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Reductive coupling of a 9,10-dibromo-9,10-disilatriptycene derivative followed by treatment with
chlorotrimethylsilane (TMSCl) affords a series of TMS-capped 9,10-disilatriptycene oligomers DSiT[n].
Each isomer, up to the pentamer (n ) 5), can be separated using recycling gel permeation chromatography.
The X-ray structural analysis of DSiT[2] shows that the six silicon atoms are linearly aligned in a rigid
array structure. While the ultraviolet (UV) absorption maximum remains constant at 230 nm, irrespective
of the chain length, the magnetic circular dichroism (MCD) spectra exhibit a red shift band near 245 nm,
and the emission maximum steadily shifts from 319 to 337 nm as the number of silicon atom increases.
These spectra indicate the occurrence of electronic delocalization along the one-dimensional arrangement
of bridge-head disilane moieties.

Introduction

The catenation of heavy main group elements has been
extensively studied1-3 owing to its importance in understanding
the nature of chemical bonding in, and the unique electronic
properties originating from, σ-electron delocalization over
catenated element frameworks (σ-conjugation). One of the most
striking characteristics is the absorption in the ultraviolet (UV)
region, where alkanes exhibit no distinct absorption. Since
silicon can form stable catenations, a variety of oligo- and
polysilanes have been synthesized and extensively studied,4 and
many intriguing properties have been found, such as lumines-

cence,5 bulk hole-transporting capability,6 electron- and energy-
transfer capabilities,7 and an inherent conformation dependence
of the σ-conjugation.2,8,9

One of the unexplored subjects in silicon σ-electron systems
is the orbital interaction in linearly arranged silicon arrays
comprising a bicyclic cage structure,10–12 and while various
possibilities have been discussed based on theoretical calcula-
tions,12 experimental studies have not yet been performed in
this area. We now report the synthesis and isolation13 of 9,10-
disilatriptycene (hereafter denoted simply as “disilatriptycene”)
oligomers and their structure and photophysical properties,
which provide the experimental evidence for the occurrence of
electronic delocalization.

Results and Discussion

Molecular Design. To construct a linear silicon array, we
chose disilatriptycene as a construction unit because of its
synthetic accessibility and secure solubility by introducing
substituents on the bridging benzene rings. Although the
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disilatriptycene oligomers have a phenylene-disilanylene14

structure, the σ-π conjugation between the disilane and
phenylene moieties is minimal in the ground state15-17 be-
cause the Si-Si σ-bond axis is fixed coplanar to the phenylene
planes. Thus, it was expected that the photophysical aspects
arising from the Si-Si σ-bond can be observed and discussed
separately from those arising from the phenylene π-electrons.

Synthesis and Structural Determination. As shown in
Scheme 1, the disilatriptycene18 oligomers, DSiT[n], were
prepared by the reductive coupling of dibromodisilatriptycene
1 using lithium naphthalenide (LiNaph). The addition of a THF
solution of 1 to a THF solution of LiNaph (4 molar amount),
followed by treatment with chlorotrimethylsilane, afforded a mixture of a monomer, DSiT[1] (49%) and a dimer, DSiT[2]

(14%), suggesting the ready formation of the dilithio species
from 1 in the presence of excess reductant, which is unfavorable
for the formation of longer oligomers. The degree of oligomer-
ization was controlled by changing the sequence of the addition
of the reagents. Thus, dropwise addition of the reductant to a
THF solution of 1 followed by treatment with chlorotrimeth-
ylsilane afforded the dimer and trimer as the major components
in a ratio of DSiT[1] (11%), DSiT[2] (53%), and DSiT[3]
(30%). A two-step procedure proved to be more effective for
preparing the longer oligomers. Thus, after the treatment of 1
with a 2.3 molar amount of LiNaph, the resulting mixture
(enriched with monomer and dimer dilithio species) was treated
with a 0.5 molar amount of 1 (thought to provide a mixture of
bromine-terminated oligomers) and then with a 1.5 molar
amount of LiNaph followed by treatment with chlorotrimeth-
ylsilane. This reaction sequence afforded DSiT[2], DSiT[3],
DSiT[4], and DSiT[5] in 9.8%, 14%, 29%, and 14% yields,
respectively, as moisture- and air-stable white solids. These
oligomers, DSiT[n] (n ) 1-5), were separated using recycling
gel permeation chromatography (GPC) using toluene as the
eluent.

Each of the oligomers DSiT[n] (n ) 1-5) was characterized
using 1H, 13C, and 29Si NMR spectroscopy, FAB mass spectrom-
etry, and elemental analysis. The aromatic protons of DSiT[2]
resonated at δH 8.07 and 7.72, which were assigned to the inside
and outside protons, respectively, with the latter being almost
identical to the chemical shift of the aromatic protons of DSiT[1]
(δH 7.66). Such deshielding of the inside protons was attributed
to the effect of the ring current of the benzene rings of the
neighboring disilatriptycene unit and is a common feature of
DSiT[n] (n g 2).

The molecular structure of DSiT[2] was unambiguously
determined using X-ray crystallography. Each unit cell
contains two crystallographically independent molecules
having similar structures and both with an inversion center.
Figure 1 shows the molecular structure of one of these
molecules. The linear arrangement of six silicon atoms
comprises a rigid array structure, and the Si-Si bond axes
are located on the same plane as the benzene rings. The Si-Si
bond lengths are within the normal range.19 The interatomic
distance of the bridgehead silicon atoms (3.02 Å) is
significantly shorter than the sum of their van der Waals radii
(4.00 Å).19

Photophysical Properties. The UV absorption, magnetic
circular dichroism (MCD),20 and emission spectra of DSiT[n]
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Scheme 1. Synthesis of Disilatriptycene Oligomers DSiT[n]
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(n ) 1-5) are shown in Figure 2, and the data are
summarized in Table 1. In the series of DSiT[n], the
wavelength of the transitions occurring near 230 and 295
nm observed in both the UV and MCD spectra remain almost
constant, regardless of the array length, while only the
extinction coefficients of these bands increases as the value
of n increases. These bands were attributed to the π(aryl) f
π*(aryl) transitions of the phenylene moieties within each
triptycene unit. In contrast, the MCD spectra show a
dispersive pattern from 220 to 270 nm, and the peak occurring

at 245-250 nm shows a slight, but noticeable, red shift as
the length of the array increases. We assume that this red
shift demonstrates the existence of electronic delocalization
along the DSiT array.

The emission of DSiT[n] (n ) 1-5) (Figure 2C) shows broad
and structureless spectra similar to emission bands of diaryld-
isilanes.16 The emission maximum also shifts from 319 to 337
nm as the number of the silicon atoms increases. This red shift
of the emission maximum obviously indicates the existence of
electronic delocalization. The origin of the delocalization effect
and the nature of the excited state are unclear at this stage.
Detailed experimental and computational studies are future
subjects.

Conclusions

A series of disilatriptycene oligomers with a one-dimensional
array have been found to show a small, but steady, red shift in
the MCD and emission spectra. The chain-length dependence
of the spectra has been observed for the first time by introducing
triptycene units, suggesting the existence of electronic delocal-
ization over the silicon array structure.

Experimental Section

General Comments. Ether, THF, and hexane were freshly
distilled from sodium benzophenone ketyl before use unless
otherwise noted. Anhydrous-grade DMF, ether, and THF were
purchased from Wako Pure Chemical Industries. Butyllithium and
tert-butyllithium were purchased from Wako Pure Chemical
Industries and Kanto Chemical, respectively. Lithium naphthalenide
was prepared from the reaction of naphthalene with lithium granular
(CHMETALL) in THF at 0 °C before use. Recycling gel permeation
chromatography (GPC) was performed on an LC-908 instrument
with JAIGEL 1H+2H columns (Japan Analytical Industry) with
toluene as eluent at the flow rate of 3.5 mL/min. Elemental analyses
and mass spectroscopy were performed at the Micro Analysis
Division of Institute for Chemical Research, Kyoto University, and
the Mass Spectrum Division of Institute for Chemical Research,
Kyoto University, respectively. 1,2-Dibromo-4,5-diisopropoxyben-
zene was prepared according to the literature.21

Tris(2-bromo-4,5-diisopropoxyphenyl)silane. This compound
was prepared in a similar manner to similar compounds.22 Under
a nitrogen atmosphere, to a solution of 1,2-dibromo-4,5-diisopro-
poxybenzene (61.0 g, 0.173 mol) in ether (anhydrous, 270 mL)
and THF (anhydrous, 180 mL) was added n-butyllithium (1.6 M
in hexane, 114 mL, 0.18 mol) at -110 °C over 2.5 h. After being
stirred at -110 °C for 1 h, a solution of trichlorosilane (5.8 mL,
0.057 mol) in ether (anhydrous, 45 mL) was added over 15 min at
the same temperature. The reaction mixture was slowly allowed to
warm to room temperature to give a yellow suspension. After

(21) (a) Tsuji, H.; Inoue, T.; Sase, S.; Tamao, K. Acta Crystallogr. E
2006, E62, m535. (b) Tsuji, H.; Inoue, T.; Kaneta, Y.; Sase, S.; Kawachi,
A.; Tamao, K. Organometallics 2006, 25, 6142.

(22) (a) Chen, L. S.; Chen, G. J.; Tamborski, C. J. Organomet. Chem.
1980, 193, 283. (b) Kyushin, S.; Shinnai, T.; Kubota, T.; Matsumoto, H.
Organometallics 1997, 16, 3800.

Figure 1. ORTEP drawings of the dimer DSiT[2] (50% probability;
isopropoxy groups and hydrogen atoms are omitted for clarity):
(A) Side and (B) top views. Selected interatomic distances (Å) and
bond angles (deg): Si(1)-Si(2) ) 2.3448(9), Si(2) · · · Si(3) )
3.0221(8), Si(3)-Si(3)* ) 2.3385(11), Si(1)-Si(2) · · · Si(3) )
175.62(3), Si(2) · · · Si(3)-Si(3)* ) 178.19(4).

Figure 2. Electronic spectra of DSiT[n] in cyclohexane. (A) UV
absorption, (B) MCD (inset: enlargement of the region bounded
by dotted-line square), and (C) emission (excitation at 250 nm,
normalized at the emission maximum): DSiT[1] (pale brown),
DSiT[2] (purple), DSiT[3] (green), DSiT[4] (blue), and DSiT[5]
(red).

Table 1. Summary of UV Absorption and Fluorescence
Measurements of DSiT[n] in Cyclohexane at Room Temperature

compound
UV abs

λ/nm (ε/104 M-1 cm-1)
emission

λ/nm

DSiT[1] 230 (9.76), 297 (0.84) 319
DSiT[2] 231 (18.0), 297 (1.45) 328
DSiT[3] 231 (26.2), 296 (2.37) 335
DSiT[4] 230 (33.4), 297 (2.77) 337
DSiT[5] 230 (41.1), 296 (3.66) 337
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evaporation, hexane (400 mL) was added to the residue, and the
resulting yellow suspension was passed through a pad of Celite.
The filtrate was concentrated in vacuo to give a yellow oil.
Recrystallization from hexane afforded the title compound (16.0
g, 33% yield) as a white solid (hexane), which was used in the
next step without further purification: mp 109-111 °C (dec): 1H
NMR (300 MHz, C6D6) δ 1.05 (d, J ) 6.0 Hz, 18H), 1.16 (d, J )
6.0 Hz, 18H), 4.06 (sept, J ) 6.0 Hz, 3H), 4.32 (sept, J ) 6.0 Hz,
3H), 6.50 (s, 1H), 7.39 (s, 3H), one signal due to protons on the
benzene rings was not observed because the signal overlapped with
the signal of residual benzene in C6D6; 13C{1H} NMR (68 MHz,
C6D6) δ 22.03, 22.24, 71.30, 71.97, 120.51, 123.01, 126.24, 127.41,
148.32, 152.24; 29Si NMR (53 MHz, INEPT, C6D6) δ -19.11;
HRMS-EI (m/z) M+ calcd for C36H49O6

79Br2
81BrSi, 844.0828;

found, 844.0801; calcd for C36H49O6
79Br81Br2Si, 846.0808; found,

846.0801.
2,3,6,7,14,15-Hexa(isopropoxy)-9,10-disilatriptycene. Under an

argon atmosphere, to a solution of tris(2-bromo-4,5-diisopro-
poxyphenyl)silane (7.94 g, 9.39 mmol) in ether (360 mL) was added
tert-butyllithium (1.56 M in pentane, 36 mL, 56 mmol) over 15
min at -78 °C. After being stirred for 2 h at -78 °C, trichlorosilane
(1.00 mL, 9.82 mmol) was added to the reaction mixture, which
was slowly allowed to warm to room temperature. The resulting
white suspension was passed through a pad of Celite, and the fil-
trate was concentrated in vacuo to give a pale orange solid. The
solid was suspended in hexane (400 mL × 1, 250 mL × 1), and
the resulting suspension was filtered to afford a colorless solution.
Evaporation of the solvent gave a pale yellow powder (5.77 g),
which contains the title compound as the main component. The
crude product was used for the next step without further purification:
1H NMR (300 MHz, C6D6) δ 1.20 (d, J ) 6.0 Hz, 36H), 4,36 (d,
J ) 6.0 Hz, 6H), 5.71 (s, 2H), 7.61 (s, 6H); 13C{1H} NMR (68
MHz, C6D6) δ 22.60, 71.77, 123.20, 138.02, 149.18; 29Si NMR
(53 MHz, INEPT, C6D6) δ -36.34; HRMS-EI (m/z) M+ calcd for
C36H50O6Si2, 634.3146; found, 634.3130.

9,10-Dibromo-2,3,6,7,14,15-hexa(isopropoxy)-9,10-disilatrip-
tycene (1). Under an argon atmosphere, a mixture of the crude
product of the dihydrodisilatriptycene (5.67 g, 8.93 mmol if pure),
PdCl2 (296 mg, 0.893 mmol), and carbon tetrabromide (4.78 g,
27.0 mmol) in hexane (40 mL) was allowed to heat at 60 °C for
16 h to give a black suspension. After evaporation, the residue was
suspended in hexane (50 mL × 2), and the resulting suspension
was passed through a pad of Celite to give a yellow solution. The
solution was concentrated in vacuo to give a yellow oil. Recrys-
tallization from toluene (15 mL) afforded 1 as white solids (1.57
g, 1.98 mmol, 21% yield based on the triarylsilane). The obtained
white solid had mp 218-221 °C, not pure enough, but used in the
next step without further purification: 1H NMR (300 MHz, C6D6)
δ 1.15 (d, J ) 6.0 Hz, 36H), 4.39 (sept, J ) 6.0 Hz, 6H), 7.80 (s,
6H); 13C{1H} NMR (68 MHz, C6D6) δ 22.40, 71.82, 121.32,
136.03, 149.80; 29Si NMR (53 MHz, INEPT, C6D6) δ -13.44;
HRMS-EI (m/z) M+ calcd for C36H48O6

79Br2Si2, 790.1356; found,
790.1343; [M + 2]+ calcd for C36H48O6

79Br81BrSi2, 792.1336;
found, 792.1371; [M + 4]+ calcd for C36H48O6

81Br2Si2, 794.1315;
found, 794.1334.

Syntheses of DSiT[n]. (a) Addition of a THF Solution of 1
to LiNaph (see eq 1). Under an argon atmosphere, to LiNaph (0.52
M in THF, 0.76 mL, 0.40 mmol) was added dropwise a solution
of 1 in THF (2 mL). After being stirred at -78 °C for 1 h,
chlorotrimethylsilane (80 µL, 0.63 mmol) was added to the resulting
dark green solution. The reaction mixture was stirred for 10 min at
-78 °C and was allowed to warm to room temperature. After
evaporation of the solvent, the resulting yellow solid was subjected
to vacuum sublimation to remove naphthalene, and toluene was
added to the residue. Filtration of the resulting white suspension
through a pad of Celite and the subsequent evaporation of the

solvent gave white solids. The crude mixture was separated by
recycling GPC (toluene) to give DSiT[1] (37.1 mg, 49% yield)
and DSiT[2] (9.8 mg, 14% yield).

(b) Addition of LiNaph to a THF Solution of 1 (see eq 1).
Under an argon atmosphere, to a solution of 1 (78.0 mg, 0.098
mmol) in THF (1 mL) was added dropwise LiNaph (0.56 M in
THF, 0.70 mL, 0.39 mmol) at -78 °C. After being stirred at -78
°C for 2 h, chlorotrimethylsilane (80 µL, 0.63 mmol) was added to
the resulting dark green solution. The reaction mixture was stirred
for 10 min at -78 °C and was allowed to warm to room
temperature. After evaporation of the solvent, the resulting yellow
solid was subjected to vacuum sublimation to remove naphthalene,
and toluene was added to the residue. Filtration of the resulting
white suspension through a pad of Celite and the subsequent
evaporation of the solvent gave white solids. The crude mixture
was separated by recycling GPC (toluene) to give DSiT[1] (8.7
mg, 11% yield, tR ) 78 min), DSiT[2] (37.4 mg, 53% yield, tR )
73.5 min), and DSiT[3] (20.8 mg, 30% yield, tR ) 70 min).

(c) Two-Step Procedure for Synthesis of the Longer Oligo-
mers (see eq 2). Under an argon atmosphere, to a solution of 1
(132 mg, 0.167 mmol) in THF (1.5 mL) was added LiNaph (0.70
M in THF, 0.55 mL, 0.39 mmol) at -78 °C. After being stirred
for 1 h at -78 °C, to a solution of 1 (66.2 mg, 0.084 mmol) in
THF (1 mL) was added the resulting dark red solution. The reaction
mixture was stirred for 45 min at -78 °C, and then LiNaph (0.70
M in THF, 0.35 mL, 0.25 mmol) was added at the same
temperature. After being stirred for 1 h, chlorotrimethylsilane (0.12
mL, 0.94 mmol) was added at -78 °C. The reaction mixture was
stirred for 5 min at -78 °C and was allowed to warm to room
temperature to give a yellow solution. After evaporation of the
solvent, the resulting white solid was subjected to vacuum sublima-
tion, and toluene was added to the residue. Filtration of the resulting
suspension through a pad of Celite and the subsequent evaporation
of the solvent gave white solids. The crude mixture was separated
by recycling GPC (toluene) to give DSiT[2] (17.5 mg, 9.8% yield),
DSiT[3] (24.2 mg, 14% yield), DSiT[4] (48.5 mg, 29% yield, tR

) 67.5 min), and DSiT[5] (23.3 mg, 14% yield, tR ) 65 min).
DSiT[1]: White solid (MeOH); mp >300 °C; 1H NMR (300

MHz, C6D6) δ 0.73 (s, 18H), 1.26 (d, J ) 6.0 Hz, 36H), 4.51 (sept,
J ) 6.0 Hz, 6H), 7.66 (s, 6H); 13C{1H} NMR (68 MHz, C6D6) δ
0.24, 22.64, 72.04, 124.56, 141.26, 148.55; 29Si NMR (53 MHz,
INEPT, C6D6) δ -21.17, -41.63; HRMS-EI (m/z) M+ calcd for
C42H66O6Si4, 778.3937; found 778.3936. Anal. Calcd for
C78H114O12Si6: C, 64.73; H, 8.54. Found: C, 64.82; H, 8.49.

DSiT[2]: White solid (MeOH); mp >300 °C; 1H NMR (300
MHz, C6D6) δ 0.63 (s, 18 H), 0.97 (d, J ) 6.0 Hz, 36H), 1.30 (d,
J ) 6.0 Hz, 36H), 4.28 (sept, J ) 6.0 Hz, 6H), 4.53 (sept, J ) 6.0
Hz, 6H), 7.72 (s, 6H), 8.07 (s, 6H); 13C{1H} NMR (68 MHz, C6D6)
δ 0.26, 22.05, 22.77, 70.92, 72.05, 123.99, 124.22, 140.36, 140.39,
148.65 (overlapped); 29Si NMR (53 MHz, INEPT, C6D6) δ -21.19,
-40.93, -41.00; LRMS-FAB m/z ) 1411 [M + H]+. Anal. Calcd
for C78H114O12Si6: C, 66.34; H, 8.14. Found: C, 66.13; H, 7.90.

DSiT[3]: White solid (MeOH); mp >300 °C; 1H NMR (300
MHz, C6D6) δ 0.67 (s, 18H), 0.95 (d, J ) 6.0 Hz, 36H), 1.13 (d,
J ) 6.0 Hz, 36H), 1.31 (d, J ) 6.0 Hz, 36H), 4.15-4.37 (m, 12H),
4.54 (sept, J ) 6.0 Hz, 6H), 7.72 (s, 6H), 8.05 (s, 6H), 8.06 (s,
6H); 13C{1H} NMR (68 MHz, C6D6) δ 0.27, 22.13, 22.47, 22.74,
71.36, 72.10 (overlapped), 124.25, 124.40, 124.50, 139.65, 140.34,
140.51, 148.65, 148.80, 148.85; 29Si NMR (53 MHz, INEPT, C6D6)
δ -21.14, -39.90, -40.75, -40.90; LRMS-FAB m/z ) 2044 [M
+ H]+. Anal. Cacld for C114H162O18Si8: C, 66.95; H, 7.98. Found:
C, 67.12; H, 7.82.

DSiT[4]: White solid (MeOH); mp >300 °C; 1H NMR (300
MHz, C6D6) δ 0.67 (s, 18H), 0.97 (d, J ) 6.0 Hz, 36H), 1.10 (d,
J ) 6.0 Hz, 36H), 1.11 (d, J ) 6.0 Hz, 36H), 1.31 (d, J ) 6.0 Hz,
36H), 4.16-4.37 (m, 18H), 4.54 (sept, J ) 6.0 Hz, 6H), 7.72 (s,
6H), 8.052 (s, 6H), 8.058 (s, 6H), 8.063 (s, 6H); 13C{1H} NMR
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(68 MHz, C6D6) δ 0.04, 21.95, 22.30 (overlapped), 22.56, 71.24,
71.34, 71.49, 71.97, 124.26, 124.34, 124.69, 124.75, 139.59, 139.75,
140.33, 140.61, 148.79, 148.84, 148.87, 149.00; 29Si NMR (53
MHz, INEPT, C6D6) δ -21.36, -39.75, -40.10, -41.06 (over-
lapped); LRMS-FAB m/z ) 2676 [M + H]+. Anal. Calcd for
C186H258O30Si12: C, 67.27; H, 7.90. Found: C, 67.35; H, 7.89.

DSiT[5]: White solid (MeOH); mp >300 °C; 1H NMR (300
MHz, C6D6) δ 0.68 (s, 18H), 0.97 (d, J ) 6.3 Hz, 36H), 1.08-1.15
(m, 108H), 1.32 (d, J ) 6.3 Hz, 36H), 4.14-4.38 (m, 24H), 4.55
(sept, J ) 6.3 Hz, 6H), 7.73 (s, 6H), 8.05-8.08 (24H); 13C{1H}
NMR (68 MHz, C6D6) δ 0.04, 21.94, 22.28 (overlapped), 22.56,
71.24, 71.34, 71.50, 71.55, 71.97, 124.23, 124.37, 124.56, 124.75,
124.84, 139.82, 139.66, 139.82, 140.32, 140.64, 148.82 (over-
lapped), 148.90, 148.97, 149.00; 29Si NMR (53 MHz, INEPT, C6D6)
δ -21.59, -39.77 (overlapped), -40.08, -41.06 (overlapped);
LRMS-FAB m/z ) 3309 [M + H]+. Anal. Calcd for
C186H258O30Si12: C, 67.47; H, 7.85. Found: C, 67.25; H, 7.75.

UV Absorption Spectra Measurements. The UV absorption
spectra were recorded using a Perkin-Elmer Lambda 900 UV/vis/
NIR spectrometer at room temperature. Sample solutions (concen-
tration ) 10-6-10-7 M) in a square 1 cm quartz cell were used
for the measurements. Cyclohexane (UV measurement grade) was
purchased from Dijindo Laboratories and was used without further
purification.

MCD Spectra Measurements. The MCD spectra were recorded
using a JASCO J-820 spectropolarimeter fitted with a 1.5 T
electromagnet at room temperature. The cyclohexane solutions of
DSiT[n] (concentration ) 10-6-10-7 M) in a 1 cm Suprasil quartz

cell were used in the measurements. Cyclohexane (UV measurement
grade) was purchased from Dojindo Laboratories and was used
without further purification.

Emission Spectra Measurements. The emission spectra were
recorded using a JASCO FP-6500 spectrometer at room tempera-
ture. Cyclohexane (emission spectra grade) was purchased from
Nacalai Tesque Inc. and was degassed under flowing argon gas
before use. The cyclohexane solutions of DSiT[n] (concentration
) 10-8-10-9 M) were prepared in a glovebox filled with argon
gas and were placed in a 1 cm square quartz cell.
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