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Abstract—The combination of P4S10 and hexamethyldisiloxane converts esters and lactones to thionoesters and thionolactones in
yields comparable to or superior to those obtained with Lawesson’s reagent. The method has the advantage that reagent-derived
byproducts may be removed by a simple hydrolytic workup or by filtration through silica gel, rather than by chromatography,
as required for Lawesson’s reagent. © 2002 Elsevier Science Ltd. All rights reserved.

Thionoesters and related thionolactones, R1CSOR2, are
versatile intermediates for organic synthesis.1 For exam-
ple, they may be transformed into ethers, R1CH2OR2, by
reduction with Raney nickel2,3 or tin hydrides4,5 and into
difluoroethers, R1CF2OR2, by treatment with DAST.6

Reaction of thionolactones with organometallic agents,
R3M, leads to tetrahedral intermediates which may be
trapped with methyl iodide and then reduced stereoselec-
tively to alkylated cyclic ethers, R1R3CHOR2, a sequence
which has proven valuable in the preparation of complex
polyether natural products.7,8 Of the possible precursors
to thionoesters, the corresponding esters are highly
attractive starting materials, being readily available com-
mercially or by a variety of synthetic methods. Unfortu-
nately, the ester carbonyl group is one of the most difficult
of the common carbonyl derivatives to thionate. For
example, the apparently straight-forward synthesis of
thionoesters from esters using P4S10 suffers from generally
low yields.1 The discovery by Lawesson9,10 that replacing
P4S10 with 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadi-
phosphetane-2,4-disulfide (Lawesson’s reagent, LR) gives
greatly improved yields of thionoesters and lactones has
potentially made these derivatives much more accessible
and attractive as synthetic intermediates. However, the
high equivalent weight of LR and the need to use a full
mol of the reagent per mol of ester9 means that the
thionoester often comprises only a small percent by weight
of the crude reaction mixture. Because the reagent-derived
byproducts cannot be removed by any extractive proce-
dure, the total reaction mixture must be subjected to
chromatography, and the method becomes impractical
(and expensive) for large scale preparations. Moreover,

chromatographic separation of the desired product from
LR byproducts may, in some cases, be difficult or
impossible (vide infra). As a result of these drawbacks to
their preparation, the chemistry of the thionoesters and
lactones may not have received the attention it deserves.
We now report a solution to this problem that makes these
useful derivatives available cheaply and in any quantity
desired.

Recently, we reported that in the preparation of 3H-1,2-
dithiole-3-thiones by treatment of 3-oxoesters with LR
and sulfur, replacing LR by the combination of P4S10 and
hexamethyldisiloxane (HMDO) gave comparable or bet-
ter yields (Eq. (1)).11 Moreover, with the P4S10/HMDO
combination, the phosphorus-containing byproducts
could be removed by a mild hydrolytic workup. Although
it was not clear at what stage the ester carbonyl group
was converted into the thiono grouping present in the final
product of Eq. (1), it was nevertheless of interest to
investigate whether simple esters and lactones could be
transformed to their thiono derivatives by the action of
P4S10 and HMDO, as shown in Eq. (2). This has indeed
been found to be the case, and we now report the results
of such an investigation.

(1)

(2)
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Using the production of ethyl thionobenzoate from
ethyl benzoate as a model reaction, it was found that
the combination of P4S10 and HMDO in refluxing
xylenes produced the corresponding thionoester in good
yield, as determined by HPLC analysis of the reaction
mixture. A series of experiments established that 0.25–
0.33 mol of P4S10 per mol of ester were required in
order to obtain maximum yields of the thionoester and
that approximately 1 mol of HMDO was consumed in
the process. Using standard conditions of 0.25–0.33
mol of P4S10 and 1.7 mol of HMDO per mol of ester,
thionation of a series of esters and lactones was exam-
ined and compared with thionation by LR under simi-
lar conditions. The carbonyl substrates were chosen to
reflect a variety of structural types: aromatic esters,
aliphatic esters, phenolic esters, and unsaturated esters,
as well as small ring, medium ring and macrocyclic
lactones. Also included were substrates whose thiona-
tion by LR was reported to be problematical. The
results of these experiments are shown in Table 1.

As shown in Table 1, chromatographic yields of thio-
noesters and lactones using the combination of P4S10

and HMDO were equal to or greater than those
obtained with LR for 13 out of the 14 cases examined.
In only one case (entry 9), was a slightly lower yield
obtained with the P4S10/HMDO combination. The
results for methyl 4-nitrobenzoate (entry 7) are of par-
ticular interest because this ester was reported not to
give any thionoester with LR.2 As indicated in Table 1,
thionoester product can in fact be detected by HPLC
from the reaction with LR, but the amount is too small
to be useful. In contrast, reaction with P4S10/HMDO

gave a better, albeit low, yield and allowed the thio-
noester to be readily isolated by silica gel chromatogra-
phy. The difference observed between P4S10/HMDO
and LR in this case may reflect the somewhat greater
electrophilicity of the former reagent.

For simple esters and for the one macrocyclic lactone
examined (entry 14), reflux in xylenes as solvent proved
to be the most generally useful reaction conditions.
However, the much greater reactivity of the small and
medium ring lactones (entries 10–13) permitted a wider
range of solvents and conditions to be employed, of
which acetonitrile at reflux proved to be especially
effective. Using this solvent, it was even possible to
convert caprolactone to the corresponding thionolac-
tone at room temperature, the reaction with the P4S10/
HMDO reagent reaching a 65% chromatographic yield
in 8 h and a maximum yield of 70% in 20 h. In contrast,
the corresponding reaction with LR required 1 h in
refluxing toluene to reach a similar maximum yield
(entry 12). Thionation of �-valerolactone (entry 11)
provided another telling example of the utility of the
P4S10/HMDO reagent as compared to LR. Although
Lawesson reported that this lactone failed to give the
thiono derivative with his reagent,10 �-valerolactone
does, in fact, undergo thionation by LR in refluxing
toluene (entry 11). However, examination of the result-
ing reaction mixture by TLC showed comparable
amounts of the thionolactone and of a reagent-derived
byproduct whose spots exhibited nearly identical Rf

values. Separation of these two components by column
chromatography, as in the standard LR procedure,

Table 1. Thionation of esters and lactones R1CO2R2 by P4S10/HMDO and Lawesson’s reagent (LR)a

Entry R1 SolventbR2 Chromatographic yieldsc (%) Isolated yieldsd (%)

LRP4S10/HMDO

Ph Et A, A 81 81 731
Ph Me A, A2 92 92 79

83A, Ai-PrPh3 9295
n-Hexyl Et A, A4 87 76 75

415 40Me 302-Naphthyl B, Be

916 831-Naphthyl 87Et A, A
21428A, A7 Me4-Nitrophenyl

Et C, C 75 70 72PhCH�CH-8
9 425951A, AEtPh2C�C(CN)-

8587D, C 78-CH(CH3)CH2CH2-10
D, C 82 69 6511 -(CH2)4-

-(CH2)5- D, C12 82 73 77
D, C-(CH2)6-13 625877

8684-(CH2)15- 8714 A, A

a Standard reaction conditions for determination of chromatographic yields: 3 mmol ester, 0.75 mmol P4S10 or 3.6 mmol LR, 5 mmol HMDO (if
used), and 3 mL dry solvent were refluxed under argon until HPLC showed the yield of thionoester to have reached a maximum. This required
between 45 min and 30 h. For entries 1, 2, 3, and 9, the amount of P4S10 was increased to 1 mmol, which gave slightly improved yields.

b The first letter is the reaction solvent used for the P4S10/HMDO reagent and the second letter is the reaction solvent used for LR: A=xylenes,
B=ethyl benzene, C=toluene, D=acetonitrile.

c Maximum yield reached, as determined by HPLC using the external standards method.
d Yield of distilled or recrystallized material obtained using the P4S10/HMDO reagent. These experiments were carried out on a 3–50 mmol scale.

Physical properties, 1H and 13C NMR spectra of the isolated thionoesters were in good agreement with literature values. Purities, as determined
by GC or HPLC, were greater than 97% in all cases.

e Ethyl benzene was used as the reaction solvent because of overlap between xylenes and the thionoester product in HPLC chromatograms.
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would have been highly problematical. In fact, Lawes-
son did report isolation of a reagent byproduct from his
reaction.10 In contrast to these difficulties, the thiono-
lactone from �-valerolactone was readily prepared and
isolated in 65% yield using the P4S10/HMDO reagent
(entry 11) by a procedure which could be scaled up to
any desired size.

As expected from previous work with the P4S10/HMDO
reagent,11 mild alkaline hydrolysis of the P4S10/HMDO
reaction mixtures gave a crude product, substantially
free of phosphorus–sulfur byproducts, which was read-
ily purified further by distillation or crystallization.12

Only for entries 7 and 9 was it necessary to purify the
crude product by extensive silica gel chromatography,
mainly to effect separation of unchanged ester from the
thionoester product. On a small scale, the phosphorus–
sulfur byproducts from the P4S10/HMDO reagent may
be removed by passage of the total reaction mixture
through a short silica gel column to which these
byproducts bind irreversibly.

In previous work11 we have postulated that the benefi-
cial effect of HMDO on thionations by P4S10 is due to
scavenging of yield-lowering intermediates formed dur-
ing the course of the reaction, and it seems likely that a
similar effect operates here. It is also worth noting that
the conversion of esters to their thiono derivatives by
the P4S10/HMDO reagent (Eq. (2)) requires more vigor-
ous conditions, in the form of considerably longer
reaction times, than the corresponding conversion of
3-oxoesters to 3H-1,2-dithiole-3-thiones (Eq. (1)). This
observation argues in favor of participation in Eq. (1)
of the ketone carbonyl group either in thionation of the
ester group or in closure of the five-membered ring, or
both, a point which is currently under investigation.

In conclusion, the combination of P4S10 and HMDO
converts esters and lactones to thionoesters and thiono-
lactones in yields comparable to or superior to those
obtained with LR, with the added advantage that
reagent-derived byproducts may be readily removed by
a mild hydrolytic workup or by filtration through silica
gel. Although LR has heretofore been a universally
employed thionation agent,13 the advantages of the
P4S10/HMDO combination with respect to yield, cost,
and ease of workup should make it the reagent of
choice for the thionation of esters and lactones. Appli-
cation of this new thionation procedure to other types
of substrates and attempts to understand its mechanism
are in progress and will be reported in due course.
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