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Alumina encapsulated phosphorus pentasulfide
(P4S10/Al2O3) mediated efficient thionation of long chain amides
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Abstract—Alumina encapsulated phosphorus pentasulfide (P4S10/Al2O3) was found to be an efficient solid supported reagent for the
thionation of long chain amides. This method is advantageous in terms of use of inexpensive reagent, simple reaction processing,
and clean product in good to excellent yield.
� 2006 Elsevier Ltd. All rights reserved.
The amides and their thio analogues are an important
constituent of many biologically active compounds and
reactions of thioamides are important to the future
development in polypeptides and protein chemistry.1

The thioamide functional group is a relatively conserva-
tive replacement for the amide, differing in its electronic
properties, hydrogen-bonding capacity, and photoreacti-
vity.1 A variety of reagents such as P2S5,2 R3OBF4/
NaSH,3 R2PSX,4 (Et2Al)2S,5 and P2S5/Na2CO3

6 have
been utilized for thionation of carbonyl compounds. In
recent years, Lawesson’s reagent7 (LR) and a combina-
tion of P4S10/HMDO (hexamethyl disiloxane)8 have
replaced P4S10 as the reagent of choice for many
thionations. However, besides its high cost, LR results
in the formation of by-products derived from the reagent
itself, which cannot be easily removed by an extractive
procedure and require chromatography, making the
method more expensive. The combination of P4S10/
HMDO is good in terms of reactivity but the use of
HMDO makes the method expensive and the by-prod-
ucts formed need to be removed by column chromato-
graphy. There is still scope for improvement, as the
existing methods require prolonged reaction times,
aqueous work-up, high temperatures, or inconvenient
reaction conditions for their execution.

Solid supported reagents have also been used in organic
chemistry for many years.9 A solid supported thionating
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reagent was therefore a particularly desirable target. A
reagent that is anchored to a solid support may easily
be removed from any solution by simple filtration. It
is thus the facile purification method, which makes
supported technology ideal, not only for single reaction
synthesis, but also for robotic manipulation in high
throughput multi-step syntheses.10 The greatest advan-
tages of reaction mediated by solid-supported reagents
are that they can be optimized and scaled-up readily.
Their flexibility in allowing both linear and convergent
strategies to be selected is of considerable advantage
to synthetic chemists building complex molecules.11

Furthermore, handling supported-bound analogues of
toxic, explosive, or malodorous reagents is often found
to be safer and more convenient than handling the solu-
tion phase equivalents. Our aim in undertaking this
work was to overcome the limitations and drawbacks
of the reported methods. In our earlier letter,12 we
showed the efficiency of P4S10/Al2O3 for the thionation
of ketones to thioketones. We were interested to synthe-
size and study thio-analogues of biologically active long
chain amides13 and in continuation of our work on solid
supported reagents,14 we decided to explore the utility of
the reagent P4S10/Al2O3 for the synthesis of these long
chain thioamides and herein, we report a simple,
efficient, and economic method for the effective transfor-
mation of amides to thioamides using P4S10/Al2O3 in
acetonitrile (Scheme 1).
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Scheme 1.
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The reaction was carried out by refluxing a mixture of
the amide and P4S10/Al2O3 in acetonitrile as a solvent.
A series of experiments established that 0.5 mol of
P4S10/Al2O3 per mole of amide were required to obtain
maximum yield of the thioamide. Using standard condi-
tions, the thionation of a series of amides was examined.
Amides reacted smoothly with P4S10/Al2O3 under these
reaction conditions to produce the corresponding thio-
amides in good to excellent yields. The results are
summarized in Table 1.

This method has allowed us to transform amides into
thioamides in reduced reaction time with quantitative
yields and with high purity. The catalytic role of
Al2O3 was also studied by carrying out the reaction in
the absence of Al2O3 using P4S10 alone. It was found
that the yield of the thioamides using the combination
of P4S10/Al2O3 were greater than those with P4S10 alone
(Table 1). Thionation by P4S10 alone produce highly
condensed polythiophosphates. These species might be
Table 1. Synthesis of thioamides using P4S10/Al2O3
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expected to be potent electrophiles, in analogy with
P4O10, and therefore capable of promoting undesirable
side reactions of both the carbonyl and thiocarbonyl
derivatives. In fact, as the reaction with P4S10 proceeds,
the general reaction environment becomes increasing
electrophilic with each successive replacement of sulfur
on phosphorus by oxygen. However, the Al2O3 in the
reaction binds with these highly electrophilic species
and scavenges them thereby raising the yield of the thio-
nation product. Thus, the beneficial effect of Al2O3 is
basically due to the scavenging of yield-lowering inter-
mediates formed during the course of the reaction.

Although the yield and reaction times are comparable
with LR, the P4S10/Al2O3 combination still offers advan-
tages over LR. LR requires 2 mol of the reagent per
mole of amides and the high equivalent weight of
Lawesson’s reagent means that the substrate comprises
only a small percentage by weight of the crude reaction
mixture, whereas P4S10/Al2O3 requires only 0.5 mol/
ime (h) P4S10/Al2O3
15 P4S10

16
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mol of amide making the method less expensive. The
combination P4S10/Al2O3 also provides cleaner products
in comparison to LR, which gives by-products, that are
difficult to remove. Also this method is economic and
practical as compared to the reported methods. The
use of a solid support for P4S10/Al2O3 is advantageous
over LR and P4S10/HMDO because this supported
reagent is removed easily by filtration, avoiding an
aqueous work-up and decreasing waste solvent.

In summary, we have developed an efficient, high yield-
ing, and simple method for thionation of amides using
P4S10/Al2O3, which offers the following advantages: (i)
simple reaction processing and clean product, (ii) effi-
ciency and economy gain through the use of readily
accessible P4S10/Al2O3 as thionating agent, and (iii)
good to excellent yield.
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