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A novel, efficient and eco-friendly method is described for the synthesis of alkyl thiocyanates from alkyl

halides. The reaction was carried out by treatment of various alkyl halides with ammonium thiocyanate in

polyethylene glycol as reaction media. This procedure afforded the corresponding alkyl thiocyanates in high

yields without formation of isothiocyanates as by-products.
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Introduction

Regulatory pressure is increasingly focusing on the use,

manufacture, and disposal of organic solvents, and thus the

development of nonhazardous alternatives (one of several

goals of green chemistry and engineering) is vitally impor-

tant for the continued and sustainable development of the

chemical enterprise.1 In reducing the amount of waste, the

energy usage, and the use of volatile, toxic, and flammable

solvents, several approaches are available, including avoid-

ing the use of organic solvents for the reaction media.2

Alternative solvents include supercritical fluids,3 ionic

liquids,4 solvent-free conditions,5 polyethylene glycol,6

water7 and the use of fluorous solvents.8 Polyethylene glycol

(PEG) is a hydrophilic polymer, easily soluble in water and

many organic solvents including: toluene, dichloromethane,

alcohol, and acetone, but it is not soluble in aliphatic hydro-

carbons such as hexane, cyclohexane, and diethyl ether.1

Low molecular weight liquid PEGs can be regarded as

protic solvents with aprotic sites of binding constituted by

some monomeric units (CH2-CH2O). A few inorganic salts

and many organic substrates are soluble in low molecular

weight liquid PEGs, and thus, they have been proposed as

solvents for organic reactions. PEGs have been termed

‘‘host’’ solvents due to their ability to form complexes with

metal cations.9

Alkyl thiocyanates are important synthetic precursors for

the preparation of sulfur-containing organic compounds. For

example, (i) the thiocyanato group occurs as an important

functionality in certain anticancer natural products,10 (ii) α-

thiocyanato carbonyl compounds are intermediates for a

preferred synthetic route to several types of thiazoles,11 (iii)

this functional group can be used as a masked mercapto

group. Also, alkyl thiocyanates have found a wide variety of

applications as insecticides,12 biocidal,13 antiasthmatic,14

vulcanization accelerators,15 and starting materials for the

preparation of heterocycles.16 They are generally prepared

via nucleophilic displacement of leaving groups by thio-

cyanate ion on a carbon atom. α-Thiocyanato carbonyl

compounds are prepared from α-halocarbonyl compounds17

or α-tosyloxycarbonyls.18 Also, β-hydroxy thiocyanates are

prepared via nucleophilic epoxide ring opening using the

thiocyanate anion.19

In continuation of our work on the new methods for the

preparation of alkyl thiocyanates,20 we have described a

mild and efficient method for thiocyanation of alkyl halides

using ammonium thiocyanate in PEG as reaction medium,

which afforded the corresponding alkyl thiocyanates in high

yields. 

Results and Discussion

Polyethylene glycol (PEG-400) has been applied here as

an efficient reaction medium for the preparation of alkyl

thiocyanates. It is a biologically acceptable inexpensive

polymer and eco-friendly. Its applications as a reaction

medium in organic syntheses have not yet been fully explor-

ed. In the present conversion, the role of PEG is possibly to

form complexes with cation, much like crown ethers, and

these complexes cause the anion to be activated.21

In a typical experiment, benzyl bromide (1 mmol) and

ammonium thiocyanate (2 mmol) were stirred at room

temperature in PEG. In this case, the reaction was not

completed after 5 h, but by increasing the temperature to 60
oC, the reaction was completed within 1 h and produced

benzyl thiocyanate in quantitative yield (Table 1, entry 1). In

spite of this point that prolonged heating over 50 oC can

cause an intramolecular rearrangement to isothiocyanate

isomers,22 no evidence for the formation of isothiocyanate as

by-product of the reaction was observed and the product was

obtained in pure form without further purification. 13C

resonance of the –SCN at ~111 and –NCS groups at ~145

ppm, are very characteristic for thiocyanate and isothio-

cyanate functionalities.23

In order to show the general applicability of the method,

we extended it to a variety of alkyl halides and in all cases
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very clean reactions were observed (Table 1). The structures

of all the products were settled from their analytical and

spectral (IR, 13C NMR) data and by direct comparison with

authentic samples.

This procedure can be used for preparation of α-thio-

cyanato carbonyl compounds (Table 1, entry 11, 12). As

expected the typical steric effect on the rate of SN2 reactions

was observed. The primary alkyl halides could be efficiently

converted to the corresponding alkyl thiocyanates, whereas

secondary alkyl halides such as bromo cyclohexane did not

convert after 5 h (Table 1, entry 14). 

In conclusion, we reported a novel and efficient method

for the synthesis of alkyl thiocyanates from their alkyl

halides in high isolated yields. More importantly there is no

formation of any by-products in this process, and the

products can be obtained in pure form without further

purification, and we feel that it may be a suitable addition to

methodologies already present in the literature.

Experimental Section

All 1H and 13C NMR data were recorded on a Bruker

Advanced DPX 400 MHz instrument spectrometer using

TMS as the internal standard in CDCl3. IR spectra were

recorded on a BOMEM MB-Series 1998 FT-IR spectro-

photometer. All materials were purchased from Merck Com-

pany in high purity. Products were characterized by com-

parison of their physical and spectroscopic data with those of

known samples. The purity determination of the products

and reaction monitoring were accomplished by TLC on

silica gel polygram SILG/UV 254 plates. 

General procedure for the preparation of alkyl thio-

cyanates from alkyl halides. To a suspension of alkyl

halide (1 mmol) in PEG-400 (2 g), NH4SCN (2 mmol) was

added and the mixture was stirred at 60 ºC for the lengths of

time shown in Table 1. In some cases (Table 1, entries 6, 7,

11 & 12), for facile thiocyanation, after 1 h, one more mmol

of NH4SCN was added to the reaction mixture. The progress

of reaction was monitored by TLC using CCl4 as eluent. On

completion of reaction, the reaction mixture was poured into

water (10 mL) and extracted with EtOAc (3 × 10 mL). The

combined organic layers were dried over anhydrous Na2SO4,

filtered and concentrated. The desired alkyl thiocyanates

were obtained in high isolated yields. 

Representative examples of spectra data of alkyl thio-

cyanates.

Benzyl thiocyanate 1, 2: IR: 2153 (SCN). 1H-NMR (400

MHz, CDCl3): δ = 4.2 (s, 2H), 7.2-7.5 (m, 5H). 13C-NMR

(100 MHz, CDCl3): δ = 38.5 (CH2), 112.6 (SCN), 129.3

(2×CH), 129.4 (2×CH), 129.6 (CH), 134.7 (C).

2-Phenylethyl thiocyanate 8: IR: 2154 (SCN). 1H-NMR

(400 MHz, CDCl3): δ = 3.1 (t, 2H), 3.2 (t, 2H), 7.1-7.3 (m,

5H). 13C-NMR (100 MHz, CDCl3): δ = 34.9 (CH2), 35.8

(CH2), 112.4 (SCN), 126.7 (CH), 128.2 (2×CH), 129.4

(2×CH), 138.1 (C). 

3-Phenylpropyl thiocyanate 9: IR: 2155 (SCN). 1H-

NMR (400 MHz, CDCl3): δ = 1.9 (m, 2H), 2.6-2.8 (m, 4H),

7.1-7.3 (m, 5H). 13C-NMR (100 MHz, CDCl3): δ = 30.9

(CH2), 32.8 (CH2), 33.7 (CH2), 112.6 (SCN), 126.2 (CH),

128.3 (2×CH), 128.6 (2×CH), 139.9 (C). 

1-Naphthylmethyl thiocyanate 10: IR: 2152 (SCN). 1H-

NMR (400 MHz, CDCl3): δ = 4.3 (s, 2H), 7.5-8.1 (m, 7H).
13C-NMR (100 MHz, CDCl3): δ = 36.2 (CH2), 111.4 (SCN),

124.3 (CH), 125.8 (CH), 125.9 (CH), 126.1 (CH), 126.4 (CH),

126.7 (CH), 129.6 (CH), 130.4 (C), 131.8 (C), 135.2 (C).

Octyl thiocyanate 13: IR: 2155 (SCN). 1H-NMR (400

Table 1. Reaction of different alkyl halides with NH4SCN using
PEG as reaction medium

Entry Substrate Product (s)a
Time

(h)

Yields

(%)b

1 1 84

2 1 82

3 1 83

4 1.5 90

5 1 85

6 1.5 85c

7 2 78c

8 2 85

9 2 80

10 1 82

11 1.5 80c

12 1.5 85c

13 2 89

14 5 −

aProducts were identified by comparison of their physical and spectral
data with those of authentic samples. bIsolated yields. cAfter 1 h, 1 mmol
NH4SCN was added.
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MHz, CDCl3): δ = 0.9 (t, 3H), 1.3-1.6 (m, 12H), 2.9 (t, 2H).
13C-NMR (100 MHz, CDCl3): δ = 16.0 (CH3), 24.5 (CH2),

30.8 (CH2), 31.1 (CH2), 31.7 (CH2), 31.9 (CH2), 33.7 (CH2),

33.8 (CH2), 114.2 (SCN). 
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