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ABSTRACT 
 
 

CHRISTINA MAGUYLO.  Bis(bipyridyl)silicon(IV) compounds – synthesis, 
characterization, and catalytic properties.  (Under the direction of DR. THOMAS A. 

SCHMEDAKE.) 
 
 

 A series of novel hexacoordinate bis-bipyridylsilicon(IV) complexes have been 

synthesized by reacting [Si(bipy)2I2]I2 with the appropriate alcohol or diol. 

Characterization was done and crystal structures have been obtained for the complexes: 

[Si(bpy)2(OMe)2]I2, [Si(bpy)2(-OCH2CH2O-)](I)(I3), [Si(bpy)2(OPh)2](I3)2, 

[Si(bpy)2(cat)](PF6)2,  [Si(bpy)2(bph)](PF6)2, and [Si(dmbpy)2(OH)2]I2 (bpy= 

2,2'bipyridine, dmbpy = 4,4'-dimethyl-2,2'-bipyridine, bbbpy = 4,4′-di-tert-butyl-2,2′-

dipyridyl  cat= 1,2-benzenediolato, bph=2,2'-biphenolato ligand).  Two of these new 

hexacoordinate silicon diol complexes has been synthesized and tested for catalytic 

activity. Dihydroxy-bis-(4,4′-di-tert-butyl-2,2′-dipyridyl)silicon(IV) and dihydroxy-bis-

(4,4'-dimethyl-2,2'-bipyridine)silicon(IV) were synthesized and found to be quite soluble 

in organic solvents due to the t-butyl or methyl groups on the bipyridine.  Catalytic 

studies, such as the addition of indole to trans-β-nitrostyrene, show that these complexes 

can act similar to other silicon diol catalysts.    
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CHAPTER 1:  INTRODUCTION 
 
 

Hexacoordinate silicon(IV) chemistry has been recently explored by the 

Schmedake group for electrochemical, photochemical, and spectroelectrochemical 

characteristics and applications.  Starting in 2010 with Suthar’s contribution to the 

research of silicon hexacoordinated silicon(IV) complexes, the Schmedake group has 

revealed a greater understanding of these complexes and their relationship to their 

transition metal analogues.1,2,3      

1.1  Hexacoordinate silicon chemistry   

Although hexacoordinated silicon chemistry has not been extensively studied over 

the past several decades, the first reported silicon hexacoordinated complex, SiF6
-2, was 

published in 1935 (Figure 1).4  The structure of this dianion was established through X-

ray diffraction.4   

 

Figure 1:  First reported silicon hexacoordinated complex, SiF6
-2 

 

 The chemistry of hexacoordinated silicon complexes involves the utilization of 

the empty d-orbitals of silicon.4 The ability of multiple ligands to coordinate to silicon in 

an octahedral geometry contributes to the reactivity of these complexes.4  The reactivity 
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of cationic hexacoordinated silicon(IV) complexes was noted to depend on the ligands 

and varies greatly.4  In addition, their solubility is also affected with the counter anions 

contributing to this effect.  Therefore, no universal claims can be made about the 

reactivity of hexacoordinated silicon(IV) complexes. 

Chuit notes that the synthesis of these complexes is analogous to penta-coordinated 

silicon complexes.4  The two noted synthetic routes include the formation of an anionic 

or neutral complex through the reaction of an anionic or neutral nucleophilic reagent with 

tetravalent silicon or the nucleophilic substitution of an organosilane with bidentate 

ligands.4  The approach of nucleophilic substitution of SiI4 with 2,2’-bipyridine was 

utilized for the synthesis of homoleptic and heteroleptic complexes studied by the 

Schmedake group.   

 
1.2   Synthesis and characterization of homoleptic polypyridine silicon chemistry 

 
After Wannagat published his paper about the synthesis of SiCl4Dpy, the first 

reported synthesis of a trisbipyridylsilicon(IV) complex was [Si(bpy)3]
0 by Herzog and 

Krebs in 1963.5  This followed their earlier synthesis of  similar complexes with tin, zinc, 

and aluminum.5  The synthesis of Herzog and Krebs was a multistep process starting with 

SiCl4 and with the reaction proceeding entirely in THF at room temperature (Figure 2).5  

The final reaction done was reacting elemental iodine with [Si(bpy)3]
0, oxidizing the 

compound to form the [Si(bpy)3]I4 complex.5  They noted that this complex was soluble 

in water; however, they also noted that the complex decomposes in air, water, and 

methanol.5   
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SiCl4 (aq) + bpy (aq) Si(bpy)Cl4 (aq)
THF

2 Li (s) + bpy (aq) Li2(bpy) (aq)
THF

Si(bpy)Cl4 (aq) + 2 Li(bpy) (aq) [Si(bpy)3]0
(s) + 4 LiCl (aq)

THF

Si(bpy)3 (s) + 2 I2 (aq) [Si(bpy)3]I4 (s)
THF

 

Figure 2:  Method used by Herzog and Krebs for the synthesis of [Si(bpy)3]+4 
oxidizing the [Si(bpy)3]

0 by elemental iodine.5 

 
 In 1967, Herzog and Zimmer (Franz) synthesized NaSi(bpy)3 from Si(bpy)3 with 

Na(bpy) in THF.5  They noted that this complex also decomposed with exposure to air, 

methanol, and water.5  They also went on to state that Na2Si(bpy)3 was formed in the 

presence of excess metallic sodium.5   

Kummer et. al. reported in 1973 the synthesis of [Si(bpy)3]Br4 by reaction of 

Si2Br6 with bpy in benzene.7,8  This reaction was done at room temperature over a period 

of five days and had only a 2.1% yield with respect to Si2Br6.  Characterization of this 

complex was reported and involved elemental analysis, conductivity measurements, 1H 

NMR, IR, mass spectroscopy, and UV-Vis.7,8  Kummer et. al. also noted that unlike 

previous polypyridyl hexacoordinate silicon complexes, [Si(bpy)3]Br4 was both soluble 

and stable in an aqueous solution, which could be monitored through NMR and UV-

Vis.7,8    Additionally, they noted that the silicon was coordinated octahedrally, which 

was analogous to other complexes that have three bipyridines bound to a central atom.7,8   

In 1979, Kummer and coworkers published the synthesis of [Si(bpy)3]
0 from SiI4 

in a melt with CHCl3(Figure 3).9   They had previously attempted a similar synthesis of 

[Si(bpy)3]Br4 from SiBr4; however, this led to the formation of only Si(bpy)Br4.
9  They 

noted, that even when an excess of bpy was used, the second or third bpy ligand did not 
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react with the monobipyridine complex.9  Therefore, they concluded that SiBr4 and SiCl4 

could not be used to form a Si(bpy)3 complex.9   

Their synthesis of [Si(bpy)3]
0 required 20 equivalents of bipyridine ligand to 

achieve the required viscous melt and sublimation of ligand, which was a time consuming 

slow process.9  Upon completion of the reaction and purification, where the formation of 

some [Si(bpy)2I2]I2 was observed, the reaction only gave a 57% yield.9   

 

Figure 3:  Kummer’s synthesis of [Si(bpy)3]
0 from SiI4 in a melt 

Characterization reported by Kummer included 1H NMR, IR, and UV-Vis, which 

confirmed the octahedral structure of the complex with a +4 charge, which furthered the 

understanding of these complexes, especially their structure and characteristics.9     

 In 1992, Ohmori reported the optical resolution of the [Si(bpy)3]
4+ cation and 

reported the stability of this complex in water.11  After confirming both the Λ and Δ 

enantiomers were confirmed by circular dichroism spectra and their successful separation 

of optical isomers, it was noted that the enantiomers were also stable in an aqueous 

solution for a month.11  Ohmori also stated that the chemistry of hexacoordinated 

silicon(IV) complexes is similar to that of other similar transition metal complexes, 

where the coordination number and valence state determine the chemistry of silicon.11  

The separation of isomers provided additional understanding of the hexacoordinated 

silicon(IV) complexes. 

In 2010, Suthar further optimized the synthesis of the [Si(bpy)3]
4+ cation (Figure 

4).2,12  This was done through a one pot synthesis with equivalent amounts of bipyridine 

ligand.2,12  Compared to previous attempts, the one step reaction was an improvement 
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over the four step synthesis of Herzog and Krebs, which also required fewer reactants to 

achieve the target complex.  This synthesis also improved upon the synthesis by 

Kummer, which required 20 equivalents of ligand. 

 

Figure 4:  Suthar’s synthesis of [Si(bpy)3]I4
2,12 

Suthar also noted color changes that were produced by metathesis reactions with 

additional counterions including chloride, bromide, iodide, and hexafluorophosphate.2,12 

Characterization of [Si(bpy)3](PF6)4
 by Suthar included EA, ESI-MS, 1H NMR, 13C 

NMR, 29Si NMR, fluorescence, UV-vis, and CV.2,12  Adding to previously published 

work, Suthar focused primarily on the electrochemistry, spectrochemistry, and the 

comparison of these silicon(IV) complexes and their transition metal analogues.2,12  She 

went on to conclude the various salts of these complexes, mentioned above, have several 

stable oxidation states, which were shown through the cyclic voltammograms of 

[Si(bpy)3]
+4 (Figure 5).2,12     
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Figure 5:  CV scans of Si(bpy)3(PF6)4 in acetonitrile/0.1M TBAPF6 solution using 
a platinum disk working electrode scan rate = 200 mV/s; iR compensation employed. 

 

Additional conclusions made about the structure of [Si(bpy)3]
+4 from its 

characterization showed that this homoleptic polypyridyl complex was a stable, 

covalently bonded structure with multiple oxidation states and absorption in the visible 

spectrum.2,12  These observations are being further studied by the Schmedake group for 

possible devices.       

 
1.3 Synthesis and characterization of heteroleptic bipyridyl silicon chemistry 
 

Adapting the synthesis of Herzog and Kreb, Kummer in 1973 published the 

synthesis of [Si(OH)2(bpy)2]Cl2 and [Si(OCH3)2(bpy)2]Cl2.
7,8  However, soon after that, 

in 1977 Kummer published the results of a more facile synthesis by reacting starting 

material with polyiodosilanes (Figure 6).13 

 
 



7 
 

 
 

Figure 6:  Kummer’s synthesis of hexacoordinated heteroleptic 
bisbipyridylsilicon(IV) complexes 

 
 Kummer noted that the slow decomposition of these complexes, allowed for 

complete characterization of these heteroleptic complexes as cis-octahedral cations with 

iodide anions.7,8,13  However, he noted that the anions could be easily exchanged, only 

limited by their solubility.8,13     

Kummer, et. al. went on to synthesize thirteen bis-bpy complexes with direct 

reactions of ligands with diiodosilanes in CHCl3 (Table 1).13  All of these 1:2 complexes 

expanded their library of cis-octahedral [SiXYbpy2]
2+ cations.13  It was also noted that for 

the reaction to be successful there had to be two Si-I bonds present, since SiBr4, SiCl4, 

and dichlorosilanes form only a 1:1 complex.13  Additionally, Kummer stated that a 

reaction in benzene lead to only the 1:1 complex.13 This gave possibility for the synthesis 

of additional heteroleptic polypyridyl silicon(IV) complexes and some insight into their 

synthesis and solubility.13 
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Table 1:  Reactions of ligands with diiodosilanes reported by Kummer, et. al. 

Compound X Y 
1 Cl Cl 
2 Cl CH3 
3 Cl H 
4 H H 
5 H CH3 
6 CH3 CH3 
7 I I 
8 I CH3 
9 I H 
10 C6H5 CH3 
11 C6H5 C6H5 
12 OCH3 CH3 
13 OCH3 H 

14 bpy 

 
In 2011 Chukwu synthesized a series of bis-bipyridylsilicon(IV) complexes by 

reacting the isolated intermediate, [Si(bpy)2I2]I2 with a series of alcohols and phenols.14  

The initial complexes of [Si(bpy)2(cat)]I2 was synthesized by reacting the [Si(bpy)2I2]I2 

intermediate with catechol is a variety of polar solvents, since Suthar demonstrated that 

the [Si(bpy)2I2]I2 intermediate was soluble in polar solvents.14  Solvents attempted 

included CHCl3 (which was utilized by Suthar), 2-picoline, pyridine, 2,6-lutdine, and 

acetonitrile.14  Acetonitrile resulted in the most facile synthesis, which was done at room 

temperature for 24 hours.14   

The synthesis initiated precedence for synthetic routes for a series of bipyridyl 

silicon(IV) complexes, by reacting the isolated [Si(bpy)2I2]I2 intermediate directly with 

alcohols or with phenols in ACN.14  The complexes were synthesized and characterized 

with EA, 1H NMR, 13C NMR, 29Si NMR, IR, and UV-vis.  Additionally, Chukwu 

obtained the crystal structures of [Si(bpy)2(cat)](PF6)2 and [Si(bpy)2(-OCH2CH2O-)]I2.
14   

Recently, Meggers reported high affinity of hexacoordinate silicon complexes for 

DNA binding.15  His group’s is interested in the octahedral coordination geometry and 
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their application for DNA binding due to their rigid structure with stereochemistry 

suitable for biochemical applications.15  Additionally, they reported data of the structure 

of the [Si(bpy)2(cat)]+2 crystal structure, further indicating their confirmation of this 

structure and its possible applications.15    

1.4 Research Goals 

The focus of this thesis was to elaborate the structural and electrochemical 

properties of a series of heterolepic bis-bipyridylsilicon(IV) complexes.  These 

complexes would be synthesized by reacting the [Si(bpy)2I2]I2  precursor with an 

appropriate alcohol or phenol.  The following complexes were successfully synthesized 

and completely characterized: [Si(bpy)2(OMe)2] (I)(I3), [Si(bpy)2(-OCH2CH2O-)]I2, 

[Si(bpy)2(OPh)2](I3)2, [Si(bpy)2(bph)](PF6)2, and [Si(bpy)2(cat)](PF6)2.   

Additionally, new research into the possible dual hydrogen bond catalytic 

potential for [Si(bpy*)2(OH)2](PF6)2 (bpy* = bipyridine, bis-dimethylbipyridine, or 4,4’-

bis-t-butylbipyridine) was explored and reported for the Michael Addition or Friedel-

Crafts alkylation reaction of indole and methylindole with trans-b-nitrostyrene.  This new 

catalytic system should add to the recent demonstration of silicon based diols as DHB 

catalysts.16,17,18,19,20 

 



CHAPTER 2:  EXPLORING THE STRUCTURE AND REDOX ACTIVITY OF 
HEXACOORDINATE BIS(BIPYRIDYL)SILICON(IV) COMPLEXES1

2.1 Introduction

In recent years, there has been a significant increase in the structural diversity of 

stable hexacoordinate silicon complexes, especially ones containing N or O chelating 

ligands, and the bipyridine ligand is an especially well-known and important ligand for 

stabilizing hexacoordinate silicon complexes.21 Our lab has been exploring redox active 

polypyridylsilicon complexes for electronic and electrochromic applications, 

demonstrating for example that salts of Si(bpy)3
+4 and Si(terpy)2

+4 are well behaved 

electrochemically, undergoing multiple, reversible one-electron reductions at low 

reduction potentials.2  Wieghardt employed DFT calculations and X-ray crystallography 

to explore the non-innocence of bipyridine ligands in group 14 complexes, and concluded 

that both of the neutral species Si(bpy)3 and Si(bpy)2 possess tetravalent silicon centers 

with ligand localized reductions.22  These species are therefore best described as 

SiIV(bpy*)2(bpy2-) and SiIV(bpy2-)2 respectively.22  Likewise, MacDiarmid also concluded 

that neutral Si(bpy)2Cl2 should be described as a tetravalent silicon with ligand localized 

reductions based on EPR data.23  The ability of the bipyridine ligand, aided by the 

tetravalent silicon center, to store multiple electrons is attractive for redox applications. 

As part of our ongoing investigation into redox active hexacoordinate silicon complexes, 

we decided to synthesize and measure the electrochemical properties of 

bis(bipyridyl)silicon(IV) complexes with various alkoxide or phenoxide ligands to 
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determine the effect of the ligand on the reduction potential and on the stability of the 

reduced species. Alkoxide and phenoxide ligands are of particular interest because of the 

stability and variety these ligands provide for hexacoordinate silicon complexes, and 

ultimately they might provide a means of tuning the electrochromic properties. 

A recent report by Meggers, which demonstrated the high affinity of 

hexacoordinate bis(phenanthroline)silicon(IV) compounds for DNA binding, could usher 

in a new renaissance in hexacoordinate silicon chemistry.24  These complexes act as 

substitutionally inert octahedral scaffolds without the MLCT transitions typical of their 

transition metal analogs. In a subsequent study Meggers demonstrated DNA mismatch 

recognition using a hexacoordinate bis(phenanthroline)silicon(IV) sandwich complex 

with a ruthenium center.15  Hexacoordinate bis(bipyridyl)silicon(IV) complexes have also 

been investigated recently, and it is likely that these complexes will demonstrate similar 

biological activity.25  Currently, only five hexacoordinate bis(bipyridyl)silicon(IV) 

complexes appear in the Cambridge Structural Database: [Si(bpy)2(catecholato)] (PF6)2

[25], [Si(bpy)2(binolato)] (PF6)2[25], [Si(bpy)2Cl2]I2[26], [Si(bpy)2(OH)2]I2[27], and 

Na[Si(bpy)2(dpcat-H)](ClO4)4 (dpcat-H = protonated dipyidocatecholate)[3].3,25,26,27  In 

this paper we explore the electrochemical and structural properties of five 

bis(bipyridyl)silicon(IV) complexes: [Si(bpy)2(OMe)2]
2+ (1), [Si(bpy)2(-OCH2CH2O-)]2+

(2), [Si(bpy)2(OPh)2]
2+ (3), [Si(bpy)2(bph)]2+ (4), and [Si(bpy)2(cat)]2+ (5), (bpy = 2,20-

bipyridine, cat = 1,2-benzenediolato, bph = 2,20- biphenolato ligand). (Figure 7).
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Figure 7:  Structures and yields of the five complexes:  [Si(bpy)2(OMe)2]
2+ (1), 

[Si(bpy)2(-OCH2CH2O-)]2+ (2), [Si(bpy)2(OPh)2]
2+ (3), [Si(bpy)2(bph)]2+ (4), and 

[Si(bpy)2(cat)]2+ (5), (bpy = 2,2’-bipyridine, cat = 1,2-benzenediolato, bph = 2,20-
biphenolato ligand).

2.2 Results and Discussion

2.2.1 Crystal Structures

Crystal structures of the five complexes are shown in (Figure 8). The anions have 

been removed for clarity. Crystals of salts containing cations 1–3 were obtained by 

recrystallization of the crude reaction products. Surprisingly, complex 1 crystallized as a 

mixed triiodide/iodide salt, [Si(bpy)2(OMe)2](I)(I3). Complexes 2 and 3 crystallized as 

the iodide and triodide salts respectively. Complexes 4 and 5 were crystallized as the 

hexafluorophosphate salts following a metathesis reaction. A crystal structure was 

previously reported for [Si(bpy)2(cat)](PF6)2 containing disordered CH3CN solvent 

molecules in the unit cell as triclinic with a 1ܲതspace group, but we find that the non-

solvated [Si(bpy)2(cat)](PF6)2 complex crystallizes in an orthorhombic unit cell with 



space group Pbca. All five complexes exhibit a distorted oct

Si–O bond angle is significantly shorter in complexes 2 and 5 presumably due to steric 

constraints imposed by the five

trans influence on the Si–

biphenolate < phenolate < methoxide. The trend suggests a combination of steric and 

electronic factors, with monodentate 

bidentate ligands (especially the five membered r

stronger trans influence than phenolates.

Figure 8:  Crystal structures have been obtained for the complexes: (a) 
[Si(bpy)2(OMe)2]I2, (b) [Si(bpy)

[Si(bpy)2(bph)](PF6)2, and (e) [Si(bpy)
benzenediolato, bph=2,2'

2.2.2 CV

bca. All five complexes exhibit a distorted octahedral geometry.

O bond angle is significantly shorter in complexes 2 and 5 presumably due to steric 

constraints imposed by the five-membered ring. The alkoxide ligands exhibit a subtle 

–N bond length in the order: catecholate < ethylene glycolate < 

biphenolate < phenolate < methoxide. The trend suggests a combination of steric and 

electronic factors, with monodentate ligands exhibiting a stronger trans influence than the 
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benzenediolato, bph=2,2'-biphenolato ligand).  Anions have been removed for clarity.
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Table 2 contains the results of cyclic voltammetry experiments on the 

hexafluorophosphate salts of complexes 1–5 (V versus Fc/ Fc+) in acetonitrile/tetra-n-

butylammonium hexafluorophosphate solution using a platinum disk working electrode. 

The potential of the first wave, E1/2 (+2/+1), is only slightly influenced by the nature of 

the alkoxide ligand and involves a chemically reversible, single electron process. Each of 

the five species also underwent a second reduction process at a potential, E1/2 (+1/0), 

ranging from -1.297 V to -1.404 V versus Fc. Only the bidentate biphenholate (4) and 

catecholate (5) complexes showed complete chemical reversibility at 200 mV/s for the 

second reduction wave (Figure 9).  

Figure 9:  CV of 5(PF6)2 at 200 mV/s scan rate with a platinum working electrode in
acetonitrile with TBAPF6 (0.1 M) and iR compensation.
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The small variation in potentials for the first reduction waves is consistent with 

DFT calculations, which predict that the LUMO is localized on the bipyridine ligands and 

that the LUMO varies by less than 0.1 eV for all five species (Figure 10).

Figure 10:  Calculated HOMO (bottom) and LUMO (top) of compounds 1–5 
using DFT (B3LYP/6-31G*, Spartan 2010).

The bipyridine based reduction occurs at much less negative potentials than for 

the transition metal analogs due to the effect of the tetravalent silicon center. For 

example, the potential for the first reduction of 5 is approximately 1.1 V less negative 

than that of Ru(bpy)2(cat) (E1/2 (0/-1) = -2.16 V versus Fc/Fc+) or Os(bpy)2(cat) (E1/2 

(0/-1) = -2.09 V).29  A similar anodic shift (approximately 1.2 V) was observed for the 

first bipyridine based reduction of Si(bpy)3
+4 compared to Ru(bpy)3

+2.2  The lack of 

reversible oxidation waves was surprising, especially for the catecholate complex since 

the catecholate is well known for its ability to be oxidized to a semiquinolate and 

ultimately a quinone. Species 5 had a poorly defined Epa wave at +1.2 V (versus Fc+/Fc) 

with no clear Epc. This very positive oxidation potential is consistent with a previously 

reported unsuccessful attempt to oxidize Si(bpy)2(cat)+2 with lead(IV) oxide, in which 
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only starting material was recovered.25  The difficulty in oxidizing the catechol ligand in 

this silicon complex contrasts with the ruthenium analog, Ru(bpy)2(cat), which exhibits a 

reversible semiquinolate/catecholate wave at -0.73 V (versus Fc+/Fc, converted from 

published SCE referenced data assuming Fc+/Fc is at +0.400 V versus SCE).30,31

The emergence of hexacoordinate polypyridylsilicon complexes as 

substitutionally inert, structurally rigid scaffolds is a promising new direction for 3-

dimensional molecular design, and has already proven successful in biological 

applications. The current study demonstrates that these complexes, particularly the 

(arenedialato) bis(bipyridyl)silicon(IV) complexes (4 and 5), also exhibit reversible redox 

activity and could potentially serve as electron transfer or multi-electron transfer 

reagents. While the first reduction potential of the compounds does not appear to vary 

much, the stability of the reduced species depends on the nature of the ligand, with 

catecholates > biphenolate > phenolate > ethylene glycolate > methoxy.

2.3 Experimental

General Procedures

Silicon(IV) iodide (99% metals base) was used as provided from Alfa Aesar and handled 

under nitrogen in a  glove box.  Phenol, biphenol, and 1,2-benzenediol were dried prior to 

use by azeotropic distillation of toluene.  Methanol and ethylene glycol were stored over 

molecular sieves prior to use.  NMR spectra were acquired using a JEOL 500 MHz NMR 

spectrometer.  For the 29Si spectra, a 60o pulse width was used with a relaxation delay of 

10s, and a pre-transform blip routine was used to suppress the signal from the quartz 

NMR tube.  Two-dimensional COSY, HSQC, and HMBC spectra were used to assign all 

of the hydrogen and carbon peaks.  IR spectra were obtained on a Perkin Elmer Spectrum 
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One FTIR with a Universal ATR sample accessory (diamond).   A Mariner Perceptive 

Biosystems ESI-TOF mass spectrometer was used to obtain all ESI-MS data.  

Combustion analysis (C, H, and N) was conducted by Atlantic Microlab, Inc.      

Cyclic voltammetry studies were performed using a Princeton Applied Research Model 

273A Potentiostat / Galvanostat employing a conventional three-electrode setup 

consisting of a platinum disk or glassy carbon working electrode, a silver/silver chloride 

reference electrode, and a platinum wire auxiliary electrode.  Positive feedback iR 

compensation was routinely used.   Voltammograms were obtained in 0.1 M 

tetrabutylammonium hexafluorophosphate (TBAPF6)/acetonitrile solution using solvent 

that had previously been purified and dried using a solvent purification system (SPS-400, 

Innovative Technologies) and subsequently purged with nitrogen.  The supporting 

electrolyte (TBAPF6) was recrystallized from ethanol and dried under vacuum prior to 

use.  Ferrocene was used as an internal standard without further purification.   

Crystals of suitable size of compounds 1-5 were removed from the mother liquor, coated 

with a thin layer of paratone-N oil, mounted on the Agilent Gemini R Ultra 

diffractometer, and flash-cooled to 100° K in the cold stream of the Cryojet XL liquid 

nitrogen cooling device (Oxford Instruments) attached to the diffractometer.  The Gemini 

R Ultra diffractometer was equipped with a sealed-tube long fine focus X-ray source with 

Mo target (λ = 0.71073 Å) and Cu target (λ =1.5418Å), four-circle kappa goniometer, 

and Ruby CCD detector.  CrysAlis Pro software was used to control the diffractometer 

and perform data reduction and analysis.62  The crystal structure was solved with 

ShelXS.63  All non-hydrogen atoms appeared in the E-map of the correct solution.  

Alternate cycles of model-building in Olex2 and refinement in ShelXL followed.63,64  All 
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non-hydrogen atoms were refined anisotropically.  All hydrogen atom positions were 

calculated based on idealized geometry, and recalculated after each cycle of least squares.  

During refinement, hydrogen atom – parent atom vectors were held fixed (riding motion 

constraint).  Crystallographic data are provided in Table 3.
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Syntheses

Method A:  [Si(bpy)2I2]I2 was synthesized and isolated according to the procedure of 

Kummer and coworkers [11].  Silicon(IV) iodide (1.00 g, 1.87 mmol), bipyridine (0.80 g, 

5.12 mmol), and chloroform, were added to an ampoule inside a glove box, along with a 

stir bar.  The sealed ampoule was then heated in an oil bath at 75o C for 12 hours.  The 

resulting suspension was then filtered inside the glove box and rinsed with chloroform.  

The resulting deep burgundy powder was used in the following procedures without 

further purification.  In a typical reaction, methanol (5.00 mL, 3.96 g, 0.12 mol) or 

ethylene glycol (5.00 mL, 5.57g, 89.67 mmol) was injected into an oxygen-free flask 

with  [Si(bpy)2I2]I2 (1.00g, 2.94 mmol).  The reaction mixture stirred for 24 hours at 

room temperature.  The reaction mixture was centrifuged, and the precipitate was 

retained and rinsed with dichloromethane and diethyl ether.  The precipitate was dried 

under vacuum.  The crude product was converted to the hexafluorophosphate salt by 

dissolving in minimal amounts of water followed by addition of NH4PF6. The precipitate 

was rinsed with water, ethanol, and ether before drying in a vacuum.

Method B:  Silicon(IV) iodide (1.00 g, 1.87 mmol), bipyridine (0.80 g, 5.12 mmol), and 

chloroform, were added to an ampoule inside a glove box, along with a stir bar.  The 

sealed ampoule was then heated in an oil bath at 75o C for 12 hours.  The resulting deep 

burgundy suspension in chloroform was taken back into the glove box and phenol (0.40 

g, 4.25 mmol), biphenol (0.40 g, 2.15 mmol), or ortho-catechol (0.25 g, 2.27 mmol)  was 

added.  The reaction mixture was placed back in the 75 °C oil bath sealed in the same 

ampoule for 24 hours.  The suspension was removed and cooled to room temperature.  
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The contents of the ampoule were centrifuged and the precipitate was collected and 

rinsed with chloroform and ether.  The resulting red precipitate was dried under vacuum.  

The crude product was converted to the hexafluorophosphate salt by dissolving in 

minimal amounts of water followed by addition of NH4PF6. The precipitate was rinsed 

with water, ethanol, and ether before drying in a vacuum.

Experimental

[Si(bpy)2(OMe)2](PF6)2  Synthesized according to method A.  The yield of [1](PF6)2 was 

78% (1.01 g, 1.46 mmol) based on SiI4.  
1H NMR (CD3CN, 500 MHz) : δ 3.03 (3H, s,), 

7.19 (1H, d, J = 5.5 Hz), 7.62 (1H, dd, J = 7.3 Hz), 8.33 (1H, dd, J = 6.4 Hz), 8.40 (1H, 

dd, J = 7.7 Hz), 8.67 (1H, d, J= 8.3 Hz), 8.88 (2H, m), 9.53 (1H, d, J = 6.0 Hz).  13C{1H} 

NMR(CD3CN, 500 MHz) : δ 149.82, 148.07, 145.69, 145.11, 143.91, 131.15, 131.01, 

125.54, 125.40, 51.65 ppm.  29Si NMR(CD3CN, 500 MHz) : -156.7 ppm.  ESI-MS: 

[Si(bpy)2(OMe)2](PF6)
+1: {C22H22N4O2SiPF6}

+1 , 547.10 m/z, [Si(bpy)2(OMe)2]
+2: 

{C22H22N4O2Si}+2, 201.10 m/z.  Anal. Calc. For C22H22N4O2SiP2F12 (692.46 g mol-1):  C, 

38.16; H, 3.20; N, 8.09%.  Found:  C, 37.98; H, 3.23; N, 7.97%.  Crystals of [1](I)(I3) 

suitable for x-ray analysis were obtained by recrystallization of the crude reaction product 

from a filtered acetone solution by slow evaporation at room temperature.

[Si(bpy)2(-OCH2CH2O-)](PF6)2  Synthesized according to method A.  The yield of 

[2](PF6)2 was 83% (1.07 g, 1.55 mmol) based on SiI4.  
1H NMR(CD3CN, 500 MHz) : δ 

3.47 (2H, dd, J = 6 Hz), 4.00 (2H, dd, J = 6 Hz), 7.43 (2H, d, J = 6 Hz), 7.69 (2H, dd, J = 

6 Hz), 8.30 (2H, dd, J = 6 Hz), 8.49 (2H, dd, J= 8 Hz), 8.73 (2H, d, J = 8 Hz), 8.83 (2H,
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dd, J = 6 Hz), 8.87 (4H, m, J = 8 Hz), 9.40 (2H, d, J = 6 Hz) . 13C{1H} NMR(CD3CN, 

500 MHz) : δ 148.64, 147.91, 146.98, 145.58, 144.91, 144.84, 131.21, 130.88, 125.59, 

125.53, 61.94 ppm.  29Si NMR(CD3CN, 500 MHz) : -144.1 ppm. ESI-MS: [Si(bpy)2(-

OCH2CH2O-)] (PF6)
+1: {C22H20N4O2SiPF6}

+1 545.10 m/z, [Si(bpy)2(-OCH2CH2O-)] +2: 

{C22H20N4O2Si}+2, 200.07 m/z.  Anal. Calc. for C22H20N4O2SiP2F12 (690.44 g mol-1):  C, 

38.27; H, 2.92; N, 8.11%.  Found:  C, 38.23; H, 2.96; N, 8.02%. Crystals of [2](I)2 

suitable for x-ray analysis were obtained by recrystallization of the crude reaction product 

from a filtered acetone solution by slow evaporation at room temperature.

[Si(bpy)2(OPh)2](PF6)2 Synthesized according to Method B.  [Si(bpy)2(OPh)2](PF6)2 was 

obtained by metathesis as described above, 71% yield (1.08 g, 1.33 mmol) based on SiI4.  

1H NMR(CD3CN, 500 MHz) : δ 6.21 (4H, d, J = 6 Hz), 6.86 (2H, td, J = 6 Hz), 6.95 (4H, 

td, J = 7 Hz), 7.51 (2H, d, J = 6 Hz), 7.73 (2H, td, J = 4 Hz), 8.26 (2H, td, J= 5 Hz), 8.41 

(2H, td, J = 7 Hz), 8.53 (2H, d, J = 8 Hz), 8.69 (2H, d, J = 8 Hz), 8.78 (2H, td, J = 6 Hz), 

9.68 (2H, d, J = 6 Hz).  13C{1H} NMR(CD3CN, 500 MHz) : δ 154.59, 150.15, 148.68, 

146.41, 145.03, 144.52, 143.07, 131.58, 131.47, 130.58(2C), 125.15, 125.09, 123.59, 

120.72(2C) ppm.   29Si NMR(CD3CN, 500 MHz) : -167.4 ppm.   ESI-MS: 

[Si(bpy)2(OPh)2](PF)6
+1: {C32H26N4O2SiPF6}

+1 671.10 m/z, [Si(bpy)2(OPh)2]
+2: { 

C32H26N4O2Si}+2, 263.10 m/z.  Anal. Calc. for C32H26N4O2SiP2F12 (816.60 g mol-1):  C, 

47.07; H, 3.21; N, 6.86%.  Found:  C, 45.82; H, 3.24; N, 6.71%.  Crystals of [3](I3)2 

suitable for x-ray analysis were obtained by vapor diffusion of diethyl ether into a 

filtered, saturated acetone solution of the crude reaction product.
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[Si(bpy)2(bph)](PF6)2 Synthesized according to Method B.  [Si(bpy)2(bph)](PF6)2  was 

isolated in a 77% yield (1.17 g, 1.44 mmol) based on SiI4.  
1H NMR (CD3CN, 500 MHz): 

δ 5.97 (2H, d, J = 7 Hz), 6.90 (2H, td, J = 6 Hz), 7.05 (2H, td, J = 6 Hz), 7.45 (2H, dd, J = 

6 Hz), 7.58 (2H, d, J = 6 Hz), 7.74 (4H, m), 8.55 (2H, td, J = 7 Hz), 8.69(2H, td, J = 6 

Hz), 8.86 (2H, d, J = 8 Hz), 8.87(2H, dd, J = 8 Hz), 8.98(4H, dd, J = 5 Hz).  13C{1H} 

NMR(CD3CN, 500 MHz) : δ 153.20, 149.08, 148.36, 146.59, 145.04, 144.53, 143.33, 

131.38, 131.26, 131.08, 130.25, 130.10, 126.27, 125.83, 124.19, 120.74 ppm.   29Si 

NMR(CD3CN, 500 MHz) : -155.7 ppm.  ESI-MS: [Si(bpy)2(bph)](PF)6
+1: 

{C32H24N4O2SiPF6}
+1 669.10 m/z, [Si(bpy)2(bph)]+2: {C32H24N4O2Si}+2, 262.10 m/z.  

Anal. Calc. for C32H24N4O2SiP2F12 (814.58 g mol-1):  C, 47.18; H, 2.97; N, 6.88%.  

Found:  C, 46.90; H, 3.04; N, 6.74%.  Crystals of [4](PF6)2 suitable for x-ray analysis 

were obtained by vapor diffusion of diethyl ether into a filtered, saturated acetone 

solution of the hexafluorophosphate salt.  

[Si(bpy)2(-OC6H4O-)](PF6)2 Synthesized according to Method B.  [5](PF6)2 was obtained 

in a 77% yield (1.06 g, 1.44 mmol) based on SiI4.  
1H NMR(CD3CN, 500 MHz) : δ 6.76 

(2H, m), 6.83 (2H, m), 7.59 (2H, d, J = 6 Hz), 7.81 (2H, td, J = 5 Hz), 8.18 (2H, td, J = 6 

Hz), 8.62 (2H, td, J= 6 Hz), 8.80 (2H, td, J = 6 Hz), 8.83 (2H, d, J = 8 Hz), 8.92 (2H, d, J

= 8 Hz), 9.08 (2H, d, J = 5 Hz).  13C{1H} NMR(CD3CN, 500 MHz) : δ 148.66, 148.37, 

148.05, 146.92, 146.17, 144.86, 144.13, 131.92, 131.39, 126.17, 125.93, 123.04, 114.69 

ppm.   29Si NMR(CD3CN, 500 MHz) : -148.9 ppm.  ESI-MS: [Si(bpy)2(-OC6H4O-

)](PF)6
+1: {C26H20N4O2SiPF6}

+1 593.11 m/z, [Si(bpy)2(-OC6H4O-)]+2: {C26H20N4O2Si}+2, 

224.07 m/z.  Anal. Calc. for C26H20N4O2Si(PF6)2 (738.48 g mol-1):  C, 42.29; H, 2.73; N, 
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7.59%.  Found:  C, 42.22; H, 2.67; N, 7.51%.  Crystals of [5](PF6)2 suitable for x-ray 

analysis were obtained by vapor diffusion of diethyl ether into a saturated acetone 

solution of the hexafluorophosphate salt.



CHAPTER 3:  DIOL CATALYSIS

“Hydrogen bonding is a ubiquitous force in nature.”49 Research interest in the

exploration of hydrogen bond donor catalysis (HBD) has greatly increased in the last two

decades.19,39,40 Catalytic design incorporating HBD, which act as Bronsted Acids, can

provide many opportunities in catalytic design.39,40 Conversely Lewis Acid (LA) metal

centered catalysts, such as Al2Cl6, have been more widely used in many catalytic

reactions.  Starting in 1960, with a report by Yates and Eaton, an interest in this type of

Lewis Acid catalysis has not diminished and continues to this day.39,40 Jacobsen’s review

discusses this interest in comparison to Bronsted Acid catalysis, which is noted to feature

predominately in biocatalysis and in nature.39,40,41,42 Looking at the two types of

catalysts, their differences outweigh their similarities, which many reviews and articles

have discussed.39,40,41,42,43,44,45,46 However, the most interesting is the comparison of their

toxicity and tunability.  Metal-centered LA catalysts are usually highly toxic but are

usually highly tunable.  In contrast HBD BA catalysts are only somewhat tunable but

usually environmentally benign.  With the increased interest in green chemistry and the

expanding library of HBD catalysis, the Schmedake group is exploring the use of

hexacoordinate silicon(IV) complexes as HBD catalysts.

Several groups of single and dual donating HBD catalysts (protonated catalysts),

have been published, including amidine, guanidine, phosphoric acid, urea, thiourea,

squaramide, TADDOL, BINOL, and more recently silanediols.19,39,41,44,46,47,48,49,50,60
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These types of catalysts have been particularly used for stereoselective nucleophile-

electrophile transformations.39,40,41,44

Figure 11:  Images of several types of hydrogen bonding catalysts

3.1 Dual hydrogen bond catalysis

Enantioselective organocatalysis, which can utilize two hydrogen bonds via

noncovalent interactions, has been shown to have catalyst tunability.39,41 This

bifunctionality has led to additional interest and synthesis of dual HBD catalysts through

the modification of existing dual HBD catalysts or the creation of new dual HBD

catalytic scaffolds.19,40,44 Some considerations in the design of catalyst synthesis include

a somewhat rigid structure, molecular recognition, catalytic activity in water, selectivity,
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yield, and catalyst turnover.18,19,40 However, Kozlowski has noted that the complex

nature of catalyst design and hydrogen-bonding nature often relies on “trial and error”

rather than generalization of types of catalytic design.41 The use of dual HB donating

intereactions allow for increased strength and directionality in comparison to single HBD

catalysts.40,42

The interest in dual HBD catalysts has initially focused on (thio)urea catalysts,

which have notable activity and selectivity, which makes use of two hydrogen bonds for

transformation.19,39,46,48,50,51,52 (Thio)ureas are easily prepared and have tunability by

varying the nitrogen substituents which allow the steric and electronic properties of these

catalysts to be widely altered.17,39, 40 Ureas, however are notoriously insoluble and

therefore have limited use; therefore, thiourea catalytic research is more prevalent and

used a comparison tool with other dual HBD catalysts.39,41,49 In particular Schreiner’s

thiourea catalyst is used for comparison due to the acknowledgment of it as the most

active and versatile single HB donating catalyst.39,41,49

Figure 12:  Schreiner’s catalyst

A variety of dual HBD thioureas have been synthesized since Schriener’s catalyst

was reported and their bonding functionality has enabled asymmetric orientation that can
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interact with a variety of structurally diverse electrophiles.39,53 The interest in exploring

dual HB thioureas has opened the variety of synthetic possibilities of additional dual HB

donating catalysts.  Kozlowski et. al. reported on a library of HBD catalysts and of 33

catalysts reported only four showed cationic molecular structures.41

Figure 13:  Kozlowski’s catalysts examined as HBD catalysts41

Kozlowski reported the pseudo- first order kinetic rates of reaction for both the

Diels-Alder and Michael Addition reactions.41 A graph of the data suggests two

significant conclusions.  First, there appears to be strong correlation between effective

Michael Addition catalysts and Diels-Alder catalysts.  Second, the best catalysts in both

reactions appear to be cationic catalysts.
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Figure 14:  Data of catalytic tests done by Kozlowski41

3.2 Si diol chemistry

Expanding on the dual HBD catalyst design, synthesis of silanediol catalysts has

been reported.19,47 Kondo was the first to report the synthesis and catalytic application of

a silanediol.16 This BINOL-derived silanediol reported by Kondo showed anion

recognition, indicating the possibility for application of other silanediol and

tetracoodinated silicon diol complexes as HBD catalysts.16,20,45,54,55,56

Figure 15:  Image of BINOL (on left) and Kondo’s di(1-naphthyl)silanediol (right)
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Since then, Franz and Mattson groups have expanded the synthesis and

application of silanediol catalysts which showed their ability for use in catalytic

reactions.17,18,19,20,50,57 Franz indicates the interest and appeal of silanols and silanediols

as catalysts is due to the fact that “silanols (SiOH) make up the reactive hydroxyl groups

on the surface of minerals, zeolites, and silica gel.”17 Additional research groups have

indicated the importance of this and the catalytic activity of the examples

mentioned.45,55,56 Both Franz and Mattson have investigated the intra- and inter-

molecular properties of silanediol catalysts and their experimental results in hydrogen

bonding catalysis.16,17,18,19,20 Due to the Kozlowski’s published results of properties of

HBD catalysts and the research of Mattson and Franz of silanediol HBD catalysts, the use

of cationic hexacoordinated silicon(IV) complexes was chosen to study catalytic activity

as hydrogen bond donors.17,18,19,37,41

3.3 Results and Discussion

3.3.1 Self-recognition of diol catalysts

Franz et. al. has extensively reported the effect of self recognition and the effect

of it on catalysis (Figure 16).17,18,57,58 Self-association has been previously studied for

other dual and bifunctional organocatalysts due the negative effects of the dimer formed

which can block the hydrogen bonding positions, which can reduce catalytic

conservation.17,47,55,57,58 However, with silanediol catalysts, the molecular recognition

can promote cooperative hydrogen bonding.19,47,57
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Figure 16:  Franz’s figure showing self-recognition by silanediol catalysts58

The preliminary crystal structure of [Si(dmbpy)2(OH)2](PF6)2 (Figure 17) does

not show any molecular recognition, which indicates that the hexacoordinated silicon

complexes will not undergo dimerization or molecular recognition.58

Figure 17:  Preliminary crystal structure of [Si(dmbpy)2(OH)2](PF6)2



33

3.3.2 Catalytic activity of a Michael Addition reaction

Synthesis and characterization of dual HBD catalysts have focused particularly on

electrophile activation for the determination and comparison of catalytic ability.39

Michael Addition reactions have been used for primary catalytic reactivity tests due to

the consideration of it as “one of the most important reactions for the construction of

carbon-carbon bonds in organic reactions”.43,45,46,48,52,53,56,59,60 The Michael Addition of

indole is particularly appealing due to “the indole framework (that) is present in over

3,000 isolated natural products and 40 medicinal agents.”59,61 For example, the synthesis

of trytophan and serotonin is the Michael Addition alkylation between indole and a

nitroalkene.42,60,61

Initial studies to determine catalytic conversion were done using indole with

trans-β-nitrostyrene, using procedures set forth by Franz (Figure 18).58 As specified by

Franz, three equivalents of indole were used.58

Figure 18:  Catalytic reaction of indole with trans-β-nitrostyrene

Early results of the silicon hexacoordinated diol, [Si(bbbpy)2(OH)2](PF6)2 ,

showed catalytic conversion at even a 2% mol catalyzed reactions (Figure 19).  This

demonstrated the feasibility of the use of this complex for catalysis.  However

quantification was not achieved through GC-MS analysis.
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Figure 19:  GCMS spectra of qualitative evidence of catalysis with 2%
[Si(bbbpy)2(OH)2](PF6)2 used.  (Anthracene was used as an internal standard.)

NMR studies have been previously used for the quantification of kinetic rate

data.20,41,43,51,54,58 The pseudo-first order condition kinetic rates were the basis for our

quantification of [Si(bbbpy)2(OH)2](PF6)2 as a catalyst for the Michael Addition of n-

methylindole and trans-β-nitrostyrene.

Figure 20:  Reaction of n-methylindole with trans-β-nitrostyrene

Preliminary results have shown that [Si(bbbpy)2(OH)2](PF6)2 acts as a dual HBD

catalyst with a 7 fold increase of reaction with 10% mol catalyst and a 3 fold increase of

reaction with 5% mol catalyst (Figure 21),  using Equation 1.  These promising results

suggest that further studies should be done to optimize this reaction.
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Figure 21:  Initial Results showing a 3 fold increase of reaction (Figure 20)
using 5% mol catalyst

Equation 1:  Psuedo first order calculation of the reaction
of n-methylindole with trans-β-nitrostyrene

3.4 Experimental details

General Procedures

Silicon(IV) iodide (99% metals base) was used as provided from Alfa Aesar and handled

under nitrogen in a  glove box.  NMR spectra were acquired using a JEOL 500 MHz

NMR spectrometer.  For the 29Si spectra, a 60o pulse width was used with a relaxation

delay of 10 s, and a pre-transform blip routine was used to suppress the signal from the

quartz NMR tube.  Kinetic experiments were done…..Combustion analysis (C, H, and N)
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was conducted by Atlantic Microlab, Inc.  Crystals of suitable size of [Si(dmbpy)2(OH)2]

were removed from the mother liquor, coated with a thin layer of paratone-N oil,

mounted on the Agilent Gemini R Ultra diffractometer, and flash-cooled to 100° K in the

cold stream of the Cryojet XL liquid nitrogen cooling device (Oxford Instruments)

attached to the diffractometer.  The Gemini R Ultra diffractometer was equipped with a

sealed-tube long fine focus X-ray source with Mo target (λ = 0.71073 Å) and Cu target (λ

=1.5418Å), four-circle kappa goniometer, and Ruby CCD detector.  CrysAlis Pro

software [15] was used to control the diffractometer and perform data reduction and

analysis.  The crystal structure was solved with ShelXS [16].  All non-hydrogen atoms

appeared in the E-map of the correct solution.  Alternate cycles of model-building in

Olex2 [17] and refinement in ShelXL [16] followed.  All non-hydrogen atoms were

refined anisotropically.  All hydrogen atom positions were calculated based on idealized

geometry, and recalculated after each cycle of least squares.  During refinement,

hydrogen atom – parent atom vectors were held fixed (riding motion constraint).

Crystallographic data is provided in Appendix 2.

Experimental

[Si(dmbpy)2(OH)2](PF6)2]. Silicon(IV) iodide (1.15 g, 2.15 mmol), bipyridine (1.10 g,

5.97 mmol), and chloroform, were added to an ampoule inside a glove box, along with a

stir bar.  The sealed ampoule was then heated in an oil bath at 75o C for 12 hours.  The

resulting suspension was then filtered and rinsed with chloroform.  The resulting orange

powder was then rinsed with water, sonicated, and centrifuged.  The resulting precipitate

lightened to a yellow-orange color, was dried under vacuum.  Once dry, the precipitate
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was rinsed with ether 3 times and dried under vacuum.  The crude product was converted

to the hexafluorophosphate salt by dissolving in minimal amounts of water heated to

50°C. The precipitate did not dissolve entirely and was therefore vacuum filtered to

remove any undissolved product.  Once filtered, NH4PF6 dissolved in water was added to

the clear solution to obtain a white precipitate. The precipitate was rinsed with water and

ether before drying in a vacuum. The yield was 88% (1.90 g, 1.36 mmol) based on SiI4.

1H NMR (CD3CN, 500 MHz) : δ 2.52 (3H, s), 2.81 (3H, s), 3.87 (1H, bs), 7.00 (1H, d, J =

5.8 Hz), 7.4 (1H, dd, J = 7.0 Hz), 8.05 (1H, dd, J= 7.0 Hz), 8.44 (1H, s), 8.63 (1H, s),

9.47 (1H, d, J = 5.9 Hz). 13C{1H} NMR(CD3CN, 500 MHz) : δ 161.62, 159.05, 148.28,

144.52, 143.57, 142.90, 131.91, 130.81, 125.38, 125.33, 118.37, 22.43, 21.75 ppm. 29Si

NMR(CD3CN, 500 MHz) : -156.49 ppm. Anal. Calc. For C24H26N4O2SiP2F12 (720.50 g

mol-1):  C, 39.97; H, 3.60; N, 7.77%.  Found:  C, 39.79; H, 3.67; N, 7.79%. Crystals

[Si(dmbpy)2(OH)2](I)2 suitable for x-ray analysis were obtained by slow evaporation of

the product from a saturated acetone solution.

[Si(bbbpy)2(OH)2](PF6)2 Silicon(IV) iodide (1.02 g, 1.90 mmol), bipyridine (1.41 g, 5.25

mmol), and chloroform, were added to an ampoule inside a glove box, along with a stir

bar.  The sealed ampoule was then heated in an oil bath at 75o C for 12 hours.  The

resulting suspension was then filtered and rinsed with chloroform.  The resulting orange

powder was then rinsed with water, sonicated, and centrifuged.  The resulting precipitate

lightened to a yellow-orange color, was dried under vacuum.  Once dry, the precipitate

was rinsed with ether 3 times and dried under vacuum.  The crude product was converted

to the hexafluorophosphate salt by dissolving in minimal amounts on water heated to
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50°C. The precipitate did not dissolve entirely and was therefore vacuum suctioned

through to remove any undissolved product.  Once filtered, NH4PF6 dissolved in water

was added to the clear solution to obtain a white precipitate. The precipitate was rinsed

with water and ether before drying in a vacuum. The yield was 91% (1.54 g, 1.90 mmol)

based on SiI4.
1H NMR (CD3CN, 500 MHz) : δ 1.37 (9H, s), 1.60 (9H, s), 3.85 (1H, bs),

7.06 (1H, d, J = 6.4 Hz), 7.54 (1H, dd, J = 6.4 Hz), 8.23 (1H, dd, J= 6.4 Hz), 8.61 (1H, s),

8.79 (1H, s), 9.51 (1H, d, J= 6.5 Hz). 13C{1H} NMR(CD3CN, 500 MHz) : δ 173.10,

170.64, 148.63, 145.06, 144.07, 143.36, 127.62, 127.17, 122.47, 122.40, 118.35, 37.77,

37.14, 30.37, 30.13 ppm. 29Si NMR(CD3CN, 500 MHz) : -157.15 ppm.



 
 
 
 

CHAPTER 4:  CONCLUSION 
 
 

The emergence of hexacoordinate polypyridylsilicon complexes as 

substitutionally inert, structurally rigid scaffolds is a promising new direction for 3-

dimensional molecular design, and has already proven successful in biological 

applications. The current study demonstrates that these complexes, particularly the 

bis(bipyridyl)(arenedialato)silicon(IV) complexes (4 and 5), also exhibit reversible redox 

activity and could potentially serve as electron transfer or multi-electron transfer 

reagents. While the first reduction potential of the compounds does not appear to vary 

much, the stability of the reduced species depends on the nature of the ligand, with 

catecholates > biphenolate > phenolate > ethylene glycolate > methoxy. 

Additionally, the bisbpysilicon(IV) diol system has been demonstrated to be an 

effective catalyst for a Michael Addition reaction of an indole by trans-β-nitrostyrene.  

While this catalyst has been proven to be effective, the catalytic enhancement has been 

modest.  At this point, it warrants further experimentation.   

First, it seems that dual HBD catalysts have a wide variety of chemistry that they 

can do.  It would be interesting to explore addition reactions, like Diels-Alder, and might 

be particularly good at the reactions that involve coordination of an oxyanionic transition 

state or reactions that involve the coordination of an anion.  The cationic nature of the 

catalyst provides these attractive areas to explore.   

Furthermore, it has been shown with this thesis that ligand substitution or ligand 

modification has a significant effect of the solubility of the catalyst, which could be 
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further exploited to increase the overall catalytic efficiency.  The solubility of the 

bisbpysilicon(IV) diols is low in CHCl3.  It appears to be enhanced by coordination to the 

trans-β-nitrostyrene.  But increasing the solubility through ligand design or counterion 

design is an important direction for further research.   

Finally, and most importantly, there is the possibility for doing chiral catalysis 

with bis-bipyridylsilicon(IV) diols.  This thesis shows that the bis-bipyridylsilicon(IV) 

diols do not appear to dimerize or self-recognize in solution which suggests that the C2 

symmetric monomers are an attractive potential chiral catalyst.  Attempts to resolve the 

bis-bipyridylsilicon(IV) diols are currently underway in the group and chiral catalysis 

will be attempted soon. 
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APPENDIX A:  CHARACTERIZATION OF HEXACOORDINATE 
BIS(BIPYRIDYL)SILICON(IV) COMPLEXES1 

 
 

Compounds:  [Si(bpy)2(OMe)2] (I)(I3) (1), [Si(bpy)2(-OCH2CH2O-)]I2 (2), 
[Si(bpy)2(OPh)2](I3)2 (3), [Si(bpy)2(bph)](PF6)2 (4), and [Si(bpy)2(cat)](PF6)2 (5), 
 
H1, C13, and Si29 NMR spectra; IR spectra; and ESI-MS spectra of compounds 1-5 
(hexafluorophosphate salts). 
 
Cyclic Voltammetry scans of compounds 1-5 (hexafluorophosphate salts). 
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1H NMR of [1](PF6)2 in CD3CN.  
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13C NMR of [1](PF6)2 in CD3CN.  
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29SI NMR of [1](PF6)2 in CD3CN.
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 IR of [1](PF6)2.  
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ESI-MS of [1](PF6)
+1.   

 

ESI-MS of [1]+2.  
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 1H NMR of [2](PF6)2 in CD3CN.  
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13C NMR of [2](PF6)2 in CD3CN.  
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29SI NMR of [2](PF6)2 in CD3CN.  
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IR of [2](PF6)2. 
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ESI-MS of [2](PF6)
+1  

 

 

ESI-MS of [2]+2.   
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1H NMR of [3](PF6)2 in CD3CN.  
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13C NMR of [3](PF6)2 in CD3CN. 
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29SI NMR of [3](PF6)2 in CD3CN. 
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IR of [3](PF6)2. 
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ESI-MS of [3](PF6)
+1.

 

ESI-MS of [3]+2 
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1H NMR of [4](PF6)2 in CD3CN. 
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13C NMR of [4](PF6)2 in CD3CN. 
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29SI NMR of [4](PF6)2 in CD3CN. 
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IR of [4](PF6)2. 
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ESI-MS of [4](PF6)
+1. 

 

 

 
ESI-MS of 4+2.   
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1H NMR of [5](PF6)2 in CD3CN. 
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13C NMR of [5](PF6)2 in CD3CN.  
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29SI NMR of [5](PF6)2 in CD3CN. 
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IR of [5](PF6)2. 
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ESI-MS of [5](PF6)
+1. 

 

 

 

ESI-MS of 5+2.   
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Cyclic voltammogram of [1](PF6)2 in CH3CN / 0.1 M TBAPF6 solution�  � = 200 mV/s, 
platinum disk working electrode.   

 

 

 

Cyclic voltammogram of [1](PF6)2  in CH3CN / 0.1 M TBAPF6 solution�  � = 200 
mV/s, platinum disk working electrode.    
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Cyclic voltammogram of [2](PF6)2 in CH3CN / 0.1 M TBAPF6 solution�  � = 200 mV/s, 
platinum disk working electrode. 

     

  

Cyclic voltammogram of [3](PF6)2  in CH3CN / 0.1 M TBAPF6 solution�  � = 200 
mV/s, platinum disk working electrode.   
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Cyclic voltammogram of [3](PF6)2  in CH3CN / 0.1 M TBAPF6 solution�  � = 200 
mV/s, platinum disk working electrode.  

     

 

Cyclic voltammogram of [4](PF6)2  in CH3CN / 0.1 M TBAPF6 solution�  � = 200 
mV/s, platinum disk working electrode.    
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Cyclic voltammogram of [5](PF6)2  in CH3CN / 0.1 M TBAPF6 solution.   � = 200 mV/s,  
at 200 mV/s,  glassy carbon working electrode.  Ferrocene (E1/2 = 0 V) was added as an 
internal standard.   
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APPENDIX B:  CHARACTERIZATION OF HEXACOORDINATE DIOL 
COMPLEXES 

 
 

Compounds:  [Si(dmbpy)2(OH)2] (PF6) (6), [Si(bbbpy)2(OH)2](PF6)2 (7),  
 
H1, C13, and Si29 NMR spectra; compounds 6-7  (hexafluorophosphate salts). 
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1H NMR of [6](PF6)2 in CD3CN.  
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13C NMR of [6](PF6)2 in CD3CN.   
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 29SI NMR of [6](PF6)2 in CD3CN. 
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1H NMR of [7](PF6)2 in CD3CN.  
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13C NMR of [7](PF6)2 in CD3CN.  
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29SI NMR of [7](PF6)2 in CD3CN.  

 

 

 


