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Abstract 

Research into the synthesis of 5-iodo-1,2,3-triazoles (iodotriazoles) has been the subject of recent 
work because of the potential iodotriazoles have in multicomponent synthesis. Previously 
proposed mechanisms for the formation of iodotriazoles suggested that the reaction proceeded 
through a copper(I) acetylide intermediate. This work follows up on a prior publication (Barsoum, 
D.N. et al. Synthesis 2013, 45(17), 2372-2386) and provides further insight into an alternative 
mechanism in which 1-iodoalkyne was confirmed as an intermediate for the synthesis of 
iodotriazoles. The majority of the investigations were carried out through real-time NMR 
monitoring of the reaction components. Using this assay the effect of each reactant component on 
the reaction was studied. Iodoalkyne formation and the rate of the cyclization of the iodotriazole 
were found to be highly dependent on the amount of base initially present. The formation of both 
iodoalkyne and iodotriazole depend on the ratio of copper(II) to the iodide source rather than being 
directly dependent on the amount of copper(II) initially present. With a higher ratio of LiI: 
Cu(ClO4)2.6H2O accelerating the reaction. The formation of the iodoalkyne intermediate was 
found be almost instantaneous. Iodoalkyne formation competes directly with the formation of the 
H-triazole, and it is this competition that determines the selectivity of the reaction. 
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Introduction 

The synthesis of iodotriazoles has been the subject of recent research because of the 

potential iodotriazoles have in multicomponent synthesis. This allows for the simple and 

efficient preparation of a wide variety of compounds. Iodotriazoles are of particular use in the 

palladium cross coupling reactions that allow functionalization at the 5-iodo position.1 The 

potential for cross coupling has led to the development of several methods to synthesize 

iodotriazoles, including the synthesis of poly-iodo-triazole by Fokin et. al.,2 and iodotriazole 

containing macromolecules by Bogdan and James.3 These iodotriazole structures can then be 

applied to an array of purposes including the activity profiling of viral inhibitors,4 and the 

synthesis of 125I radiolabeled peptides5 and carbohydrate based drugs.6 The development of 

these methods demonstrate the versatility of iodotriazoles in organic synthesis.  

One of the most effective iodotriazoles synthetic procedures was developed by Hein 

and Fokin.7 However, a major drawback of this method is that it requires the synthesis of a 1-

iodoalkyne intermediate.7 Other methods beginning from an azide and a terminal alkyne were 

developed, most notably, by Wu et al. This procedure was the first one pot synthesis of 

iodotriazoles.8 However, this method and other procedures starting from an azide and terminal 

alkyne used corrosive reagents such as iodine monochloride and N-bromosuccinimide, while 

also obtaining lower conversion and selectivity than Fokin’s method.9,10,11 Brotherton et al. 

developed a procedure that addresses these issues, providing a simple and efficient method for 

the synthesis of iodo-triazoles.12 The scope of this procedure was then expanded, the effect of 

a ligand catalyst was studied, and some preliminary mechanistic studies were conducted as a 

part of subsequent research by Barsoum et al.13  

 

Scheme 1. Outline of the iodotriazole synthesis reaction undergoing study.13 The reaction 

contains one equivalent each of azide, alkyne, and base, two equivalents of copper(II), four 

equivalents of the iodide source, ten mole percent of the catalyst TBTA, if required, and is 

carried out in THF at room temperature. 

 

In this work, the mechanism of the reaction developed by Brotherton and Barsoum, in 

Scheme 1, is studied in further detail.12,13 Previous literature has suggested that the key 

intermediate in iodotriazole formation is a copper(I) acetylide which coordinates with the azide 

allowing the cycloaddition of the azide and alkyne to occur. Copper(I) at the five position is 

removed allowing the protonated and iodinated products to form.8, 12 Similar mechanisms have 

been proposed to explain 5-halo-1,2,3-triazole formation.14, 15 Data from other studies suggests 

that the reaction proceeds through an alternative mechanism with a 1-iodoalkyne intermediate.7 

This intermediate has been successfully isolated from the reaction and observed during the 

reaction using 19F NMR.13 Based on this data a mechanism is proposed for the iodotriazole 

forming reaction and is outlined in Scheme 2. Within this report the mechanistic factors that 

control iodotriazole conversion and selectivity are further elucidated.   
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Scheme 2. The proposed reaction mechanism is outlined above. At the start of the reaction 

copper(II) and iodide react to form copper(I) and an electrophilic iodinating reagent. The 

reaction can then take two courses. For the major product to form the iodinating reagent the 

base interact with the alkyne to form an iodoalkyne. The iodoalkyne then coordinates with the 

copper(I) and azide to mediate the cycloaddition of the ring. The catalyst TBTA can be used to 

accelerate the reaction, and is necessary for reactions containing an aromatic azide to reach 

completion.13 For the minor product to form, copper(I) reacts with the alkyne to form copper(I) 

acetylide. This then coordinates with the azide leading to the cycloaddition of the azide and 

alkyne to occur. At the end of the reaction copper(I) is removed from the five position forming 

the H-triazole product.   

Key: copper(II) (blue); copper(I) (orange); copper(III) (purple). Base (B), triiodide (red) 

 

An understanding of the factors controlling the formation of iodotriazoles will allow 

for improvements in their synthesis, and will give a better understanding of the highly useful 

1-iodalkyne intermediates.16,17 The key points of this work are (1) The general effect of 

individual components of iodoalkyne formation, and (2) how variation of the concentration of 

individual components effects iodotriazole formation. 

Results and Discussion 

(a) Factors effecting Iodoalkyne formation  

To understand how iodotriazole is synthesized from an azide and terminal alkyne, an 

understanding of the formation of the iodoalkyne intermediate is helpful. In these experiments 

the formation of 4-fluoro-1-(iodoethynyl)benzene (compound B) from 1-ethynyl-4-

fluorobenzene (compound A) was studied, as outlined in Scheme 3. This substrate was chosen 

for study because of its relatively fast conversion, lack of volatility, and because the alkyne and 

iodoalkyne peaks are easily distinguishable in 1H NMR. These factors allow the conversion of 

this substrate to be easily observed using a 1H NMR assay. The assay used to study the reaction 

contains a 0.5 ml solution of CD3CN in which triethylamine (TEA),  dichloromethane (DCM) 

internal standard, 1-ethynyl-4-fluorbenzene, LiI, and Cu(ClO4)2.6H2O solutions were added 

sequentially. All components of the reaction were prepared in advance except for the copper(II) 
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source.  The copper(II) solutions is prepared and added immediately prior to the reaction 

because the efficacy of Cu(ClO4)2.6H2O was found to decrease after several hours in solution.I 

Testing of multiple addition orders revealed that effect of the order of addition is relatively 

negligible as long as Cu(ClO4)2.6H2O is added last. The addition of copper(II) perchlorate 

initiates the reaction and serves as the start point for experimental measurements. The optimum 

reaction concentration was found to be 10 mM azide. Concentrations higher than this led to 

poor shimming because of the paramagnetic nature of copper, and lower concentrations were 

too dilute to obtain accurate readings without an excessive number of scans between time 

points. 

 

Scheme 3. Real-time 1H NMR assay for 1-Iodoalkyne synthesis Reaction Conditions: 25 μL 
1-ethynyl-4-fluorbenzene (200 mM), 25 μL TEA (200 mM), 25 μL DCM (50 mM), 100 μL 
LiI (200 mM), and 50 μL Cu(ClO4)2.6H2O (200 mM).  

 

Previous literature has shown that key to the formation of a 1-iodalkyne is the presence 

of an iodinating reagent and a base.18 These key components are present in the NMR assay, 

however due to the dilute nature of the assay, conversion to iodoalkyne was limited and to only 

to 33-43% .II Based on the results outlined in Table 1 the effect of various components on 

iodoalkyne formation were determined. Iodoalkyne conversion appears to be instantaneous, as 

shown in Figures 1&2. This indicates that iodoalkyne formation is not the rate-determining 

step of the reaction. Little change was observed in the reaction after the initial amount of 

product was formed, unless the addition of an additional component disturbed the equilibrium 

as in entry five of Table 1. This provides evidence that iodoalkyne formation may be an 

equilibrium reaction. Increasing the concentration of TEA led to a marked improvement in 

conversion between 20 mM and 30 mM with the amount of product doubling. However, little 

improvement is observed between 20 mM to 30 mM. Increasing the amount of LiI present led 

to minor improvements in conversion. Decreasing the amounts of TEA and LiI was found to 

have detrimental effect on the reaction. Changing the amount of Cu(ClO4)2.6H2O led to no 

change in overall conversion. It is interesting to note that when the amount of LiI was decreased 

                                                           

I. Copper(II) perchlorate was found to lose efficacy after extend periods of time in acetonitrile solution. 
This was demonstrated during the monitoring of 1-iodoalkyne synthesis where the use of a copper(II) 
source that had spent several hours in solution was compared to a reaction using freshly prepared 
solution. In the reaction with fresh solution the conversion to 1,1-iodoethynyl-4-fluorobenzene was found 
to be 33%, and in the reaction with decayed solution had a conversion of 22%. An experiment to study 
the effect on iodotriazole synthesis from 2-picolyl azide and 1-ethynyl-4-flourobenzene obtained similar 
results with yield decreasing from 55% to 22%.  

 

II. Stirring was found to have little to no effect on conversion of alkyne to iodoalkyne, indicating that the 
effect of CuI precipitate settling to the bottom of the NMR assay is minimal if existent on the reaction 
at this concentration.   
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or Cu(ClO4)2.6H2O was increased a broad triplet in the 6.8-7.1 ppm region as shown in Figure 

3.III Investigations into the identity of this substrate have been conducted with no success.  

 

 

Figures 1 & 2. In Figure 1 the NMR shows conversion of alkyne to iodoalkyne. Conversion 

is instantaneous and remains at ~35% for the course of the reaction as shown in Figure 2.  

For the NMR spectra and the plot; 25 μL TEA (200 mM), 25 μL DCM (50 mM.), 25 μL 1-

ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 mM), 225 uL CD3CN, and 100 μL 
Cu(ClO4

)
2.6H2O (200 mM) were added sequentially to form a 0.5 ml assay with a concentration 

of 10 mM.                                                                                                                                                                                                                          

 

                                                           

 

III. In several of the experiments to synthesize 1-flouro-4-(iodoethynyl)benzene three peaks from δ 6.8-7.0 
belonging to an unknown substrate were observed. The peaks did not match to literature values for the 
homocoupled alkyne. Attempts to synthesize the copper(II) acetylide for this compound demonstrated 
that the acetylide is insoluble in the reaction solvent (CD3CN) and does not appear in the 1HNMR 
spectra.    
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Table 1: Effect of Reaction Conditions on 1-Iodoalkyne Formation 

Entry Reaction Conditions Conversion 

1 Standard Conditions 35-45% 

2 20 mM LiI* No Reaction 

3 60 mM LiI* 35% 

4 80 mM Eq. LiI* 42% 

5 Addition of 100 uL LiI After Reaction 

Completion to Increase the Concentration to 80 

mM LiI* 

33% 

6 Exposed Cu(ClO4)2.6H2O Solution* 22% 

7 10 mM Cu(ClO4)2.6H2O 40% 

8 40 mM Cu(ClO4)2.6H2O 33% 

9 5 mM TEA 10% 

10 20 mM TEA 67% 

11 30 mM TEA 66% 

Standard Reaction Conditions: 25 μL TEA (200 mM, 1.0. Eq.), 25 μL DCM (50 mM, 0.25 

Eq.), 25 μL 1-ethynyl-4-fluorbenzene (200 mM, 1.0 Eq.), 100 μL LiI (200 mM, 4 Eq), 275 

uL CD3CN, and 50 μL Cu(ClO4
)
2.6H2O (200 mM, 2.0 Eq.) were added sequentially to 

form a 0.5 ml assay with a concentration of 10 mM. Individual components are varied in 

the experiment as mentioned. Values were calculated by averaging the conversion values 

obtained from the integration of four scans collected from minutes 5-20 of the reaction. 

*Experiments marked with an asterisk had exposed copper(II) solution.III  

 

 

 

Figure 3. NMR showing conversion of alkyne to iodoalkyne and presence of unknown side 

product. Attempts to determine if the product was a copper acetylide demonstrated eliminated 

it as a possible byproduct. As the reaction to form it created a yellow insoluble precipitate, 

shown in the NMR tube. The precipitate was not visible in the NMR spectra. The middle tube 

show the beginning of an iodoalkyne formation reaction. The brown color in the NMR tube is 

caused by the presence of I2, and the green copper(I) precipitate is beginning to form. The tube 

on the right shows a completed reaction where the iodine has been consumed and the copper 

precipitate has settled.   
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For the NMR spectra and for the assays shown in the middle and right NMR tubes; 25 μL TEA 
(200 mM), 25 μL DCM (50 mM.), 25 μL 1-ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 
mM), 225 uL CD3CN, and 100 μL Cu(ClO4

)
2.6H2O (200 mM) were added sequentially to form 

a 0.5 ml assay with a concentration of 10 mM.                                                                                

In the NMR tube on the right an assay to synthesize copper acetylide was prepared by adding 

50 uL 1-ethynyl-4-fluorobenzene(200 mM), 200 uL CuI. (200 mM), and 50 uL TEA (200 mM) 

sequentially to 700 uL CD3CN to form a 1 mL solution with a 10 mM concentration of alkyne.  

 

Based on the results shown in Table 1 a possible reaction mechanism has been 

proposed and is outlined in Scheme 4.  In this reaction Cu(ClO4)2.6H2O reacts with LiI to form 

the electrophilic iodinating reagent, I3. This reacts with triple bond to form and iodinium 

intermediate that can form the iodoalkyne through two mechanistic pathways. Both of these 

mechanisms depend heavily on the amount base present, as it deprotonates the alkyne allowing 

for the removal of copper and the reformation of the triple bond. This explains why the 

concentration of the base plays and important role in the amount of conversion. Based on this 

mechanism it is apparent why excess iodide aids reaction as a minimum of three equivalents 

of iodide would be need needed to have an amount of I3
- necessary for the reaction. The 

independence of the conversion rate from the copper(II) concentration may indicate that after 

the iodinium intermediate is formed, a catalytic amount of copper(I) is needed for the reaction, 

as the copper(I) molecule can repeatedly attack the iodium intermediate.  

 

Scheme 4. In the reaction to form the iodoalkyne, Cu(ClO4)2.6H2O reacts with LiI to form CuI 

and I3
-. The iodinating reagent then reacts with the alkyne to form an iodinium intermediate. 

The intermediate can then undergo deprotonation to form the iodoalkyne. Alternatively, 

copper(I) Iodide attacks the  attacks the iodinium intermediate.  This forms a new intermediate 

that then undergoes deprotonation by TEA through the E2 mechanism or through reductive 

elimination to form the iodoalkyne.  
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(b)Effect of individual components on iodotriazole formation 

After finding which conditions lead to the highest amount of iodoalkyne formation, the 

next goal was to optimize an NMR assay that would allow the formation of iodotriazole to be 

monitored. The azide chosen for these reactions was 2-picolyl azide because of its relatively 

fast reactivity at low concentrations. Other azides, such as benzyl azide, were considered; 

however, even at concentrations greater than 1 M most azides take several hours to undergo 

complete conversion. These azides would require catalysts for the reaction to proceed under 

assay conditions. The use of a catalyst would potentially skew the results. The initial assay 

used was very similar to the one used to study iodoalkyne formation, and contained a 0.5 ml 

solution of CD3CN in which TEA, a DCM internal standard, 1-ethynyl-4-fluorbenzene, LiI, 2-

picolyl azide, and Cu(ClO4)2.6H2O solutions were added sequentially. After the addition of 

Cu(ClO4)2.6H2O, collection of time points began. Time points were collected approximately 

every three minutes for an hour and half. The ratio of each of the organic components of the 

assay was found using the integration values of the CH2 peaks for the azides and triazole, and 

the aromatic peaks for the alkynes, as outlined is Scheme 5. Using the information from these 

calculations, plots of the reaction can be obtained, as shown in Figures 4 & 5. Based on the 

figure, it can be concluded that H-triazole initially forms faster than iodoalkyne. However, once 

iodoalkyne formation occurs it’s conversion to iodotriazole is favored, as shown by the halting 
of the formation of H-triazole. The conversion of alkyne to iodoalkyne is also halted, and the 

only reaction occurring is the steady increase of iodotriazole. Based on the plot trends, it 

appears that this will continue until all iodoalkyne is consumed. However, the results of one 

experiment could not conclusively prove these observations.  

Scheme 5.  The reaction outlines the two products that can form in assay during the course of 

the reaction. Time points are collected throughout the course of the reaction. At each time point, 

the ratio of each component is found using the calculations outline below. In the calculations, 

the letters stand for the integration values of the CH2 peak of the compound labeled with that 

letter, see Figure 2. Each of the integration values is integrated relative to a DCM peak used 

as an internal standard.

Determination of Component Ratios 
When Azide is the Limiting Reagent 
• Azide=C/(C+D+E) 
• Alkyne= A/(A+B+D+E) 
• Iodoalkyne=B/(A+B+D+E) 
• H-Triazole=E/(C+D+E) 
• Iodotriazole=D/(C+D+E) 

Determination of Component Ratios 
When Alkyne is the Limiting Reagent 

• Azide=C/(C+D+E) 
• Alkyne= A/(A+B+D+E) 
• Iodoalkyne=B/(A+B+D+E) 
• H-Triazole=E/(A+B+D+E) 

Iodotriazole=D/(A+B+D+E) 
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Figures 4&5. In these figures, a small initial amount of the H-triazole (E, purple) is observed 

to form prior to iodoalkyne formation. Once iodoalkyne (B, green) formation occurs in 

instantly consumes some of the alkyne (A, red).  H-triazole formation halts and conversion of 

iodoalkyne to iodotriazole (D, turquoise) begins. This is observed for the remainder of the 

reaction and steadily consumes iodoalkyne and azide (C, blue). NMR scans from time points 

throughout the reaction are in the image on the left, Figure 2. The plot on the bottom shows 

the ratio of each component throughout the course of the reaction, Figure 5. For the reaction 

shown in Figure 4 and Figure 5 the assay was prepared by sequentially adding 25 μL TEA 
(200 mM), 25μL DCM (50 mM), 25 μL 1-ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 

mM), 250 uL CD3CN, 25 uL 2-picolyl azide (200 mM), and 50 μL Cu(ClO4)2.6H2O (200 mM) 

to form a 0.5 ml assay with a concentration of 10 mM azide. 
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A second experiment was conducted in which the concentration of Cu(ClO4)2.6H2O 

was halved. This experiment was used to test the effectiveness of the assay as a comparative 

method between experiments and to confirm the trends observed in the previous experiment. 

The results of the experiment are plotted in Figure 6 on the following page. Just as in the 

experiment in Figure 5, H-triazole appears to initially form faster than iodoalkyne. Once the 

iodoalkyne is formed, H-triazole formation halts, and iodotriazole conversion is favored until 

all of the iodoalkyne is consumed. Once again, the only iodoalkyne to form is what is formed 

initially, and no further consumption of alkyne occurs until H-triazole formation resumes. The 

decrease in the concentration of Cu(ClO4)2.6H2O decreases the overall selectivity of the 

reaction. This may be partially due to the catalytic role of copper in formation of H-triazole.19 

However, the rate of conversion to iodotriazole increases with the iodotriazole reaching 40% 

conversion in approximately thirty minutes in the original experiment and in approximately 

fifteen minutes in the experiment with 10 mM Cu(ClO4)2.6H2O. This may indicate that reaction 

rate is dependent on the Cu(ClO4)2.6H2O to LiI ratio.  

 

Figure 6. In the figure the ratios of reactant components are plotted against time. A small initial 

amount of the H-triazole (purple) forms. This halts when iodoalkyne (green) formation occurs 

and begins being consumed to form iodotriazole (turquoise). H-triazole formation (purple) and 

alkyne consumption resume when iodotriazole formation halts. This continues for the 

remainder the reaction and it appears it will continue until all of the azide (blue) and alkyne 

(red) are consumed. The assay for the reaction was prepared by sequentially adding 25 μL TEA 
(200 mM), 25 μL DCM (50 mM), 25 μL 1-ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 

mM), 25 uL 2-picolyl-azide (200 mM) 275 uL CD3CN, and 25 μL Cu(ClO4)2.6H2O (200 mM) 

to form a 0.5 ml assay with a concentration of 10 mM azide. 

 

The previous experiments yielded useful preliminary data. However, ideally an assay 

used to monitor iodotriazole formation would not have the initial H-triazole formation affecting 

selectivity. To remedy this issue the order of addition of the reaction was changed. Iodoalkyne 

was pre-formed using the procedure from the iodoalkyne experiments. The conversion from 

alkyne to iodoalkyne was then measured using NMR spectroscopy. After the initial iodoalkyne 

conversion was obtained 25 uL of 2-picolylazide (200 mM) stock solution was added to give 

a 0.5 mL assay in CD3CN with a 10 mM concentration of azide as a limiting reagent. The 
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results of this experiment were plotted in the same manner as the previous experiments as 

shown in Figure 7. Based on this figure, two advantages to the change in the order of addition 

are observed. The initial formation of H-triazole that had previously affected selectivity was 

eliminated and the initial amount of iodoalkyne under various experimental conditions could 

be observed in addition to iodotriazole formation. The initial amount of iodoalkyne formed 

show 38% conversion from alkyne to iodoalkyne. When 2-picolyl azide is added in the 

conversion is increased to approximately 60%, prior to iodotriazole formation. This may 

indicate the azide is acting as a base, and is thus able to aid iodoalkyne formation. The increase 

in conversion also indicates that iodoalkyne formation is an equilibrium reaction. The 

conversion of alkyne to iodoalkyne appears to be instantaneous, and no further changes occur 

to alkyne concentration after the initial bump given by azide addition. For the remainder of the 

reaction iodotriazole is steadily formed through the consumption of azide and iodoalkyne.  
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Figures 7 and 8. In the figures, the ratios of reactant components are plotted against time. 

Initially 40% of the alkyne (red) is converted to iodoalkyne (green). After the addition of the 

azide (blue), this increases to ~60%. The amount of alkyne remains steady for the remainder 

of the reaction. Iodotriazole (turquoise) forms and consumes azide and alkyne present in the 

reaction. The assay for the reaction was prepared by sequentially adding 25 μL TEA (200 mM), 

25 μL DCM (50 mM), 25 μL 1-ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 mM), 250 

uL CD3CN, and 25 μL Cu(ClO4)2.6H2O (200 mM). The amount of iodoalkyne conversion is 

measured. Then 25 uL 2-picolyl azide (200 mM) is added to form a 0.5 ml assay with a 

concentration of 10 mM azide. 
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(c). Effect of Assay Component Concentrations on Iodotriazole Synthesis 

After the assay was optimized for the experimental measurements, the effect of the 

concentrations of assay components on iodotriazole synthesis was studied. To observe the 

effects of various component concentrations on the reaction, the concentration of an individual 

component was decreased by twenty percent per experiment. This was done until a 

concentration that was twenty percent of the original concentration was reached or the reaction 

halted. This process was repeated for each of the starting materials present in the experiment, 

1-ethynyl-4-fluorobenzene, 2-picolyl-azide, TEA, LiI, Cu(ClO4)2.6H2O to give five sets of 

experiments. The ratio of each component throughout the experiment was plotted and 

compared to the results of the experiments in the same set. The results of these experiments are 

discussed in Figures 9-30, and the general results are tabulated in Table 3. 

In the first set of experiments, the concentration of azide present during the reaction 

was varied to study the effect of azide on the reaction. The results are shown in Figures 9-12. 

As the concentration of azide present decreases, the rate of azide consumption and iodotriazole 

formation increases. This is most likely due to the relative excess of other components caused 

by the decrease in azide concentration. The initial conversion of alkyne to iodoalkyne remained 

the same between experiments as there was no change in initial conditions. The increase in 

conversion from alkyne to iodoalkyne that occurred upon azide addition remained the same 

between experiments. The level of alkyne in the reaction remains steady after its conversion to 

iodoalkyne. After its formation, the iodoalkyne present in the reaction is converted to triazole. 

Since this component is in excess, no assumptions related to iodoalkyne consumption could be 

made.   

 

Figure 9. The rate of azide consumption increased with decreasing azide concentration. The 

assays for the reaction were prepared by sequentially adding 25 μL TEA (200 mM), 25 μL 
DCM (50 mM), 25 μL 1-ethynyl-4-fluorbenzene (200 mM), 100 μL LiI (200 mM,), 250 uL 
CD3CN, and 25 μL Cu(ClO4)2.6H2O  (200 mM). The amount of iodoalkyne conversion was 

measured. Then 25 uL 2-picolyl azide (200 mM) was added to form a 0.5 ml assay with a 

concentration of 10 mM azide. The volume of azide and CD3CN were varied as needed to 

obtain the desired azide concentrations.  
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Figure 10. The initial ratio of alkyne conversion to iodoalkyne, and the additional conversion 

that occurs after azide addition showed no significant variation between azide concentrations. 

After conversion to iodoalkyne, the amount of alkyne remains steady for the remainder of the 

reaction. Refer to Figure 9 for the reaction procedure. 

 

 

Figure 11. The ratio of alkyne formation, and the increase in conversion that occurs after azide 

addition was similar at the various azide concentrations. Once the iodoalkyne was formed, it 

was consumed to form iodotriazole. No conclusions regarding its consumption can be drawn, 

since alkyne and the iodoalkyne formed from it are present in excess. Refer to Figure 9 for the 

reaction procedure. 
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Figure 12. The rate of iodotriazole formation increased with decreasing azide concentration. 

Refer to Figure 9 for the reaction procedure. 

 

In the second set of experiments, the concentration of alkyne during the iodotriazole 

synthesis reaction was varied. The results of these experiments are plotted in Figures 13-16. 

Azide was consumed to form iodotriazole, however no conclusions about the azide 

consumption can be drawn since it is present in excess. As the alkyne concentration was 

decreased, its initial conversion to iodoalkyne was increased. This was because the other 

starting components were present in excess relative to the azide. The presence of excess TEA 

in particular would contribute to increased conversion. The conversion from alkyne to 

iodoalkyne experiences an increase when the azide was added. The amount of alkyne that is 

present remains steady after this point. As the concentration of alkyne decreased, the rate of 

iodoalkyne consumption and the rate of iodotriazole formation increased.   
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Figure 13. The azide was consumed to form iodotriazole. No conclusions regarding azide 

consumption could be drawn, since the azide was present in excess throughout the reaction. 

Refer to Figure 9 for the reaction procedure. 

 

 

Figure 14. The initial conversion of alkyne to iodoalkyne increased with deceasing alkyne 

concentration. After conversion to iodoalkyne, the amount of alkyne remained steady for the 

remainder of the reaction. Refer to Figure 9 for the reaction procedure. 
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Figure 15. The amount of iodoalkyne that formed initially increased with decreasing alkyne 

concentration. Once the iodoalkyne was formed, its rate of consumption to iodotriazole 

increased with decreasing alkyne concentration. Refer to Figure 9 for the reaction procedure. 

 

 

Figure 16. The rate of iodotriazole formation increased with decreasing alkyne concentration. 

Refer to Figure 9 for the reaction procedure. 

 

 

In the third set of experiments, the concentration of LiI present in the iodotriazole 

synthesis assay was varied. The results of these experiments are plotted in Figures 17-20. The 

rate of azide consumption and iodotriazole synthesis decreased drastically with a decrease in 

LiI concentration. The reaction came to an almost complete halt at 20 mM LiI concentration, a 
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40% decrease in the original concentration. The conversion of alkyne to iodoalkyne was also 

reduced by twenty percent with every twenty percent reduction in LiI concentration. Alkyne 

conversion experienced its characteristic spike upon azide addition and no further alkyne 

consumption was observed. However, despite the presence of iodoalkyne, conversion to 

iodotriazole was limited. This could potentially be due to the incomplete conversion of 

copper(II) to copper(I), where the remaining copper(II) has a hindering effect on the reaction. 

 

Figure 17. The azide was consumed to form iodotriazole. As the LiI concentration was 

reduced, the rate of azide consumption was reduced drastically. Refer to Figure 9 for the 

reaction procedure. 

 

 

Figure 18.  The initial conversion of alkyne to iodoalkyne decreased by ~20% with every 20% 

reduction in LiI concentration. The additional conversion that occurred after azide addition 

showed no significant change between LiI concentrations. After conversion to iodoalkyne, the 

amount of alkyne remained steady for the remainder of the reaction. Refer to Figure 9 for the 

reaction procedure. 
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Figure 19. The amount of alkyne formed decreased as the concentration of LiI was decreased. 

The rate of iodoalkyne consumption also decreases drastically after the LiI concenetration was 

reduced. Refer to Figure 9 for the reaction procedure. 

 

 

Figure 20. The amount of iodotriazole that formed in the reaction time was redcued to ~10% 

with a 20% decrease in LiI concentration. After a 40% decrease iodotriazole formation was 

halted. Refer to Figure 9 for the reaction procedure. 
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In the fourth set of experiments, the concentration of TEA in the iodotriazole synthesis 

assay was varied. The concentration was studied when it was reduced and when it was in 

excess. The results are plotted in Figures 21-25. As the concentration of TEA was increased, 

the rate of azide consumption and iodotriazole formation increased. The conversion of alkyne 

to iodoalkyne also increased with increases in the concentration of base. After the iodoalkyne 

was consumed, in the experiment with 20 mM TEA concentration, H-triazole began to form 

consuming the remaining azide and alkyne. This was consistent with the results observed 

previously in the Cu(ClO4)2.6H2O experiment from Figure 6. The overall selectivity of the 

reaction was not reduced; however, the early completion of iodotriazole formation allowed H-

triazole to form earlier in the reaction than it normally would. TEA appears to possibly play a 

role in the triazole ring formation step of the reaction, as the rate changes drastically with 

changes in TEA concentration. This may be partially due to the structural similarities TEA 

share with the catalyst Tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA). 

 

 

Figure 21. As the concentration of TEA is increased doubled, the rate of azide consumption is 

increased exponentialy compared to the original rate at 10 mM TEA. Reduction of the TEA 

concentration by 60%, significantly slowed the reaction rate. Any further reduction in 

concnetration of TEA would halt the reaction. Refer to Figure 9 for the reaction procedure. 
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Figure 22. The conversion of alkyne to iodoalkyne increased with increasing TEA 

concentration. The increase in conversion appears to be directly proportional to the 

concnentration increase. The increase in conversion that occurs after azide addition showed no 

significant change between experiments. Alkyne concnetration remained steady after this 

point, when TEA is at 4 mM (orange) and 10 mM (light green) concentrations. At 20 mM (dark 

green), alkyne consumption to form H-triazole is observed. Refer to Figure 9 for the reaction 

procedure. 

 

 

Figure 23.  Iodoalkyne formation increased with increasing TEA concentration. The rate of 

iodoalkyne consumption also increased with increasing TEA concentration. The reaction 

reached completion in ~10 min at 20 mM TEA (gold), it takes more than an hour and a half to 

complete at 10 mM (standard conditions, purple). The reaction is nearly halted at 4 mM TEA 

(brown). Refer to Figure 9 for the reaction procedure. 
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Figure 24. The rate of iodotriazole formation increased with increasing TEA concentration. 

The reaction reached completion in ~10 min at 20 mM TEA (yellow), it takes more than an 

hour and a half to complete at 10 mM (standard conditions, navy). The reaction is nearly halted 

at 4 mM TEA (blue). Refer to Figure 9 for the reaction procedure. 

 

 

Figure 25. When the TEA concentration 20 mM the formation of H-triazole is observed. The 

increase in the concentration of base does not worsen the selctivitiy of the reaction. However, 

it increases the rate of iodoalkyne consumption, which allows H-triazole to form from the 

remaining alkyne and azide. Refer to Figure 9 for the reaction procedure. 
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In the fifth set of experiments, the concentration of Cu(ClO4)2.6H2O in the assay was 

varied. The results of the experiments are plotted in Figures 26-30. As the concentration of 

Cu(ClO4)2.6H2O was decreased the rate of azide consumption was increased. The reduction in 

copper concentration appears to increase the rate of iodotriazole formation. Based on this, and 

the results of the experiments from Figures 17-20, it appears that the triazole formation rate 

depends on the ratio of copper(II) to iodide. As this ratio decreases some copper(II) may remain 

in the reaction and have a hindering effect on iodotriazole ring formation. Despite the reduction 

in Cu(ClO4)2.6H2O concentration there was little change observed in the conversion of alkyne 

to iodoalkyne. This seems to indicate that little Cu(ClO4)2.6H2O was needed to initiate this 

reaction. It is interesting to note that when the Cu(ClO4)2.6H2O was reduced, the increase in 

conversion observed upon azide addition decreases. This led to decreased selectivity in the 

reaction as less iodoalkyne was formed. 

 

Figure 26.  As the concentration of Cu(ClO4)2.6H2O decreased the rate of azide consumption 

to form iodotriazole and H-triazole increases. Refer to Figure 9 for the reaction procedure. 
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Figure 27. The initial conversion from alkyne to iodoalkyne showned no significant change 

between different Cu(ClO4
)
2.6H2O concentrations. The additional conversion to iodoalkyne 

that occured upon azide additon decreased as the Cu(ClO4
)
2.6H2O concentration decreased. 

The alkyne concentration remained steady for the remainder of the reaction unless it was 

consumed to form H-triazole. Refer to Figure 9 for the reaction procedure. 

 

 

Figure 28. The initial formation of iodoalkyne showned no significant change between 

different Cu(ClO4)2.6H2O concentrations. The additional conversion to iodoalkyne that 

occured upon azide addition decreased as the Cu(ClO4)2.6H2O concentration decreased. This 

lowered the overall amount of iodoalkyne that was formed. The iodoalkyne that was formed 

was then consumed to form iodotriazole. The rate of consumption decreased as the 

Cu(ClO4)2.6H2O concentration decreases. Refer to Figure 9 for the reaction procedure. 
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Figure 29. As the copper(II) concentration decreased the selectivity of the reaction decreased 

as less iodoalkyne was formed. After all of the iodoalkyne was consumed the formation of H-

triazole consumed the remaining azide and alkyne. Refer to Figure 9 for the reaction 

procedure. 

 

Figure 30. The rate of iodotriazole formation increased with decreasing Cu(ClO4)2.6H2O 

concentration. However, the selectivity decreased as the Cu(ClO4)2.6H2O concentration 

decreased. The 16 mM Cu(ClO4)2.6H2O assay (maroon) actually converted about the same 

amount of alkyne to iodoalkyne, however the rate was faster so it appears to have better 

selectivity. Refer to Figure 9 for the reaction procedure. 

The table summarizes the results from the figures. The column for initial iodoalkyne 

conversion gives the percent alkyne converted to iodoalkyne prior to the addition of azide to 

the reaction. The second column gives the total percent of iodoalkyne formed after azide 

addition. The third column gives the percent of iodotriazole formed after an hour and half of 

reaction time or at reaction completion. The fourth column gives the amount of H-triazole 

formed after an hour and half of reaction time or reaction completion.  
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Table 2: Effect of Reaction Conditions on 5-Iodo-1,2,3-Triazole Formation 

Entry Reaction Conditions Initial 

Iodo-

alkyne 

Conv.  

Total  Iodo-

alkyne Conv.  

Final Iodo-

triazole Conv.  

Final H-

triazole 

Conv.  

1 Standard Conditions 38% 59% 50% 0% 

2 8 mM 2-Picolylazide 39% 60% 51% 0% 

3 6 mM 2-Picolylazide 43% 59% 76% 0% 

4 4 mM 2-Picolylazide 44% 62% 90% 0% 

5 2 mM 2-Picolylazide 43% 66% 98% 0% 

6 8 mM 1-ethynyl-4-

fluorobenzene* 

45% 68% 78% 0% 

7 4 mM 1-ethynyl-4-

fluorobenzene* 

79% 81% 74% 0% 

8 2 mM 1-ethynyl-4-

fluorobenzene* 

- 88% 95% 0% 

9 20 mM TEA 58% 80% 80% 20% 

10 4 mM TEA 16% 28% 26% 0% 

11 32 mM LiI 28% 40% 8% 0% 

12 24 mM LiI 7% 20% 0% 0% 

13 16 mM 

Cu(ClO4)2.6H2O* 

35% 59% 60% 0% 

14 12 mM 

Cu(ClO4)2.6H2O 

42% 61% 53% 47% 

15 8 mM  

Cu(ClO4)2.6H2O 

40% 73% 49% 51% 

16 4 mM Cu(ClO4)2.6H2O 34% 34% 35% 61% 

Standard Reaction Conditions: 25 μL TEA (200 mM, 1.0. Eq.), 25 μL DCM (50 mM, 0.25 

Eq.), 100 μL LiI (200 mM, 4 Eq), 25 μL 1-ethynyl-4-fluorbenzene (200 mM, 1.0 Eq.), and 

50 μL Cu(ClO4)2.6H2O (200 mM, 2.0 Eq.). The addition of copper serves as the starting 

point of the reaction. After the addition of copper(II) perchlorate, the initial conversion of 

alkyne to iodoalkyne is measured. To start the next portion of the reaction, 2-picolyl-azide 

(25μL, 200 mM) is injected into the assay. Time points are collected approximately every 

three minutes after this point, and collected over an hour and a half or until reaction field. 

The ratio of each component is calculated as explained in Scheme 5. Components are 

varied as mentioned in the table. 

*All ratios are calculated using 2-picolyl-azide as the limiting reagent except for the starred 

experiments in which the calculations are made using alkyne as the limiting reagent.  
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Conclusions 

The synthesis of 5-iodo-1,2,3-triazole is a reaction that can be easily and efficiently 

conducted under mild conditions. The selectivity and conversion of the reaction are dependent 

on the conversion of the alkyne to the 1-iodoalkyne intermediate as shown through NMR 

monitoring of the reaction. These results help verify a mechanism in which the C-I bond is 

unbroken throughout the cycloaddition of the iodoalkyne to the azide. Iodoalkyne formation is 

instantaneous and halts when the reaction reaches equilibrium. The amount of conversion is 

dependent on several factors. Iodoalkyne conversion increases slightly with each molar 

equivalent of iodide source added to the reaction beyond standard conditions. Iodoalkyne 

conversion appears to be directly dependent on the amount of base present with conversion 

doubling with the addition of a second equivalent of TEA. Decreasing LiI or TEA 

concentrations will lower conversion. These two components play a key role in the mechanism 

of iodoalkyne formation. The presence of iodide is necessary to form the iodinium 

intermediate, and TEA acts to deprotonate the alkyne. The iodoalkyne reaction can also be 

pushed forward by disruption of the equilibrium through the addition of LiI or 2-picolyl-azide. 

The increase in conversion caused by the addition of the azide may be due to the ability of 2-

picolylazide to act as a base. 

The ratio of LiI to Cu(ClO4)2.6H2O plays a key role in iodotriazole formation. 

Decreasing the ratio of iodide to copper(II) severely reduces the reaction rate. This may be due 

the presence of unconverted copper(II) that this creates, which may have a hindering effect on 

the cycloaddition reaction. While decreasing the amount of copper(II) source initially present 

increases the reaction rate; it also decreases the selectivity of the reaction favoring the 

formation of the H-triazole product. When the amount of iodoalkyne present at the start of 

iodotriazole formation is increased by doubling the amount of TEA, the formation of 

iodotriazole is significantly accelerated. Reducing the amount of base present in addition to 

reducing iodoalkyne formation significantly reduces the rate of formation of the iodotriazole 

products. This may indicate that TEA plays a previously unknown role in the cycloaddition 

step.  The key to controlling the conversion and selectivity of iodotriazole formation is the 

direct competition between the strongly favored iodoalkyne intermediate with 5-H-1,2,3-

triazole formation. Control of these factors can be achieved by adjusting reaction conditions. 

The initial formation of H-triazole can be prevented by preforming iodoalkyne before azide 

addition. The selectivity and conversion of iodotriazole synthesis can be improved by 

increasing the concentration of base. 
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Experimental Section 

Warning! Low molecular weight organic azides and copper(II) perchlorate used in this study 

are potentially explosive. Appropriate protective measures shall always be taken when 

handling these compounds. Reagents and solvents were purchased from various commercial 

sources and used without further purification unless otherwise stated. Cu(ClO4)2·6H2O was 

placed in a vacuum oven at 40-70 C for overnight and stored in a dry keeper before use. The 

2-picolyl azide was synthesized using a previously reported procedure.12 Analytical thin-layer 

chromatography (TLC) was performed using pre-coated TLC plates with silica gel 60 F254 or 

with aluminum oxide 60 F254 neutral. Flash column chromatography was performed using 40-

63 μm (230-400 mesh ASTM) silica gel as the stationary phase. Silica gel was flame-dried 

under vacuum to remove adsorbed moisture before use. 1H and 13C NMR spectra were recorded 

at 600 MHz and 125 MHz, respectively. The chemical shifts (δ) are recorded in ppm relative 
to the residual CD3CN as internal standards. 

Real-Time NMR Assay Experiments 

1H and 13C spectra were recorded at 600 and 150 MHz, respectively.  

Note: Issues with the consistency of this experiment arise easily. Using a screw top NMR vial 

helps minimize variation due to differences in the amount of shaking between experiments. All 

stock solutions need to be kept refrigerated and undergo minimal exposure to light to prevent 

solutions from losing efficacy.   

(A). Iodotriazole reaction without preformation of iodoalkyne: Stock solutions in CD3CN 

were prepared in advance for all reaction components except for Cu(ClO4)2·6H2O, because of 

its tendency to lose efficacy  in acetonitrile. The Cu(ClO4)2·6H2O was prepared immediately 

prior to the experiment to limit this effect. To prepare the assay TEA (25 μL, 200 mM), DCM 

(25 μL, 50 mM), 1-ethynyl-4-fluorobenzene (25 μL, 200 mM), LiI (100 μL, 200 mM), and 2-

picolyl-azide (25 μL, 200 mM) were added to the NMR tube sequentially, using a 100 μL glass 
syringe. Then 250 μL of CD3CN was injected into the NMR tube using a 250μL glass syringe. 
Immediately prior to the insertion of the sample in the NMR machine, Cu(ClO4)2·6H2O (50μL, 
200mM) was injected into the sample. This injection serves as the start time for the reaction. 

NMR scans are then collected from the sample approximately every three minutes over the 

course of the reaction. On average, scans were collected over the course of an hour and a half.  

(B.) Iodotriazole formation with preformation of iodoalkyne: Stock solutions in CD3CN 

were prepared in advance for all reaction components except for Cu(ClO4)2·6H2O because of 

its tendency to lose efficacy in acetonitrile. The Cu(ClO4)2·6H2O was prepared immediately 

prior to the experiment to limit this effect. To prepare the assay TEA (25 μL, 200 mM), DCM 

(25 μL, 50 mM), 1-ethynyl-4-fluorobenzene (25 μL, 200 mM), and LiI (100 μL, 200 mM) were 

added to the NMR tube sequentially using a 100 μL glass syringe. Then 250 μL of CD3CN was 

injected into the NMR tube using a 250μL glass syringe. Immediately prior to the insertion of 

the sample in the NMR machine, Cu(ClO4)2·6H2O (50 μL, 200 mM) is injected into the sample. 

The sample is then scanned to measure the conversion of alkyne to 1-iodoalkyne. After the 

measurement, the sample is ejected and 2-picolyl-azide (25 μL, 200 mM) is injected to the 

sample. Scanning of the sample is resumed, at approximately 3 minute intervals of the course 

of an hour and a half.  

(C.) 1-Iodalkyne Formation: Stock solutions in CD3CN were prepared in advance for all 

reaction components except for Cu(ClO4)2·6H2O. To prepare the assay TEA (25 μL, 200 mM), 

DCM (25 μL, 50 mM), 1-ethynyl-4-fluorobenzene (25 μL, 200 mM), and LiI (100 μL, 200 
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mM) were added to the NMR tube sequentially using a 100 μL glass syringe. Then 275 μL of 
CD3CN was injected into the NMR tube using a 1000 μL glass syringe. Immediately prior to 
the insertion of the sample into the NMR machine, Cu(ClO4)2·6H2O (50μL, 200mM) was 

injected into the sample. The conversion of alkyne to iodoalkyne was then measured. 

Note: Concentrations of individual components were varied between assay experiments to 

allow the effect of each component on the reaction to be observed. However, all reactions 

follow the general templates and reaction orders outlined here. 

Synthesis of 2-((4-(4-fluoro-phenyl)-5-iodo-1H-1,2,3-triazolyl-1-yl)methyl)pyridine 

The amounts of product synthesized from the NMR assay experiments were too small to allow 

characterization, and an alternative procedure was used to characterize the product. The 

procedure for this synthesis was taken from a procedure by Barsoum, et al.13 The alkyne, 1-

ethynyl-4-fluorobenzene (26.4 mg, 0.22 mmol) was dissolved in THF (1.0 mL) in a 10 mL 

round-bottom flask equipped with a magnetic stirring bar. To this solution LiI (107.0 mg, 0.80 

mmol), Cu(ClO4)2·6H2O (148.2 mg, 0.40 mmol), and TEA (20.2 mg, 0.20 mmol) were added. 

After the solution was stirred for 3-5 min, 2-picolyl azide (26.8 mg, 0.20 mmol) was added. 

The reaction mixture was stirred at room temperature for two hours. The reaction mixture was 

diluted with ethyl acetate (50 mL) and aqueous ammonia (28-30%, 25 mL), before transferred 

to a separatory funnel. The organic layer was washed with saturated brine (25 mL  2), 

separated, and dried over anhydrous Na2SO4. The solvent was removed under reduced pressure 

to produce the crude product, the 1H NMR spectrum of which afforded the conversion and 

selectivity data reported below. The crude product was purified on a silica gel column using 

EtOAc as the eluent with to afford a white powder (45.6 mg, 60%). Conversion (100%), 

Selectivity (73%)  

1H NMR (600 MHz, CD3CN): δ= 8.50 (t, J = 6.0 Hz, 1H), 7.94 (t, J = 6.0 Hz, 1H), 7.75 (t, 

J=6.0 Hz, 1H), 7.30 (t, J = 9.0 Hz, 2H), 7.23 (t, J=9.0 Hz, 2H), 7.18 (d, J = 6.0 Hz, 1H), 5.78 

(s, 2H) 

13C NMR (125 MHz, CD3CN): δ = 56.4, 79.9, 122.8, 124.1, 128.1, 128.1, 130.3, 130.4, 138.1, 

149.9, 150.5, 155.4, 162.9, 164.5  
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