogen 
atoms, and then the /J-factor was dropped to 0.0996 (Rw = 0.0978). 

(13) The conformations are roughly classified as cis (C) and trans (T) 
by torsional angles of 0—90° and 90—180°, respectively. 


