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A convenient procedure for one-pot conversion of alcohols into the corresponding alkyl thiocyanates
in the presence of cross-linked poly (N-propyl-4-vinylpyridinium) thiocyanate ion [P4-VP]Pr-SCN, pro-
moted by cyanuric chloride/dimethylformamide, is described. Various alcohols were converted to their
corresponding alkyl thiocyanates and it was observed that substituted benzyl alcohol with electron-
withdrawing or electron-donating groups were transformed into the corresponding benzyl thiocyanate
derivatives in high to excellent yields in a short reaction time but, sterically hindered alcohols produced
the corresponding thiocyanates in very low yields.
[P,-VP]Pr-SCN

—» RSCN
CC/DMF, 50 °C

Keywords: alcohol; benzyl thiocyanate; polymeric reagent; cyanuric chloride; selectivity

1. Introduction

Sulfur-containing compounds have become increasingly useful and important in organic syn-
thesis. Thiocyanates are well known in organosulfur chemistry.[1] Thiocyanate is a versatile
synthon which has been used extensively in synthetic organic chemistry,[2] with a wide range
of applications particularly in biological and heterocyclic chemistry.[3] For example, proper-
ties such as high biological activity,[4] insecticide,[5] biocide,[6] and vulcanization accelerators,
and starting materials for the preparation of heterocycles[7] have been reported for organic
thiocyanates. A literature search shows that there are a few reports in the preparation of alkyl
or aryl thiocyanates,[8-13] and the most general one involves conversion of alkyl halides
to alkyl thiocyanates with metal thiocyanates such as sodium or potassium thiocyanate.[7]
Thiocyanates can also be obtained from alcohols, silylethers, or amines with electrophilic
phosphorane Ph3P(SCN),.[8] However, the results are not reproducible because of the low
thermal stability of the required intermediate (SCN),. The toxicity of the starting material,
Ph3sP(SCN),, is also a major drawback of this thiocyanation method. Recently a number of
different methods for conversion of alcohols to the corresponding alkyl thiocyanates have
been reported.[10-16] However, these methods have certain limitations arising from the use
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of expensive and explosive reagents, prolonged reaction times, tedious work-up, and the for-
mation of the corresponding isothiocyanates as by-products.[9-11,14] Therefore, new methods
that use environmental-friendly, cheap, and easily available reactants to efficiently perform these
reactions would be of considerable interest.

In recent years, the polymeric reagents, especially anion exchange resins, have been widely
applied in organic transformations.[17-22]

A literature search showed that there are a few reports in the literature on application of
polymer-supported thiocyanate ion [19-25] but, to the best of our knowledge, there are no reports
in the literature for conversion of alcohols into aryl thiocyanates based on polymer-supported
thiocyanate ion. Previously, Cainelli and Manescalchi [23] have described the reactions of
polymer-supported thiocyanate with few alkyl halides. This polymeric reagent was prepared
by treating the chloride form of Amberlyst A-26 (a macroporous resin containing quaternary
ammonium groups) with aqueous potassium thiocyanate. This polymeric reagent converts a
few alkyl halides to the corresponding alkyl thiocyanates in benzene, under reflux conditions.
Also, Harrison and Hodge [24] reported that Amberlyst A-26 converted a few alkyl halides
to the corresponding alkyl thiocyanates (seven examples) under analogous reaction conditions
of the last report. They observed that in some reactions the thiocyanates are the only prod-
ucts and in a few reactions isothiocyanates are also formed as by-products. Tamami and Kiasat
reported synthesis of thiiranes from oxiranes using polymer-supported thiocyanate.[25] Recently
we have prepared cross-linked poly (N-methyl-4-vinylpyridinium) thiocyanate ion and used for
the synthesis of alkyl thiocyanates from alkyl halides,[20] aryl thiocyanates via diazotization—
thiocyanation of aromatic amines,[21] thiocyanation of aromatic and heteroaromatic compounds
in the presence of oxone [19] and for the synthesis of thiocyanohydrins via ring opening of epox-
ides using cross-linked poly (N-methyl-4-vinylpyridinium) thiocyanate ion and cross-linked poly
(4-vinylpyridine)-supported sulfuric acid, [P4-VP]H2S04.[22]

A search of the literature revealed that the treatment of cyanuric chloride (CC), a very cheap
reagent, with alcohols produced the corresponding chlorides.[26-29] CC/dimethyl formamide
(DMF) was also used for the synthesis of alkyl thiocyanates from alcohols by using potassium
thiocyanate (KSCN).[12] This method has certain limitations arising from the use of solvent
(CH,CI,) that is not in agreement with green chemistry, excess KSCN is required (5 equiva-
lents), long reaction times (4-14 h), heating is needed during the reaction (70°C) and in some
reactions the alkyl halides are the only products. Hence, in continuation of our studies on organic
transformations using polymer-supported thiocyanate reagent,[19-22] we wish to report a sim-
ple, one-pot procedure for the synthesis of alkyl thiocyanates from alcohols using cross-linked
poly (N-propyl-4-vinylpyridinium) thiocyanate ion, [P4-VP]Pr-SCN promoted by CC/DMF.

2. Resultsand discussion

[P4-VP]Pr-SCN was prepared similar to our previously reported method [20] via the reaction
of quaternized cross-linked poly (N-propyl-4-vinylpyridinium) bromide, [P4-VP]Pr-Br, with an
aqueous solution of KSCN. We then tested the presence of Br~ ion in the filtrates that was
exchanged with SCN~ ion in the reaction of [P4-VP]Pr-Br with KSCN (ag.) and used for the
synthesis of alkyl thiocyanates from alcohols promoted by CC/DMF. The amount of Br~ ion
was determined by potentiometric titration of the filtrates with a 0.1 mol L~ aqueous solution of
silver nitrate and consequently, the capacity of SCN~ ion on the polymer was obtained (6.4 mmol
g~! of the polymer). Direct evidence of the formation of [P4-VP]Pr-Br and [P4-VP]Pr-SCN can
be obtained from their FT-IR spectra. It is known that the C=N and C=C stretching frequen-
cies of vinyl pyridine polymers shift to higher frequencies upon protonation.[30] In our case, the
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Scheme 1. Synthesis of alkyl thiocyanates from alcohols.

bands found at 1594 and 1412 cm~! are attributed to C=N and C=C bond stretching of pyridine
pendent groups in the polymer chain of [P4-VP] 2% divinyl benzene (DVB) (a, in Figure 1).
When [P4-VP] 2% DVB was treated with propyl bromide and the pyridine rings of the polymer
were quaternized, these peaks were shifted to 1634 and 1460 cm~, respectively (b, in Figure 1).
Also when [P4-VP]Pr-Br was treated with KSCN (aq) and converted to [P4-VP]Pr-SCN by ion
exchange reaction, these peaks were also shifted to 1640 and 1468 cm™1, respectively, and the
appearance of a sharp new peak at 2049 cm~*for stretching of SCN~ indicates that the SCN~
was supported on the polymer (c, in Figure 1). Figure 1 also reveals that the FT-IR spectra of [P,-
VP]Pr-SCN (c) and regenerated polymer (d) are similar. This interaction increases the stiffness
of the associated ring and consequently more energy is required to deform the aromatic cycle,
reflected in higher frequencies (Figure 1 is given as supplementary data.).

This is also in agreement with our previously reported methods for the synthesis of -
halohydrins via regioselective ring opening reaction of epoxides using cross-linked poly
(4-vinylpyridine)-supported HCI and HBr under solvent-free conditions,[31] conversion of epox-
ides to azidohydrins in the presence of cross-linked poly (4-vinylpyridine)-supported azide ion
[32] and synthesis of thiocyanohydrins via ring opening of epoxides using cross-linked poly
(N-methyl-4-vinylpyridinium) thiocyanate ion/[P4-VP]H,S0,.[22]

The polymeric reagent was very stable at room temperature and could be recycled and reused
for several times and also this polymeric reagent could be stored as a bench top catalyst for
months without significant change in their reactivity and can be readily used for conversion of
alcohols into alkyl thiocyanates (Scheme 1).

Since the nature of the solvent influences the rate of reaction, benzyl alcohol (1 mmol) was
selected as a model substrate and was converted to benzyl thiocyanate in different solvents and
under solvent-free conditions at different temperatures, using 1 mmol of CC, 0.5 mL of DMF,
and 1.0 g of [P4-VP]Pr-SCN. The model reaction was performed in various solvents such as
acetonitrile, H,O, DMF, tetrahydrofuran, acetone, dichloromethane, ethyl acetate, and under
solvent-free conditions and the results are given in Table 1.

As Table 1 reveals, when the reaction was performed under solvent-free conditions at 50°C, the
highest yield of the product was obtained in a short reaction time (Entry 11). The next step was
the optimization of the molar ratio of CC/[P4-VP]Pr-SCN in different amounts of DMF for the
model reaction. The model reaction was performed in different molar ratios under solvent-free
conditions at 50°C and the results are summarized in Table 2.

The results presented in Table 2 showed that the optimized molar ratio of CC/[P4-VP]Pr-SCN
was 1/3 in 0.50 mL of DMF (Entry 12).

We then applied these conditions for the synthesis of various alkyl thiocyanates from alcohols
and the results are summarized in Table 3.

This new, simple method can be successfully applied for the synthesis of a wide range of alkyl
thiocyanates starting from the corresponding alcohols. Under optimized reaction conditions, sev-
eral structurally diverse alcohols were examined for the thiocyanation reaction. Representative
results are summarized in Table 3. As is clear from Table 3, primary benzylic alcohols (Entries
1-13) were easily converted into corresponding thiocyanates in high to excellent yields while,
allyl alcohol (Entry 14) and primary alkyl alcohol such as n-penthyl alcohol (Entry 15) or sec-
ondary alcohols such as diphenylmethanol (Entry 17) and cyclohexanol (Entry 20) produced
desired products in very low and negligible yields. Previously, Cainelli and Manescalchi [23]
have described the reactions of a polymer-supported thiocyanate (Amberlyst A-26 SCN~ form)
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Table 1. Optimization of the reaction conditions for conversion of benzyl alcohol to
benzyl thiocyanate using [P4-VP]Pr-SCN/CC/DMF (1.0 g/1 mmol/0.5 mL).

Entry Temperature (°C) Solvent Time (min) Isolated yield (%)
1 Rt Acetonitrile 120 20

2 R.t. H,0 120 0.0
3 Rt DMF 120 0.0
4 Rt Tetrahydrofurane 120 0.0
5 R.t. Acetone 120 0.0
6 R.t. Dichloromethane 120 10

7 Rt Ethyl acetate 120 0.0
8 R.t. n-Hexane 120 75

9 R.t. Solvent free 120 90
10 50°C Solvent free 10 95
11 70°C Solvent free 30 50

Table 2. Optimization of the molar ratio of CC/[P4-VP]Pr-SCN in different amounts of DMF for
the model reaction under solvent-free conditions at 50°C.

[P4-VP]Pr-SCN
Entry  CC (mmol) DMF (mL) (mmol of SCN™) Time (min) Isolated yield (%)

1 0.33 0.10 6.4 30 20
2 0.66 0.10 6.4 30 30
3 1.0 0.10 6.4 30 45
4 1.0 0.15 6.4 30 61
5 1.0 0.25 6.4 30 80
6 1.0 0.50 6.4 10 95
7 1.0 0.75 6.4 10 95
8 1.0 0.50 1.0 10 26
9 1.0 0.50 15 10 41
10 1.0 0.50 2.0 10 60
11 1.0 0.50 2.5 10 81
12 1.0 0.50 3.0 10 95
13 1.0 0.50 35 10 95

with few alkyl halides. They reported that larger substrates generally required harsher reaction
conditions than the smaller substrates in order to obtain good yields of product. Recently, we also
observed similar results for the conversion of alkyl halides into alkyl thiocyanates using cross-
linked poly (N-methyl-4-vinylpyridinium) thiocyanate.[20] Our results in the present method
for the synthesis of alkyl thiocyanates also support this observation (Table 3, Entries 15-20).
It may be that the larger molecules have more difficulty gaining access to the active sites of
the polymer. This result is in agreement with the previously reported method for conversion
of alcohols to the corresponding alkyl thiocyanates by using trichloroisocyanuric acid with
triphenylphosphine.[16]

Another report in this field is described by Harrison and Hodge.[24] Their results also sup-
port this view, but they observed that in a few reactions isothiocyanates were also formed. The
thiocyanate group is unstable when heated or subjected to acidic conditions, so the reaction can
give mixtures of thiocyanates and isothiocyanates, or can proceed selectively to either isomer.
However in our study we observed that thiocyanates are the only products, and isothiocyanates
as by-products were not formed.

We have also successfully applied this new method in a larger scale, for example, up to 15
mmol of benzyl alcohol (Table 3, Entry 1) which could be converted into benzyl thiocyanate
without significant loss of their activity. The spent polymeric reagent can also be regenerated
and reused several times without significant loss of their activity (Table 3, Entries 2-5).
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Table 3. Synthesis of alkyl thiocyanates from alcohols using [P4-VP]Pr-SCN/CC/DMF under
solvent-free conditions at 50°C.

Entry Alcohol Product Time (min) Yields (%)? Ref.
1 @A @A 10 95 [8,10,12]
20 ©/\ ©/\ 10 95 [8,10,12]
30 OA @A 11 95 [8,10,12]
4P @A ©/\ 12 93 [8,10,12]
50 ©/\ ©/\ 15 93 [8,10,12]
8 O\A O\A 35 94
10 /©A OH OA 60 85
11 /©A /©A 15 95
12 /©A /O/\ 60 85 [14]
13 ©)\ ©)\ 120 90 [11,14]
14 P AN 720 Trace [8]
15 SN SN 720 Trace

~ OH ~ SCN
16 ©/\/\ Q/V\ 150 50 [8,14]
17 O)\ (j/L 720 30 [8,10,11,14]
18 ©/V ©N 120 54 [8,10-12,14]
19 Q/V\ Q/w 180 40 [8,10,12]
20 g O/ 720 20 [8,10-12,14]

aYields refer to the Isolated pure products.
bThe Entries 2-5, refer to the use of the [P4-VP]Pr-SCN that is recycled first, second, third, and fourth time,
respectively, under identical conditions.
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Scheme 2. Preparation of [P4-VP]Pr-SCN, the reaction pathway of benzyl thiocyanate preparation and regeneration of
the polymer.

Adduct (1), is isolated by Gold [27] in the reaction of CC with DMF but, when excess of DMF
is used, Gold’s salt [29] is also observed. Based on the previous reports,[12,27-29] and our obser-
vation, the following mechanism is suggested for this conversion (Scheme 2). In the first step,
positively charged adduct (l) is produced by CC and DMF. Then alcohol attacked adduct (1), and
intermediate (I1) is produced. Finally, alkyl thiocyanate is obtained by thiocyanate ion attach-
ment to intermediate (I1), as shown in Scheme 2 (path a). Also, if the chloride ion attachment
on the intermediate (I1) occurred, alkyl chloride is obtained by thiocyanate ion substitution on
the obtained alkyl chloride, the corresponding alkyl thiocyanate is produced (path b). By using
larger substrates and secondary alcohols, alkyl chlorides were formed in the reaction mixture as
intermediate that cannot be easily converted into alkyl thiocyanates under this reaction condition;
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Table 4. Synthesis of benzyl thiocyanate from benzyl alcohol in different methods.

Entry Reaction conditions Time Yield (%) Ref.
1 [P4-VP]SCN/CC/DMF/50°C/Solvent-free 10 min 95 [A]?
2 NTSP/NH4SCN/CH3CN, r.t. 30 min 95 [11]
3 NH4SCN/CC/DMF/CH;Cl,/70°C 6h 76 [12]
4 TCICA®/PPh3/CH3CN 3h 62 [16]
5 NH4SCN/CMPI9/CH3CN/60°C 15h 76 [15]
6 Silphos®/l1,/NH4SCN/CH3CN, Reflux 24 h 90 [13]
7 IL-OPPh,f/Br/KSCN/80°C 30 min 98 [9]

Note: [A], present method Table 2 (Entry 1); NTS, N-thiocyanatosuccinimide; TCICA, trichloroiso-
cyanuric acid; CMPI, 2-Chloro-1-methylpyridinium iodide; silphos, [PCl3-n(SiOz),]; IL-OPPhy,

hence, the isolated yields of alkyl thiocyanate products in these reactions were low. This may be
because the larger molecules have more difficulty in gaining access to the active sites in the
polymer.

All of the products are known compounds [8,10-14] and were identified by comparison of
their physical and spectral data with those of authentic samples.

The FT-IR spectrum showed the characteristic peak of —SCN between 2145 and 2160 cm—!
and the —C-S stretching at 642-755 cm~!. The characteristic spectral data of some alky! thio-
cyanate products and the FT-IR, 'H NMR, and **CNMR spectra of 4-t-butylbenzyl thiocyanate
products are given as supplemental data.

In Table 4, the reaction time and isolated yields of the model reaction are compared with other
reported methods. As it is demonstrated, in this procedure, the yield of the reaction was higher
and the reaction time was shorter than previously reported methods.[9,11-13,15,16] This can
probably be attributed to the local concentration of thiocyanate ion species inside the pores.

The advantages of this method over conventional classical methods are: separation of the
support from the reaction mixture by simple filtration, low reaction time, and excess of polymeric
reagent can be readily employed without incurring complication in work-up. In addition, there is
current research and general interest in heterogeneous systems because of the importance such
systems have in industry and in developing technologies.[33] On the other hand, we were the
first to develop a method for the facile diazotization—thiocyanation of aromatic amines by using
a polymer-supported thiocyanate ion.

3. Conclusions

Cross-linked poly (N-propyl-4-vinylpyridine)-supported thiocyanate ion, [P4-VP]Pr-SCN, has
been introduced as an efficient polymeric reagent for the synthesis of alkyl thiocyanates via direct
conversion of alcohols into alkyl thiocyanates promoted by CC/DMF, in high to excellent yields.
The present method has the advantages such as operational simplicity, mild reaction conditions,
ready availability, fast reaction rates, and simple reaction work-up. The spent polymeric reagent
can be regenerated and reused several times without significant loss of their activity.

4. Experimental design

4.1. Materials and instruments

Chemicals were either prepared in our laboratory or were purchased from Fluka (Buchs,
Switzerland), Aldrich (Milwaukee, WI), and Merck chemical companies. Poly (4-vinylpyridine)
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cross-linked with 2% DVB, (white powder, and 100-200 mesh), [P4-VP] 2% DVB, was
purchased from Fluka (Buchs, Switzerland). Cross-linked poly (N-propyl-4-vinylpyridinium)
bromide, [P4-VP]Pr-Br, and cross-linked Poly (N-propyl-4-vinylpyridine) thiocyanate, [P4-
VP]Pr-SCN, were prepared in our laboratory. Progress of the reaction was monitored by thin
layer chromatography (TLC) using silica gel Poly Gram SIL G/UV 254 plates (Fluka). All prod-
ucts were characterized by comparison of their melting point, FT-IR, and in some cases *H NMR
spectral data, with those of known samples and all yields refer to the isolated pure products.
FT-IR spectra were obtained by using a Bruker, Equinox (model 55) (Germany) and NMR spec-
tra were recorded on a Bruker AC 400, Avance DPX spectrometer (Germany) at 400 MHz in
CDCls.

4.2. Preparation of [P4-VP]Pr-SCN

[P4-VP] 2% DVB (1.00 g) was added to a solution of excess propyl bromide (5 mL) in ace-
tonitrile (5 mL) and the mixture was stirred slowly for 24 h at ambient temperature. The white
quaternized polymer, [P4-VP]Pr-Br, was filtered and washed with acetone successively (3 x 5
mL). It was then dried under vacuum in the presence of P,Os at 40°C overnight. The obtained
[P4-VP]Pr-Br was added to 40 mL of a 3 M solution of potassium thiocyanate and slowly stirred
for 24 h. The prepared resin, [P4-VP]Pr-SCN, was filtered off and was washed with distilled
water. It was then washed with diethyl ether and dried under vacuum in the presence of P,Os at
40°C. The capacity of the polymer was determined by the gravimetric method and potentiomet-
ric titration with a 0.1 mol L= of silver nitrate and it was found to be 3.2 mmol of thiocyanate
ion per gram of the polymer.

4.3. General procedure for the synthesis of alkyl thiocyanates from alcohols using
[P4-VP]Pr-SCN

CC (0.183 g, 1.0 mmol) was added to DMF (0.5 mL) and the mixture was stirred at ambient
temperature until the CC disappeared. The reaction was monitored by TLC. Then, 1 mmol of
an alcohol and 468 mg of [P4-VP]Pr-SCN (3 mmol of SCN~)were added and the mixture was
stirred at 50°C in a water bath until the alcohol disappeared (TLC). After the reaction completion,
the mixture was filtered and washed successively with n-hexane (5 x 2 mL). The solvent was
evaporated and the pure product was obtained in moderate to high yields (20-95%). If further
purification is needed, flash chromatography on silica gel (eluent: n-hexane) could be used which
provides highly pure products.

4.4. Regeneration of [P4-VP]Pr-SCN

The spent polymer (1.00 g) was added to an excess aqueous solution of KSCN (seven equiva-
lents) and was stirred for 24 h at room temperature. The mixture was filtered, washed several
times with distilled water, and dried overnight under vacuum in the presence of P,Os at 40°C.
The regenerated polymer can be reused several times without losing significantly its activity.

Disclosure statement

No potential conflict of interest was reported by the authors.

Supplemental data

Supplemental data for this article can be accessed at doi:10.1080/17415993.2015.1035273.


http://dx.doi.org/10.1080/17415993.2015.1035273

Downloaded by [FU Berlin] at 18:03 09 May 2015

Journal of Sulfur Chemistry 9

References

[1] Yin D, He Y, Perera MA, Hong SS, Marhefka C, Stourman N, Kirkovsky L, Miller DD, Dalton JT. Key structural
features of nonsteroidal ligands for binding and activation of the androgen receptor. Mol Pharmacol. 2003;63:211—
223.

[2] Guy RG. Chemistry of cyanates and their derivatives. In: Patai S, editor. The chemistry of cyanates and their thio
derivatives. New York, NY: John Wiley; 1977.

[3] Loksha Y, El Barbary A, EI-Badawi M, Nielsen C, Pedersen E. Synthesis of 2-(aminocarbonylmethylthio)-1H-
imidazoles as novel capravirine analogues. Bioorg Med Chem. 2005;13:4209-4220.

[4] Wei ZL, Kozikowski AP. A short and efficient synthesis of the pharmacological research tool GW501516 for the
peroxisome proliferator-activated receptor §. J Org Chem. 2003;68:9116-9118.

[5] Buchel KH. Chemie der Pflanzen Schutz-Und Schadlingsbe Kampfungsmittle. New York, NY: Springer; 1970.
p. 457-459.

[6] Gerson C, Sabater J, Scuri M, Torbati A, Coffey R, Abraham JW, Lauredo |, Forteza R, Wanner A, Salathe M,
Abraham WM, Conner GE. The lactoperoxidase system functions in bacterial clearance of airways. Am J Respir
Cell Mol Biol. 2000;22:665-671.

[7] Khazaei A, Alizadeh A, Vaghei RG. Preparation of aryl thiocyanates using N, N’-dibromo-N, N’-bis(2, 5-
dimethylbenzenesulphonyl) ethylenediamine and N, N-dibromo-2,5-dimethylbenzenesulphonamide in the presence
of KSCN as a novel thiocyanating reagent. Molecules. 2001;6:253-257.

[8] Iranpoor N, Firouzabadi H, Shaterian HR. Efficient one-pot thiocyanation of primary, secondary and tertiary
alcohols by in situ generation of Ph3P(SCN),. A modified procedure. J Chem Res (S). 1999;62:676-677.

[9] Iranpoor N, Firouzabadi H, Azadi R. A new diphenylphosphinite ionic liquid (IL-OPPh2) as reagent and solvent for
highly selective bromination, thiocyanation or isothiocyanation of alcohols and trimethylsilyl and tetrahydropyranyl
ethers. Tetrahedron Lett. 2006;47:5531-5534.

[10] Iranpoor N, Firouzabadi H, Nowrouzi N. Preparation of thiocyanates and isothiocyanates from alcohols, thi-
ols, trimethylsilyl-, and tetrahydropyranyl ethers using triphenylphosphine/2,3-dichloro-5,6-dicyanobenzoquinone
(DDQ)/n-BugNSCN system. Tetrahedron. 2006;62:5498-5501.

[11] Mokhtari B, Azadi R, Rahmani-Nezhad S. In situ-generated N-thiocyanatosuccinimide (NTS) as a highly efficient
reagent for the one-pot thiocyanation or isothiocyanation of alcohols. Tetrahedron Lett. 2009;50:6588—6589.

[12] Mokhtari B, Azhdari A, Azadi R. Cyanuric chloride/dimethylformamide promoted one-pot conversion of primary
alcohols into alkyl thiocyanates. J Sulfur Chem. 2009;30:585-589.

[13] Iranpoor N, Firouzabadi H, Bahador H, Jamalian A. Heterogeneous thiocyanation of benzylic alcohols and silyl
and THP ethers, and deprotection of silyl and THP-ethers by [PClz_n(SiO2),] (Silphos). Phosphorus Sulfur Silicon
Relat Elem. 2010;185:1972-1978.

[14] Khazaei A, Rahmati S, Khalafi-nezhad A, Saednia Sh. Selectfluor™ F-TEDA-BF, mediated thiocyanation or isoth-
iocyanation of alcohols by in situ generation of [* SCN] under heterogeneous and neutral conditions. J Fluo Chem.
2012;137:123-125.

[15] Mokhtari B, Azadi R, Mardani E. 2-Chloro-1-methylpyridinium iodide, an efficient reagent for the conversion of
alcohols into alkyl thiocyanates both under solvent and solvent-free conditions. Tetrahedron Lett. 2012;53:491-493.

[16] Hiegel GA, Nguyen J, Zhou, Y. Preparation of alkyl nitrates, nitrites, and thiocyanates from alcohols utilizing
trichloroisocyanuric acid with triphenylphosphine. Synth Commun. 2004;34:2507-2511.

[17] Sherrington DC, Hodge P. Synthesis and separation using functional polymers. New York, NY: Wiley; 1988.

[18] Ley SV, Baxendale IR, Bream RN, Jackson PS, Leach AG, Longbottom DA, Nesi M, Scott JS, Storer RI, Taylor
SJ. Multi-step organic synthesis using solid-supported reagents and scavengers: a new paradigm in chemical library
generation. J Chem Soc Perkin Trans. 2000;1:3815-4195.

[19] Karimi Zarchi MA, Banihashemi R. Green and efficient method for thiocyanation of aromatic and heteroaromatic
compounds using cross-linked poly (4-vinylpyridine) supported thiocyanate ion as versatile reagent and oxone as
mild oxidant. Phosphorus Sulfur Silicon Relat Elem. 2014;189:1378-1390.

[20] Karimi Zarchi MA. Polymer-supported thiocyanate as new, versatile and efficient polymeric reagent for conversion
of alkyl halides to corresponding alkyl thiocyanates under mild conditions. J Chin Chem Soc. 2007;54:1299-1302.

[21] Karimi Zarchi MA, Ebrahimi N. An efficient and simple method for diazotization-thiocyanation of aryl amine
using cross-linked poly(4-vinylpyridine)-supported thiocyanate ion. Phosphorus Sulfur Silicon Relat Elem.
2012;187:1226-1235.

[22] Karimi Zarchi MA, Tarabsaz A. Ring opening of epoxides by using cross-linked poly (4-vinylpyridine) supported
thiocyanate in the presence of polymer-supported sulfuric acid under solvent-free conditions. Phosphorous Sulfur
Silicon Relat Elem. 2014; doi:10.1080/10426507.2014.887079

[23] Cainelli G, Manescalchi F. Polymer supported reagents. Synthesis of N,N’-dialkylureas, N-alkylurethanes, and
thiocyanates from alkyl halides under mild conditions. Synthesis. 1979;141-144.

[24] Harrison CR, Hodge P. Polymer-supported reagents: the use of polymer-supported cyanide and thiocyanate to
prepare nitriles, thiocyanates, and isothiocyanates. Synthesis. 1980;299-301.

[25] Tamami B, Kiasat AR. Synthesis of thiiranes from oxiranes under mild and nonaqueous conditions using polymer
supported thiocyanate. Synth Commun. 1996;26:3953-3958.

[26] Sandler SR. Cyanuric chloride. Novel laboratory hydrochlorinating reagent for alcohols. J Org Chem.
1970;35:3967-3968.

[27] Gold, H. The reaction of tricyanogen chloride with dimethylformamide. Angew Chem. 1960;72:956-959.


http://dx.doi.org/10.1080/10426507.2014.887079

Downloaded by [FU Berlin] at 18:03 09 May 2015

10 M.A. Karimi Zarchi and A. Tabatabaei Bafghi

[28] Luca LD, Giacomelli G, Porcheddu A. An efficient route to Alkyl chlorides from alcohols using the complex
TCT/DMF. Org Lett. 2002;4:553-555.

[29] Scott MD, Spedding H. Vilsmeier adducts of dimethylformamide. J Chem Soc C. 1986;1603-1609.

[30] Colthup NB, Daly LH, Wiberley SE. Introduction to infrared and Raman spectroscopy. London: Academic Press;
1964.

[31] Karimi Zarchi MA, Tarabsaz A. Versatile and efficient method for synthesis of g-halohydrins via regioselective ring
opening reaction of epoxides using cross-linked poly (4-vinylpyridine) supported HCI and HBr under solvent-free
conditions. J Polym Res. 2013;20:208-216.

[32] Karimi Zarchi MA, Tarabsaz A. A versatile and regioselective synthesis of vicinal Azidoalcohols using cross-linked
poly (4-vinylpyridine) supported Azide ion under solvent-free conditions. Chinese J Polym Sci. 2013;31:1660—
1669.

[33] Turro NJ. Use of electron spins resonance spectroscopy to study the photochemistry of absorbed dibenzyl ketone
on porous silica. Tetrahedron. 1987;43:1589-1616.



	1. Introduction
	2. Results and discussion
	3. Conclusions
	4. Experimental design
	4.1. Materials and instruments
	4.2. Preparation of [P4-VP]Pr-SCN
	4.3. General procedure for the synthesis of alkyl thiocyanates from alcohols using [P4-VP]Pr-SCN
	4.4. Regeneration of [P4-VP]Pr-SCN

	Disclosure statement
	Supplemental data
	References




