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1. Introduction
Transformation of a carbonyl functional group into thio-

carbonyl has been an important interest to synthetic organic
chemists for many years. Two reagents, phosphorus penta-
sulfide (P4S10) 1 and Lawesson’s reagent (LR)2 are the most
widely used agents for such a transformation as well as for
the synthesis of wide range of heterocyclic compounds
having sulfur atoms. On the other hand, LR has been the
most widely used reagent since the beginning of the last
quarter of the 20th Century, and due to its important
applications in synthetic organic chemistry, it has regularly
been reviewed.1-6

From the second half of the 19th Century until the
initiation of systematic study of the use of LR in 1978 by

Lawesson and co-workers,7-10 P4S10 remained the main
reagent for such a transformation.11-13 Although various
reagents including the analogues of LR and hydrogen sulfide
have been used, in general with limited success, LR has
remained the most important reagent in thionation chemistry,
and was followed by P4S10. Generally it is claimed that LR
has advantages over P4S10 in terms of requirements for excess
P4S10 and longer reaction time. It could even be true when
the number of publications appeared each year that both
reagents are considered. On the other hand, depending on
our experience of many years on both reagents, it is also
correct to say that each reagent can have its own advantages
and disadvantages over particular reactions, that is both
reagents deserve to be tried.

The usual method of thionation is performed in refluxing
benzene, toluene, or xylene, in which the possible mecha-
nisms of both reagents were suggested to involve dissociation
equilibriums, which yield3 and4 (Scheme 1).2,14,15 These
decomposition products can then react with carbonyl func-
tional groups to form four-membered rings5, which decom-
pose to the corresponding thioketones7 (Scheme 2). Initially,
Lawesson and co-workers and then some other research
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Scheme 1. Dissociation Mechanisms of P4S10 and LR
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groups, including us, isolated the trimerp-methoxyphenyl-
metathiophosphonate8 of LR, which is a side product of6
(Scheme 3).7,16 It could be evidence for such a mechanism.
Obviously, the P-O bond is much stronger than the P-S
bond, which results in the thermodynamically more stable
product6. This could be concluded as one of the important
driving forces behind the mechanisms of both reagents.2,6

Recently, during an in-depth study of the mechanism of
LR, the analogues, 1,3,2-dithiaphosphetane 2-sulfides10, 11,

and 13, of the intermediate 1,3,2-oxathiaphosphetane5
(Scheme 2) were isolated as a result of the reaction of
the ketones9 and12 with LR in refluxing CDCl3 (Scheme
4). This is an important indication that the thionation reac-
tion of LR goes through such a Witting-type interme-
diate.17

In this review, considering the more widespread use
of LR in organic syntheses, LR has been reviewed in
depth starting from 1985 as some reviews appeared in that
year.
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Scheme 2. Thionation Mechanism of 3 and 4

Scheme 3. Formation of the Side Product 8

Scheme 4. Synthesis of 1,3,2-Dithiaphosphetane 2-Sulfides
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2. Lawesson’s Reagent (LR)
First synthesis of LR2 appeared in 1956 along with a

number of aryl thionophosphinesulfides14 which were the
products of the reactions between P4S10 and some aromatic
groups.14,18

In the following decade, the chemistry of these compounds
did not receive much attention. In 1967, a report appeared
that LR could convert benzophenone to thiobenzophenone
in acetonitrile.19 However, it remained unexplored for a
further 10 years. In 1978, Lawesson and co-workers sys-
tematically studied the use of2 (now commonly called
Lawesson’s reagent) in organic syntheses, particularly for
the conversion of carbonyl groups to thiocarbonyls.7-10

LR is now commercially available and widely used in
organic synthesis. It can easily be synthesized with the
reaction of anisole and P4S10 (150°C, 6 h,∼70%).2,3,8Also,
the reaction of anisole with elemental sulfur and red
phosphorus (150-155°C, 6 h, 76%) produces LR.20 It was
indicated that LR is not stable in solution at temperatures
over 110°C, and it decomposes or polymerizes slowly.14,15

Single-crystal structures, obtained from 1,2-dichloroethane
and toluene, were disclosed to be monoclinicP121/c1 and
P1h,21,22respectively, along with its solid-state NMR studies.22

Nishio et al. reported the reactivity order of LR toward
hydroxyl and carboxyl groups.23 The authors indicated that
hydroxyl groups are the most and esters are the least reactive
functional groups among hydroxyl, amide, ketone, and esters.
Amides come second and the ketones third. Their order is
as follows:

2.1. Ketones
LR 2 effectively converts the oxo groups of ketones15 to

thiones16even in the presence of various functional groups
such as aromatic and heterocyclic rings, halogen, nitro, nitrile,
alkyl, alkylamine, and ester functional groups (Scheme 5 and
Table 1).

Although toluene (dry) is the most widely used solvent,
there are examples where other solvents such as benzene,
pyridine, THF, dimethoxyethane, CH2Cl2, and CS2 are used.
The reaction is generally conducted at the refluxing tem-
perature of the solvents under inert atmosphere. On the other
hand, there are examples where the reaction was performed
at room temperature, open to atmosphere, (Table 1, entries
8, 9, 12, 22, 25).

The use of LR to convert ketone functional groups to
thione sometimes results in unexpected products. Attempts
to convert anthraquinone to dithioanthraquinone yielded the

polymeric material17,50 which demonstrated that, in contrast
to its monothioquinone analogue18,51 dithioquinone is too
reactive and polymerizes to the polydisulfide. On the other
hand, it was reported by a separate group that 9,10-
anthraquinone19 was transformed to 9,10-dithioanthraquino-
ne 20 by reacting with LR in refluxing toluene, although it
gave low yield, 13%, along with21 (Scheme 6).52

The same group reported that the reaction of 1,8-
dihydroxyanthraquinone22 with LR in refluxing toluene
produced the dimer23 in 30% yield, probably through an
initial thionation reaction (Scheme 7).53

The reaction of 9-benzanthrone oxime24 with LR in
refluxing benzene yielded 9-benzanthronethione25 in 36%
yield, along with polymeric materials (Scheme 8).54

Treatment of indanone26 with LR in refluxing toluene
gave27 in 95% yield, the structure of which was determined
after a single-crystal X-ray analysis (Scheme 9).55

Scheme 5. General Reaction of LR with Ketones

Scheme 6. Synthesis of 9,10-Dithioanthraquinone

Scheme 7. Formation of the Dimer of
1,8-Hydroxyanthraquinone

Scheme 8. Thionation of 9-Benzanthone Oxime

Scheme 9. Dimerization of Indanone 26
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Table 1. Products of the Corresponding Ketones with LR
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When 1,3-cyclohexadione28was treated with LR at room
temperature in toluene, its thione derivative29was obtained
(Scheme 10).56,57On the other hand, when the same reaction
was performed in refluxing toluene, a dimerized product30
was reported to be isolated.

The reaction of bicyclic dione31 with LR yielded 33,
having a cage-like structure, the reaction path of which is
likely to involve the thiol intermediate32 (Scheme 11).58

Treatment of R,â-unsaturated ketone34 with LR in
refluxing CS2 under N2 resulted in dimerization to produce
3,4-dihydro-1,2-dithiins35 (Scheme 12).59

Similarly, R,â-unsaturated ketone, 2-(phenylthio)methyl-
ene-1-tetralone36, following the same reaction path gave
the analogue of 3,4-dihydro-1,2-dithiins37 (Scheme 13).24,25

Recently, formation of interesting products from the
reactions ofR,â-unsaturated ketones38-40 (each having a
4-oxothiazolidine ring) with LR was reported.26,60 Produc-
tion of the new 1,2-dithiole41, dithiazole 42, and thia-
zole 43 rings could be attributed to the presence of dif-
ferent functional groups next to the carbonyl group (Scheme
14). Amide or ester characters of the groups led to the
formation of dithiazole42 or thiazole 43 heterocycles,
respectively.

An attempt to synthesize ethenethiols46 and 47, from
ketones44 and45, respectively, resulted in the production
of expected products (Scheme 15).61

Treatment of the naphthalenone48 with LR in refluxing
toluene gave the dimeric adduct50, the mechanism of which
possibly went thought a thione intermediate49 (Scheme
16).62

Table 1 (Continued)

Scheme 10. Reaction of 1,3-Cyclohexadione 28 with LR

Scheme 11. Reaction of Bicyclodione 31 with LR

Scheme 12. Reaction ofr,â-Unsaturated Ketone 34 with LR

Scheme 13. Dimerization ofr,â-Unsaturated Ketone 36

Scheme 14. Reaction ofr,â-Unsaturated Ketones Having
4-Oxothiazolidine Rings

Scheme 15. Synthesis of Ethenethiols
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2.2. Thionoesters, Dithioesters, Thionolactones,
Dithiolactone, Thiolactones, and Dithiolethiones

Exchange of one or more oxygen atoms of esters and
lactones with a sulfur atom using LR has been demonstrated
by various examples, although such conversions are reported
to be the most difficult ones due to the generally low
reactivity of the ester functional group toward thionation
reagents.23

The reaction may require prolonged reaction time, gener-
ally refluxing in usual LR solvents such as toluene and xylene
(Table 2). On the other hand, employment of microwave
shortened the reaction time to a few minutes (Table 2, entries
2, 18-21, 44).48,96,97Not only were conversions of carbonyl
groups of the esters to thiones (entries 1-8, 21, 22) reported,
but synthesis of dithioesters (entries 9-12) was reported to
be successful as well.

Replacement of the carbonyl oxygen of lactones, having
various ring sizes (entries 13-21, 23-45) was disclosed.
Ring sizes varied from five (entry 13) to seventeen (entry
26) some of which included conversion of two (entry 23),
three and five (entry 28) carbonyl groups of lactones at the
same time.

Installment of sulfurs in place of carbonyl and the ring
oxygens to synthesize dithiolactones (entries 46, 47) was also
reported.

Oxidation of thioketene51with m-CPBA to form thioketene
S-oxide52 and then treatment with LR at room temperature
in CH2Cl2 for 12 h led to the formation of dithiolactone53
having a three-membered ring (Scheme 17).100

An interesting reaction ofR-methylene-â-lactone54 with
LR yielded thiolactone55, the possible mechanism of which
was reported to include ring opening and formation of a new
ring (Scheme 18).101,102

It was reported that treatment of 1,3-diesters103-105

56-58 with LR could yield dithiolethiones59-61, respec-
tively (Scheme 19).

Moderate to high yields (61-87%) of R,â-unsaturated
dithioesters63 were obtained fromR-hydroxyketene dithio-

acetals62 upon treatment with LR in refluxing benzene
(Scheme 20).106

Contrary to the result obtained with62, the reaction of
acylketene dithioacetal64 initially with NaBH4, which yields
the correspondingR,â-unsaturated alcohol, and then with LR

Scheme 16. Dimerization of Naphthalenone 48 Scheme 17. Reaction of KeteneS-Oxide 52 with LR

Scheme 18. Possible Mechanism of the Formation of 55

Scheme 19. Formation of Dithiolethiones 59-61 from
1,3-Diesters 56, 57, and 1,3-Diketone 58

Scheme 20. Reaction ofr,â-Unsaturated Dithoesters with
LR

Scheme 21. Reaction of Acylketene Dithioacetal with LR
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Table 2. Products of the Corresponding Esters and Lactones
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Table 2 (Continued)
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resulted in the production of a dimerized product65 in 57%
(Scheme 21).

Formation of two dithiolethione rings fused to thienothio-
phene67 was accomplished by treatment of66 with LR in
boiling xylene in the presence of S8 (Scheme 22).107

2.3. Amides
Conversion of the oxo group of amides into the corre-

sponding thio derivatives is a well-established and selective
process in the presence of ketone, ester, and lactone groups
due to its high reactivity (Table 3).23 Moreover, in the

Table 2 (Continued)
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presence of a carbamate group, without affecting it, the oxo
group of the amide was successfully converted to the thio

derivative in relatively high yield.69 Similar selectivities were
demonstrated in various examples (Table 3). Reactions were,
in general, performed in refluxing dry toluene or benzene
under inert atmosphere. On the other hand, there are reactions
where THF, HMPA, DME, dioxane, xylene, etc. were used
as solvent, and also some reactions were conducted at room
temperature.

Nishio et al. investigated the thionation reactions ofâ-,
γ- andκ-hydroxy amides68, 71, 74, 77, which resulted in
the formation of various products such asR,â-unsaturated
thioamide69, mercaptoamide70, thiopheneimine72, 75, and
thiones73, 76, 78 (Scheme 23).151,153,154

On the other hand, when the position of the nitrogen of
the amide was changed, a different product, thiazole, was
obtained (Scheme 24). That is, treatment of the amide79
with LR gave the thiazole80 in moderate yield.

2.4. Lactams
Lactams, like amides, react readily with LR, giving

corresponding thiolactams, even in the presence of various
functional groups (Table 4).

It was reported that the reaction of 2-acylbenzamides81,
83, 85 with LR yielded various products82, 84, and 86,
depending on the groups attached to the starting material
(Scheme 25).135

The same group reported the result of the reaction of
3-hydroxyisoindolin-1-one87 with LR (Scheme 26).199 The
reaction was performed with 0.5 equiv of LR in refluxing
toluene yielding 3-mercaptoisoindolinone88, further reaction
of which with 0.5 equiv of LR gave isoindolinethione89.
In the case of R) CH3, an elimination product, methyli-
deneisoindolinone90, was obtained.

Scheme 22. Formation of Bisdithiolethione Rings

Scheme 23. Reaction ofâ,γ- and K-Hydroxy Amides with
LR

Scheme 24. Formation of Thiazole fromâ-Hydroxy Amide

Scheme 25. Reactions of 2-Acylbenzamides with LR

Scheme 26. Reactions of 3-Hydroxyisoindolin-1-one with LR

Scheme 27. Reaction of Imidazole 91 with LR or P4S10
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Table 3. Thionation Products of the Corresponding Amides
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Table 3 (Continued)
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Treatment of the imidazole91 with LR or P4S10 to obtain
its thioxo derivative resulted in dimerization (Scheme 27).200

Its possible mechanism involved formation of thiolactam
moiety92, which was subsequently reacted with the amine
group of the imidazole91 to yield the dimer93.

Tetrathiacino derivatives95 were reported to be isolated
upon treatment of imidazolidine-2-thione94 with LR in
refluxing toluene (Scheme 28).201 On the other hand, addition
of NiCl2‚6H2O to the reaction mixture resulted in the
formation of Ni-complexes96.

A surprising epimerization was observed in an attempt to
convert the lactam carbonyl to a thiolactam group (Scheme
29).202 It was assumed that treatment of97 with LR caused
a ring opening on the fused pyrrolidine ring. The final closure
yielded the epimerized product98.

The reaction ofN-methyl barbituric acid99a, with LR in
refluxing toluene (dry) yielded enethiole100 in 20% along
with the dimer101 in 62% yield, which is a result of the
loss of H2S from 100 (Scheme 30).54 On the other hand,
when unsubstituted barbituric acid99b was subjected to the

Table 3 (Continued)
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similar reaction with LR, starting material was recovered
partially unchanged.

Similarly, the reaction of pyrazolone102 and 3-meth-
ylpyrazole-5-one105 with LR under the same conditions,
i.e., refluxing toluene (dry), 3 h, produced the dimers103
(75%),104(20%), and106(60%) respectively (Scheme 31).

2.5. Imides
Conversion of the oxo group of imides to the correspond-

ing thio group has been performed successfully. Its high
reactivity led the conversion to be achieved even in the
presence of various functional groups such as ketones, esters,
SO2, CN, and amines (Table 5).

Thionation of the imide107 produced thionation on the
less hindered side (Table 5, entry 15). On the other hand
treatment of the amide108 with LR yielded thionation on
the other side109 (Scheme 32).210 Similar ring closure to
give the imide111 was observed with the corresponding
amide110.

Treatment of the thioimide94 with LR led to the
dimerization to give95, the structure of which was explained
by X-ray crystallography (Scheme 33).217-219

2.6. Thiophenes
Synthesis of thiophenes, particularly from 1,4-diketones,

is now a well-established strategy. Its possible mechanism

Scheme 28. Reaction of 94 with LR and Its Ni-Complex

Scheme 29. Epimerization of 97 using LR

Scheme 30. Reaction of Barbituric Acid with LR

Scheme 31. Reactions of Pyrazolones 102 and 105 with LR

Scheme 32. Formation of Thioimide from
1-Amide-6-carboxylic Acid

Scheme 33. Dimerization of the Imide 94 with LR

Scheme 34. General Scheme for the Synthesis of Thiophene
Ring
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Table 4. Thionation Products of the Corresponding Lactams
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was proposed to involve initial conversion of the 1,4-oxo
groups112to 1,4-thiones113, which is a known replacement
of carbonyl by thione (Scheme 34). It subsequently undergoes
in situ cyclization and elimination of H2S to give thiophene
114.

1,4-Dicarbonyls with different functional groups including
carboxylic acid, aldehyde, ester, hydroxyl, amide, epoxide,

and thioester led to the formation of a thiophene ring (Table
6). Oxygen atoms of polycyclic cage compounds were
successfully replaced with sulfur (entry 37).249Polymerization
of the 1,4-ketone array to obtain polythiophene systems was
reported (entries 8 and 25). Diketone systems such as 1,4-
115, 1,5-119, 1,6-121, and 1,7-126, having fully alkylated
R-positions, produced various compounds including disulfide

Table 4 (Continued)

Scheme 35. Reaction of 1,4-, 1,5-, 1,6-, 1,7-Diketones with LR
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116, trithiolane117, 125, and 1,3-dithietane118, 120, 124
(Scheme 35).252-255 It appears that ring formation decreased
with the increase of conversion of oxo groups to thiones,
122, 123, 127, 128.

2.7. Thiazoles and Thiazines

Treatment of the 1,4-dicarboxyl129system having amide
functionality successfully gave the thiazole130heterocycle
(Scheme 36, Table 7).

When the system was extended to 1,5-dicarbonyl com-
pound 131, a six-membered heterocycle thiazine132
was obtained. The presence of a hydroxyl group in place
of the carbonyl at either the 4- or 5- position did not
alter the reaction product. Having a cyanide group next
to the amide nitrogen in the 1,4-dicarbonyl system, gave
cyclization through cyanide carbon rather than the car-
bonyl group, producing 2-aminothiazole (Table 7, entry
16).269,270

Treatment of 3- or 4-nitrobenzamide133, having a
2-chloro-3-pyridyl group on amide nitrogen, with LR in the
presence of hexamethylphosphoric-triamide gave success-
ful cyclization to thiazoles134 in around 70% (Scheme
37).271

1,4-Diamides135 were reported to give thiazolethiones
136 upon reacting with LR in refluxing toluene (Scheme
38).272-274

Reactions of LR with N-acrylthreonines137 in re-
fluxing toluene resulted in isolation of a mixture of prod-
ucts, oxazolones138, thiazolones139, and olefins140,
reaction of which with LR yielded138 and 139 (Scheme
39).275

On the other hand treatment of methyl ester ofN-acryl-
threonine141 with LR in refluxing toluene gave thiazo-
lone 139 and 4-methoxycarbonyl thiazoline142 (Scheme
40).

1-Carbonyl-5-chlorines143, 145 and 1-amide-5-unsatur-
ated 147, 149 systems produced six-membered thiazine
heterocycles144, 146276 and 148, 150,277 respectively
(Scheme 41). The yields of the latter two spiro products were
reported to be 63 and 93%, respectively.

Scheme 41. Reactions of 1-Carbonyl-5-chlorides with LR

Scheme 42. Reaction of System Having
1-Dialkylamino-4-carbonyl with LR

Scheme 36. General Reactions of Thiazole and Thiazine
Formations

Scheme 37. Reaction of 1-Chloro-4-oxo Compound 133 with
LR

Scheme 38. Reaction of 1,4-Diamides 135 with LR

Scheme 39. Reaction ofN-Acrylthreonines 137 with LR

Scheme 40. Reaction of Methylester ofN-Acrylthreonine
141 with LR
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Table 5. Synthesis of Thioimides from Corresponding Imides Using LR
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Different from the systems above, the 1-dialkylamino-4-
carbonyl system151 yielded the similar thiazine hetero-
cycle 152 in refluxing toluene in 30-81% yields (Scheme
42).278 Its possible mechanism was suggested to involve
initially the usual conversion of the oxo group to thione
153, which was followed by a hydride migration from the
carbon next to the nitrogen atom to the thione carbon
(Scheme 43). The ring closure then forms the thiazine ring
152.

Treatment of 3-N-acylamino ketones154 with LR in
refluxing toluene produced thiazine155 and thiacrylami-

noketones156; following the reaction of which with LR
converted it to thiazine155 (Scheme 44).261

The reaction mechanism of thiazine155 was suggested
to involve the initial thionation of the amide group156

Table 5 (Continued)

Scheme 43. Suggested Reaction Mechanism of
1-Dialkylamino-4-carbonyl System with LR

Scheme 44. Reaction ofN-Acylamino Ketones with LR

Scheme 45. Suggested Reaction Mechanism of
N-Acrylamino Ketones with LR

Use of Lawesson’s Reagent in Organic Syntheses Chemical Reviews, 2007, Vol. 107, No. 11 5241



Table 6. Synthesis of Thiophene Rings from the Corresponding Diketones unless Otherwise Stated
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Table 6 (Continued)
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followed by thionation of the ketone functionality; subse-
quent attack from the amide thione to the thioketone finally
gave155 after a H2S elimination (Scheme 45).

2.8. Thiadiazoles and Thiadiazines

Similar to thiophenes, thiadiazoles158, were successfully
synthesized upon treatment of 1,4- diamide157systems with
LR (Scheme 46).

Cyclization was achieved in the presence of various func-
tional groups such as ester, pyridyl, and nitro (Table 8). Use
of MW, in place of a high-boiling-point solvent such as tol-
uene, resulted in a high yield of the product. Polymers incor-

porating thiadiazole groups were successfully obtained by
treatment of 1,4-diamide systems in the polymer chain with
LR.

1,2,4-Thiadiazoles160, 162 having various functional
groups were reported to be obtained from acyl or aroylami-
nooxazoles159, 161(Scheme 47).291 Its possible mechanism
involved initial conversion of amide oxo to thione, and then
the attack from the nitrogen next to the ring oxygen resulted
in the rearrangement of the system to thiadiazole.

Synthesis of 1,2,3-thiadiazoles164 from R-diazoâ-keto-
esters163after treatment with LR in refluxing benzene was
reported (Scheme 48).292 Its possible mechanism involves
initial conversion of the oxo group to thione165, the

Table 6 (Continued)
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intramoleculer reaction of which with azide resulted in the
production of164 (Scheme 49).

Reactions of dialkylhydrazones166with LR in refluxing
benzene were reported to produce 1,3,4-thiadiazines167
(Scheme 50).293,294

Its proposed mechanism included initial production of
thione from the oxo groups, and then the rearrangement gave
167 (Scheme 51).

2.9. Aldehydes
Contrary to ketones, esters, and amides, there are few

examples of conversion of oxo groups of aldehydes to thione

using LR. An example appeared that refluxing the aldehyde
168with LR in dry benzene under argon in dark for 45 min
yielded the thioaldehyde169 in 75% (Scheme 52).173

Similarly, refluxing the aldehyde170 with LR in dry
benzene under argon gave the thioformyl pyrole171 in 53%,
together with thioformyl pyrole172 in 24% (Scheme 53).

The aldehyde moiety of the porphyrin173 was reported
to be converted to the thioaldehyde174 in 78% (Scheme
54).33 The reaction was performed in refluxing degassed
benzene under argon for 10 min.

Pentafluorobenzaldehyde175was observed to react with
anthracene in refluxing benzene in the presence of LR to
give 176 in 59% along with177 in 3.5% (Scheme 55).295

It was claimed that when benzaldehyde178was allowed
to react with LR in refluxing toluene, formation of a
polymeric material was observed.296 On the other hand, when
the reaction was repeated in the presence of trimethyl or
triethyl phosphite and ethyl acrylate179, 180 and 181,
respectively, were isolated (Scheme 56).

Scheme 48. Reaction ofr-Diazo-â-ketoesters with LR

Scheme 49. Possible Reaction Mechanism of 164

Table 8 (Continued)

Scheme 46. General Reaction Scheme of Thiadiazoles with
LR

Scheme 47. Synthesis of Thiadiazoles from
Acyl/Aroylaminooxazoles
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Self-coupling of the aldehydes182, 184, and 185 was
achieved by treatment with LR in refluxing toluene, which
yielded highly conjugated systems183 (11%), 186 (16%),
and187 (17%), respectively (Scheme 57).297

Unexpected products were obtained in an attempt to
synthesize ethenethiols from ketones44 and45 (see section
2.1., Ketones, Scheme 15), and the aldehyde188, which
resulted in the production of divinyl sulfide189 and a ring
formation product190of two molecules of the thioaldehyde
and 4-MeOC6H4PS2 (Scheme 58).61

2.10. Alcohols

Some examples in the literature indicate that the conver-
sion of the hydroxyl groups to thiol, even in the presence of
ketone, amide, and ester moieties, is possible (Table 9). On

the other hand, there are many examples showing that
hydroxyl groups react with LR to give 5-8-membered
heterocycles incorporating part of the LR if they have
nucleophilic or electrophilic centers in proper proximity to
the hydroxyl group (see section 2.11. Heterocyclic Rings
Incorporating Part of LR, Table 11).

Scheme 50. Reaction of LR with Dialkylhydrazones 166

Scheme 51. Possible Reaction Mechanism of 167

Scheme 52. Conversion of the Aldehyde 168 to the
Thioaldehyde 169

Scheme 53. Conversion of the Aldehyde 170 to Thioformyl
Pyrole 171 and Thioformyl Thiopyrole 172

Scheme 54. Conversion of the Aldehyde Moiety of the
Porphyrin 173 to Thioaldehyde 174

Scheme 55. Reaction of 175 with Anthracene in the
Presence of LR

Scheme 56. Reaction of Benzaldehyde with LR in the
Presence of Alkyl Phosphite and Ethyl Acrylate

Scheme 57. Self-Coupling Reactions of the Aldehydes
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It was reported that when the diols191were reacted with
LR at room temperature, rather than the heterocyclic products
193, as suggested earlier,345,346corresponding bis-anisyldithio-
phosphonic acids were formed, which were isolated as their
tert-butylammonium salts192 (Scheme 59).301

Ribofuranoside197 was reported to be synthesized by
treatment of 2,3,5-tri-O-benzyl-D-ribofuranose 194 with
various alcohols196 in the presence of LR and AgClO4

combination in 79-97% yields (Scheme 60).303 Its mecha-
nism was claimed to involve the intermediate195 which
underwent a nucleophilic attack by alcohol to yield197.

Treatment of 1,2-198 and 1,4-202, diols with LR gave
an unexpected product201 and the expected product203,
respectively (Schemes 61 and 62).299 An explanation for the
possible mechanism of the former was that hydroxyl groups
were initially converted to thiols199. Then, elimination of
H2S yielded200, rearrangement of which resulted in the
formation of201 (Scheme 61).

Formation of rings 205 were observed wheno-bis-
(hyroxymethyl)benzene derivatives204, two hydroxyl groups
of which were located on the same side as 1,4- to each other,
were treated with LR (Scheme 63).299 In the case when R
and R1 are Ph and R2 is H, 206 was obtained. Finally the
reaction of207 with LR yielded the corresponding com-
pounds205.

Treatment of tertiary alcohol208, having two phenyl
groups, with LR resulted in the elimination reaction to give
the olefin209 (Scheme 64).46

2.11. Heterocyclic Rings Incorporating Part of LR
Reaction of LR with the compounds having nucleophilic

centers such as hydroxyl, amine, and thiol may lead to
heterocyclic rings having “S” and “P” atoms introduced by
LR itself. The size of the rings varies from 4 to 8, although
the sizes concentrate at 5- and 6-membered rings (Tables
10 and 11). It appears that the mechanisms of the formation
of such rings mainly follow two paths. One of them involves
two nucleophilic centers210 which sequentially attack
phosphorus to yield a heterocycle211 consisting of phos-
phorus of LR in the ring (Scheme 65).

In the second mechanism, the compound212, which reacts
with LR, involves a nucleophilic center and an electrophilic
center/a leaving group. An initial attack to the phosphorus

Scheme 58. Reaction of the Aldehyde 188 with LR

Scheme 59. Formation of Bis-anisyldithiophosphonic Acids

Scheme 60. Reaction of Ribofuranose 194 with Alcohols in
the Presence of LR

Scheme 61. Reaction of 1,2-Diol 198 with LR

Scheme 62. Reaction of 1,4-Diols with LR

Scheme 63. Reaction of 1,2-Dihydroxymethylbenzene with
LR

Scheme 64. Reaction of a Tertiary Alcohol with LR
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of LR is followed by a nucleophilic attack from sulfur of
LR to the electrophilic center to yield the heterocycle213,
having phosphorus and sulfur atoms of LR (Scheme 66).

R,â-Unsaturated compounds214could have a mechanism
similar to the one which has nucleophilic and an electrophilic
centers, although its initial step is replacement of the oxo
group by thione which act as a nucleophile while sulfur of
LR attacks theR,â-unsaturated bond (Michael addition).
Elimination of elemental sulfur could result in the formation
of five-membered ring215, incorporating sulfur and phos-
phorus atoms of LR (Scheme 67).

The smallest rings possessing part of LR were obtained
as 4-membered heterocycles218 upon the reaction ofR,â-
unsaturated nitriles216with LR as minor products (Scheme
68).338 Thioamide217 was the major product.

Table 9 (Continued)

Scheme 65. Possible Reaction Mechanism of the Phosphorus
Heterocycle 211

Scheme 66. Possible Reaction Mechanism of the Phosphorus
Heterocycle 213

Scheme 67. Possible Reaction Mechanism of the
r,â-Unsaturated Compounds 214 with LR Leading to the
Heterocycle 215
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The biggest ring, which is an 8-membered ring, was
obtained with 1,6- and 1,3-dinucleophilic systems. While the
first one possessed half of LR, the latter had the whole LR
in the ring (Table 11, entries 24 and 25, respectively).

2.12. PdO to PdS
Use of LR for the replacement of the oxo group of

phosphorus (PdO) with the thio (PdS) is commonly applied

(Table 12). It appears that such a conversion can be
accomplished without affecting the other functional groups
such as imide, amide, lactam, and ester so that the Nishio’s23

relative reactivity order toward LR can be reorganized as
follows.

The reaction is carried out in general fashion, i.e., refluxing
toluene, xylene, benzene, or acetonitrile. In some cases, in
CH2Cl2 at room temperature and a prolonged reaction time
(∼12 h) gave the result.363

Thionation of219using LR in refluxing toluene smoothly
produced220 in high yield (Scheme 69).366 On the other
hand, when thet-Bu group was replaced with a small group,
methyl,221, two products222and223in 45 and 16% yields,
respectively, were obtained (Scheme 70).

2.13. Dithiins
Similar to the synthesis of thiophenes from 1,4-diketones,

treatment of the 1,5-diketones224, with LR in refluxing
benzene, toluene, or chlorobenzene smoothly produced the
1,4-dithiins225 as the sole products (Scheme 71).367,368

However, replacement of aromatic groups of224with t-Bu
(226) and refluxing in toluene was reported to result in a
mixture of products227, 228, and229 (Scheme 72).368

An interesting reaction, which led to the production of
1,4-dithiins as major and thiophenes as minor products,
appeared as a result of the reaction of 1,8-diketones230with
either LR or P4S10 in refluxing toluene (Scheme 73).369-375

Table 10 (Continued)

Scheme 68. Formation of the Smallest Ring 218

Scheme 69. Conversion of PdO to PdS

Scheme 70. Reaction of 221 with LR

Scheme 71. Treatment of 1,5-Diketone with LR

Scheme 72. Reaction of 226 with LR
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Its possible reaction mechanism was suggested to involve
a nine-membered ring234 formed after initial thionation of
carbonyl groups233 and elimination of H2S (Scheme 74).
The formed dithiin ring231 then rearranges through235,
and after elimination of elemental sulfur forms the thiophene
heterocycle232.

2.14. Pyrazoles
Synthesis of 5-aminopyrazoles237 having various alkyl

and aryl groups was achieved by reactingâ-ketoamide236
with an alkyl or aryl hydrazine and LR combination in dry
THF/pyridine (95/5) mixture at 55-60 °C (Scheme 75).376

The success of this synthesis was based on the use of the
advantages of the faster reaction of ketones with hydrazines
compared with that of amides, and faster oxygen exchange
with sulfur of amides compared to that with ketones.

The same group applied a similar reaction to the solid-
phase synthesis of 5-N-arylamino pyrazoles240 (Scheme
76).377 Treatment of resin-immobilizedâ-ketoamide238with
the same reagent mixture (arylhydrazine/LR/THF/Pyr) at
50-55 °C for 40 h gave resin-bound intermediate239,
hydrolysis of which with trifluoroacetic acid yielded240.

2.15. Reduction
There are a few examples available in the literature

indicating that treatment of sulfoxides with LR in solvents
such as CH2Cl2 or THF at room temperature or in some cases
even in lower temperatures in a shorter reaction time
(15-30 min) produces sulfides (Table 13). Such a conversion
was achieved in the presence of functional groups such as
esters, hydroxides, tosyl, nitro, and halogens, which were
not affected.

In a few special cases reductions of lactam carbonyl and
benzoyl carbonyl to alkyl groups were reported. Treatment
of the tetrahydroindol-2-one241 with LR in refluxing
benzene-DME mixture for 15 min gave the tetrahydroindol
242 (Scheme 77).383

Table 11 (Continued)

Scheme 73. Reaction of 1,8-Diketone with LR and P4S10

Scheme 74. Possible Reaction Mechanism of Formation of
Dithiins 231 and Thiophenes 232

Scheme 75. Formation of 5-Aminopyrazole 237
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Reduction of the benzoyl carbonyl functional group to
alkyl was achieved upon reacting243with LR in refluxing
pyridine for 3.5 h to yield244 in 68% (Scheme 78).384

An example of the removal of disulfide with the action of
LR or P4S10 was reported.385 The reaction of245 with LR
or P4S10 in toluene at room temperature gave246 in 44%

yield (Scheme 79). Interestingly, the product246 indicated
that, rather than breaking the S-S bond, C-S bond breaking
takes place. Moreover, the disulfide in the ring was not
affected.

While the reduction of dithiirane 1-oxide with LR was
successfully achieved (Table 13, entry 7),381 an attempt to
reduce247 and 248 yielded theR-dithiones249 and 250,
respectively (Scheme 80).386

2.16. Peptides
LR was widely employed particularly for the selective

transformation of amide groups of aminoacids and peptides
to thioamides using the advantage of easier transformation
of amides compared with other functional groups such as

Table 12 (Continued)

Scheme 76. Solid-State Synthesis of 5-Amino Pyrazoles

Scheme 77. Reaction of Indolone to Indol

Scheme 78. Reduction of 243
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ketones and esters, as Nishio et al. reported.23 Due to the
presence of various functional groups, peptide chains require
adequate protection before the transformation is initiated. In
most cases the thionation with LR was conducted in the
presence of urethane, ketone, ester, and hydroxyl groups.
Such a selective study was reported on protected, short,
model peptide chains Boc-S-Ala-Aib-S-Ala-OMe251 and
Ac-S-Ala-Aib-S-Ala-OMe252.387 Reaction of251with LR
in toluene at 100°C for 45 min gave a mixture of253(27%)
and254 (14%). On the other hand replacing thetert-butoxy
group with methyl252and then subjecting it to the thionation
reaction with LR in THF at room temperature for overnight
yielded the thionation of peripheral amide group255. In all
cases ester and urethane groups remained untouched. Similar
reactions of LR with peptides having different chain lengths
were reported.388-396

In the synthesis for elongation of peptides, LR was
used as a coupling reagent.397 It was reported that at-15
°C LR was added toN-protected amino acid or peptide
256 dissolved in a triethylamine/CH2Cl2 mixture (Scheme
81). It was then reacted with amino acid ester hydrochlor-
ide 258 to yield the peptide259 through the intermediate
257.

Thionation of peptides is not limited only to the short-
chain peptides. There are examples indicating that macro-

cyclic peptides could be thionated as well. Indepth studies
on the thionation of cyclosporine A260 were reported
wherein selective thionation of lactam amides was achieved
either by refluxing in xylene for 30 min (261-263)398,399or
in DMPU (3,4,5,6-tetrahydro-1,3-dimethylpyrimidin-2-(1H)-
one) for 2-4 days which yielded various thionated products
including the hydroxyl group.400

Selective conversion of the hydroxyl group of cyclosporin
A to thiol 264 was achieved by refluxing in toluene with
LR for 30 min.401

Thionation of cyclic peptides astins A265, B 266, C 267,
and a cyclic astin B271was performed in dioxane at 50°C
for 12 h which resulted in the formation of thionated
analogues268, 269, 270, and272, respectively.402,403

In a similar fashion, the same group reacted the cyclic
peptides RA-VII273404,405and Segatalins A274and B275406

with LR in dioxane at 50°C for 72 h and 30 min,
respectively, to produce their thionated analogues276-281.

2.17. Nucleosides, Purines, and Pyrimidines
Thionation of nucleosides, purines, and pyrimidines with

LR is widely applied to obtain their sulfur analogues, mainly

Scheme 79. Reaction of Disulfide 245 with LR

Scheme 80. Synthesis ofr-Dithiones 249 and 250

Scheme 81. Use of LR as a Coupling Reagent in Peptide
Synthesis
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for biological purposes (Table 14). To avoid the side
reactions, the hydroxyl groups are properly protected as
ethers or esters. It appears that when two oxo groups are
present in pyrimidine at the 2- and 4-positions, the use of
LR as a thionating agent for the oxo group at the 4-position
is quite convenient. An excess of LR helps for thionation of
both oxo groups (Table 14, entry 9). It is also applicable to
purines that, in the presence of two oxo groups, thionation
of one of them is widespread.

Treatment of the imidazole282, having ester and amide
groups, with LR yielded the purine analogue283 with a
dithiolactone ring (Scheme 82).421

The reaction of the nucleoside284 with LR resulted in
some interesting products (Scheme 83).421 The reaction was
performed in dioxane at 85°C which yielded a mixture of
products285-287 in 30 min. On the other hand extension
of the reaction time resulted in the complete conversion to
287. A possible mechanism for285and286was suggested
as the following. An initial attack from oxygen to the LR
formed the288, which caused ring-opening product289.
Then, the nucleophilic attack of the sulfur ion to the imine
yielded the products285 and286 (Scheme 84).

2.18. Miscellaneous
Phenanthrene rings were introduced into polymer293

chains through cyclization of 2,2′-dibenzoylbiphenyl290
units using LR (Scheme 85).423-427 The reactions were either

performed in refluxing toluene or 1,1,2,2-tetrachloroethane
under N2 atmosphere. The possible reaction mechanism was
suggested to involve an initial conversion of oxo groups to
thiones291, which was followed by intramolecular cycliza-
tion to give292 and then elimination of sulfur to produce
the phenanthrene ring in the polymer chain.

Thionation of polyamides was carried out to obtain poly-
(N,N′-didecyldodecanedithioamide) (PTA-12.10), poly(N,N’-
didecyl-4,9-dioxadodecanedithioamide) (PTA-dioxa12.10),
and poly(N,N′-didecyl-4,7,10-trioxatridecanedithioamide (PTA-
trioxa13.10).428 It was reported that complete thionation was
achieved in toluene at 100°C when the polymer samples
were finely divided. Ether-amide block copolymer, poly-
(ether-block-amide), PEBA, could be used as pellets for
partial modification.

During the synthesis of a potentR-adrenergic agent, LR
was used to construct its imidazole ring.429 Treatment of the
aminolactam294with LR in the presence of d-10 camphor-
sulfonic acid in refluxing xylene for 72 h under nitrogen
atmosphere afforded the imidazole ring295 in 38% (Scheme
86).

Conversion of oxathiazine-S-oxides into dithiazoles upon
reaction with LR was reported.430 Reaction ofS-oxides296
with LR in refluxing toluene for 1 h produced the dithiazoles
297, the possible reaction mechanism of which is depicted
in Scheme 87.

An interesting reaction of LR together with elemental
sulfur was reported in which the unsaturated carbonyl
compounds298or 299produce trithiapentalene300(Scheme

Scheme 82. Reaction of the Imidazole 282 with LR

Scheme 83. Reaction of 284 with LR

Scheme 84. Possible Reaction Mechanism of 284
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88).431 The carbonyl compounds were initially allowed to
react with LR in acetonitrile at room temperature for 30 min,
and then addition of sulfur and TEA led to the formation of
300.

Thionation reaction of301 and302 with either P4S10 or
LR in refluxing xylene for 2 h yielded unexpected spiro-
type products303 and 304, respectively, along with305
(Scheme 89).432

Treatment of ferrocenoyl imidazole306 with LR in
benzene at room temperature for 20 days resulted in the
production of the dimer diferrocenoyl disulfide307 in 52%
(Scheme 90).433

Synthesis of poly(ferrocenylanthracene), having disulfide
units, was reported.434 Reaction of 2-ferrocenylanthraquinone
308 and 2,6-diferrocenylanthraquinone309 with LR in
refluxing chlorobenzene for 1-5 h yielded the polymers310
and311 in 45 and 81% yields, respectively.

Dimerization of furan-2,3-diones312 and pyrrole-2,3-
diones313 was observed when they were reacted with LR
in xylene at 60-70 °C for 2 h in between 40-50 and 30-
45% yields, respectively (Scheme 91).435

Thioanalogues of squarylium dyes (SQ) were obtained
upon treatment of SQs314with LR (or P4S10) in the presence

Scheme 86. Construction of Imidazole Ring Using LR

Scheme 87. Conversion of Oxathiazine-S-oxides into
Dithiazoles

Scheme 88. Formation of Trithiapentalene 300

Scheme 89. Thionation of 301 and 302

Scheme 90. Synthesis of Diferrocenyl Disulfide 307

Scheme 85. Suggested Reaction Mechanism for 293
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of HMPA in refluxing xylene for 5 h, which yielded the
analogue315 in 32-46% yield (Scheme 92).436

Reaction of mesoionic olates316-319 with LR in
refluxing toluene from 30 min to 18 h produced their thiolate
analogues322-325 (Table 15).437 On the other hand the
reactions of320and321with LR did not give the expected
products. They yielded326 and327, respectively.

Combinations of LR and silver salts such as AgClO4 and
AgOTf were successfully applied for the synthesis ofâ-D-

Table 15. Thionation of Mesoionic Olates with LR

Table 14 (Continued)

Scheme 91. Dimerization Reactions of 312 and 313

Scheme 92. Thionation of SQ Dyes
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ribonucleosides,438,439and in aldol440and Diels-Alder441 reac-
tions. Reaction of ribofuranosyl carbonate328with various
trimethylsilylated bases such as uracil, thymine, theophylline,
N4-N4-benzoylcytosine,N6-benzoyladenine, andN2-acetylgua-
nine at 60-80 °C for 4-6.5 h yielded the ribonucleosides
329 from 81% to quantitative yields (Scheme 93).438

Syntheses ofR-D- andâ-D-ribofuranosides332, 335were
achieved from the reaction of ribofuranoses330and333with
trimethylsilylated nucleophiles331 and 334, respectively,
applying the same LR/AgClO4 combination (Scheme 94).439

The reaction was performed in various solvents such as
CH2Cl2, 1,2-dichloroethane, benzene, toluene, (Et)2O, and
CH3CN at room temperature, which yielded the products in
between 77-93% (Scheme 94).

Aldol reactions of various aldehydes336with trimethyl-
silyl enol ethers337, using the LR/AgClO4 combination in
CH2Cl2, toluene, or EtCN at-78 °C gave the corresponding
products338 in 59-89% yields (Scheme 95).440

LR was applied for the synthesis of olefins341 from
phosphates339and thiophosphates340 in refluxing xylene,
toluene, or benzene in 50-79% yields (Scheme 96).442

On the way to synthesize new metal dithiolenes96, 342,
343from imidazolidine-2-thione-4,5-diones94, treatment of
94 with LR in the presence of desired metals as powder or

Scheme 94. Synthesis of Ribofuranosides Using LR/AgClO4
Combination

Scheme 95. Aldol Reactions Using LR/AgClO4 Combination

Scheme 96. Synthesis of Olefins from Phosphates or
Thiophosphates

Scheme 93. Synthesis of Ribonucleosides Using Combination
of Silver Salts and LR

Scheme 97. Synthesis of Metal Dithiolanes

Scheme 98. Thionation of the Complexes 345 and 346

Scheme 99. Synthesis of Thioketenyl Complexes 350

Scheme 100. Synthesis of Spirotellurane Having Sulfur
Atoms

Use of Lawesson’s Reagent in Organic Syntheses Chemical Reviews, 2007, Vol. 107, No. 11 5271



in chloride form in refluxing toluene between 20 min to 1 h
yielded 96, 342, and343 along with 90 and 344 (Scheme
97).443

Conversion of the oxo groups of various ligands to thio
with LR was reported. Treatment of the complexes345and
346 with LR in acetonitrile at room temperature gave the
fully thionated products347and348 in 52 and 51% yields,
respectively (Scheme 98).444

Thioketenyl complexes350 were synthesized in high
yields upon reacting349 with LR in THF (Scheme 99).445

Synthesis of spirotellurene having two sulfur atoms was
reported wherein the reaction of351 with LR in toluene at
100°C for 2 days gave the unexpected product353 in 17%
yield. It was believed that the product was obtained through
the intermediate352 (Scheme 100).446

Cleavage of LR was observed during the preparation of
metal complexes. Treatment of LR with bis[bis(trimethyl-
silyl)amino]germanium(II) and bis[bis(trimethylsilyl)amino]-
tin(II) produced the complexes354and355.447 On the other
hand, the reaction with 1,3-di-tert-butyl-1,3,2-diazagermol-
2-ylidene yielded a spiro product356.

It was reported that the reaction of LR with bis-phosphine-
dihalide complexes of Ni, Pd, and Pt357 resulted in the
cleavage of LR to produce358 (Scheme 101).448

In some cases, preparation of metal complexes of LR was
performed after cleavage of LR with bases and nuclephiles.
Treatment of LR with alcohols,449 amine, and base450,451

resulted in the production of dithiophosphonic acids359,
phosphonodithioate360, and amidophosphonodithioate

361 (Scheme 102). Their reactions with chelating agents
yielded the metal complexes362, 363, and 364 (Scheme
103).

Various analogues of LR were reported to be synthesized.
Modification was performed with the replacement of the
anisole moiety of LR with some groups such as MeS (Davy’s
reagent)365,452,453PhS (Yokoyama’s reagent)366,305,453-455

4-C6H5OC6H4 367,456,457 Ph, t-Bu, i-BuS, EtS, 4-EtOC6H5,
Et2N, CH3CH2, 3,5-di-tert-butyl-4-hydroxyphenyl368,453

ferrocenyl 369a, 369b,458,459 and naphthalenyl 370,
371a-371c.460

A selenium analogue of LR, which is called Woollins
reagent372, was reported to be synthesized by the reaction
of (PhP)5 with selenium in refluxing toluene.461,47 It was
successfully applied for the synthesis of seleno amides462,463

and benzoselenophenes.464

Scheme 101. Reaction of Bis-phosphine-dihalide Complexes
with LR

Scheme 102. Cleavage of LR with Bases and Nucleophiles

Scheme 103. Formation of Metal Complexes of 359, 360,
and 361
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Recently, two fluorous analogues of LR373465 and374466

were reported. They were indicated to be successfully used
for the thionation of carbonyl compounds.

3. Conclusion
Lawesson’s reagent has now been an indispensable reagent

for sulfur chemistry particularly for converting almost all
kinds of oxo groups to thios, which are important functional
groups to perform various organic reactions or to use them
as end products in material, medicinal, etc. chemistry.
Lawesson’s reagent fast and slow reactions toward the
functional groups such as alcohols, PdOs, amides, ketones,
and esters provide the synthetic chemists with a tool of
designing their synthetic methodology accordingly. More-
over, LR is widely applied for the synthesis of almost all
kinds of heterocyclic compounds incorporating sulfur atom-
(s). Its range varies form thiophene to thiazole, thiazine,
thiadiazole, thiadiazine, dithiin and pyrazoles. It finds
widespread application in thionation reactions of peptides,
nucleosides, purines and pyrimidines. Reduction of sulfoxides
to sulfides could be concluded as another useful reaction of
LR.

LR is a reagent that can make surprises by giving
unexpected reactions, results of which lead the chemists to
new methodologies and reactions.
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