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A new polymer-supported reagent for the conversion of
carbonyls to thiocarbonyls has been developed and its use
demonstrated on a range of amides. Secondary or tertiary
amides are converted cleanly and efficiently through to the
corresponding thioamides and primary amides are
converted to the corresponding nitriles. The reactions can
be facilitated by conventional heating. However, if
microwave heating is used, in the presence of an ionic
liquid, enhanced reaction rates are achieved.

Polymers have been used as supports in organic chemistry for
many years.1–3 A molecule that is anchored to a solid support
may easily be removed from any solution by simple filtration.
It is this facile purification method which makes supported
technologies ideal, not only for single reaction synthesis, but
also for robotic manipulation in high throughput multi-step
syntheses.4,5 Systems utilising supported substrates with excess
solution phase reagent have now been thoroughly investigated.3

However, despite the advantages, these systems frequently
suffer due to difficulties in the analysis of reaction products.
As a result, optimisation of each reaction is particularly chal-
lenging, making multi-step syntheses difficult. These limitations
have promoted the development of alternative technologies,
with solid-supported reagents and scavengers emerging as one
of the most promising.1,6

The greatest advantage of reactions mediated by solid-
supported reagents is that they can be optimised and scaled-up
extremely readily because solution phase analytical methods
(TLC, LC-MS, GC-MS, NMR etc.) may be used. Their flex-
ibility in allowing both linear and convergent strategies to
be selected is of considerable advantage to synthetic chemists
building complex molecules.7–13 Furthermore, handling
support-bound analogues of toxic, explosive, or malodorous
reagents is often found to be safer and more convenient than
handling the solution phase equivalents.

Until now, a key gap in the expanding toolkit of supported
reagents has been one that is capable of converting carbonyls to
thiocarbonyls. Among compounds which contain this function-
ality are thioamides which have important applications in hetero-
cycle synthesis 14 and in the preparation of peptidomimetic
molecules.15

A solution phase reagent which is commonly employed
for the transformation of carbonyls to thiocarbonyls is
Lawesson’s reagent [2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-
diphosphetane 2,4-disulfide] which brings about the conversion
of amides to thioamides in good yields.16–20 However, harsh
conditions and long reaction times are often required to
facilitate reactions and additionally, isolation of products from
reaction mixtures can be extremely difficult. Furthermore, both
Lawesson’s reagent and reaction side-products have a strong
malodour and high toxicity which makes their handling during
purification particularly unpleasant. A polymer-supported
thionating reagent was therefore a particularly desirable target.

Due to its dimeric structure, Lawesson’s reagent itself is a poor
candidate for tethering to a support. As an alternative, supported
analogues of a range of monomeric thiophosphates, also
proven to act as thionating reagents, were investigated.17 The
most useful of these has proven to be an aminothiophosphate
resin, synthesised in just one step from a commercially available
diamine resin and ethyl dichlorothiophosphate (Scheme 1).21

This reagent is an easily handled, low odour solid that has a
loading of 1.8 mmol g�1.22 It can be stored for several months

Scheme 1 Synthesis of the polymer-supported thionating reagent.

Table 1 Preparation of secondary and tertiary thioamides via conventional heating

Entry Amide Product a GC Conversion (%) GC Purity (%)

1 >99 93

2 >99 88

3 >99 92

4 >99 93

5 >99 66

a Reaction conditions: toluene, 7.0 equivalents of reagents, 90 �C, 30 hours.



J. Chem. Soc., Perkin Trans. 1, 2001, 358–361 359

Table 2 Preparation of nitriles via conventional heating

Entry Amide Product a GC Conversion (%) GC Purity (%)

1 68 80

2 >99 89

3 >99 94

a Reaction conditions: toluene, 7.0 equivalents of reagents, 90 �C, 30 hours.

Table 3 Preparation of secondary and tertiary thioamides via microwave heating

Entry Amide Product a
Equivalents
of reagent

GC
Conversion (%)

GC
Purity (%)

1 3.0 >99 95

2 3.5 96 95

3 3.5 >99 98

4 3.5 >99 98

5 3.5 >99 95

6 8.0 >99 98

7 4.4 96 95

8 10.0

20.0

60

98

95

92

9 5.0 >99 97

a Reaction conditions: toluene, 1-ethyl-3-methyl-1H-imidazolium hexafluorophosphate, 200 �C, 15 minutes.

below 0 �C under an inert atmosphere without any detectable
loss in activity.

It has now been demonstrated that this new reagent readily
converts secondary and tertiary amides to thioamides in high
yield and purity (Table 1). As is the case with many supported
reagent mediated reactions, extended reaction times (30 hours)
were required to facilitate complete conversion to product.23

Reaction work-up involved only filtration through a short
plug of silica and because all phosphorous oxide by-products
remained bound to the polymer, there was no need for any
further purification.24

In contrast to secondary and tertiary amides, primary amides
were generally converted to the corresponding nitriles in good
yields and purity (Table 2).25 This type of dehydration has
also been observed in some of Lawesson’s work on thionating
reagents.18 Unexpectedly, however, the reaction of benzamide
gave the thioamide as the major product but in reduced yield
and purity due to some formation of the nitrile.

A number of publications have demonstrated that the use of
microwave irradiation can decrease reaction times relative to

conventionally heated reactions.26,27 Therefore, following the
publication of a report 28 which describes how microwave
irradiation has been used to improve the yields of thionation
reactions, the use of microwaves with this polymer-supported
variant was investigated (Table 3).29 The thionation reactions
showed a marked acceleration, with total conversion being
achieved after irradiation for only 10–15 minutes in toluene at
200 �C in a sealed tube.30 It is interesting to note that, even after
heating at these elevated temperatures, no damage was caused to
the polymeric support.31 As toluene is not an optimum solvent
for the absorption and dissipation of microwave energy, a small
amount of ionic liquid (1-ethyl-3-methyl-1H-imidazolium
hexafluorophosphate) was added to the reaction mixture to
ensure an even and efficient distribution of heat. Acetonitrile
was also investigated as an alternative microwave absorbent and
proved effective, but less efficient than the ionic liquid. In all
cases examined, secondary and tertiary amides were cleanly
converted to their corresponding thioamides. As expected, the
nucleophilicity of the amides was dependent on the nitrogen
functionality. Tertiary amides generally required less reagent to
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Table 4 Preparation of nitriles via microwave heating

Entry Amide Product a
Equivalents of
reagent

GC
Conversion (%)

GC
Purity (%)

1 3.5 >99 95

2 3.5 >99 >99

3 3.5 >99 98

a Reaction conditions: toluene, 1-ethyl-3-methyl-1H-imidazolium hexafluorophosphate, 200 �C, 15 minutes.

facilitate complete conversion than secondary amides. In the
case of N-phenylamides, the reaction was markedly slower than
for amides bearing simple N-alkyl substituents. However, if a
larger excess of reagent was used, even these reactions could be
driven to completion (Table 3, entry 8).

In all cases investigated, primary amides gave clean conver-
sion to the corresponding nitriles under microwave heating
(Table 4).32 The improved results were thought to be due to the
higher temperature driving even the reaction with benzamide to
the nitrile.

In conclusion, a new polymer-supported thionating reagent
has been developed as an easily handled, low odour alternative
to Lawesson’s reagent. Its use has been demonstrated in the
conversion of secondary or tertiary amides to thioamides and
primary amides to nitriles. The benefits of microwave tech-
nology have been illustrated and the use of a small amount of
ionic liquid to promote efficient heating in such systems has
been proven to be effective.
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