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Application of diacetoxyiodobenzene in the desulfurization of arylthioureas
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In the present study, the utility of the hypervalent iodine(IIl) reagent, diacetoxyiodobenzene is extended for the efficient
synthesis of variously substituted aryl cyanamides. The reaction presents efficient conversion of thioureas to cyanamides
under the conditions of ambient temperature while stirring. This organoiodine(III) mediated method features easy isolation
of the products and represents an excellent example illustrating thiophilic property of diacetoxyiodobenzene in the

desulfurization of thioureas.
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Unprecedented growth in the orbit of hypervalent
iodine reagents is attributed to their low toxicity, ready
availability, easy handling, selectivity under different
conditions and tolerance to different functional groups.
The reactivity of the iodine(Ill) reagents is similar to
the heavy-metal based oxidants, including elements
such as Pb(IV), Hg(Il) and TI(III), as well as transition
metal catalysed processes. Hence, they provide suitable
alternative to the toxic metal based reagents. The
organoiodine(IIT) reagent, diacetoxyiodobenzene (DIB)
is available commercially and has been used for the
oxidation of alkynes, allenes, alkenes, enolizable
ketones, electron rich aromatic compounds, alcohols,
organic derivatives of nitrogen, phosphorus, sulphur,
selenium, tellurium and other organic substrates.'”
Recently, the application of DIB has been demonstrated
in the desulfurization of dithiocarbamate salts and in the
regioselective N-acylation of 1, 3-disubstituted
thioureas.” Thioureas are easily available starting
materials to perform various organic transformations.
Taking cues from this and in continuation of our work
on exploring the synthetic potential of iodine(III)
reagents, we sought to explore the thiophilicity of DIB
in the desulfurization of arylthioureas.

Cyanamides are significant entities because of their
valuable contributions in synthetic organic and
medicinal chemistry. They have been proved to be (i)
practicable precursors in the synthesis of N-alkyl or
N-arylimides and heterocycles (ii) protective groups

in the synthesis of secondary and tertiary amines
containing heterocycles (iii) important mediators of
biologically active compounds*’. Because of the
panoptic utility of cyanamides, there has been
increasing interest in developing facile approaches for
their synthesis. Most of the reported methods for their
synthesis use cyano cation (CN") directly from highly
toxic cyanogen bromide or indirectly from (CN")
synthons which, in turn, are prepared from toxic
cyanogen halides. Therefore, a non-metallic, non-
toxic, eco-friendly, mild DIB-mediated strategy for
the synthesis of cyanamides is of particular interest.

Experimental Details

General

Melting points were taken in open capillaries and are
uncorrected. IR spectra were recorded on Perkin-Elmer
IR spectrophotometer. The 'H NMR spectra were
recorded on Bruker 300 MHz instrument. Elemental
analyses were carried out in  Perkin-Elmer
2400 instrument. Most of the common chemicals were
obtained from commercial suppliers. DIB used in
present study was prepared according to literature
procedure.*’

General procedure for
cyanamides, 2a-j

Aqueous ammonia (25%, 2 mL) was added to a
stirred solution of phenylthiourea 1 (1 eq.) in acetonitrile

synthesis of aryl
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(5 mL). DIB (1 eq.) was added portion-wise over a
period of 15 min. A light yellow precipitate of sulfur
started to separate out during this period. After the
complete addition of DIB, it was kept stirring for
15 min and conversion to the corresponding
I-phenylcyanamide was confirmed by TLC. The
conversion of the 1-phenylthiourea to
phenylcyanamide (2a) was observed within 10 min of
the complete addition of DIB. The reaction mixture
was allowed to stand, and the precipitated sulfur was
filtered. The organic layer was concentrated and
admixed with ethyl acetate (15 mL). The ethyl acetate
layer was washed with water (25 mL). The organic
layer was dried over anhydrous Na,SO,, concentrated
under reduced pressure. The oily liquid so obtained
was characterized as cyanamide by spectral data.

Phenylcyanamide™'’, 2a: Yield: 80%; Oily liquid; IR
(KBr)(v, cm ' ): 3171, 2222, 1597, 1497, 1250, 748,
687; '"H NMR (400 MHz, CDCl5)(3, ppm): 7.02-7.58
(m, 5H), 6.88 (br, s, 1H)

2-Methylphenylcyanamide®, 2b: Yield: 84%; m.p.
77-78°C; IR (KBr): 3052, 2270, 1549, 1498, 1198,
832, 752 cm™; '"H NMR (400MHz, CDCl;)(8, ppm):
2.19 (s, 1H, CH3;), 6.89-7.04 (m, 4H).

4-Methylphenylcyanamide™®, 2¢:  Yield: 86%;
IR(KBr): 3063, 2214, 1597, 1512, 1466, 1250, 810,
756 cm’'; '"H NMR (400MHz, CDCl3)(3, ppm): 2.26
(s, 3H, CH3), 6.90-7.14 (m, 4H)

2, 6-Dimethylphenyl cyanamide™'’, 2d: Yield: 54%;
m.p. 143-146°C; IR(KBr): 3080, 2225, 1601, 1503,
1250, 1042, 876 cm™; "H NMR (400MHz, CDCl5)(3,
ppm): 2.12 (s, 6H, CH3), 6.93-7.11 (m, 3H), 6.73 (br,
s, |H, NH)

4-Methoxyphenyl cyanamide’, 2e: Yield: 74%; m.p.
87-88°C; IR(KBr): 2924, 2854, 2222, 1605, 1504,
1458, 1296, 1234, 1173, 1026, 825 cm™; 'H NMR
(400MHz, CDCIL3)(5, ppm): 3.85 (s, 3H, OCHj;),
6.85-7.20 (m, 4H).

4-Chlorophenyl cyanamide™’, 2f: Yield: 97%; m.p.
95-96°C; IR (KBr): 3152, 2222, 1620, 1511, 1461,
1302, 1065 cm™; 'H NMR (400 MHz, CDCl5)(3,
ppm): 6.58 (br, s, 1H), 6.95-7.32 (m, 4H)

4-Bromophenylcyanamide®, 2g: Yield: 93%; m.p.
111-113°C; IR(KBr): 3148, 3063,2924, 2854, 2230,
1597, 1481,1250, 1072, 1011, 810 cm™; 'H NMR
(400MHz, CDCI3)(6, ppm): 6.83 - 6.86 (d, J= 9 Hz,
2H), 7.42-7.45 (d, J= 9 Hz, 2H), 5.14 (br, s, 1H, NH)

3-Nitrophenylcyanamide®, 2h: Yield: 74%; m.p.
133-135°C; IR (KBr): 3145, 2928, 2238, 1624, 1365,
1266, 1082 cm™; 'H NMR (400 MHz, CDCls+
DMSO) (8, ppm): 7.41-7.85 (m, 4H)

4-Nitrophenyl cyanamide’, 2i: Yield: 70%; m.p.
186-187°C; IR (KBr): 3217, 2152, 1589,1474, 1296,
1111, 841, 748, 625 cm™; 'H NMR (400 MHz,
CDCIl3+ DMSO) (8, ppm): 7.52 - 7.87 (m, 4H)

4-carboxyethylphenylcyanamide®, 2j: Yield: 62%;
m.p. 150-152°C; IR (KBr): 3156, 2901, 1729, 1578,
1378, 898 cm’; '"H NMR (400 MHz, CDCl;) (3,
ppm): 1.34 (t, 3H), 4.32 (q, 2H), 7.65 - 7.87 (m, 4H),
12.11 (br, s, 1H, COOH)

Results and Discussion

To start with, the reaction of 1-phenylthiourea 1a
(1 eq.) was carried out by taking 1.1 equivalents of
DIB (1.1 eq.) in acetonitrile containing aqueous NH;
(25%) at room temperature while stirring. The
progress of the reaction was monitored by TLC.
Yellow precipitates of sulphur were precipitated out
and a single cyanamide product 2a was obtained as oil
in good yield. The product was characterized by IR
and 'H NMR data. IR spectrum of 1a showed peaks at
2222 em™ and 3171 cm™ for the stretching vibrations
of the CN and NH group, respectively. The '"H NMR
displayed a characteristic broad singlet at & 6.88 due
to -NH- of cyanamide in addition to the required
number of peaks in the aromatic region. Following the
successful preparation of phenyl cyanamide from the
corresponding thiourea, other aryl thioureas 1b-o
were also subjected to the DIB-mediated
desulfurization to explore the substrate scope and
limitations of this reaction. In all these -cases,
corresponding cyanamides were made successfully.
DIB mediated synthesis of cyanamides from thioureas
is shown in Scheme 1.

The reaction is believed to proceed via the
formation of S-1 complex 3 (from thiourea and DIB)
triggered by ammonia followed by reductive
elimination of iodobenzene and sulphur leading to the
formation of carbodiimide intermediate 4 which is
transformed into the stable cyanamide analogue.
Precipitation of sulphur during the reaction also
supports the mechanistic pathway. The mechanistic
pathway for desulfurization of thioureas using DIB is
shown in Scheme 2. Various arylthioureas, needed for
the present study, can be prepared easily in high
yields from corresponding amines following the
literature procedure®’ (Table 1).
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Scheme 1 — DIB mediated synthesis of cyanamides from thioureas
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Scheme 2 — Mechanistic pathway for desulfurization of thioureas using DIB

Table 1 — Preparation of cyanamides 2 from arylthioureas 1 and DIB

S. No. Substrate (1) Product (2)
H H
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ot 9
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. Me H Me H
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H NH H CN
2¢c \ﬂ/ 9 —
IO e
Me Me
2d N N— NH N N-cN
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Me Me
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Cl Cl
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%Yield

80

84

86
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(Contd.)
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Table 1 — Preparation of cyanamides 2 from arylthioureas 1 and DIB — (Contd.)

S. No. Substrate (1)
H
2h N\”/ NH,
S
NO,

H
2 N\H/NH2
IOl
O,N
H
2j N\”/NHZ
IR
EtOOC

Product (2) %Yield

H
N-CN 74

H
/©/N—CN 70
O,N
H
Et0OC

Conclusion

Desulfurization ability of DIB is used for the smooth
transformation of aryl thioureas to cyanamides under
mild reaction conditions involving environmentally
benign protocol. The method is compatible with both
electron-releasing and electron-withdrawing groups on
the aromatic ring giving their corresponding
cyanamides. Easy isolation of the desired products
makes the present approach a suitable alternative for the
synthesis of various cyanamide compounds.
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