
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Sulfur Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926081

A convenient and inexpensive method for conversion of thioamide
compounds to their oxo derivatives using acidified iodine monochloride
Masoud Nasr-Esfahania; Morteza Montazerozohoria; Majid Moghadamb; Iraj Mohammadpoor-Baltorkb;
Sareh Moradia

a Department of Chemistry, Yasouj University, Yasouj, Iran b Catalysis Division, Department of
Chemistry, University of Isfahan, Isfahan, Iran

To cite this Article Nasr-Esfahani, Masoud , Montazerozohori, Morteza , Moghadam, Majid , Mohammadpoor-Baltork, Iraj
and Moradi, Sareh(2009) 'A convenient and inexpensive method for conversion of thioamide compounds to their oxo
derivatives using acidified iodine monochloride', Journal of Sulfur Chemistry, 30: 1, 17 — 21
To link to this Article: DOI: 10.1080/17415990802609847
URL: http://dx.doi.org/10.1080/17415990802609847

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926081
http://dx.doi.org/10.1080/17415990802609847
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Sulfur Chemistry
Vol. 30, No. 1, February 2009, 17–21

A convenient and inexpensive method for conversion of
thioamide compounds to their oxo derivatives using acidified
iodine monochloride

Masoud Nasr-Esfahania*, Morteza Montazerozohoria, Majid Moghadamb, Iraj Mohammadpoor-
Baltorkb and Sareh Moradia

aDepartment of Chemistry, Yasouj University, Yasouj, Iran; bCatalysis Division, Department of Chemistry,
University of Isfahan, Isfahan, Iran

(Received 4 October 2008; final version received 7 November 2008 )

A series of thioamides are transformed to their corresponding oxo analogues in excellent yields with
acidified iodine monochloride in acetonitrile at room temperature.
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1. Introduction

Functional group manipulations are of paramount importance to synthetic organic chemists and
hence, the development of the novel transformations still remains of great interest. The conver-
sion of thiocarbonyl compounds to their oxygen analogues has attracted considerable attention.
Amides are valuable chemical intermediates in some organic reactions. They can be hydrolyzed
to carboxylic acids, dehydrated to nitriles and degraded to amines in Hofmann rearrangement (1).
Different methods and reagents such as t-butyl hypochlorite (2), diaryl selenoxide (3), dimethyl
selenoxide (4), diaryl telluroxide (5), benzeneseleninic anhydride (6), singlet-oxygen (7), thio-
phosgene (8), sodiumperoxide (9), dimethyl sulfoxide/iodine (10), m-chloroperbenzoic acid (11),
NOBF4 (12), N -nitrosamines (13), soft NO+ species (14), trifluoroacetic anhydride (15),
clayfen (16), p-nitrobenzaldehyde/TMSOTf (17), 2-nitrobenzenesulfonyl chloride/potassium
superoxide (18), manganese dioxide (19), clayfen or clayan/MW (20), Caro’s acid sup-
ported on silica gel (21), ceric ammonium nitrate (22), oxone (23), (n-BuPPh3)2S2O8 (24),
(n-BuPPh3)2Cr2O7 (25), 3-carboxypyridinium and 2,2′-bipyridinium chlorochromates (26), tetra-
butylammonium periodate (27) and O2/Cu (28) have been reported for the deprotection of
thiocarbonyl compounds to their oxygen analogues.
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However, most of these reagents suffer from at least one of the disadvantages such as long reac-
tion time, no selectivity, tedious work-up procedure, cost of preparation and low product yields.
Furthermore, some of these methods are not suitable for deprotection of primary thioamides.
Therefore, the introduction of new methods and reagents for this transformation is still required.

Iodine monochloride (ICl) is a good iodinating reagent and has two crystalline forms, α and β.
In both structures, there are non-planner chains of ICl molecules in zig-zag formation (29).

ICl is a versatile reagent for halogenation of pyrazoles (30), activated aromatics (31), silyl-enol
ethers and indoles (32), iodo-deboronation of hindered alkenyl boronate esters (33), oxidation of
urazoles (34) and 1,4-dihydropyridines (35).

This compound is also applied for investigation of charge transfer complex formation with
carbonyl and thiocarbonyl compounds (36) or benzene (37).

2. Results and discussion

In continuation of our ongoing research program (35), we wish to report mild and efficient
conversion of thioamides into the corresponding oxo compounds by the use of ICl. As shown
in Scheme 1, various thioamides were subjected with ICl to afford to corresponding amides in
excellent yields at room temperature.

Scheme 1. Transformation of thioamides to corresponding amides.

For the choice of the reaction media, different solvents were investigated for the conversion
of N -thiobenzoylaniline to N -benzoylaniline as typical substrate using ICl/aq. HCl at room
temperature. As shown in Table 1, among the studied solvents, CH3CN was found to be a suitable
solvent because the higher amide derivative was observed. In the absence of acid, the conversion
of thioamides was decreased to 10–40% yields. By employing 1 molar equivalent of the reagent
in CH3CN and 2 molar HCl aqueous solution, amide was obtained in 95% yield after 20 min.
These conditions were applied for the conversion of other thioamides into their corresponding
amides. The results are summarized in Table 1.

As shown in Table 2, a variety of thioamides (primary, secondary and tertiary) were treated with
ICl in the presence of aqueous HCl in acetonitrile to afford the corresponding carbonyl compounds

Table 1. Conversion of N -thiobenzoyl aniline to corresponding
amide with ICl/aq. HCl in different solvents at room temperature.

Solvent ICl (mmol) Time (min) Yield(%)a

CCl4 1 60 10
CH3COCH3 1 60 10
CH3OH 1 60 15
CH3CH2OH 1 60 15
CHCl3 1 100 5
CH2Cl2 1 100 5
CH3CN 1 20 95
CH3CN 0.5 60 70
CH3CN 0.25 90 40

Note: aIsolated yields.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Journal of Sulfur Chemistry 19

Table 2. Transformation of thioamide derivatives to the corresponding amides with ICl/aq. HCl in acetonitrile.

Time Yieldsa (◦C) reported
Entry R1 R2 R3 (min) (%) Mp found (38)

1 H H 20 96 299 >300

2 H 20 95 160 163

3 H 30 93 153 155

4 H 35 96 146 148

5 Me 60 90 105–107 107

6 H 40 92 151 152–153

7 ME H 15 95 215 216

8 H 30 94 239–240 241

9 H 20 95 159 160

10 H 35 94 210 211

11 Et Et 60 90 87 89–90

12 H 30 92 170 173

13 H 40 94 59–61 60

14 H 40 92 200 199

15 Me Me 60 90 128 127–130

Note: aIsolated yields.
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Table 3. Comparison of some of our results with those reported in the literature.

Entrya Ab B C D E

1 96/20 85/180 85/10 84/40 93/30
2 95/20 – 90/15 81/80 95/30
3 93/30 – 78/25 – 93/55
5 90/60 90/180 90/25 – 94/10
7 95/15 – 95/20 – –

10 94/35 – 90/30 – 92/70
12 92/30 – 90/30 – 95/20

Notes: Values refer to yield (%)/time (min) ratios.
aThe entries refer to those in Table 2.
bA: Our method; B:Ag2CO3/Celite, CH3CN, r.t. (39); C: oxone/solid phase (23b); D: n-Bu4N+IO−

4 /CH2Cl2,
r.t. (27); E: (n-BuPPh3)Cr2O7/CH3CN, reflux (25).

in excellent yields at room temperature. In the case of thioketones such as thiocyclohexanone,
thiobenzophenone or 3-thiopentanone, no reaction was observed under these conditions.

To show the utility of the method, large scale deprotection of some thioamides to their corre-
sponding amides was also investigated in a 30 mmol scale. The results were comparable with those
of small scale experiments. Therefore, it seems that this method is also applicable for operation
on large scale desulfurization of thioamides.

With regard to the literature, the proposed mechanism includes a nucleophilic attack of sulfur
atom of thioamide to I–Cl and then a nucleophilic attack of water to thiocarbonyl group to generate
corresponding oxo analog. We suggest that HCl raises the ionic strength of organic reaction media.
Higher ionic strength leads to more polarizability of the I–Cl bond in the reaction conditions and
therefore the nucleophilic attack of thioamide to I–Cl is facilitated in shorter reaction times with
respect to one in the absence of HCl.

In order to show the ability of our method in comparison with previous reports, some of our
results have been summarized in Table 3. As shown, the yield/time ratios of the present method
are better or comparable with others.

In conclusion, we have developed an efficient procedure for the conversion of thioamides to
their carbonyl compounds using ICl/aq. HCl in acetonitrile, as a simple and inexpensive reagent
at room temperature. The mild reaction condition, appropriate reaction times, high product yields
and easy work-up are some advantages of the method.

3. Experimental

All of the products were identified by the comparison of their physical and spectral data with
those of authentic samples. The starting thioamides were prepared according to described
procedures (40, 41).

Caution: Iodine monochloride is hazardous. Weighting of it should be performed under high
ventilation. It is recommended that its fresh stock solution in reaction solvent be prepared and used.

3.1. General procedure for the conversion of thiocarbonyls to carbonyl compounds in
acetonitrile solvent

In a round bottomed flask (25 mL), a solution of thiocarbonyl compound (1 mmol) in CH3CN
(5 mL) and aqueous HCl (5 mL) was treated with ICl (1 mmol) and the reaction mixture was
stirred at the room temperature for the time indicated in Table 1. The progress of the reaction
was monitored by TLC (eluent: CCl4/EtOAc: 10/1). After completion of the reaction, satu-
rated NaHCO3 was added to the reaction mixture. The crude product was extracted by diethyl
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ether (2×10 mL). The organic layer was separated and dried by anhydrous Na2SO4. The sol-
vent was evaporated and the crude product was purified by column chromatography on silica gel
and recrystallized from n-hexane to afford the pure product. Selective spectroscopic data of
N -methyl-N -(4-nitrobenzoyl) aniline (5): IR (KBr): 1650, 1105, 1355, 1500, 1526, 1605,
3078 cm−1;1H-NMR (CDCl3 400 MHz): δ 3.31 (s, 3H), 6.83–6.84 (d, 2H), 6.99–7.04 (m, 1H),
7.07–7.08 (m, 2H), 7.24–7.26 (d, 2H), 7.82–7.84 (d, 2H); 13C-NMR(CDCl3): δ 38.31, 123.04,
126.96, 127.37, 129.57, 142,17, 143.81, 147.96, 168.21.
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