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 1  INTRODUCTION 
 
1.1  Introduction to Arylsilanes 

 
Arylsilanes are one of the most fundamental and widespread classes of 

intermediates in modern organic chemistry for Hiyama coupling or as materials for organic 
phosphorescent materials and even as medicinal products.1 They have thus been widely 
studied for their unique properties and much interest is focused on the introduction of 
silicon into organic molecules to produce novel silicon-containing materials. 

 
1.2  Aim of Project 

 
Our group has recently successfully integrated silicon into organic molecules 

containing two aryl rings and investigated the interesting properties of the resulting 
metalloles such as fluorescence.2 

 
Using the same idea, the aim of this project is to introduce silicon into organic 

molecules with three aryl rings to form bicyclo compounds (as below) and to investigate 
their properties. 
 

 
 
 

                                                       
1 Yamanoi, Y.; Nishihara, H. J. Org. Chem., 2008, 73, 6671-6678. 
2 Yabusaki, Y.; Ohshima, N.; Kondo, H.; Kusamoto, T.; Yamanoi, Y.; Nishihara, H.  
 Chem. Eur. J. 2010, 16, 5581-5585 
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2  EXPERIMENTAL SECTION 
 
2.1  Materials and Measurements 

 
All chemicals were purchased from commercial vendors and used without further 

purification, unless otherwise stated. All solvents used in the synthesis are reagent grade. 
Inert reactions were carried out under an argon atmosphere in oven-dried apparatus. 1H-
NMR and 19F-NMR spectra were recorded on at 400 MHz JEOL NMR spectrometer in 
CDCl3 at room temperature. Chemical shifts are reported in ppm referenced to internal 
standard ((CH3)4Si = 0.00 ppm) or residual solvent peaks (CDCl3 = 7.26 ppm for 1H NMR).  
 
2.2 Procedures for Synthesis of Compounds 
 
2.2.1 Compound 2 

Compound 2 was synthesized according to literature procedures. 3 
Tris(2methoxyphenyl)methanol (1) (10.5 g, 30 mmol) was stirred in acetonitrile (30 mL) 
and THF (45 mL) before TsOH.H2O (6.3 g, 33 mmol) was added at 0 °C to give a dark 
purple solution. The solution was stirred at RT for 12 h and quenched by adding distilled 
H2O (100 mL). The white suspension formed was extracted with 3 ×100 mL of Et2O. The 
organic layer was dried and then evaporated to dryness before recrystallization was done 
using Hexane/Et2O (4:1) to obtain a white solid as a pure product. Yield: 89%. 1H NMR 
(400 MHz, CDCl3) δ 7.16-7.19 (m, 3H), 6.83 (d, 3H), 6.80 (t, 3H), 6.74 (q, 3H), 6.42 (s, 
1H), 3.66 (s, 9H); EI-MS (m/z): 334 (M+). 
 
2.2.2 Compound 3 

Compound 3 was synthesized according to literature procedures.4 A solution of 
compound (2) (5.0 g, 15 mmol) in dry DCM (50 mL) was cooled to -78 °C before BBr3 
(1M in DCM, 49.5 mL, 49.5 mmol) was added. The mixture was slowly warmed up to RT 
while stirring for 5 h before H2O (50 mL) was added at 0 °C. The mixture was extracted 
with Et2O (100 mL) followed by aq. NaOH (1 M, 2 ×  150 mL). The aq. layer was 
neutralized by aq. HCl until no more solids were formed and extracted with 2 ×  100 mL 
                                                       
3 Masuda, Y.; Yoshioka, S.; Yamasaki, S.; Somyo, T.; Chiba, K.; Baba, A. Org. Lett. 2006, 8, 761-764. 
4 ibid., 
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Et2O. The organic layer was dried and evaporated to give a white pure solid 3. Yield: 94%.  
1H NMR (400 MHz, CDCl3) δ 7.22-7.16 (m, 3H), 6.94 – 6.83 (m, 9H), 6.07 (s, 1H), 4.92 
(s, 3H, OH); EI-MS (m/z): 292 (M+). 
 
2.2.3 Compound 4a 

Compound 4a was obtained as the product when the synthesis of 4 was attempted 
according to modified literature procedures.5 Compound 3 (0.178 g, 0.6 mmol) in dry 
DCM (15 mL) and excess Et3N (0.3 mL, 2.2 mmol) was cooled to 0 °C before Tf2O (0.180 
mL, 1.05 mmol) was added. The mixture was slowly warmed up to RT while stirring for 
12 h before 37% aq. HCl (2 mL) was added to quench the reaction. The mixture was 
washed first with sat. NaHCO3 (20 mL) and then aq. NaCl (20 mL), dried and evaporated 
to obtain a dark yellow oil. The residue is purified by column chromatography on silica gel 
using Hexane/EA (4:1) solvent system (Top band, Rf ~ 0.6) to obtain a light yellow oil (4a). 
Yield: 23%. 1H NMR (400 MHz, CDCl3) δ 7.45-7.28 (m, 4H), 7.22-7.14 (m, 2H), 6.98 – 
6.91 (m, 1H), 6.84 – 6.80 (d, 2H), 6.67 - 6.65 (d, 2H), 6.44 (s, 1H), 6.38 (s, 1H), 5.30 (s, 
1H); EI-MS (m/z): 556 (M+). 
 
2.2.4 Compound 5 

Compound 5 was synthesized according to the literature procedure with a slight 
modification.6 3-Dimethylaminophenol (2.06 g, 15 mmol) was dissolved in 30 mL glacial 
acetic acid and trimethoxymethane (4.45 g, 30 mmol) was added. The dark red solution 
was left to stir for 4 h before alkalized with aq. Na2CO3 and extracted with 3 ×  70 mL of 
DCM/Isopropanol (4:1). The organic phase was dried and concentrated before compound 5 
was recrystallized from isopropanol/Et2O. Yield: 58%. 1H NMR (400 MHz, CDCl3) δ 6.81 
– 6.79 (d, 3H), 6.26 – 6.28 (m, 6H), 5.51 (s, 1H), 4.96 (s, 3H), 3.02 – 2.91 (s, 18H); EI-MS 
(m/z): 421 (M+). 
 

                                                       
5 Thompson, A. L. S.; Kabalka, G. W.; Akula, M. R.; Huffman, J. W. Synth. 2005, 4, 0547-0550. 
6Witzel, H.; Pindur, U. Pharm. Acta  Helv. 1988, 63 (6), 164–169. 
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2.2.5 Compound 6 

The synthesis of compound 6 was attempted according to modified literature 
procedures.7 Compound 5 (0.50 g, 1.19 mmol) in dry DCM (30 mL) and excess Et3N (1.5 
mL, 10.8 mmol) was cooled to 0 °C before Tf2O (1.0 mL, 5.94 mmol) was added. The 
mixture was slowly warmed up to rt while stirring for 12 h before 37% aq. HCl (1 mL) was 
added to quench the reaction. The mixture was washed first with sat. NaHCO3 (20 mL) and 
then aq. NaCl (20 mL), dried and concentrated to obtain a red oil. The pure product 6 was 
then recrystallized using DCM and Hexane to obtain a dark pink powder. Yield: 45%. 1H 
NMR (400 MHz, CDCl3) δ 6.75 – 6.73 (d, 3H), 6.59 (s, 3H), 6.54 – 6.51 (d, 3H), 5.98 (s, 
1H), 2.94 (s, 18H), EI-MS (m/z): 817 (M+). 
 
2.2.6 Compound 8 

The synthesis of compound 8 was attempted according to modified literature 
procedures.8 Compound 6 (50 mg, 0.666 mmol) in dry THF (3 mL), Et3N (25 μL, 0.181 
mmol), 5 mol% of Pd(P(t-Bu)3)2 catalyst and p-tolylsilane (8 μL, 0.593 mmol) was left to 
reflux at 50 °C in an inert atmosphere. Et4NI (47.2 mg, 0.184 mmol) was added together 
with additional 5 mol% of catalyst and dry THF (2 mL) after there was no product formed 
after 1 day. EI-MS (m/z): 489 (M+). 
 
3  RESULTS AND DISCUSSION 
 
3.1  Initial Scheme of Synthesis 

 
The initial synthetic scheme involved starting from a simple molecule of 

methoxybenzene to form an organic compound containing three aryl rings and then 
incorporating silicon to form a bicyclo compound (Scheme 1.0).  The aim was to form a 
tri-aryl compound with good leaving groups such that the silicon element could be 

                                                       
7 Op Cit. Note 4. 
8 Yamanoi, Y.; Taira, T.; Sato, J.; Nakamula, I.; Nishihara, H. Org. Letters, 2007, 9 (22), 4543–4546. 



incorporated into the compound. As iodine-containing compounds were found to be the 
best precursors to the silicon containing compounds, the synthetic scheme also involved 
changing the aryl side groups to iodine before converting them to the bicyclo target 
compounds. 

Scheme 1.0: Initial Synthetic Scheme from Methoxybenzene 
 
 The initial steps of Scheme 1.0 were rather successful, with the synthesis of 
compounds 2 and 3 having yields of more than 89%. However, the synthesis of compound 
4 was unsuccessful. Instead of tri substituted triflate (OTf) groups, the mono and di-
substituted (4a) compounds were obtained instead. Even when the reaction mixture was 
refluxed, compound 4 still cannot be obtained. As such, Scheme 1.0 had to be modified 
and scheme 1.1 was attempted instead. 

Scheme 1.1: Modified Synthetic Scheme using Compound 4a. 
 
 The plan was to continue the synthesis from compound 4a synthesized, to change 
the two triflate groups to iodine groups first. As iodine is more electron withdrawing than 
the triflate group, it is likely that the remaining -OH group would be less strongly attached 
to the aryl group and hence form the last triflate group with greater ease. With the 
compound containing two iodine and one triflate groups, we would then proceed with 
converting the triflate group to iodine, followed by the coupling reaction to incorporate 
silicon into the compound. 

4 

1 2 3 
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 However, the conversion of triflate groups to iodine according to modified 
literature procedures 9  did not proceed as expected. A complex mixture without the 
expected product was obtained, as checked by mass spectrometry, and modifying the 
procedures to include harsher conditions such as heating was also unsuccessful. As this 
scheme has thus reached a dead end, we would have to come up with a new synthetic 
scheme. 
 
3.2  The Second Synthetic Scheme 

 
As the first synthetic scheme did not work, 3-dimethylamino phenol was used as 

the starting molecule of the second scheme. This is because of the additional electron 
donating amino group which will activate the aryl ring and hence make the aryl rings more 
reactive.  

Scheme 2.0: Second Synthetic Scheme from 3-dimethylamino phenol. 
 
 This new second scheme is actually rather similar to that of the first. After 
obtaining the organic compound with three aryl rings, the hydroxyl groups are to be 
converted to triflate groups, followed by iodine, before coupling the silicon element to 
form the bicyclo compound. 
 
 Compound 5 was successfully synthesized with reasonable yield (58%) as 
compared to that of literature (62%). Compound 6, a novel compound, was also 
successfully synthesized with a yield of 45%, according to modified literature procedures 
as before.10 This time, all three hydroxyl groups were successfully replaced with the triflate 
groups unlike in the previous synthetic scheme where only 1 or 2 were replaced. This 
success is most likely due to the additional electron donating amino group as mentioned at 
the beginning of this section.  
 
 However, the next step to convert the triflate to iodine groups was unsuccessful. 
Attempts to obtain compound 7 were futile as the reaction did not proceed even with 
harsher reaction conditions. Instead, the starting material (6) was recovered. 

                                                       
9 Yang, S.; Danny, W. A. J. Org. Chem., 2002, 67 (25), 8958–8961. 
10 Op Cit. Note 4. 



 As the iodine containing compound 7 could not be obtained, it was decided that the 
synthesis of the target compound directly from compound 6 could be attempted (Scheme 
2.1). Although it is expected to be less reactive than its iodine analogues, the conditions of 
the reactions could be modified to increase the possibility of reaction. 

Scheme 2.1: Obtaining the target compound directly from compound 6. 
 
 The initial conditions of refluxing in THF did not obtain any results, but after the 
addition of Et4NI additive, there was high possibility that the target compound was 
obtained, by mass spectrometry analysis. Although the product peak of the final product 
was much too low to conclude that it is indeed in the reaction mixture, many fragment 
peaks of the product was observed, which were not seen before the additive was introduced. 
It is hence concluded that the product was formed in rather small amounts, and that the 
reaction would have to be optimized before the isolation of the compound is possible. 
 
4  PERSPECTIVE 
 

 Much more related research is possible for this compound, if successfully 
synthesized. The physical properties, such as its cyclic voltammetry, photoluminescence or 
electron transfer ability, can be measured. Furthermore, other novel compounds with 
different side groups on the aryl rings or incorporating other group 14 elements in the 
bicyclo compounds could also be synthesized and its properties investigated to find out the 
relationship between the different structures and their properties. 
 
5  CONCLUSION 
 
 A bicyclo compound containing silicon was successfully synthesized although 
optimization of the reaction is required before sufficient amounts of the compound can be 
isolated and then further studied for its physical properties. 
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