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Abstract—An efficient and regioselective approach for the thiocyanation of indoles, pyrrole, aromatic amino compounds, and
2-methoxycarbazole has been developed using ammonium thiocyanate as a thiocyanation reagent and oxone as an oxidant.
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Thiocyanation of aromatic and heteroaromatic com-
pounds is one of the most important reactions in organic
synthesis. The thiocyano substituted compounds are a
useful kind of intermediates in the synthesis of sulfur-
containing heterocycles, in which the thiocyanate group
will be readily transformed into other sulfur-bearing
functionalities.! They are particularly useful for produc-
ing drugs and pharmaceuticals.? In view of the versatil-
ity of thiocyanate group in heterocyclic construction,? it
will be of significance to probe the thiocyanation of aro-
matic and heteroaromatic compounds. Several methods
have been developed for the thiocyanation of arenes by
using various reagents under certain conditions.*> Yet,
only a limited number of reagents, such as bromine/
potassium thiocyanate (only for indoles),’* N-thiocy-
anatosuccinimide (only for 5-methoxy-2-methylindole
and accompanied by two bisthiocyanates),’® ceric
ammonium nitrate (CAN),>° acidic montK10clay,>¢
iodine/methanol,? etc., have been applied to the thiocy-
anation of indoles. However, these methodologies suffer
from one or more drawbacks such as the less availability
or hard preparation of starting materials, " the require-
ment for a large excess of strong oxidizing reagents, the
toxicity of metal thiocyanates, low yields for some
compounds,> and performances under certain special
conditions.>® Hence, a requirement for developing
alternative synthesis routines accessible to the thiocya-
nation of aromatic and heteroaromatic compounds is
in high demand. In the present work, we will report a
novel, efficient, and regioselective approach for the thio-
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cyanation of aromatic and heteroaromatic compounds
using ammonium thiocyanate as a thiocyanation
reagent and oxone as an oxidant. The substrates studied
were indoles, anilines, pyrrole, and carbazole. Using
indoles as substrates, the reaction gave unique 3-thio-
cyano substituted indoles in high yield (Scheme 1 and
Table 1).

In a typical experiment, a solution of 117 mg 1la
(I mmol) and 114mg ammonium thiocyanate
(1.5 mmol) in 10 mL of methanol was treated with
924 mg oxone (1.5 mmol) and allowed to stir at room
temperature until completion of the reaction, monitored
by TCL. Consequently, it was diluted with water and
extracted with 4 x 15 mL of dichloromethane (DCM).
DCM was then evaporated and the residue was purified
by column chromatography on silica gel (200-300 mesh,
ethyl acetate/hexane) to afford the product as colorless
crystallines. It was recrystallized from dichlorometh-
ane/hexane or ethyl acetate/hexane. The product was
identified by 'H and '>C NMR, MS, IR, and element
analysis.® IR spectrum showed the characteristic peak
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Table 1. Thiocyanation of aromatic and heteroaromatic compounds
with oxone in methanol at room temperature
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#The reaction time.

®Isolated yields of the products after column chromatography.

of —=SCN at 2160 cm~' and the —C-S stretching at
702 cm ™. The results are listed in Table 1.

The products (2a—f) from indoles (1a—f) showed that the
mono-thiocyanation uniquely occurred at the 3-position
of indole ring. As for 2-methoxycarbazole (1g), the
mono-thiocyanation still took place at the 3-position
of benzene ring. Pyrrole (1h) was also easily transformed
into the mono-thiocyanated product (2h,) within
23 min. The dithiocyanated product (2hy) will be formed
with a longer reaction time of 12 h. Therefore, under the
properly controlled reaction time and amount of ammo-
nium thiocyanate, only 2h, will be yielded.

The solvent effect on product yields was investigated
using la as a substrate. Both the yields and reaction
times listed in Table 2 suggest that methanol appears
to be very favorable for thiocyanations.

Potassium peroxymonosulfate is a cheap and readily
accessible oxidizing reagent. It is commonly referred to
as oxone® (2KHSOsKHSO4K,S0,) and is a versatile
oxidant for transformation of a wide range of functional
groups.” These reactions generally occur at lower tem-
peratures. Thus, they will provide a larger margin of
safety. In addition, oxone is present as solid. It has an
advantage of precise weighed amount of it being used
in the reaction.

Aromatic amino compounds (1i and k) were readily
converted to the mono-thiocyanated products (2i and
k) with high para-selectivity. Since aromatic amino com-
pounds could be oxidized, some highly polar by-prod-
ucts, easily dissolvable in water, were formed. It led to
a decreased yield of thiocyanated products.

In order for the reaction mechanism to be proposed, the
reduction potential of oxone and the oxidation potential
of indole and ammonium thiocyanate were determined
in anhydrous methanol.® The reduction and oxidation
potentials of oxone and indole were estimated to be
40.325V and —1.050 V, respectively. Yet, ammonium
thiocyanate exhibited no oxidation potential. So, it
might be assumed that oxone oxidized indole rather
than ammonium thiocyanate. The oxidation occurs at
the C-C double bond on the hetero-, five-membered
ring of indole, giving a cation radical of indole (1-R™"),
which was stabilized by a resonance effect. It was fol-
lowed by nucleophilic attack of “SCN at the 3-position.
The radical (1-R’) so formed then undergoes a 3-H-
abstraction by "OH generated from oxone’ during its
reduction, affording the end product, as depicted in

Table 2. Solvent effects on the thiocyanation of 1a

Solvent Time® (h) Yield® (%)
Methanol 0.7 98
Acetonitrile 8 98
Tetrahydrofuran 48 97
Dichloromethane 48 53
Carbon tetrachloride 48 0

# The reaction time.
®Isolated yields of the products after column chromatography.
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Scheme 2. Otherwise, the effect of solvent on the thio-
cyanation indicates that polar solvents highly favor the
thiocyanation. It implies that: (a) a development of
charge separation or a formation of ionic species most
likely occur, and (b) the nucleophilicity of “SCN may
be enhanced.

This approach, due to the commercial availability of
reagents, mild reaction conditions, and good yields
of mono-thiocyanation products, makes it accessible to
organic preparations.
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