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Synthesis of Koser’s Reagent and Derivatives 
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1. Procedure  

 

1-[Hydroxy(tosyloxy)iodo]-3-trifluoromethylbenzene (1). A 250-mL 

single-necked, round-bottomed flask equipped with a magnetic stirring bar 

(3.5 cm, egg-shaped) is charged with m-chloroperbenzoic acid (m-CPBA, 

4.18 g, 17 mmol, 1.0 equiv) (Note 1) and 2,2,2-trifluoroethanol (TFE, 

65 mL) (Note 2). The mixture is dissolved by sonication (Note 3) (approx. 

20 min) and the concentration of mCPBA is determined by iodometric 

titration of the solution (Notes 4 and 5).  3-Iodobenzotrifluoride (2.45 mL, 

1.71 g, 17.0 mmol, 1.0 equiv) (Note 6) and p-toluenesulfonic acid 

monohydrate (3.23 g, 17.0 mmol, 1.0 equiv) (Note 7) are added to the 

solution. The flask is loosely capped with a septum, and the reaction mixture 

is lowered into a 40 ºC preheated oil bath and stirred vigorously during 1 h 

(Notes 8 and 9). The solvent is then removed by distillation to recover the 

TFE (Note 10), or evaporated under reduced pressure if TFE recovery is not 

of interest (Notes 11 and 12). After concentration, diethyl ether (65 mL) 

(Note 13) is added to the residue and the mixture is allowed to stir for 

30 min, resulting in trituration of the product as a white solid. The product is 

collected by suction filtration on a Büchner funnel, followed by washing 

with diethyl ether (65 mL). The product is vacuum-dried at room 

temperature (<1 mmHg, 22 ºC) to afford compound 1 as a white solid 

(7.66 g, 97%) (Notes 14 and 15). 

 

2. Notes 

 

1. m-CPBA (  77%) was purchased from Sigma-Aldrich. Typical 

purity of samples received was 66–69% by weight. 
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2. TFE ( 99%) was purchased from Sigma-Aldrich and used as 

received. The reaction is run without precautions to avoid air or moisture. 

3. The sonicator used to dissolve m-CPBA was an 85 W ultrasonic 

cleaner from VWR, model B2500A-DTH. 

4. The concentration of active oxidizing agent is determined by 

iodometric titration.
2
 NaI (1.5 g) is dissolved in distilled water (50 mL). 

Chloroform (5 mL), glacial acetic acid (5 mL) and approximately 0.67 g of 

m-CPBA solution are added and the mixture is stirred vigorously. The 

solution is titrated with aq. Na2S2O3 (0.100 M) – the brown iodine color 

fades to yellow and then disappears. As a rough guide, 2 mL Na2S2O3 

solution is required for 0.5 g of solution. The m-CPBA concentration is 

calculated using (mol m-CPBA = mol I2 = 0.5 mol S2O3
2-

). Typical 

concentration of m-CPBA as determined by titration is approximately 3.0 

wt%. 

5. As an alternative to dissolving the m-CPBA in TFE via sonication 

for titration, the submitters reported the following procedure: To obtain a 

homogeneous powder, m-CPBA is dried under vacuum in a round-bottomed 

flask at room temperature until the flask is no longer cold. The time required 

depends on the amount of m-CPBA and the vacuum; 5 g requires 

approximately 1.5 h at 10 mmHg. The dried m-CPBA was stored for 

prolonged time in a refrigerator. Caution should be exercised, however, as 

dried m-CPBA is shock sensitive. The reaction performs well without 

drying of the m-CPBA (86–92% yield), but the titration (see Note 4) of the 

heterogeneous m-CPBA becomes less reliable than when the dried or 

sonicated/dissolved material is used.  

6. 3-Iodobenzotrifluoride (98%) was purchased from Sigma-Aldrich 

and used as received. 

7. p-Toluenesulfonic acid monohydrate ( 98.5%) was purchased 

from Sigma-Aldrich and used as received. 

8. The flask does not need to be sealed. A slightly yellow precipitate 

is observed after 5 min and the mixture may become difficult to stir as the 

reaction proceeds and thickens; if this occurs, more TFE may be added. Both 

1 and m-CBA (the reduced form of m-CPBA, which is a by-product of the 

reaction and present in the starting m-CPBA) are poorly soluble in TFE. The 

disappearance of iodobenzotrifluoride can be followed by TLC using neat 

pentane (Rf = 0.83 using EMD TLC Silica Gel 60 F254) and visualized by 

UV.  
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9. Reactions performed at higher temperatures (60 or 80 ºC) provide 

lower yield due to partial decomposition of 1 (80 ºC for 1 h gave 76% yield). 

The reaction may also be performed at room temperature but requires 

extended reaction time (2 h reaction time gave 67% yield, 18 h gave 90% 

yield). 

10. TFE is recovered using a short path distillation head and a 25 cm 

condenser under reduced pressure in a 40 ºC oil bath (bp = 28 ºC at 

86 mmHg).  The distillate is collected over ~90 min with the receiving flask 

immersed in an ice bath. Vacuum should be applied in a controlled manner 

to prevent foaming. Experiments using microscale distillation resulted in 

lower recovery of TFE. Higher distillation temperatures should be avoided 

due to partial decomposition of 1. The TFE can be recovered almost 

quantitatively (63 mL, 97%) and can be re-used without loss in yield.   

11. The TFE can be removed by evaporation under reduced pressure 

using a rotary evaporator (25 °C, ~20 mmHg), if recovery of the solvent is 

not of interest. 

12. Unreacted m-CPBA, e.g. from charging excess m-CPBA, may 

pose a risk of explosion during evaporation of TFE since dry m-CPBA is 

shock sensitive. It is important that the concentration be carried out using an 

oil bath or water bath, not a heating mantle, to avoid heating the 

concentrated solids above 40 °C. Due to the insolubility of 1 in TFE, the 

isolation is straightforward even if residual TFE remains. Direct filtration of 

the solid material from the crude reaction, without concentration, gave 1 in 

77% yield after washing with diethyl ether (65 mL). Another 18% yield of 1 

was obtained by concentration of the filtrate followed by precipitation with 

diethyl ether. 

13. Diethyl ether ( 99.0%) was purchased from Sigma-Aldrich and 

used as supplied.  

14. The reaction was also performed at 5.0 and 13.0 mmol scale to 

afford a comparable yield of 1 (2.16 g, 94% and 5.69 g, 95%, respectively). 

15.  The product is stable to air but somewhat light sensitive and is 

best stored in a refrigerator in the dark. Analytical data of 1: mp: 155–157 ºC 

(lit 156–157 ºC)
3
; 

1
H NMR (400 MHz, DMSO-d6) : 2.29 (s, 3 H), 7.12 (d, J 

= 8.0 Hz, 2 H), 7.48 (d, J = 8.0 Hz, 2 H), 7.85 (t, J = 8.0 Hz, 1 H), 8.08 (d, J 

= 8.0 Hz, 1 H), 8.50 (d, J = 8.0 Hz, 1 H), 8.63 (s, 1 H), 9.98 (bs, 1 H); 
13

C NMR (100 MHz, DMSO-d6) : 20.7; 123.1 (q, 
1
JF-C, J = 273.4 Hz), 

123.8, 125.5, 128.6 (q, 
3
JF-C, J = 2.8 Hz), 130.5 (q, 

3
JF-C, J = 3.5 Hz), 130.8 

(q, 
2
JF-C, J = 32.5 Hz), 131.9, 138.0, 138.6, 144.0; 

19
F NMR (376 MHz, 
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DMSO-d6)
4
 : –61.5; IR (ATR  686, 794, 1199, 1319, 3076 cm

-1
; HRMS 

(ESI): calcd for C7H5F3IO ([M-OTs]
+
): 288.9332; found 288.9330; Anal. 

Calcd. for C14H12F3IO4S (460.21): C 36.54; H 2.63. Found: C 36.4; H 2.6. 

 

Handling and Disposal of Hazardous Chemicals 

 

The procedures in this article are intended for use only by persons 

with prior training in experimental organic chemistry.  All hazardous 

materials should be handled using the standard procedures for work with 

chemicals described in references such as "Prudent Practices in the 

Laboratory" (The National Academies Press, Washington, D.C., 2011 

www.nap.edu).  All chemical waste should be disposed of in accordance 

with local regulations.  For general guidelines for the management of 

chemical waste, see Chapter 8 of Prudent Practices. 

 In the development and checking of these procedures, every effort has 

been made to identify and minimize potentially hazardous steps. The Editors 

believe that the procedures described in this article can be carried out with 

minimal risk if performed with the materials and equipment specified, and in 

careful accordance with the instructions provided.  However, these 

procedures must be conducted at one's own risk.  Organic Syntheses, Inc., its 

Editors, and its Board of Directors do not warrant or guarantee the safety of 

individuals using these procedures and hereby disclaim any liability for any 

injuries or damages claimed to have resulted from or related in any way to 

the procedures herein. 

 

3. Discussion 

 

Hypervalent iodine(III) reagents are mainly used as mild oxidants in 

organic synthesis. [Hydroxy(tosyloxy)iodo]benzene (HTIB, Koser’s reagent) 

is employed in -oxidation of carbonyl compounds, oxidation of olefins, 

ring contractions and expansions, dearomatization of phenols and synthesis 

of iodonium salts (Scheme 1).
5
 The reactivity of the reagent can be varied by 

adding substituents on the aryl moiety, and compound 1 is more efficient 

than HTIB in -oxidation of ketones.
6
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Scheme 1. Application areas of HTIBs. 

 

[Hydroxy(tosyloxy)iodo]arenes (HTIBs) are usually synthesized from 

other iodine(III) reagents, but Yamamoto and Togo recently reported an 

efficient one-pot reaction where iodoarenes were treated with m-CPBA in 

chloroform at room temperature to give HTIBs in high yields.
3
  

 The one-pot synthesis of HTIBs from iodoarenes reported herein 

utilizes TFE as solvent, which reduces reaction times considerably. In our 

original report, a large scope of electron-rich and electron-poor HTIBs has 

been demonstrated (Table 1), and the synthesis of electron-rich HTIBs can 

be performed directly from iodine and arenes (Table 2).
7
 The reaction then 

employed a 1:1 mixture of CH2Cl2 and TFE to cut the solvent costs. Large 

scale preparations are benefitted from the use of neat TFE with recovery of 

the solvent, which is also preferable from an environmental point of view. 
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Table 1. Synthesis of HTIBs from iodoarenes. 

 

Entry Product Yield (%)

2

1

3

4

5

87

94

95

76

91

I OTsHO

I OTsHO

I OTsHO

I OTsHO

OMe

I OTsHO

Br

Entry Product Yield (%)

7

6

8

9

87

91

80

57

I OTsHO

I OTsHO

I OTsHO

I OTsHO

NO2

CF3

CF3

Cl

CH2Cl2/TFE 1:1, rt or 40 °C

I m-CPBA (1 equiv),
TsOH H2O (1 equiv)R

I OTsHO

R
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Table 2. Synthesis of HTIBs from iodine and arenes. 

 

Entry Product Yield (%)

2

1

3

4

67

85

67

23

Entry Product Yield (%)

6a

5

7

8

75

78

76

88

I2   +  2

I OSO2R2HO

2R1
R1

CH2Cl2/TFE 1:1, rt, 30 min

mCPBA (3 equiv), 
R2SO2OH (2 equiv)

I OTsHO

tBu

I OTsHO

I OTsHO

I OTsHO

Ph

I OTsHO

OMe

I OTsHO

I OSO2MeHO

I OSO2PhHO

a Sequential reaction with m-CPBA and TFOH followed by addition of TsOH.  
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Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

1-[Hydroxy(tosyloxy)iodo]-3-trifluoromethylbenzene; (440365-98-0) 

m-Chloroperbenzoic acid; Peroxybenzoic acid, m-chloro-; 

Benzenecarboperoxoic acid, 3-chloro-; (937-14-4) 

2,2,2-Trifluoroethanol; Ethanol, 2,2,2-trifluoro-; (75-89-8) 

3-Iodobenzotrifluoride; Benzene, 1-iodo-3-(trifluoromethyl)-; (401-81-0) 

p-Toluenesulfonic acid monohydrate; Benzenesulfonic acid, 4-methyl-; 

(104-15-4) 
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