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ABSTRACT: The hypervalent iodine reagent 1-
[(TriIsoPropylSilyl)Ethynyl]-1,2-BenziodoXol-3(1H)-one
(TIPS-EBX) is among the most useful electrophilic and
somophilic alkynylation reagents. Herein, we report a new
synthetic protocol to access this reagent in one step from
standard commercially available reagents. Thermal anal-
ysis of the synthesis procedure showed only weak
exotherms. The compound could be obtained with high
purity and stability using this new protocol, but care had
to be taken to remove tosylate salts impurities, as they led
to a lower thermal stability. TIPS-EBX synthesized using
the new procedure displayed no shock sensitivity.

KEYWORDS: alkynylation, hypervalent iodine reagents,
acetylene, EBX, stability

Hypervalent iodine reagents have fascinated chemists since
their discovery by Willgerodt in the 19th century.1 In the

past 50 years, these compounds have risen from structural
curiosities to one of the most useful classes of reagents for
synthetic organic transformations.2 The hypervalent bonds at
the core of their structure are weak, conferring them with
exceptional reactivity. Whereas having reactive bonds is a
unique advantage to promote synthetic transformations under
mild conditions, these reagents need to be manipulated with
care to avoid exothermic decomposition or even explosion. In
this respect, cyclic hypervalent iodine reagents are interesting,
due to their enhanced stability.3,4 Our group in particular
demonstrated the exceptional properties of ethynyl-
benziodoxolone (EBX) reagents, first discovered by Ochiai
and Zhdankin,5,6 for the alkynylation of nucleophiles.7

Currently, these reagents are used broadly for the introduction
of alkynes in direct or transition-metal-catalyzed reactions, as
well as in radical-based processes. The most applied reagent is
the silylated derivative 1-[(triisopropylsilyl)ethynyl]-1,2-ben-
ziodoxol-3(1H)-one (TIPS-EBX) (1), which has been used in
diverse transformations such as metal-catalyzed C−H
functionalization,8−11 palladium-catalyzed oxy- and amino-
alkynylation of olefins,12 reaction with simple heteroatom or
carbon nucleophiles,13−15 and reaction with radical16,17 or
metal-carbene18 intermediates (Scheme 1). This success can
be tentatively assigned to three main factors: (1) TIPS-EBX

(1) can be accessed in high yield using simple synthetic
protocols; (2) the large silyl protecting group shields the triple
bond, limiting side reactions in numerous processes; and (3)
versatile terminal acetylenes can be easily accessed after silyl
deprotection.
Nevertheless, stability studies on TIPS-EBX (1) have been

limited to our own work using DSC calorimetry.19 The
synthesis most often used is still the robust two-step protocol
developed by Zhdankin and co-workers6 and scaled-up by our
group,20 involving first the oxidation of 2-iodobenzoic acid (2)
with sodium periodate to give hydroxybenziodoxolone (3) in
81% yield, followed by reaction with trimethylsilyltriisopropyl-
silyl acetylene (4a) after activation with trimethylsilyl triflate to
give TIPS-EBX (1) in 85% yield (Scheme 2A). In 2012,
Olofsson and co-workers reported an alternative one-step
protocol based on in situ oxidation of 2-iodobenzoic acid (2)
with meta-chloroperbenzoic acid (mCPBA) to give 1 in 85%
yield (Scheme 2B).21 However, this protocol required the use
of noncommercial and sensitive alkynyl boronic ester 4b.
Herein, we report a modified one-pot synthesis of TIPS-EBX

(1) inspired by Olofsson’s work based on the use of
commercially available 2-iodobenzoic acid (2) and triisopro-
pylsilyl acetylene (4c) with mCPBA as the oxidant and para-
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Scheme 1. Synthetic Applications of TIPS-EBX (1)
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toluene sulfonic acid as the activator. The reaction proceeds
smoothly on multigram scale to give TIPS-EBX (1) in >80%
yield. Calorimetric analysis of the process showed no strong
exotherm. Care had to be taken to completely remove traces of
tosylate salts, as these impurities diminish the thermal stability
of TIPS-EBX (1).
In our hands, the Zhdankin’s protocol for the synthesis of

TIPS-EBX (1)6 has proven highly scalable and reliable.20

Nevertheless, three separate steps are still required: Oxidation
of the hypervalent iodine, preparation of trimethylsilyl-
triisopropylsilylacetylene (4a), and alkyne transfer. The
method developed by Olofsson and co-workers was attractive,
as in situ oxidation with isolation of an iodine(III) precursor
became possible.21 However, the used alkynyl boronic ester 4b
is difficult to synthesize and purify. We therefore wondered if
commercially available triisopropylacetylene could be used
directly in the Olofsson protocol. However, only a very low
yield of TIPS-EBX (1) could be isolated using the reported
reaction conditions (rt, 30 min for alkyne transfer). The lower
reactivity observed was probably due to a lower nucleophilicity
of the terminal alkyne in the key reagent forming step.
Gratifyingly, replacing dichloromethane by 1,2-dichloroethane
and performing the reaction at 55 °C for 24 h led to full alkyne
transfer (Scheme 2C). At higher temperature, decomposition
of the reagent can occur. The oxidation step was also
conveniently run at the same temperature, after addition of
mCBPA and para-toluenesulfonic acid (p-TsOH) at room
temperature. The cyclization step can be easily performed by
just stirring the crude reaction mixture with a bicarbonate
solution, avoiding the potentially hazardous removal of
solvents prior to basification. The resulting protocol is highly
convenient, as only commercially available starting materials
can be used without further purification (p-TsOH can be used
in its monohydrate form, and safe commercial ≤77% pure
mCPBA also works well).22

With an optimized protocol in hand, we examined the heats
of reaction in the three different steps of the reaction (Table 1,
entries 1−3). At the concentrations used the desired heats of
reaction produce moderate exotherms for the oxidation and
the cyclization step (entries 1 and 3), corresponding to an
adiabatic temperature rise that is smaller than 15 °C. No
exotherm was observed for the reaction of the oxidized
intermediate with the terminal alkyne 4c (entry 2).
Next the stability of the obtained TIPS-EBX (1) was

examined by DSC. However, a batch-to-batch dependency was

observed, with decomposition starting from 100 °C (DSC A in
Figure 1) to 140 °C. With the least stable sample, no melting
point could be observed any more. 1H NMR was used to
evaluate the purity of the sample with the lower decomposition
temperature, which was about 92% pure, as shown in spectra A
of Figure 2. The impurities were consistent with residual p-
toluenesulfonate. Since the workup includes a bicarbonate
wash and the pH was not acidic, we believe that this was the
sodium salt of p-TsOH. Subsequently, a sample of A was
dissolved/suspended in DCM and washed three times with
water prior to solvent removal. Gratifyingly, the purity
improved to almost 98% by NMR (Spectra B, Figure 2) and
the onset of the decomposition temperature increased to 131
°C (DSC B, Figure 1). A melting point was observed at 115
°C. To further improve the purity, a sample of A was
redissolved in dichloromethane and washed again three times
with water, and the product was obtained by precipitation
through addition of acetonitrile after filtration of the solution.
These solids had a purity above 99% by 1H NMR (Spectra C,
Figure 2), and the onset of decomposition occurred now at
144 °C (DSC C, Figure 1).
A commercial sample purchased from Sigma-Aldrich showed

comparable NMR purity (Spectra D, Figure 2). The melting
point was now identical, but the decomposition onset was still
higher (161 °C, DSC D, Figure 1). When the synthesis
protocol with three water washes, but using a purification by
recrystallization in acetonitrile, and the DSC analysis were
repeated in another laboratory,23 similar melting points and
decomposition onset temperatures (125 and 136 °C
respectively, see Figure S1 in SI) as well as purity by 1H
NMR were observed (see Figure S2 in SI). The DSC analysis
performed on TIPS-EBX (1) synthesized via Zhdankin’s
protocol also displayed similar data in our previous work
(112 and 136 °C).19 In order to test the stability of TIPS-EBX
(1) upon storage, DSC was utilized to again measure a sample
after 4 months of storage at −20 °C. No significant difference
was observed for neither the sample synthesized using the new
protocol nor the commercially available compound from
Sigma-Aldrich (see Figures S3 and S4 in SI). An overview of
the different DSC results is given in Table 2. The relationship
between purity and decomposition temperature is clearly
apparent.
Note that the DSC analysis included single experiments in

screening mode carried out at 5 °C/min. For higher accuracy,
DSC can be run at several scan rates as slowly as 0.5 to 1 °C/
min or preferably adiabatic calorimetry is carried out at gram
scale. Such DSC repeats will improve the precision of the
melting point and will also show a transition in the onset
temperature, with a slower heating rate showing lower onset.
The shift in onset temperature reflects more time for the
reaction to reach a measurable temperature rise with increased

Scheme 2. Synthesis of TIPS-EBX (1) Table 1. Heat of Reactions for the Preparation of TIPS-EBX
(1)

Entry Reaction

Molar
enthalpya

(kJ/mol)

Specific
enthalpya,b

(kJ/kg)

Adiabatic
Temperature Rise

(K)

1 mCPBA
Oxidation

105 424 11

2 TIPS-Alkyne
Coupling

−1 −2 0

3 Cyclization 125 25 12
aRelative to limiting reagent. bRelative to actual reagent.
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reaction time, which is compounded with the lower sensitivity
of DSC. So the onset temperature by DSC in this scanning
mode should be considered 50−100 °C above the actual
exotherm initiation temperature. The DSC uses a small (mg)
sample size, and the detectable temperature/heat flow change
by DSC achieves a sensitivity of ca. 5 W/kg. A more accurate
measure of the actual exotherm initiation temperature will be
made with an adiabatic calorimeter on several grams of sample,

where the sensitivity is below 1 W/kg depending on the
conditions of the experiment.
So, with the DSC onset temperatures measured at 135−160

°C, we recommend that the TIPS-EBX solids should not be
heated above 50 °C without further testing to gain a better
understanding of the actual initiation of the decomposition
exotherm. Researchers should also recognize the potential for
the walls of an oven, for example, to heat a portion of a sample

Figure 1. DSC thermograms for TIPS-EBX (1) referenced to Aldrich lot BGBC0627 V.

Figure 2. 1H NMR spectra for TIPS-EBX (1) referenced to Aldrich lot BGBC0627 V.
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to a temperature that might initiate the exotherm locally where
solids contact the container that touches the oven wall.
Because the total energy release is high upon thermal

degradation of TIPS-EBX (1), and the exotherm initiates at
ranges of 134−144 °C for our samples and 150−160 °C for
the sample from Aldrich, we carried out tests to examine the
impact sensitivity of solid TIPS-EBX (1). The sample C and
the Aldrich sample (D) both tested negative in 3 repeats at 25
J impact, so there is no evidence of the purified solid being
potentially explosive or propagating an explosion.
In conclusion, we have reported a new one-step protocol for

the synthesis of TIPS-EBX (1) requiring only commercially
available reagents. From the three synthetic steps (oxidation,
alkynylation, and cyclization), only oxidation and cyclization
are slightly exothermic, resulting in an adiabatic temperature
rise smaller than 15 °C at the used concentration. TIPS-EBX
(1) obtained using our protocol is not shock-sensitive and has
the same thermal stability as when accessed using previous
methods. However, care has to be taken to carefully remove
tosylate impurities, as they lead to lower decomposition
temperatures.

■ EXPERIMENTAL SECTION
Synthesis of TIPS-EBX (1). A 250 mL, three-necked,

round-bottomed flask was equipped with a Teflon-coated
magnetic stirrer (2 cm), a Liebig reflux condenser (open to
air), and a septum. The septum was removed, and the flask was
charged with o-iodobenzoic acid (2) (6.00 g, 24.2 mmol, 1.00
equiv), p-toluenesulfonic acid monohydrate (4.60 g, 24.2
mmol, 1.00 equiv), 1,2-dichloroethane (36.3 mL), and
trifluoroethanol (36.3 mL). The resulting white suspension
was stirred (600 rpm) at room temperature. mCPBA (≤77%
purity; 5.96 g, 26.6 mmol, ≤1.10 equiv)25 was added in
portions over a period of 10 min. During the addition, the
suspension slightly darkened, becoming beige. After the
addition of mCPBA, the septum was replaced, and the flask
was placed in dry-sin preheated to 55 °C and stirred (600
rpm). The mixture turned from a white suspension to a clear
yellow color solution over a period of 5 min. After 1.5 h,
(triisopropylsilyl)acetylene (7.60 mL, 33.9 mmol, 1.40 equiv)
was added dropwise via a 10 mL syringe over a period of 5 min
and stirring was continued at 55 °C for another 24 h. After this
time, the pale-yellow solution was allowed to cool down to
room temperature. Saturated aq. NaHCO3 (120 mL) was then
added: a pinkish mixture was formed with significant bubbling.
This biphasic mixture was stirred (1000 rpm) at room
temperature for 1 h. The mixture was transferred to a 250
mL separatory funnel, and the reaction flask was rinsed with
dichloromethane (12 mL). The two layers were separated, and
the aqueous layer was extracted with additional portions of

dichloromethane (3 × 40 mL). The combined organic layers
were washed with water (3 × 50 mL), prior to being dried over
MgSO4 (ca. 3.0 g), filtered into a 250 mL round-bottomed
flask, and concentrated via rotary evaporation,24 to provide an
off-white solid. The latter was purified by recrystallization from
acetonitrile (12 mL) to provide TIPS-EBX (1) (8.36 g, 19.5
mmol, 81% yield) as a crystalline, white solid.

1H NMR (400 MHz, CDCl3) δ 8.42 (dd, J = 5.9, 3.2 Hz,
1H, ArH), 8.34−8.25 (m, 1H, ArH), 7.80−7.72 (m, 2H, ArH),
1.27−1.06 (m, 21H, TIPS).

13C NMR (101 MHz, CDCl3) δ 166.5, 134.6, 132.3, 131.4,
131.4, 126.1, 115. 6, 114.0, 64.6, 18.4, 11.1.
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1. General Methods 
For the experimental procedure described in the main part, following chemicals were used: 2-

iodobenzoic acid (98% pure, TCI I0053-500G), triisopropylsilyl acetylene (95% pure, Apollo, 

APOOR30591-25g), 3-chloroperbenzoic acid (≤77% pure, Sigma, 273031-100g, not titrated) 

and p-toluenesulfonic acid monohydrate (99% pure, Acros 12902-5000). Analytical grade 

solvents were used. 1H-NMR spectra measured at EPFL were recorded on a Brucker DPX-400 

400 MHz spectrometer in chloroform-d, all signals are reported in ppm with the internal 

chloroform signal at 7.26 ppm. The data is being reported as (s = singlet, d = doublet, t = 

triplet, q = quadruplet, qi = quintet, m = multiplet or unresolved, brs = broad signal, app = 

apparent, coupling constant(s) in Hz, integration, interpretation).13C-NMR spectra were 

recorded with 1H-decoupling on a Brucker DPX-400 100 MHz spectrometer in chloroform-d, 

all signals are reported in ppm with the internal chloroform signal at 77.0 ppm. DSCs were 

measured at Syngenta Crop Science AG on a Mettler Toledo DSC3 using high pressure gold 

plated 40 mL crucibles. Approximately 4 mg of substance were precisely weighted to the 

microgram on a Mettler Toledo XPE56 balance into the DSC crucible. The sealed DSC crucible 

weight was measured with the same precision and recorded. The DSC crucible was then placed 

into the DSC oven and subjected to a temperature ramp from -10°C to 450°C with a gradient 

of 4°C per minute. Integrations of endotherms and exotherms were performed using a linear 

baseline. After DSC measurement, the DSC crucible weight was checked to ensure that no 

weight loss had occurred during the DSC measurement. 

 

DSC results reported in Figures 1, S3 and S4 and Table 2 were measured with a TA Instruments 

model Q200 differential scanning calorimeter.  Samples of 3-5 mg were sealed in a SWISSI 

high-pressure M20 gold-plated crucible for analysis and sealed with an F11 ram. The samples 

in sealed crucibles were analyzed by scanning at 5 oC/min from room temperature to 350 oC.  

Results were analyzed using TA Universal Analysis software.   
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2. Supplementary Figures 
 
Figure S1. DSC spectrum of TIPS-EBX (1) measured at Syngenta Crop Science AG. 

 
 
Figure S2. 1H-NMR and 13C-NMR spectra of the sample of TIPS-EBX (1) synthesized in the 

Waser Laboratory using crystallization from acetonitrile. 
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Figure S3. DSC spectra of the sample of TIPS-EBX (1) synthesized in the Merck laboratory 

measured directly after synthesis and after 4 months storage at -20 °C. 
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Figure S4. DSC spectra of the sample of TIPS-EBX (1) from Sigma-Aldrich batch 

BGBC0627V measured on December 2018 and on May 2019. 

 
 
3. Detailed experimental Procedure for the synthesis performed at Merck 
Materials: see above 

 

Procedure: 

To a Mettler Toledo EasyMax 102 100-mL vessel was charged 2-iodobenzoic acid (2) (6.00 g, 

24.2 mmol, 1.00 equiv.), p-toluenesulfonic acid monohydrate (4.60 g, 24.2 mmol, 1.00 equiv.) 

dichloroethane (36 mL), and trifluoroethanol (36 mL). The resulting white suspension was 

agitated at room temperature.  Next, mCPBA (6.33 g, 72.5 w% (according to titration), 26.6 

mmol, 1.10 equiv) was added in portions over a total of 10 minutes. The slurry was heated to 

55 oC over 30 minutes while stirring vigorously. 
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The batch fully dissolved and was light brown by the time it reached 55 oC, then turned light 

yellow over time. After 1.5 hours, (triisopropylsilyl)acetylene (6.18 g, 33.9 mmol, 1.40 equiv.) 

was added over 5 minutes, and then stirring was continued for 24 hours. Then, the solution was 

cooled to room temperature. 120 mL of saturated sodium bicarbonate was added and aged for 

1 hour at 1000 rpm with visible bubbling and foaming. The mixture was transfered to a 250-

mL separatory funnel, and the reactor was rinsed with 10 mL of dichloromethane which was 

also transfered to the separatory funnel. The 2 layers were separated, and then to the organic 

lower layer was added magnesium sulfate (18 g), which was stirred and then filtered to remove 

salt and bound water. The solids were washed with dichloromethane (15 mL) and the wash 

combined with the organic filtrate. The combined organics were concentrated to 15 mL using 

vacuum at 20 oC, then dichloromethane (60 mL) was slowly added while maintaining a 

constant volume (15 mL) as the distillation was continued.  Acetonitrile (25 mL) was added 

over 8 hours while the solution was stirred at 20 oC. The solution was concentrated from ca. 40 

mL to ca. 30 mL, then additional acetonitrile (100 mL) was added slowly. Crystallization of 

solids was observed when ca. 70 mL of acetonitrile was added. The slurry was stirred for 2 

hours at 20 oC, then the solids were filtered and washed with acetonitrile (12 mL). 

The wet solids were dried in vacuo at room temperature to provide TIPS-EBX (1) (7.73 g, 92 

w%, 16.8 mmol, 69% yield).   

 

To improve purity of the isolated TIPS-EBX (1) (denoted A) above, 100 mg of the solid was 

added to 1 mL of dichloromethane; the mixture appeared as a dispersed fine slurry. The mixture 

was washed with water (3 x 1 mL), then the organic layer was concentrated in vacuo at room 

temperature. This solid is denoted B and was observed to be 98w% pure by NMR. 

 

Separately, TIPS-EBX (1) (A, 1.5 g) was dissolved in dichloromethane (15 mL), then washed 

with water (3 x 10 mL). The organic layer was filtered through a 0.22 μm filter and concentrated 

by rotary evaporator to ca. 5 mL. Acetonitrile (20 mL) was added, and the mixture concentrated 

again to ca. 5 mL by rotary evaporation. Acetonitrile was added to bring the total volume to 10 

mL.  The suspension was stirred at room temperature for 30 minutes, then solids were collected 

by filtration and washed with acetonitrile (1 mL). The purity of these solids designated C was 

found to be above 99% by NMR. 
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