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Abstract 

The thermal azide-alkyne cycloaddition using electron deficient alkynes was used to 

functionalize polysiloxanes at low temperatures and without the need of a metal catalyst. We 

observed that the temperature at which cycloaddition began can be attributed to the identity of 

the alkyne's substituents (Chapter 2). We propose that the location of functionalization can be 

controlled by the specific introduction of electron deficient alkynes on terminal or pendant points 

on the polysiloxane. Polysiloxanes, each  containing two electronically different alkynes, were 

prepared to show preferential functionalization of the more reactive alkyne without consuming 

the less reactive alkyne. The alkyne's reactivity can be modified by our choice of substituents. 

The extension of these results led to polysiloxane difunctionalization where the more reactive 

alkyne was consumed by a small azide followed by consumption of the less reactive alkyne with 

a bisazide siloxane. Thermal cycloaddition was used to introduce carbohydrates onto 

polysiloxanes without complicated protection/deprotection schemes and without catalysts 

(Chapter 3). The process was successful as propiolate-functionalized siloxane and azide-

functionalized gluconamide reacted to produce a trisiloxane-functionalized gluconamide. 

Trisiloxane-functionalized gluconamide gelled diethyl ether at 3.0% gelator/solvent volume ratio 

becoming one of the few siloxane-based gelling agents. 
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Preface 

The research work presented in this Master's thesis was carried out by the author between July 

2010 and June 2012. The project was borne out of successes achieved in utilizing Cu(I)-

catalyzed and non-catalyzed azide-alkyne cycloaddition on polysiloxane functionalization and 

crosslinking. Numerous publications using Cu(I)-catalyzed azide-alkyne cycloadditions for the 

functionalization and preparation of a wide range of materials depict its general usefulness. This 

led to our group using these reactions for polysiloxane functionalizations and crosslinking. 

Fortunately, our early studies were successful leading to the work on catalyst-free polysiloxane 

functionalization that is presented in this thesis.  

The preparation of alkyne-functionalized siloxanes and polysiloxanes was carried out by the 

author under the guidance of Ferdinand Gonzaga. The preparation of the azide-functionalized 

carbohydrate and siloxane-functionalized carbohydrates were prepared by the author under the 

guidance of Ferdinand Gonzaga and Yang Chen.  
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Chapter 1 

Introduction 

Silicones-Preparation 

Polysiloxanes, or silicones, are polymers comprising repeating siloxane (Si-O) linkages with 

organic substituents attached to the silicon center. Usually these substituents are alkyl, allyl, 

hydride, hydroxy or phenyl groups. Silanes, precursors to silicones, are attractive materials 

because they possess reactive functional groups that can be introduced onto polysiloxanes for 

subsequent reactions to prepare materials with different properties not found with pure silicones. 

Silicones, including functional silicones, are widely used in the contact lens
1
, electronic 

coatings
2
, adhesives and sealants

3
 and the cosmetics

4
 industry.  Expanding their utility by 

increasing the breadth of available silicones is a focus of our work in silicone research.   

Polysiloxanes are prepared according to the Direct process, in which elemental silicon is reacted 

with methyl chloride under copper catalysis to prepare predominantly dimethyldichlorosilane 

(80%) along with other chlorosilanes  (Figure 1A). These chlorosilanes undergo hydrolysis into 

silanediols, which condense into a mixture of linear oligomers and cyclic siloxanes (Figure 

1B,C). The products of the hydrolysis step are strongly dependent on the reaction conditions. An 

important factor is the water concentration, which dictates what functional groups exist on the 

termini of the low molecular weight oligomers. With excess water present, the linear siloxanes 

will have terminal hydroxy groups while with minimal water present they will bear chloro 

groups
5
; cyclic silicones like D3 (Me2SiO)3 and D4 (Me2SiO)4 are also major products of the 

process. It is worth noting that linear siloxanes that possess a mixture of end groups are also 

possible.  In either case, the terminal groups can be converted into organo-functional groups if 
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desired, but normally these ‘hydrolyzates’ are directly converted into higher molecular weight 

materials using condensation catalysts.
6
  

 

Figure 1: A: Oxidative Addition B: Hydrolysis C: Condensation 

 

High molecular weight polysiloxanes are normally prepared from siloxane hydrolyzates typically 

by two methods: kinetic and equilibration control. The choice between the two methods depends 

on whether well-defined silicones are required. If well-defined materials are needed, kinetic 

control leads to polysiloxanes with narrow polydispersity (Mw/Mn ≈ 1) and very high molecular 

weights (Figure 2).
7
 Under kinetic control, the polymerization is driven by the release of ring 

strain upon ring opening of D3 (hexamethylcyclotrisiloxane) by the initiator. The molecular 

weight is increased by continuous D3 opening by terminal silanolates of the growing chain. 

Termination caps the growing chain with a chlorosilane; the chemical nature of the other 

terminus is determined by the catalyst that initiates the process.  

The alternative method, and the one most relevant to our work, is equilibration polymerization, 

which is used when well-defined materials are not needed. Using this method, polysiloxanes 

with broad polydispersities (Mw/Mn > 2) are produced. Equilibration polymerization is carried 

out by mixing cyclic oligomers (i.e., D4), a catalyst (strong acid or base), and monofunctional 
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end groups to prepare high molecular weight polysiloxanes (Figure 3). However, the 

polymerization produces not only the linear polymer but also cyclic siloxanes during the 

equilibration. The concentration of the cyclic siloxanes is nearly equal to long chain polymers, as 

indicated by the equilibrium constant of approximately 1. This has an effect on the polymer 

yield, as diluting the components by the addition of solvents or even by using siloxanes with 

bulky groups will lead to a reduction in the yield of polymer.
8
 The polymerization is driven 

completely by the increase in entropy of the growing linear chain, as it possesses higher 

conformational mobility compared to the cyclic siloxanes. The molecular weight of the linear 

polymer is dependent on the ratio of the equilibrium concentration of R2SiO to the concentration 

of terminal groups according to Eq. 1.
9
 

 

Figure 2: Kinetic Polymerization 

 

Figure 3: Equilibration Polymerization 

Mn= 2[R2SiO]eqMo 

     [Term] 

Eq. 1: Molecular weight dependence on [R2SiO]eq: [Term] 

 

Silicone Functionalization  

Reactive polysiloxanes are widely used in industry.  For example, in the sealants and coatings 

industry they are coupled to other materials such as polyurethanes. Functional groups are usually 

introduced as either terminal or pendant groups. There are two general methods of 
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functionalizing polysiloxanes: i) direct functionalization of an existing polymer chain and ii) 

polymerization of functionalized starting materials. The first method involves introducing new 

functional groups onto already functionalized polysiloxanes. The most famous reaction for direct 

functionalization is hydrosilylation. Hydrosilylation involves the addition of the Si-H bond 

across a π bond, typically a C=C bond, such as an allyl group containing a functional group 

(Figure 4).
10

 The reaction is catalyzed by a platinum catalyst and produces primarily the anti-

Markovnikov product with very little of the Markovnikov product (Figure 4A). Another method 

of direct functionalization of groups already on side chains is to use substitution reactions. This 

can include the displacement of chloro and bromo groups by a reactive nucleophilic substrate 

(Figure 4B). 

 

Figure 4: A: Hydrosilylation and B: SN2 reaction to give functional silicones 

The second method of functionalizing polysiloxanes involves using equilibration polymerization 

with functionalized, low molecular weight siloxanes or cyclic siloxanes (Figure 5). The choice of 

which functionalized siloxane to use is dependent upon where the functional group is to be 

located: either at terminal or pendant positions.
11

 To introduce functional groups as terminal 

groups, the polymerization is done with a functionalized disiloxane M
x
M

x
, where X represents 

the functional group, along with cyclic siloxane D4 (octamethylcyclotetrasiloxane) and the 

catalyst (Figure 5A). To introduce functional groups as pendant groups, functionalized cyclic 
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siloxane D4
x
 where one of the silicon atoms has a functional group X, is used for polymerization 

(Figure 5B). The drawback with this method is that introducing functional groups onto cyclic 

siloxanes can potentially cause ring opening which will complicate purification prior to 

polymerization. This difficulty is circumvented by using a functionalized trisiloxane in the form 

of MD
x
M where X represents the functional group, in addition to D4 for polymerizations (Figure 

5C).  

 

Figure 5: Terminal functionalization A: D4 + M
x
M

x
. Pendant functionalization B: D4

x
 + MM and 

C: MD
x
M + D4 

 

As stated beforehand, reactive polysiloxanes are used to attach substrates onto polysiloxanes to 

prepare materials with properties not found with pure silicones. However, there are 

disadvantages with common functionalization processes such as hydrosilylation where expensive 

platinum catalysts are needed. Therefore, we studied the application of an alternative coupling 

reaction that is proven to provide efficient and easy coupling between materials: Cu(I) azide-

alkyne cycloaddition (CuAAC) and the metal-free or click chemistry (Figure 6). 
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Figure 6: A: Cu(I)-catalyzed click reaction. B: Huisgen cycloaddition 

   

Cu(I)-catalyzed cycloaddition (CuAAC) 

Click chemistry is a concept that utilizes selective, high-yielding reactions under mild, water-

tolerant conditions to bind two molecular building blocks together. The most famous click 

reaction used is the Cu(I) azide-alkyne cycloaddition (CuAAC) developed by Sharpless.
12

 The 

reaction involves the cyclization of an azide and terminal alkyne into the 1,4-regioisomer of the 

1,2,3-triazole (Figure 6A). The benefits of this reaction are that it is easy to carry out, a variety of 

Cu(I) sources can be used, and the reaction can be done in many solvents, including water. 

Although many copper sources can be used, normally a Cu(II) source is used, such as CuSO4, in 

conjunction with a reducing agent like sodium ascorbate: this is currently the most popular 

method in the literature to generate reactive Cu(I) in situ.
13

  

The Cu(I) click reaction has been utilized in materials and polymer functionalization using a 

wide range of substrates which gives it great versatility.
14

 Although the success of Cu(I) click 

reactions are well documented, disadvantages still exist with its use. According to Sletten et al., 

the Cu(I) catalyst causes mammalian cell death when the Cu(I) click reaction was used for 

intercellular couplings.
15

 Another important disadvantage with the Cu(I) click reaction is the 
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difficulty of removing the Cu(I) catalyst after reaction. As the triazoles are nucleophilic, they are 

capable of binding the Cu(I) catalyst (acting as ligands) making purification difficult.  

Huisgen Cycloaddition 

Due to the drawbacks with CuAAC, research into using the non-catalyzed alternative to CuAAC, 

the Huisgen cycloaddition (Figure 6B)
16

, has been done. The theoretical foundation behind the 

Huisgen cycloaddition is explained by Fukui's Frontier Molecular Orbital (FMO) theory.
17

 FMO 

theory simplifies the orbital interactions of the dipole and dipolarophile by only looking at the 

orbital interactions that produce a net energy change, that is, the HOMO and LUMO. For the two 

reaction partners, there will be two frontier orbital interactions with orbital symmetry appropriate 

for cycloaddition to occur: HOMOdipole-LUMOdipolarophile and HOMOdipolarophile-LUMOdipole. 

However, the interaction with the lower HOMO-LUMO gap will have a lower activation barrier 

for cycloaddition to occur.
18

 

Thermally allowed [3+2] dipolar cycloadditions involving terminal dipolarophiles typically 

produce regioisomers. Each regioisomer is a consequence of one of the frontier orbital 

interactions: HOMOdipole-LUMOdipolarophile or HOMOdipolarophile-LUMOdipole. As stated above, the 

interaction with the smaller HOMO-LUMO gap is favoured and produces more of the 

regioisomer than the alternative interaction. Regioselectivity can be explained by looking at the 

HOMO-LUMO arrangements (Figure 7A). For azides and alkynes, if the thermal cycloaddition 

occurs via the HOMOdipole-LUMOdipolarophile interaction, it is a type I cycloaddition that produces 

the 1,4 regioisomer. If the thermal cycloaddition occurs via the HOMOdipolarophile-LUMOdipole 

interaction, it is a type III cycloaddition, which produces the 1,5 regioisomer. If the two frontier 

orbitals possess a similar HOMO-LUMO gap then both interactions must be taken into account 

when discussing reactivity conditions. These arrangements are type II cycloadditions. For type II 
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cycloadditions, both regioisomers are produced. However, one would have to pay special 

attention to the substituents as it could alter the regioisomeric distribution. 

 

Figure 7: A: HOMO-LUMO types. B: Effect of substituents on orbital energies 

The reactivity of thermal cycloadditions is influenced by the presence of substituents adjacent to 

the dipoles and dipolarophiles. This leads to alterations in the HOMO and LUMO energies 

which affects the HOMO-LUMO gap.
19

 In other words, by choosing the correct combination of 

substituents one can alter the cycloaddition thermal reactivity (Figure 7B). Three types of 

substituents affect the outcome of [3+2] dipolar cycloadditions: electron withdrawing (EWG), 
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electron donating (EDG) and conjugated groups.
20

 Electron withdrawing groups lower the 

energies of the LUMO and HOMO of the dipolarophile leading to the acceleration of type I 

cycloadditions, inhibition of type III cycloadditions and an increase in the formation of an excess 

of 1,4-regioisomers in type II cycloadditions. In contrast, electron donating groups increase the 

energies of the HOMO and LUMO of the dipolarophile, which inhibits type I cycloadditions, 

accelerates type III cycloadditions and increases the formation of an excess of the 1,5-

regioisomer in type II cycloadditions. For conjugated substituents, the HOMO's energy is 

increased while the LUMO's energy is lowered. This causes the HOMO-LUMO gap to decrease, 

which is associated with an accelerated cycloaddition. So far, the energy changes we discussed 

were for only the dipolarophile, the HOMO-LUMO gap is also affected by the substituents on 

the dipole.
21

 For dipoles, the trends are reversed compared to dipolarophiles. Electron donating 

groups accelerate type I cycloadditions and decelerate type III cycloadditions. Electron 

withdrawing groups accelerate type III cycloadditions and decelerate type I cycloadditions. 

This thesis will discuss the formation of specific silicones and, in particular, demonstrate 

functionalization control using thermally activated alkynes incorporating azide-functionalized 

hydrophiles without either protection/deprotection steps or metal catalysts. Our group has had 

success in attaching small molecules and PEG onto polysiloxanes using Cu(I) and catalyst-free 

cycloaddition. Our objective is to expand the utility of the Huisgen cycloaddition by studying the 

possibility of thermal functionalization control by modifying the electronic properties of alkynes 

tethered to the silicone backbone. The extension of this work leads to the functionalization of 

polysiloxanes with carbohydrates; a difficult substrate to incorporate as the hydroxy groups 

complicate synthesis and analysis.  
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Thesis Objectives 

The experimental work is divided into two chapters. Chapter 2 demonstrates functionalization 

control of pendant alkynes versus terminal alkynes using electronically different alkynes.  We 

introduced thermally activated alkynes with different substituents onto polysiloxanes to show 

selective functionalization of one alkyne of higher reactivity over less reactive ones. Chapter 3 

demonstrates the functionalization of propiolate-functionalized siloxanes with azide-

functionalized carbohydrates without using protection or deprotection steps or catalysts. 

Furthermore, the carbohydrate-functionalized siloxane was able to gel diethyl ether with a 3.0% 

gelator/solvent volume ratio. Finally, Chapter 4 presents a brief conclusion. 
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Chapter 2 

Thermal control of Silicone Network Structure Using Metal-Free Click 

Crosslinking 

Abstract 

The thermal azide-alkyne cycloaddition using electron deficient alkynes has been previously 

applied to the room temperature crosslinking of polysiloxanes. However, to date, only 

propiolates have been used as an electron deficient alkynes to functionalize polysiloxanes. 

Herein, we extend the methodology of functionalizing polysiloxanes using alkynes with differing 

electronic demands and, therefore, with different reactivities. To obtain a more thorough 

knowledge of the effect of the alkyne’s electron density on the cycloaddition, differential 

scanning calorimetry was used to determine the temperature at which triazole formation is 

initiated for a variety of alkynes. The study showed propiolates to have the lowest onset 

cycloaddition temperature of those studied: that is, it was a more reactive alkyne than propargyl 

esters or amides. Two distinct difunctional polysiloxane copolymers were prepared containing 

two electronically different alkynes in each case. Benzyl azide was used to demonstrate that the 

propiolate alkyne could be reacted in preference to the more electron rich amide-functionalized 

alkyne on polysiloxane 14, although not specifically.  By contrast, the reaction of propiolates 

was specific when compared to propargyl alkynes on polysiloxane 15 as shown by monitoring 

the alkyne proton signals via 
1
H NMR.  The residual propargyl alkynes were available for a 

second reaction as demonstrated in a chain extension reaction with azide-terminated disiloxanes 

using copper assisted click chemistry. 
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Introduction 

The Cu(I)-catalyzed click reaction (CuAAC) involves the cyclization of an azide and alkyne pair 

into the 1,4-regioisomer of the 1,2,3-triazole. CuAAC has been widely applied in the literature in 

polymerizations, surface modifications and polymer functionalizations due to its efficiency, 

tolerance of a wide range of solvents and its chemoselectivity with many other functional 

groups.
1
  The tolerance of the CuAAC process to a wide range of reaction conditions is 

particularly advantageous for polymer functionalizations by substrates of opposite polarity. For 

example, the coupling of carbohydrates onto polysiloxanes is difficult and usually requires OH 

and NH protection prior to coupling. However, Halila et al. functionalized azide-containing 

polysiloxanes with N-propargylglycosylamines using CuAAC without the need for 

protection/deprotection steps.
2
 Similarly, Gonzaga et al. demonstrated the versatility of CuAAC 

by introducing a variety of small molecule substrates, ranging from alkyne-functionalized non-

polar compounds to saccharides, onto azide-functionalized siloxanes and polysiloxanes without 

protection/deprotection.
3
 

In addition to inorganic and polymeric materials, CuAAC has been extensively applied to the 

process of functionalizing biological materials.
4
  Unfortunately, CuAAC is not applicable in 

intercellular couplings as the Cu(I) causes mammalian cell death.
5
  Although less biologically 

active Cu(I) catalytic systems have been developed, CuAAC is not applicable for biological 

functionalizations within living cells
6,7 

or, therefore, for polymers that will ultimately be used as 

biomaterials. 

Due to the challenges associated with CuAAC for biologically relevant systems, research into the 

non-catalyzed Huisgen cycloaddition as an alternative coupling reaction has been explored.
8
  The 

major drawback of the Huisgen cycloaddition is the slow reaction rate; when compared to the 
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rate of the CuAAC at room temperature, there exists a 10
7
 difference in magnitude.

9
 Fortunately, 

the reactivity of the Huisgen cycloaddition can be enhanced by altering the alkyne’s electronic 

properties. According to the Woodward-Hoffmann rules for orbital-controlled cycloadditions, if 

the energy gap between the azide HOMO and alkyne LUMO orbitals is reduced with the use of 

electron deficient alkynes, electron rich azides, or both, then the cyclization rate will be 

enhanced.
10

   

Gonzaga et al.
8
 demonstrated that the application of the Huisgen cycloaddition to room 

temperature crosslinking is feasible by preparing propiolate-functionalized polysiloxanes that 

were reacted with bisazide-functionalized poly(ethylene glycol). In contrast, Bertozzi et al. 

performed low temperature non-catalyzed cycloadditions with cyclooctynes functionalized with 

propargylic fluorines. By subjecting the alkyne to ring strain, the release of strain energy is the 

driving force for the cycloaddition.
11

 The presence of electron-withdrawing fluorine atoms 

further lowers the alkyne LUMO, which additionally enhances the cycloaddition rate.
5
 Bertozzi 

and her group have developed catalyst-free, ring strained cycloadditions as one of the few viable 

methods for in vivo functionalization of biological entities without significant cell death and with 

reaction rates comparable to Cu(I)-catalyzed reactions.
7
 

Since the Huisgen cycloaddition rate is dependent on alkyne electron density, it should be 

possible to control the introduction of more than one functional group by the use of both highly 

reactive, and less reactive alkynes on a single polymer chain. Therefore, we have examined the 

ability to selectively modify polysiloxane chains using the click reaction in a controlled manner 

by use of multiple, electronically different alkynes. First, a model series of siloxanes was 

prepared with different substituents at the alkyne’s α-position in order to study the temperature 

where cyclization begins and establish relative reactivities. Using this data, we prepared two 
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polysiloxanes, each possessing two electronically different alkynes, by siloxane polymerization 

of alkyne-functionalized siloxanes. In one case, the difference in click reactivity was not 

sufficient for complete modification of pendant alkyne to occur preferentially to terminal, more 

electron rich alkynes. In the other case, specific modification was possible by first consuming 

very reactive pendant alkynes, and second less reactive propargyl groups.   

Experimental Section  

 Materials and Methods 

1,3-Bis(chloropropyl)tetramethyldisiloxane was obtained from ABCR. 1,3-

Bis(trimethylsiloxy)methylsilane, 3-aminopropylmethylbis(trimethylsiloxy)silane, 

octamethylcyclotetrasiloxane (D4), and 1,3-bis(aminopropyl)tetramethyldisiloxane were obtained 

from Gelest. Sodium azide (95%) was purchased from J.T. Baker. Propiolic acid (95%), triflic 

acid (98%), benzyl bromide (98%), sodium bicarbonate, 4-dimethylaminopyridine (99%), 

succinic anhydride (99%), 1-ethyl-3-(3-dimethylaminopropylcarbodiimide 

hydrochloride)(EDC)(98%), dicyclohexylcarbodiimide (DCC) (99%), allyl alcohol (98%), 

diethyl acetylenedicarboxylate (98%), 4-(trimethylsilyl)-3-butyn-2-one (98%),  propargyl 

alcohol (99%) and (~2% Pt) platinum(0)-1,1,3,3-tetramethyldisiloxane complex (Karstedt’s 

catalyst) in xylenes were obtained from Sigma-Aldrich. All materials were used as received. 1,3-

Bis(azidopropyl)tetramethyldisiloxane was prepared using a literature procedure.
3 

Benzyl 

propiolate
12

 and benzyl propiolamide
13

 were prepared using literature procedures. Benzylazide 

was prepared using a literature procedure.
14

 

1
H NMR and 

13
C NMR were recorded at room temperature on a Bruker AC-200 and AC-600 

spectrometer using deuterated solvents (CDCl3). High-resolution mass spectrometry was 
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performed using a Hi-Res Waters/Micromass Quattro Global Ultima (Q-TOF mass 

spectrometer).  

Differential Scanning Calorimetry (DSC) analysis 

The alkyne under study was added into a vial containing 1,3-bis(azidopropyl)tetramethyl-

disiloxane (~5 mg). The sample was prepared according to [C≡C]:[N3] ratios of 1:1; the sample 

size ranges between 5-10 mg. The sample was examined using a TA Instruments DSC 2910 in a 

standard aluminum pan purged with nitrogen gas. The pan was placed into the standard cell and 

heated at 5 °C/minute over a temperature range from room temperature to 150 °C.  

3-Hydroxylpropylmethylbis(trimethylsiloxy)silane 

1,3-Bis(trimethylsiloxy)methylsilane (15 g, 70 mmol) was added into a 150 mL flask containing 

allyl alcohol (4.76 g, 85 mmol) and toluene (8 mL). Karstedt’s catalyst (4 drops) was added and 

the reaction was flushed with nitrogen and left overnight. Decolorizing charcoal was added into 

the reaction and, after 30 min, filtered off. The solvent and excess allyl alcohol were evaporated 

in vacuo to afford a clear oil (17.18 g, yield 90%). 

1
H NMR 200 MHz (CDCl3): 0.07 (s, 21H), 0.40 (m, 2H), 1.52 (m, 2H), 3.55 (t, 2H, J = 6.72 Hz). 

13
C NMR 200 MHz (CDCl3): -0.23, 1.97, 13.35, 26.55, 65.60.  

HRMS (ESI): m/z [M+H]
+
: calcd for C10H29O3Si3: 281.62; found 283.0. 

General Procedure for Propiolate Ester Synthesis, Shown for Trisiloxane 9 

Dicyclohexylcarbodiimide (7.22 g, 35 mmol), dissolved in dichloromethane (5 mL), was added 

into a 150 mL flask cooled to -35 °C containing dichloromethane (10 mL) and propiolic acid 

(2.94 g, 42 mmol). 3-Hydroxylpropylmethylbis(trimethylsiloxy)silane (4.45 g, 20 mmol) and 4-

dimethylamino-pyridine (50 mg, 0.41 mmol), dissolved in dichloromethane (10 mL), were added 

portionwise and the reaction was kept at around -35 °C for 3-4 h. The reaction was then cooled 
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to -75 °C and left overnight to warm to room temperature. Dicyclohexylurea was filtered through 

Celite using dichloromethane as a solvent. The solvent was removed in vacuo and the crude 

product was refiltered in diethyl ether. The product was purified using silica gel gravity 

chromatography (19:1 v/v hexane:ethyl acetate) to produce a clear colorless oil (1.67 g, yield 

88%). 

1
H NMR 200 MHz (CDCl3): -0.06 (s, 3H), 0.00 (s, 18H), 0.38 (m, 2H), 1.60 (m, 2H), 2.76 (s, 

1H), 4.05 (t, 2H, J = 7.02 Hz).  

13
C NMR 200 MHz (CDCl3): -0.26, 1.95, 13.42, 22.34, 68.74, 74.49, 74.97, 152.93.  

HRMS (EI): m/z [M+H]
+
 calcd for C16H29O4Si3: 332.1295; found: 332.1279. 

Trisiloxane 10 

Dicyclohexylcarbodiimide (8.86 g, 42.9 mmol); propiolic acid (3 g, 42.8 mmol); 3-amino-

propylmethylbis(trimethylsiloxy)silane (10 g, 35.7 mmol); 4-dimethylaminopyridine (50 mg, 

0.41 mmol). The product was purified with silica gel gravity chromatography (4:1 v/v hexane: 

ethyl acetate) to produce a viscous orange oil (6.88 g, yield 58%). 

1
H NMR 200 MHz (CDCl3): 0.04 (s, 21H), 0.46 (m, 2H), 1.55 (m, 2H), 2.76 (s, 1H), 3.22 (m, 

2H), 6.02 (bs, 1H).  

13
C NMR 200 MHz (CDCl3): 0.35, 1.81, 14.41, 22.91, 42.53, 72.98, 79.25, 152.30.  

HRMS (ESI): m/z [M+H]
+
 calcd for C13H29O2NSi3: 332.1501; found: 332.1501. 

Trisiloxane 11 

Dicyclohexylcarbodiimide (1.76 g, 8.82 mmol); monopropargyl ester of butanedioic acid (1.71 g, 

10.95 mmol); 3-hydroxypropylmethylbis(trimethylsiloxy)silane (1.92 g, 6.85 mmol); 4-

dimethylaminopyridine (50 mg, 0.41 mmol). The product was purified with silica gel gravity 

chromatography (4:1 v/v hexane: ethyl acetate) to produce a clear oil (0.98 g, yield 35%). 
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1
H NMR 600 MHz (CDCl3): -0.05 (s, 3H), 0.07 (s, 18H), 0.43 (m, 2H), 1.62 (m, 2H), 2.45 (t, 

1H, J = 4.92 Hz), 2.65 (m, 4H), 4.02 (t, 2H, J = 6.90 Hz), 4.68 (d, 2H, J = 2.52 Hz).  

13
C NMR 600 MHz (CDCl3): -0.10, 1.92, 2.31, 13.73, 22.70, 29.24, 52.46, 53.72, 67.51, 75.23, 

77.81, 171.84, 172.34.  

HRMS (ESI): m/z [M+Na]
+
 calcd for C17H34O6Si3Na: 441.1561; found: 441.1548. 

Disiloxane 12 

Dicyclohexylcarbodiimide (6.03 g, 30 mmol); propiolic acid (2.60 g, 37.5 mmol); 1,3-

bis(aminopropyl)tetramethyl-disiloxane (3.73 g, 15 mmol); 4-dimethylaminopyridine (40 mg, 

0.32 mmol). The product was purified using silica gel gravity chromatography (2:1 v/v 

hexane:ethyl acetate) to produce a yellow solid (2.81 g, yield 64%). 

1
H NMR 200 MHz (CDCl3): 0.03 (s, 12H), 0.49 (m, 4H), 1.53 (m, 4H), 2.75 (s, 1H), 3.26 (m, 

4H, J= 6.36 Hz), 6.34 (bs, 2H).  

13
C NMR 200 MHz (CDCl3): 0.29, 15.07, 23.02, 42.81, 73.58, 77.52, 152.67.  

HRMS (ESI): m/z [M+H]
+
 calcd for C16H29O3N2Si2: 353.1717; found 353.1701. 

Polysiloxane Copolymer 14 

Octamethylcyclotetrasiloxane (1.66 g, 5.6 mmol) and trisiloxane 9 (0.5 g, 1.50 mmol) were 

added to a 20 mL vial containing a solution of disiloxane 12 (0.60 g, 1.70 mmol) and 

dichloromethane (2 mL). Trifluoromethanesulfonic acid (50 µL, 0.56 mmol) was added and the 

reaction was left stirring for 2 d at room temperature. After the second day, dichloromethane was 

evaporated by nitrogen and the reaction was left stirring for two more days. Magnesium oxide 

(0.5 g) was added to the vial and the reaction was allowed to stir for 30 min. Hexane (15 mL) 

was added and the magnesium oxide was filtered off. The crude product was transferred to the 

Kugelrohr apparatus and the mixture was distilled at 130 °C and 0.1 Torr for 2h to give a slightly 
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orange, viscous oil (0.76 g, yield 24%, GPC (Mn= 2910 g/mol; Mw= 3485 g/mol, Mw/Mn= 

1.197). 

1
H NMR 200 MHz (CDCl3): 0.00 (s, 302H), 0.50 (m, 15H), 1.54 (m, 6H), 1.70 (m, 6H), 2.75 (s, 

2H), 2.83 (s, 2H), 3.26 (m, 5H), 4.15 (t, 4H, J = 6.72 Hz), 5.97 (bs, 2H).  

13
C NMR 600 MHz (CDCl3): -0.32, 0.38, 1.06, 1.31, 1.43, 1.55, 2.05, 13.47, 15.60, 22.38, 23.49, 

42.95, 68.80, 73.11, 74.59, 74.82, 75.10, 77.81, 152.34, 153.05.  

29
Si NMR 600 MHz (CDCl3): -23.52, -22.09, -21.96, -21.67, -21.43, -21.02, 7.22, 7.37 

Polysiloxane Copolymer 15  

Octamethylcyclotetrasiloxane (0.9 g, 3.04 mmol) was added to a 50 mL flask containing 

trisiloxane 9 (0.26 g, 0.81 mmol), disiloxane 13 (0.55 g, 1 mmol) and dichloromethane (2 mL). 

Trifluoromethanesulfonic acid (50 µL, 0.56 mmol) was added and the flask was placed under 

reduced pressure for 2 d. After the second day, dichloromethane was evaporated by nitrogen and 

the reaction was left stirring for two more days. Magnesium oxide (0.5 g) was added and allowed 

to stir for 30 min. Hexane was added and magnesium oxide was filtered off. The crude product 

was transferred to the Kugelrohr apparatus, distilled at 130 °C and 0.1 Torr for 2 h under high 

vacuum. After distillation, a light orange viscous oil was produced (1.03 g, yield 61%, GPC 

(Mn= 5170 g/mol, Mw= 6720 g/mol, Mw/Mn= 1.299)). 

1
H NMR 500 MHz (CDCl3): 0.07 (m, 852H), 0.52 (m, 35H), 1.38 (m, 12H), 1.63 (m, 10H), 1.70 

(m, 10H), 2.45 (s, 2H), 2.66 (m, 13H), 2.82 (s, 4H), 4.07 (m, 6H), 4.11 (m, 6H), 4.68 (s, 4H).  

13
C NMR 600 MHz (CDCl3): -0.31, 0.42, 1.32, 1.41, 2.05, 13.60, 18.10, 19.93, 22.59, 29.03, 

32.37, 52.57, 53.67, 64.94, 66.37, 67.49, 68.81, 74.61, 75.22, 153.05, 171.81, 172.38, 172.59, 

172.66.  

29
Si NMR 600 MHz (CDCl3): -23.52, -22.26, -22.08, -21.96, -21.67, -21.42, 7.26. 
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Following Click Selectivity for the Different Alkynes of Polysiloxane 14 using 
1
H NMR 

Spectroscopy 

Benzyl azide (2 eq, 0.014 g, 0.0107 mmol) was added into each vial containing polysiloxane 14 

(1 eq, 0.2 g, 0.053 mmol) and 500 µL of CDCl3. Each vial was stirred and heated at i) 35 °C and 

ii) 60 °C, respectively, for one week. The 
1
H NMR spectrum was obtained once every 2 d and 

alkyne integrations were measured (Table 1, Table 2).  

Table 1: Alkyne selectivity measurements of Polysiloxane 14 done at 35°C 

Time (d)    

0   2.26  1.81  0 

2  1.84  1.70  0.52 

4   2.06  1.92  1.28 

6  1.61  1.45  1.00 

8  1.54  1.46  1.06 

Table 2: Alkyne selectivity measurements of Polysiloxane 14 done at 60°C 

Time (d)    

0  2.25  1.82  0 

2  1.25  1.17  1.64 

4  1.20  1.11  1.75 

6  1.16  1.07  1.83 

Following Click Selectivity for the Different Alkynes of Polysiloxane 15 using 
1
H NMR 

Spectroscopy 
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Benzyl azide (8eq, 0.004 g, 0.030 mmol) was added into each vial containing polysiloxane 15 (1 

eq, 0.05 g, 0.0043 mmol) and 500 µL of CDCl3. Each vial was stirred and heated at i) 35 °C and 

ii) 60 °C for two weeks. The 
1
H NMR spectrum was obtained once every 2 d and alkyne 

integrations were measured (Table 3, Table 4).  

Table 3: Alkyne selectivity measurements of Polysiloxane 15 done at 35°C 

Time (d)    

0  6.11  2.42  0 

1  6.07  2.45  0 

2  5.83  2.70  0 

3  5.88  2.65  0 

9  4.26  2.5  1.77 

15  4.34  3.01  1.18 

Table 4: Alkyne selectivity measurements of Polysiloxane 15 done at 60°C 

Time (d)    

0  6.97  3.29  0 

1  5.15  3.28  1.83 

4  5.69  3.41  1.16 

6  5.26  3.71  1.28 

Alkyne Selectivity Measurement Using  of 1:1 Mixture of Trisiloxanes 9 and 10 using 
1
H 

NMR Spectroscopy 
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Benzylazide (1 eq, 0.012 g, 0.09 mmol) was added into each vial containing trisiloxane 9 (1 eq, 

0.03 g, 0.09 mmol) and 10 (1 eq, 0.03 g, 0.09 mmol) with 500 µL of CDCl3. The reaction was 

carried out over one week at 35 °C and 60 °C, respectively, and the 
1
H NMR spectra were 

obtained each day (Table 5, Table 6). 

Table 5: Alkyne selectivity measurements of trisiloxanes 9 and 10 done at 35°C 

Time (d)    

0  0.90  0.80  0 

1  0.79  0.75  0.17 

3  0.68  0.67  0.35 

4  0.68  0.57  0.45 

15  0.48  0.23  0.98 

Table 6: Alkyne selectivity measurements of trisiloxanes 9 and 10 done at 60°C 

Time (d)    

0  0.64  0.77  0 

1  0.36  0.7  0.34 

2  0.29  0.67  0.45 

4  0.28  0.66  0.46 

Polysiloxane 17 

Benzylazide (0.031 g, 0.156 mmoles) was added into a 50 mL round-bottomed flask containing 

polysiloxane 15 (0.3 g, 0.026 mmoles) and toluene (5 mL). The reaction was heated at 70 °C 

with stirring. After 3 d, more benzylazide (0.034 g, 0.25 mmoles) was added and allowed to stir 
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for another two days. Excess benzylazide was removed in vacuo using the Kugelrohr apparatus, 

heated at 120°C for 2h under high vacuum. The product was a viscous yellow oil (0.5 g, yield 

99%).  

1
H NMR 600 MHz (CDCl3): 0.05 (bs, 924H), 0.53 (m, 20H), 1.37 (m, 8H), 1.63 (m, 12H), 1.77 

(m, 8H), 2.44 (s, 1H), 2.63 (m, 10H), 4.06 (m, 8H), 4.25 (m, 8H), 4.67 (s, 1H), 5.90 (s, 2H), 7.31 

(m, 21H), 7,91-8.08 (s, 1H).  

13
C NMR 600 MHz (CDCl3): -0.28-2.10, 13.63, 18.14, 19.96, 22.59, 29.31, 32.19, 52.50, 52.63, 

53.63, 54.56, 64.87, 67.92, 127.46-129.65 

Chain Extension of Benzyl-functionalized Polysiloxane 7 with 1,3-Bis(azidopropyl)-

tetramethyldisiloxane, 18 

1,3-Bis(azidopropyl)tetramethyldisiloxane (0.011 g, 0.036 mmol) was added into a 50 mL 

round-bottomed flask containing polysiloxane 17 (0.18 g, 0.015 mmol) in toluene (15 mL). The 

reaction was heated with stirring at 100 °C. After 2d, 
1
H NMR showed no reaction had occurred. 

Toluene was removed by nitrogen and tetrahydrofuran (8 mL) was added. Copper (II) sulfate 

pentahydrate (0.010 g, 0.04 mmol) in water (1.5 mL) and (+)-sodium L-ascorbate (0.021 g, 0.10 

mmol) in water (1.5 mL) were added to the reaction. The reaction was left stirring overnight at 

room temperature in an inert atmosphere, at which point the solvents were evaporated in vacuo. 

The reaction was extracted with dichloromethane (3 x 15 mL). The organic layers were 

combined and dried over sodium sulfate. Dichloromethane was removed in vacuo and the crude 

product was obtained as a orange viscous oil. 
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Results and Discussion 

Effects of Alkyne Substituent on Thermal Cycloaddition Temperature 

Model Compounds  

A series of model alkynes was reacted with a silicone azide to better understand the thermal 

requirements of the Huisgen reaction with silicones.  1,3-Bis(azidopropyl)tetramethyldisiloxane 

1 (Figure 8) was a convenient model azide to use to characterize alkyne reactivity in the click 

reaction; its transformation to chromatographically separable compounds has been previously 

documented.
3
 Commercially available functional silicones are limited to a few organic functional 

groups, including monomers bearing vinyl or allyl groups, alkyl halides, alkylalcohol, 

alkylamine, alkylcarboxylic acids. Therefore, model (non-silicone) alkynes were prepared from 

compounds bearing similar functional groups, such as benzyl propiolamide and benzyl propiolate 

(Figure 8, Table 7).   

 

Figure 8: Preparation of 1,3-bis(azidopropyl)tetramethyldisiloxane and functional alkynes 

 

Alkynes 2-8 were typically mixed with the model azide compound, 1,3-bis(azidopropyl)-

tetramethyldisiloxane, in a stoichiometric ratio of functional groups ([C≡C]:[N3]) = 1:1; benzyl 

propiolate and benzyl propiolamide were mixed with the model azide compound on an equal 
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mass basis. The efficiency of cycloadditions was examined using a differential scanning 

calorimeter; samples were heated from room temperature to 150 at 5 °C / minute.  The onset of 

cyclization for different alkynes is reported in Table 7. 

Table 7: Onset cycloaddition temperatures for tested alkynes determined by DSC 

 

 

Compound  

Number 

Alkyne  Onset Cycloaddition  

Temperature (°C) 

2 Diethyl acetylenedicarboxylate 

 

37 

3 Benzyl propiolate 

 

51 

4 Trisiloxane propiolate 

 

64 

5 Benzyl propiolamide 

 

72 

6 Trisiloxane amide 

 

74 

7 Trimethylsilyl-3-butyn-4-one 

 

90 
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8 Propargyl Trisiloxane 

 

101 

As can be seen from Table 7, large differences were observed in the temperature at which the 

reaction starts. There was a clear, inverse correlation between the electronic density of the alkyne 

and the temperature at which uncatalyzed cyclization began. Electron-rich alkynes required 

much higher temperatures than electron-deficient alkynes. The efficiency of the reaction thus 

depends on the substituent on the alkyne, the reactivity of which followed the order: aryl group < 

amide < ester.  The reactivity of the silyl-substituted alkyne 7 was low; in this case, any 

activation provided by the ketone is compensated by the electronic donation provided by the silyl 

substituent.
15,16

  

Polysiloxanes: Functionalization followed by polymerization 

The significant differences in thermal responsiveness between different alkynes presents an 

opportunity to develop generic pre-elastomers that can be both crosslinked and functionalized in 

a variety of ways. For example, if both reactive (e.g., propiolate esters) and unreactive (e.g., 

propiolamides) are found in the same siloxane in different, explicit locations, it should be 

possible to crosslink at a lower temperatures (with propiolates) and functionalize at a higher 

temperature (with propiolamides) to give one functional elastomer, or the inverse to produce a 

different functional elastomer.  This hypothesis was tested by synthesizing multifunctional 

silicones.   

Polyalkyne Synthesis 

Two different strategies were explored for the synthesis of polysiloxanes containing more than 

one type of alkyne: i) direct functionalization of free alkylamines or aliphatic alcohols pendant 

on a silicone backbone, or, ii) functionalization of a small siloxane, followed by polymerization 
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into a higher molecular weight material. In either case, traditional DCC coupling reactions of 

propiolic acid with hydroxyl- and/or amino-functionalized polysiloxanes were performed to link 

the alkyne moiety to the silicone.  

It was determined that direct functionalization of polysiloxanes by alkynes was problematic.  For 

example, although attempts to modify amino- and hydroxy-pendant polysiloxanes with propiolic 

acid using DCC coupling were efficient, it was very challenging, based on 
1
H NMR data, to 

completely remove the co-product dicyclohexylurea from the polymer using silica gel 

chromatographic purification. This difficulty was circumvented by first functionalizing small 

silicones, and then incorporating them into larger silicone polymers using acid-catalyzed 

equilibration polymerization with octamethylcyclotetrasiloxane (D4).  

Activated alkynes were introduced as pendant groups by first forming trisiloxane 9 by the 

hydrosilylation of 1,3-bis(trimethylsiloxy)methylsilane with allyl alcohol (Figure 9); the reaction 

was monitored by following the disappearance of the SiH signal at 4.7 ppm in the 
1
H NMR 

spectrum. The hydroxyl group was converted into the ester-functionalized alkyne 9 by DCC 

coupling with propiolic acid. The analogous amide 10 was prepared by the DCC amidation of 

commercial 3-aminopropylmethylbis(trimethylsiloxy)silane with propiolic acid. Trisiloxane 11 

was prepared by DCC esterification of 3-hydroxypropylmethylbis(trimethylsiloxy)silane with the 

monopropargyl ester of butanedioic acid. Terminal alkynes were prepared using analogous 

chemistry with difunctional disiloxanes (Figure 9). Less reactive amides 12 and esters 13
17

 were 

similarly prepared by carbodiimide coupling.    

Siloxane equilibration chemistry can be used to create polysiloxanes with more than one type of 

functional alkyne. Polymers were created from starting materials of D4, 9 and 12 giving 14, and 

9 and 13 leading to 15, respectively (Figure 10). Two different end groups are present in this 
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process, the functional alkyne and OSiMe3. However, the reaction was performed at reduced 

pressure to remove the most volatile byproduct that will continuous form during equilibration, 

Me3SiOSiMe3, which favors formation of polymers with alkyne end groups. Alternatively, an 

excess of end groups was used to favor the introduction of alkynes on the termini and avoid the 

presence of OSiMe3 groups.  

 

Figure 9: Preparation of functional siloxane precursors 

According to 
1
H NMR, polysiloxane 14 possessed both types of alkynes with an average MW of 

about 3485 g mol
-1

 based on 
1
H NMR end group analysis and verified by GPC.  In spite of the 

reaction conditions used, 
29

Si NMR showed that SiMe3 end groups were still present on the 

silicone. Polysiloxane 14 had a pendant to terminal alkyne ratio of approximately 1:1. 

Polysiloxane 15 had a MW of about 6,720 g mol
-1

 based on GPC and a pendant to terminal 
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alkyne ratio of approximately 4:2. Based on 
29

Si NMR, only one type of end group – the alkyne 

– could be detected on the polysiloxane, demonstrating that using reduced pressure to remove the 

byproduct Me3SiOSiMe3 was successful. 

 

Figure 10: Preparation of different pendant and terminal alkyne-functionalized polysiloxanes 

using acid-catalyzed equilibration polymerization 

Thermal control of Network Structure Using Click Crosslinking Selectivity 

measurements of multialkyne-functionalized polysiloxanes 

It was expected that the different alkynes would distinguish themselves in thermal reactions with 

azides. Based on the results in Table 7, the pendant propiolate should react at much lower 

temperatures than either the termini propiolamide or propargyl ester. This proposal was initially 

tested using a small azide, PhCH2N3, with polysiloxane 14. The cycloadditions with 2 

equivalents of benzylazide (equimolar to the propiolate-based alkyne on the copolymer) were 

carried out at several temperatures in a NMR tube and monitored by 
1
H NMR spectroscopy 

(Appendix Schemes 1 and 2). At 35 °C, the [propiolate:propiolamide] alkyne ratio decreased 
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from 2.26:1.81 to 1.54:1.46 in a span of one week to give 16 (Figure 11A, Table 1). At 60 °C, 

the [propiolate:propiolamide] ratio decreased from 2.25:1.82 to 1.16:1.07 in a span of one week 

(Table 2).  Complete selectivity was not achieved, however. We initially hypothesized that, in 

addition to electronic conditions of the two alkynes which favor propiolates, the pendant 

propiolate is less reactive because it is more hindered, while the greater steric accessibility of the 

terminal alkyne renders it more reactive. 

  

Figure 11: Alkyne selectivity of: A: Polysiloxane 14, B: Polysiloxane 15 

 

 Show additional byproduct with modified terminal group in both cases 

To examine this proposal, the reactivity of two structurally related functional alkynes was tested 

by examining the reactivity of an equimolar mixture of trisiloxanes 9 and 10, which tests 

reactivity based on electronic effects alone, not by its location on a polymer. The cycloadditions 

with 1 equivalent of benzylazide were carried out at two temperatures, respectively, in a NMR 

tube and monitored by 
1
H NMR spectroscopy (Figure 12). At 35 °C, the 

[propiolate:propiolamide] alkyne ratio decreased from 0.90:0.80 to 0.23:0.48 over two weeks 
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(Table 5). At 60 °C, the [propiolate:propiolamide] ratio decreased from 0.64:0.77 to 0.28:0.66 

during 4 d (Table 6). As expected, for both temperatures, the ester-functionalized alkyne reacted 

faster than the amide-functionalized alkyne, however, the process exhibited lower selectivity 

than was predicted from Table 7. 

 

Figure 12: Alkyne Selectivity Measurement of Trisiloxane Mixture 

 

The reaction of benzylazide with the two different alkynes in 14 demonstrated that the two were 

insufficiently different for specific, sequential reactions to occur. According to Table 7, 

propiolates and propargyls have a much larger difference in alkyne click reactivity than the 

propiolate/propiolamide groups in polysiloxane 14. Therefore, cycloadditions of polysiloxane 15 

with benzylazide were completed at two temperatures, respectively, in a NMR tube (Figure 11B, 

Appendix Schemes 3 and 4). At 35 °C, the [propiolate:propargyl] alkyne proton ratio decreased 

from 6.11:2.42 to 4.26:2.50 in two weeks giving 17 (Table 3): at 60 °C, the 
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[propiolate:propargyl] ratio decreased from 6.97:3.29 to 5.26:3.71 over one week (Table 4). At 

either temperature, propiolate alkynes were consumed while the propargyl alkynes were 

untouched, which is expected as propargyl alkynes are electron rich. 

 

Figure 13: Difunctionalization of Polysiloxane 15 

 

The utility of these observations was exploited by performing a double modification of silicone 

15. Pendant propiolates were selectively and completely functionalized with benzylazide using 
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the Huisgen cycloaddition at 70 °C in toluene to give 17, as shown by 1H NMR (Figure 13). It 

was expected that the residual propargyl groups could be made to react at elevated temperatures.  

However, after 2 days of reaction at 100 °C with 1,3-bis(azidopropyl)tetramethyldisiloxane, very 

little reaction had occurred.  Therefore, 17 was modified using Cu(I) click chemistry overnight to 

give the chain extended, functional silicone 18.  

The reactions described here demonstrate that the difference in reactivity of alkynes in the 

Huisgen cyclization can be exploited to modify silicone polymers.  It is relatively straightforward 

to place alkynes at either pendant, terminal or both locations along a silicone chain.  Judicious 

choice of alkynes permits either selective or specific modification at the pendant vs terminal sites 

with functional substrates, or other silicones.  This provides an opportunity to create several 

types of functional network structures from the same polymer backbone by using sequential click 

processes.   

Conclusion 

Diester- and ester-functionalized alkynes are more reactive in uncatalyzed click reactions than 

analogous amide-functionalized alkynes and propargyl alkynes based on the DSC studies on 

relative cycloaddition reactivity. These observations were used to selectively, and specifically 

modify siloxane polymers.  Two distinct alkynes were located at terminal and pendant positions, 

respectively. Pendant propiolates reacted preferentially over terminal propiolamides.  However, 

it was possible to selectively modify a silicone by first trapping pendant propiolates with 

benzylazide and then using CuAAC chemistry to chain extend the polymer using 1,3-

bis(azidopropyl)tetramethyldisiloxane.  This simple strategy shows promise for the preparation 

of a range of functional and crosslinked, organofunctional silicone polymers. 
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  Appendix 
Scheme 1: 

1
H NMR spectrum of alkyne selectivity measurement of Polysiloxane 14 with 

benzylazide (0 days of reaction) at 60°C 
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Scheme 2: 1H NMR spectrum of alkyne selectivity measurement of Polysiloxane 14 with 

benzylazide (6 days of reaction) at 60°C 

 

 

 

 

 

 

 

 

 

 

 

 



37 
 

Scheme 3: 
1
H NMR spectrum of alkyne selectivity measurement of Polysiloxane 15 with 

benzylazide (0 days of reaction) at 60°C 
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Scheme 4: 
1
H NMR spectrum of alkyne selectivity measurement of Polysiloxane 15 with 

benzylazide (7 days of reaction) at 60°C 
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Chapter 3 

Protecting Group-Free Preparation of Silicone-Saccharides: A Gelator for 

Diethyl Ether 

Abstract 

Carbohydrate-functionalized siloxanes and polysiloxanes, also known as glycosilicones, have 

been used as surfactants, wetting agents, emulsifiers and defoamers. Most methods of preparing 

glycosilicones have major drawbacks that include the use of protection/deprotection steps and 

possible side reactions. This makes industrial production of these materials impractical. Herein, 

we describe the functionalization of siloxanes and polysiloxanes with carbohydrates without 

using protection/deprotection steps or a metal catalyst by exploiting the Huisgen cycloaddition. 

The strategy required the attachment of azide-functionalized carbohydrates onto propiolate-

functionalized siloxanes and polysiloxanes. The azide was introduced onto carbohydrates by 

performing a lactone opening reaction with a bifunctional linker, 3-azidopropylamine 1. The 

Huisgen cycloaddition was successfully used to prepare trisiloxane triazolyl gluconamide 5. 

Interestingly, this amphiphilic substrate was capable of gelling diethyl ether. In the optimized 

case, it was shown that 5 could gel 30 times its own weight in diethyl ether, although only with 

ether. This result must thus be seen to be an interesting oddity rather a practical result, as 5 only 

gelled one solvent. Preliminary examination with scanning electron microscopy did not provide 

precise structural information about the assembly of the gelator.  

Introduction 

Silicones are known for their high surface activity, with surface energies of about 20 mN m
-1

.
1
 

The utility of these materials, which are widely used as surfactants, is dramatically increased by 
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grafting hydrophilic moieties to the silicone backbone.
2
 Although hydrophiles including 

alkylamines, carboxylic acids and saccharides have been grafted onto silicones, PEG-

functionalized polysiloxanes are easier to synthesize and analyze, and are thus the most common 

class of silicone surfactants in commerce.   

Carbohydrate-functionalized siloxanes and polysiloxanes, also known as glycosilicones, have 

also been used as surfactants, wetting agents, emulsifiers and defoamers.
3
 They are attractive 

compounds because of the natural materials from which they are constituted. A variety of 

strategies have been adopted to bind saccharides to polysiloxanes.  Although it is possible to link 

the two using a Si-O-Sugar linkage,
4
 this is complicated by the presence of multiple hydroxy 

groups on the saccharide, and the likelihood of hydrolytic siloxane cleavage. Alternative 

approaches take advantage of amides
5
, esters

6
 including those formed enzymatically

7
 (Figure 

14A), and acetals
8 

(Figure 14B).  It is also common to bind epoxy groups to the sugar, and then 

graft the silicone to the sugar by a nucleophilic ring opening of the epoxide.   

 

Figure 14: Glycosilicones formed by A: enzymatic coupling;
7
 and B: acetalization

8
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Most strategies for glycosilicone synthesis involve the use of Si-C-O-Sugar linkages because of 

their greater hydrolytic stability. For the synthesis, the carbohydrate normally needs to be 

protected,
9
 and then modified with a carbon-carbon π-bond (e.g., allyl, propargyl) that can be 

hydrosilylated onto a silicone,
10

 and then deprotected (Figure 15). There are tremendous 

difficulties associated with the use of protection/deprotection steps in the presence of 

polysiloxanes.  In particular, the acids/bases needed for the transformations can cause siloxane 

degradation.
3
 Due to these drawbacks, alternative processes are needed to introduce 

carbohydrates onto polysiloxanes. 

 

Figure 15: A typical hydrosilylation approach to glycosilicones.
10

 

Our group has previously shown that small organic hydrophiles can be introduced onto 

polysiloxanes using copper catalyzed alkyne/azide click chemistry (CuAAC).
11

 A variety of 

alkyne-containing substrates, ranging from phenylacetylene to N-propargylgluconamines, can be 

introduced onto azide-functionalized siloxanes in near quantitative yields after only a few hours 

of reaction time. The reactions are fast and efficient, exhibit high chemoselectivity, and lead to 

products that are easy to purify.  In particular, the reaction is orthogonal to most organic 

chemistry reactions, and it is normally possible to avoid protecting functional groups on either 

reaction partner (although the absence of protecting groups makes the issue of finding a 

compatible solvent more challenging). However, a major drawback is the necessity of the Cu(I) 

catalyst which is cytotoxic
12

 and is increasingly difficult to remove from materials as the 
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concentration of triazoles increase, as the triazole is a good ligand for copper. For these reasons, 

CuAAC is not generally applicable in biomaterials applications. 

The alternative strategy, which avoids copper completely, is the thermal Huisgen cycloaddition. 

Although the reaction commonly requires temperatures above 80 °C, we,
13

 and others,
14

 have 

shown that electron-deficient alkynes will react at much lower temperatures. Furthermore, we 

have shown that the offset temperature is affected by the electronic character, which can be 

manipulated by our choice of substituents. 

Previously in our group, we have used both Cu(I) and the non-catalyzed azide-alkyne 

cycloaddition to functionalize polysiloxanes.
15

 With regards to the non-catalyzed Huisgen 

cycloaddition, it was possible to perform low temperature cycloadditions using electron deficient 

alkynes due to the rate enhancement given by the narrower HOMO-LUMO gap.
16

 By 

introducing electron deficient alkynes onto polysiloxanes, cyclization would occur at reduced 

temperatures (just above room temperature) without the need of a catalyst.  However, the 

drawback is that a regioisomeric mixture of the 1,2,3-triazoles was produced.  

We were interested in examining the utility of the thermal cycloaddition to create functional 

silicones modified with both large and small saccharides, and to begin to establish the benefits 

and detriments of combining silicones with natural materials. In this paper, we examine the click 

reaction of azide-modified glucose to a small silicone. The surprising ability of this compound to 

gel diethyl ether will also be discussed.  

Experimental 

1,3-Bis(trimethylsiloxy)methylsilane and octamethylcyclotetrasiloxane were obtained from 

Gelest. Sodium azide (95%) was purchased from J.T. Baker. 3-Bromopropylamine 

hydrobromide (98%), gluconolactone (98%), propiolic acid (95%), triflic acid (98%), 4-
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dimethylaminopyridine (99%), dicyclohexylcarbodiimide (99%), allyl alcohol (98%) and (~2% 

Pt) platinum(0)-1,1,3,3-tetramethyldisiloxane complex in xylenes were obtained from Sigma-

Aldrich. All materials were used as received. 

1
H NMR and 

13
C NMR were recorded at room temperature on a Bruker AC-200 and AC-600 

spectrometer using deuterated solvents (CDCl3 and DMSO-d6). High-resolution mass 

spectrometry was performed using a Hi-Res Waters/Micromass Quattro Global Ultima (Q-TOF 

mass spectrometer). SEM data was acquired using the JEOL 7000F instrument. 

3-Azidopropylamine, 1
17

 

Sodium azide (4.54 g, 6.99 mmol) was added into a 50 mL round-bottomed flask containing 3-

bromopropylamine hydrobromide (5.11 g, 2.33 mmol) in 3:1 THF:H2O (20 mL). The reaction 

was left stirring overnight at 50 °C. After the reaction was complete, THF was removed in 

vacuo. Three pellets of NaOH were dissolved in the reaction mixture. Water (3 mL) was added 

to the reaction mixture and the product was extracted with 5 portions of dichloromethane (~20 

mL). Dichloromethane was removed in vacuo to obtain the product (0.98 g, yield 42%).  

1
H NMR 200 MHz (CDCl3): 1.99 (m, 2H), 3.14 (t, 2H, J= 6.6 Hz), 3.56 (t, 2H, J= 6.6 Hz)  

13
C NMR 600 MHz (CDCl3): 32.55, 39.73, 49.48 

HRMS (ESI): m/z [M+H]
+
 calcd for C3H9N4: 101.0827, found 101.0824. 

 

3-Azidopropylgluconamide, 2 

3-Azidopropylamine (0.64 g, 6.4 mmol) was added into a 50 mL round-bottomed flask 

containing gluconolactone (0.92 g, 5.2 mmol) in DMF (20 mL). The reaction was left stirring 

overnight at room temperature while attached to the N2 line. After the reaction was complete, 

DMF was removed in vacuo. The crude product was dissolved in a minimum amount of DMF. 
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The crude product was added dropwise to acetone (40 mL) to precipitate the product. The 

solution is filtered and the product 2 was obtained as a beige solid (1.3 g, yield 42%). 

1
H NMR 600 MHz (DMSO-d6): 1.67 (m, 2H), 3.15 (m, 2H), 3.37 (m, 3H), 3.47 (s, 2H), 3.58 (m, 

1H), 3.91(m, 1H), 3.99 (bs, 1H), 4.33 (m, 1H), 4.41 (bd, 1H, J= 6.95 Hz), 4.47 (bd, 1H, J= 4.62 

Hz), 4.54 (bs, 1H), 5.38 (d, 1H, J= 4.62 Hz), 7.76 (t, 1H, J= 5.94 Hz).  

13
C NMR 600 MHz (DMSO-d6): 28.46, 35.59, 48.41, 63.34, 70.10, 71.47, 72.35, 73.65, 172.60 

HRMS (ESI): m/z [M+H]
+
 calcd for C9H19O6N4: 279.1303, found 279.1303. 

3-Hydroxylpropylmethylbis(trimethylsiloxy)silane 

1,3-Bis(trimethylsiloxy)methylsilane (15 g, 70 mmol) was added into a 150 mL flask containing 

allyl alcohol (4.76 g, 85 mmol) and toluene (8 mL). Karstedt’s catalyst (4 drops) was added and 

the reaction was flushed with nitrogen and left overnight. Decolorizing charcoal was added into 

the reaction and, after 30 min, was filtered off. The solvent and excess allyl alcohol were 

evaporated in vacuo to afford a clear oil (17.18 g, yield 90%). 

1
H NMR 200 MHz (CDCl3): 0.07 (s, 21H), 0.40 (m, 2H), 1.52 (m, 2H), 3.55 (t, 2H, J = 6.72 Hz). 

13
C NMR 200 MHz (CDCl3): -0.23, 1.97, 13.35, 26.55, 65.60.  

HRMS: m/z [M+H]
+
: calcd for C10H29O3Si3: 281.63; found 283.0. 

Trisiloxane 3 

Dicyclohexylcarbodiimide (7.22 g, 35 mmol), dissolved in dichloromethane (5 mL), was added 

into a 150 mL flask cooled to -35 °C containing dichloromethane (10 mL) and propiolic acid 

(2.94 g, 42 mmol). 3-Hydroxylpropylmethylbis(trimethylsiloxy)silane (4.45 g, 20 mmol) and 4-

dimethylamino-pyridine (50 mg, 0.41 mmol), dissolved in dichloromethane (10 mL), were added 

portionwise and the reaction was kept at around -35 °C for 3-4 h. The reaction was then cooled 

to -75 °C and left overnight to warm to room temperature. Dicyclohexylurea was filtered through 
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Celite using dichloromethane as a solvent. The solvent was removed in vacuo and the crude 

product was refiltered in diethyl ether. The product was purified using silica gel gravity 

chromatography (19:1 v/v hexane:ethyl acetate) to produce a clear colorless oil (1.67 g, yield 

88%). 

1
H NMR 200 MHz (CDCl3): -0.06 (s, 3H), 0.00 (s, 18H), 0.38 (m, 2H), 1.60 (m, 2H), 2.76 (s, 

1H), 4.05 (t, 2H, J = 7.02 Hz).  

13
C NMR 200 MHz (CDCl3): -0.26, 1.95, 13.42, 22.34, 68.74, 74.49, 74.97, 152.93.  

HRMS: m/z [M+H]
+
 calcd for C13H29O4Si3: 332.1295; found: 332.1279. 

Polysiloxane 4 

Triflic acid (20 µL) was added into a vial containing trisiloxane 3 (0.65 g, 2 mmol) and 

Octamethylcyclotetrasiloxane (2.51 g, 8.5 mmol). The reaction was left stirring at room 

temperature overnight. Magnesium oxide (~0.5 g) was added and the reaction was left stirring 

for 30 minutes. Hexane was added to the solution and the magnesium oxide was filtered off. 

Once the hexane was removed in vacuo, the crude product underwent Kugelrohr distillation to 

remove the cyclic siloxane byproducts. The product was a clear oil (1.6 g, yield 62%). 

1
H NMR 600 MHz (CDCl3): 0.02 (s, 9H), 0.05 (s, 118H), 0.52 (m, 2H), 1.71 (m, 2H), 2.83 (m, 

1H), 4.14 (t, 2H, J= 6.84 Hz). 

13
C NMR 600 MHz (CDCl3): -0.27, 1.37, 1.41, 2.11, 13.52, 22.43, 68.88, 74.60, 75.16, 153.12 

Gelator 5 

Trisiloxane 3 (1.10 g, 3.16 mmol) was added into a 50 mL round-bottomed flask containing 3-

azidopropylgluconamide (0.8 g, 2.87 mmol) and 1:1 DMF:THF (20 mL).  The reaction was left 

to stir for two d at 50 °C. After the reaction was complete, the solvent was removed in vacuo. 

The crude product was dissolved in a minimum amount of DMF and purified by silica gel 
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chromatography using 5% methanol/dichloromethane solvent to obtain a yellow-orange gel-like 

substance (1.2 g, yield 70%).  

1
H NMR 600 MHz (DMSO-d6): -0.05 (bs,18H), 0.00 (m, 3H), 0.43 (m, 2H), 1.61 (m, 2H), 1.91 

(m, 2H), 2.98 (m, 1H), 3.07 (m, 2H), 3.29 (m, 1H), 3.40 (m, 2H), 3.49 (m, 1H), 3.85 (m, 1H), 

3.93 (m, 1H), 4.13 (t, 2H, J= 7.02 Hz), 4.24 (t, 2H, J= 5.70 Hz), 4.32 (m, 2H), 4.38 (d, 1H, J= 

7.26 Hz), 4.41 (d, 1H, J= 5.64 Hz), 4.46 (d, 1H, J= 1.56 Hz), 5.35 (d, 1H, J= 4.92 Hz), 7.78 (t, 

1H, J= 5.94 Hz), 8.71 (s, 1H). 

13
C NMR 600 MHz (DMSO-d6): -0.38, 2.00, 12.84, 22.09, 29.76, 35.10, 47.40, 63.29, 66.40, 

70.11, 71.46, 72.29, 73.61, 129.24, 138.58, 160.36, 172.87. 

HRMS (ESI): m/z [M+H]
+
 calcd for C22H47N4O10Si3: 611.2607; found 611.2600. 

Gelation Experiments 

Solvent (500 µL) was added into a small vial containing gelator 5 (10-15 mg). The vial was 

sealed with paraffin and placed into a oil bath heating at 50 °C for 30 min, at which point the vial 

was removed from the oil bath and allowed to cool down for 30 min prior to any observations to 

be taken.  The ungelled solvent, in the case of diethyl ether, was decanted, and the remaining gel 

weighed.  

Scanning Electron Microscopy  

A small quantity of gel was poured onto a aluminum plate and placed into a dessicator and 

allowed to dry for 24 h under nitrogen. The gel collapsed into a residue that was coated with a 

thin-layer of gold using a sputtering machine and directly imaged with the instrument. 

Results 

Azides 
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The click reaction was used to functionalize the prototypical low molecular weight saccharide, 

glucose, with polysiloxanes, which necessitated the introduction of alkynes and azides on the 

reaction partners. A bifunctional linker was required to bridge the sugar onto alkyne-

functionalized siloxanes or polysiloxanes. 3-Azidopropylamine 1, the chosen linker, was 

prepared by the SN2 substitution of 3-bromopropylamine hydrobromide with sodium azide after 

basic workup.
17

  The amino functional group is available to be coupled to the sugar, while the 

azide can form a triazole with the alkyne-functionalized polysiloxane. Gluconolactone was 

opened using 3-azidopropylamine to produce the azido-functionalized carbohydrate 2 that was 

bound to the sugar via a hydrolytically stable amide linkage (Figure 16).  

 

Figure 16: Preparation of 3-azidopropylamine 1 and azide-functionalized carbohydrate 2 

 

Alkynes 

Trisiloxane 3 was prepared in two steps from allyl alcohol (Figure 17).  Hydrosilylation of 

unprotected allyl alcohol was, surprisingly, not compromised by reaction of the silane with the 

alcohol,
18

 and was followed by esterification with propiolic acid.
19

  

Polysiloxanes undergo metathesis under acidic and basic conditions.
20

 This process is frequently 

used to create high molecular weight silicones from functional silanes and, normally, cyclic 

monomers such as D4 ((Me2SiO)4).  This strategy was used to introduce unfunctionalized and 

propiolate-terminated side chains onto the siloxane backbone. That is, we performed acid-
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catalyzed siloxane equilibration polymerization using trisiloxane 3 and D4 to prepare 

polysiloxane 4 with an Mn of 1800 g/mol (Figure 17). 

 

Figure 17: Preparation of propiolate-functionalized trisiloxane and polysiloxane 

Cyclization 

Siloxane 3 was directly modified with 2 in the absence of a catalyst by simply heating in 1:1 

DMF:THF at 50 °C. Note that there is no need to protect/deprotect the saccharide unlike most 

syntheses of silicone-modified saccharides.
4 

 As expected from previous syntheses of such 

materials, challenges were presented by the large difference in solubility of the two reagents.  

However, the reaction reached completion after three days, leading to 5 (Figure 18). The 

resulting products were characterized primarily by NMR, which clearly showed triazole product 

formation. Interestingly, during an attempt to recrystallize 5 in diethyl ether, the solvent gelled. 
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Figure 18: Synthesis of siloxane-sugar gelator 5 

We studied the gelation ability of 5 using the heating/cooling method that is described in the 

experimental section.
21

 Survey experiments were first completed to provide a rough guide of an 

adequate gelator/solvent volume ratio to use for gelation experiments. In most examples the 

necessary ratio was found to be between 1-5%.
22

  Based on a gelation study with diethyl ether, 

the sample with a ratio of 2.8-3.0% produced the most compact gel compared to the other 

samples with different gelator/solvent volume ratios. Therefore, for future gelation studies, a 

gelator/solvent volume ratio of 3% was used. In addition to ether, attempts were made to gel 

numerous other solvents, both non-polar and polar. As shown on Table 8, 5 was only able to gel 

diethyl ether; in nonpolar solvents the compound was completely soluble, and in more polar 

solvents the compound was insoluble.  

An attempt was made to establish the structure of the saccharide that is responsible for the 

formation of a gel. A small (3 cm x 2 cm) sample of the silicone 5/ether complex was allowed to 

dry at ambient temperature on an SEM stub. Scanning electron micrographs are shown in Figure 

19. Figure 19A shows a relatively homogenous morphology with different sizes of large pores 

within the structure. The surface itself initially appears to be smooth with no indication of being 
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produced by fibrous strands like those that have been reported for other molecular gels. 

However, when an expanded view is utilized (Figure 19B), it is clear that such fibrous structures 

are present. The pore channels seem to be comprised of a ‘wrinkled’ pattern of assembled fibrous 

strands together (Figure 19C and 19D). It has not yet been possible to establish if these structures 

are representative of the swollen gel, or an artifact of the evaporation process. Compound 5 

demonstrated that it can gel ether more than once. Under vacuum, within 5 min, the gel collapses 

as diethyl ether evaporates leaving only 5 left over. By adding fresh ether and repeating the 

gelation procedure, the gel is easily reformed.   

 

Table 8: Gelation Studies using 5 

Solvent Physical State 

Tetrahydrofuran Soluble 

Diethyl Ether Gel 

Hexane Insoluble 

Ethyl Acetate Soluble 

Chloroform Soluble 

Dichloromethane Soluble 

Methanol Soluble 

Toluene Soluble 

Acetonitrile Insoluble 

Water Insoluble 

 



51 
 

A  B  

C  D  

Figure 19: SEM micrographs of the gel of 5 and diethyl ether after evaporation. Sample 

measured at magnifications of: A: 100 x (10.0 µm scale bar); B: 500 x (10.0 µm scale bar); C: 

3,300 x (1 µm scale bar); D: 11,000 x  (1 µm scale bar). 

 

A variety of gelators have been previously reported comprising of hydrophobe-modified 

saccharides including anomeric amidoalklyaryl ethers 6
23

, arylacetals 7
24

, and mannitol diacetals 

8
21

 (Figure 20). In all cases, self-supporting optically transparent gels show, after evaporation, 

filamentous or fibrous assemblies that are postulated to provide the structural elements within the 

gel.  Gelator 5 shows obvious molecular similarities to these structures and the compound 

constitutes the first member of this class of materials – gelators – based on silicones.  
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Figure 20: Examples of saccharidic gelators 6-8 and superwetter 9. 

 

 Trisiloxane 3 contains the key hydrophobic residue that is present in commercially important 

silicone surfactants, the so-called 'superwetters’ 9 (Figure 20).
1
  This hydrophobic moiety has a 

hydrophobicity comparable to a C12 hydrocarbon.
25

  However, its hammer-like shape means that 

it assembles very differently at air/water interfaces than either analogous silicones, or 

hydrocarbons. Frequently, surfactants based on this structure pack into lipid bilayers, creating 

extended three dimensional structures.
23

 We infer, as with the related sugar-based gelators 

(Figure 21), that the phase separation of the triazole-sugar moieties from the silicones, to give 

lipid bilayers, is further assembled into fibrous structures that holds the ether in place by 

capillary forces.  The affinity of the saccharidic residues, which are required for the self-

assembly, may be attributed to a combination of hydrogen bonding and, possibly, π-π 

interactions between the triazoles of neighboring molecules. The affinity is a delicate balance, 

however.  Only with ether was the balance between solubility/insolubility appropriate to give 

three dimensional networks: in other solvents, 5 formed a homogenous solution or is insoluble.  
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Gelator 5 is an attractive substrate as it is comprised of a natural hydrophilic constituent. The 

ability to stabilize interfaces of this, and of related glycosilicones that we are preparing by the 

same metal-free click methodology is currently under investigation.   

 

  

Figure 21: Model assembly of 5 leading to gelating structures. 

 

Conclusion 

Previous methods to create carbohydrate-functionalized polysiloxanes require protecting groups, 

a process that is inherently inefficient. The process described above allows the rapid assembly of 

azido-modified glucose which, in turn undergoes an efficient, catalyst free Huisgen cyclization to 

give saccharide-functionalized siloxanes. The bifunctional linker, 3-azidopropylamine, was used 

to introduce the azide onto a carbohydrate – gluconic acid – using a lactone ring-opening 

reaction. The introduction of alkynes onto polysiloxanes was achieved by acid-catalyzed 

siloxane polymerization using an alkyne-functionalized siloxane monomer. Despite the 

differences in solubility, 2 and 3 reacted at low temperatures to produce 5 without the addition of 

a catalyst or protection/deprotection steps. Furthermore, 5 was able to gel diethyl ether at 3% 

gelator/solvent (mg/µL) ratio. The available data is consistent with gelation arising from the 



54 
 

interaction between ether and fibrous structures derived from the self-assembly of the silicone 

gelator in ether.  
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Chapter 4 

Conclusion 

This thesis demonstrates that catalyst-free cycloaddition can be used for controlled 

functionalization of siloxanes and polysiloxanes with both non-polar and polar substrates. 

Chapter 2 demonstrates controlled polysiloxane functionalization of more reactive alkynes in 

preference to less reactive ones. We showed that propiolates reacted faster than propiolamides or 

propargyl groups. Using these results, we prepared polysiloxanes with at least two electronically 

different alkynes to show selective reactivity. Polysiloxane 15, with pendant propiolates and 

terminal propargyl groups, showed complete selectivity where the propiolates were consumed 

while the propargyl groups remained untouched. Complete selectivity was further proven with 

difunctionalization of polysiloxane 15 where propiolates were consumed with benzyl azide 

followed by chain extension with 1,3-bis(azidopropyl)tetramethyldisiloxane. Chapter 3 

demonstrated that azide-functionalized carbohydrates can be introduced onto propiolate-

functionalized siloxanes to prepare 5 without metal catalysts or additives or 

protection/deprotection steps. Furthermore, 5 was able to display surface activity by gelling 

diethyl ether with a gelator/solvent volume ratio of 3.0%.  

As we have shown, we can selectively functionalize electronically different alkynes on 

polysiloxanes by changing the temperature or by adding the Cu(I) catalyst. However, as good as 

this result was for our polysiloxane functionalization study, there are still questions and studies 

that need to be answered and explored. Can we use selective functionalizations to perform 

selective crosslinking experiments to make materials with different physical properties just by 

changing the order of functionalization? Can we use other materials besides polysiloxanes such 

as PEG or carbohydrate-based materials? Herein, we have described a new procedure of 
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preparing carbohydrate-functionalized siloxanes using the Huisgen cycloaddition. Furthermore, 

trisiloxane-functionalized carbohydrate 5 gelled diethyl ether. This ability needs to be explored 

more thoroughly. Are intermolecular interactions from the carbohydrate responsible for the 

gelation? Does the triazole play a role in gelation? Can we expand the process in functionalizing 

polysiloxanes with azide-functionalized carbohydrates? Is the process suitable for the larger 

carbohydrate materials like Gum Guar? The results obtained so far show that the Huisgen 

cycloaddition involving electron deficient alkynes is a suitable method for functionalizing 

siloxanes and polysiloxanes with a variety of materials from non-polar siloxanes to polar 

carbohydrates. 


