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Abstract: Multiple applications of isothioureas as fine chem-
icals (or their precursors) are known, but a general sustainable
method for their synthesis was hitherto unavailable. We report
a novel general approach towards S-alkyl and S-aryl isothio-
ureas through a copper(I)-catalyzed three-component reaction
between amines, isocyanides, and thiosulfonates. The formal
synthesis of a superpotent sweetener further illustrates the
applicability of our method.

Isothioureas have attracted considerable attention owing to
their interesting agrochemical and medicinal applications.[1–6]

Furthermore, they have been used as organocatalysts[7] and
ligands in transition-metal catalysis[8] (Scheme 1). Isothio-
ureas are important synthetic intermediates for the synthesis
of guanidines, as illustrated by the many procedures that have
been reported for this transformation in the past decade.[9]

Remarkably, in contrast to the various important applications
reported, only limited research effort has been devoted to the
efficient and sustainable synthesis of isothioureas.[10] S-Alkyl
isothioureas are classically prepared from the corresponding
thioureas by S-alkylation. For example, S-methylisothioureas,
which are the most common intermediates in the synthesis of

guanidines, are synthesized by the use of carcinogenic and
neurotoxic MeI.

The major disadvantages of these classical methods for
the synthesis of S-alkyl isothioureas are the health risk,
flammability, and reactivity of the reagents.[11] We therefore
envisioned a new synthetic strategy based on a three-compo-
nent coupling of amines, thiosulfonates, and isocyanides that
overcomes these disadvantages and delivers the desired
isothioureas in a single step (Scheme 2). This approach also
enables the synthesis of S-aryl-substituted isothioureas, which
are difficult to obtain directly from thioureas.[12]

In contrast to the classical methods, the reagents required
for our new approach have low toxicity and are readily
available. Generally, thiosulfonates are prepared from the
corresponding sulfinates by sulfenylation or from disulfides
by selective oxidation.[13, 14] S-Methyl methanethiosulfonate,
which is the main sulfur reagent used in this study, can also be
synthesized from dimethyl sulfoxide in high yield in a one-pot

Scheme 1. Applications of isothioureas. Bn = benzyl, Cy = cyclohexyl.
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process.[14a] Isocyanides are readily obtained from amines by
formylation and dehydration with a variety of dehydrating
agents.[15,16] Isocyanides have been widely studied and have
emerged as highly useful C1 building blocks in modern
organic chemistry.[16,17] Owing to their unique nature, isocya-
nides can react with electrophiles, nucleophiles, and radi-
cals.[16] They can also insert into metal–carbon and metal–
heteroatom bonds in transition-metal-catalyzed reac-
tions.[18–20] A reaction between isocyanides and thiosulfonates,
however, has not been reported previously.

The synthesis of N-tert-butyl-S-methyl-N’-phenyliso-
thiourea (4a) from the commercial reactants aniline (1a), S-
methyl methanethiosulfonate (2a), and tert-butyl isocyanide
(3a) was chosen as the test system for optimization studies.[21]

A variety of Pd and Cu species were tested (Table 1, entries 1–
13). CuI was found to be the best catalyst, and the addition of
a base was found to inhibit the reaction (see Table S2 in the
Supporting Information). The choice of an appropriate
sulfenylating reagent is essential for the desired coupling, as
dimethyl disulfide did not give 4a (see Scheme S1 in the
Supporting Information). Pleasingly, the reaction proceeds
smoothly under air and does not require an inert atmosphere.
A catalyst loading of 1 mol% was sufficient at a reaction
temperature of 75 8C (see Table S1). The reaction tolerates
a wide range of solvents (see Table S4); renewable 2-
methyltetrahydrofuran (2-MeTHF) was chosen with respect
to the overall sustainability of the process. Serendipitously, we
discovered that the yield of 4a can be further improved by the
addition of 4 � molecular sieves (MS) to the reaction mixture
(Table 2, entry 1).

The scope of the reaction was investigated under the
optimal conditions (1a (1.7 mmol), 2a (1.0 mmol), 3 a
(2.5 mmol), CuI (1 mol%), 4 � MS (300 mg), 2-MeTHF
(2.5 mL), 75 8C, 20 h, air; Table 2). Anilines bearing electron-
donating and weakly electron-withdrawing substituents were
tolerated well, and the corresponding isothioureas were
obtained in high yields (Table 2, entries 2–6 and 12–15).
When MS were omitted, substantially lower yields were
observed. The difference is remarkable for the electron-rich
substrates 4-methoxy- and 2-methylthioaniline. The corre-
sponding isothioureas 4 l and 4o were obtained in only 18 and
38% yield, respectively, without MS (Table 2, entries 12 and
15). Good yields were observed for anilines bearing moder-
ately electron-withdrawing substituents (Table 2, entries 7
and 8). When very strongly electron-withdrawing groups were
present (3-NO2, 4-NO2, 4-CN), a lower yield was observed,

and in this case the addition of MS did not influence the yield
(Table 2, entries 9–11). This result motivated us to further
study the reaction conditions for these specific substrates.
Pleasingly, the yield of 4 i–k could be improved by using more
of the catalyst (2.5 mol %) and more 3a (3.3 equiv; Table 2,
entries 9–11). Secondary anilines can also be used, as
exemplified by N-methylaniline (1p ; Table 2, entry 16). The
developed reaction can be extended to challenging hetero-
aromatic amines of the azole and azine type (Table 2,
entries 18–23). Interestingly, cyanamide could also be used
as a substrate (Table 2, entry 17).

Next, the scope of the reaction with respect to the
isocyanide reagent was investigated with 1a or 1b and 2a as
coupling partners (Table 3). After all, reactions of isocyanides
under transition-metal/Lewis acid catalysis are often limited
to tertiary isocyanides.[18] Gratifyingly, our method also
tolerates primary and secondary isocyanides to yield the
desired isothioureas in moderate to high yield. With isopropyl
isocyanide (3g), a reduced yield of 5k was observed owing to
the low boiling point of 3g. The yield was improved to 65%
by using a sealed vial (Table 3, entry 11). For pentyl (3 b),
benzyl (3 f), and isopropyl isocyanide (3g), the influence of
the electronic nature of the aniline was also investigated. We
found that besides tertiary, also primary and secondary

Scheme 2. Classical and new routes to isothioureas.

Table 1: Catalyst screening.[a]

Entry Catalyst Yield [%][b] Remaining 2a [%][b]

1 Pd(OAc)2 0 0
2 [Pd(dba)2] 0 0
3 CuII 42/40[c] 45
4 CuIBr 36 30
5 CuICl 32 45
6 CuIBr·(CH3)2S 37 21
7 CuIOAc 7 9
8 CuI

2S 20 21
9 CuI

2O 0 21
10 (CuIOTf)2·toluene 24 60
11 CuIICl2 39 36
12 CuIIBr2 37 32
13 CuIIOTf2 21 63
14 Ag(OTf) 0 72
15 ZnCl2 18 39
16 Sc(OTf)3 28 42
17 In(OTf)3 32 51
18 GaCl3 20 63
19 AlCl3 34 30
20 FeBr3 (98%) 33 48
21 FeCl2 (99.999%) 32 54
22 BF3·OEt2 29 54
23 B(C6F5)3 27 42
24 – 15 36

[a] Reaction conditions: aniline (1a, 1 mmol), S-methyl methanethio-
sulfonate (2a, 1 mmol), tert-butyl isocyanide (3a, 1 mmol), catalyst
(5 mol%), 2-MeTHF (5 mL), 75 8C, 20 h, Ar. [b] The yield was determined
by 1H NMR spectroscopy with 1,3,5-trimethoxybenzene as an internal
standard. [c] Yield of the isolated product.
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isocyanides are compatible with both electron-rich and
electron-poor anilines (Table 3, entries 1–3, 7–10, and 11–
13). Interestingly, N-benzyl-N’-(4-cyanophenyl)-S-methyliso-
thiourea (5 i) is a precursor for a superpotent sweetener (see
Scheme S9).[9a, 22] The protocol also allows different functional
groups in the isocyanide, such as an ether (substrate 3c), an
ester (substrates 3 d,e,k), or a carbamate group (substrate 3j)
(Table 3, entries 4–6, 16, and 17).

Notable is the reaction of methyl isocyanoacetate (3e),
which features an acidic methylene functionality (Table 3,
entry 6). When two methyl groups were present at the a-
position of this isocyanide (substrate 3 k), 7 was isolated in

high yield (Table 3, entry 17).[23] Compound 7 is formed from
the initial reaction product 5q by lactamization (Thorpe–
Ingold). We were pleased to find that aromatic isocyanides
were also well tolerated (Table 3, entries 18–20), which is not
self-evident because these compounds readily polymerize.[16a]

Besides 2a, other aliphatic sulfenylating reagents were
tested with 1a and 3a as coupling partners (Table 4). S-Butyl
butanethiosulfonate (2b) was transformed into S-butyl-N-
tert-butyl-N’-phenylisothiourea (6a) in 75% yield (Table 4,
entry 1). Even challenging reagents, such as the cysteine-
derived thiosulfonate 2d, were tolerated well (Table 4,
entry 3). Aromatic sulfenylating reagents can also be used
under the standard reaction conditions. S-Phenyl benzene-
thiosulfonate (2 e) was selected as a representative reagent
and smoothly afforded N-tert-butyl-N’,S-diphenylisothiourea
(6c) in 96% yield (Table 4, entry 4). We were pleased to find
that aromatic thiosulfonates are also compatible with primary
and secondary isocyanides (Table 4, entries 5–7), as was
observed for the aliphatic reagents (Table 3). Even mixed
thiosulfonates based on thiomethanesulfonic acid can be
successfully used, as exemplified by S-butyl methanethiosul-
fonate (2c) and S-(4-chlorophenyl) methanethiosulfonate
(2 f) (Table 4, entries 2 and 8).

Aliphatic amines were also tested as potential reagents
(Scheme 3). Whereas propylamine (pKa = 10.6) and morpho-
line (pKa = 8.4) did not react, the reaction of b,b,b-trifluoro-
ethylamine (1x ; pKa = 5.7) afforded the target product 8 in
75% yield without any further optimization. It therefore
seems that the protocol is suitable for amines with a pKa value
up to approximately 7.[24]

A proposal for the reaction mechanism is presented in
Scheme 4. First, tert-butyl isocyanide (3a) complexed to CuI
reacts with S-methyl methanethiosulfonate (2a) to form S-
methylated tert-butyl isothiocyanate I/II. This step is facili-
tated by CuI acting as a Lewis acid. Intermediate I/II then
reacts with aniline to generate the desired isothiourea and

Table 2: Scope of the reaction with respect to the (hetero)aryl amine.[a]

Entry (Hetero)aryl amine Product Yield [%][b]

without MS[c] with MS[a]

1 R1 = H 1a 4a 73[d] 97[e]

2 R1 = 4-Cl 1b 4b 73 88
3 R1 = 4-F 1c 4c 70 98
4 R1 = 4-CH3 1d 4d 56 84
5 R1 = 3-CH3 1e 4e 64 83
6 R1 = 2-CH3 1 f 4 f 60 95
7 R1 = 4-CF3 1g 4g 53 76
8 R1 = 4-CO2CH3 1h 4h 61 75
9 R1 = 4-CN 1 i 4 i 53/66[f ] 58

10 R1 = 4-NO2 1 j 4 j 35/54[f ] 33
11 R1 = 3-NO2 1k 4k 44/74[f ] 47
12 R1 = 4-OCH3 1 l 4 l 18 82
13 R1 = 3-OCH3 1m 4m 74 80
14 R1 = 2-OCH3 1n 4n 70 88
15 R1 = 2-SCH3 1o 4o 38 61

16 1p 4p 29 50

17 NH2CN 1q 4q 54 67

18 1r 4 r 65 71

19 1s 4s 65 83

20 1 t 4 t 46 70

21[g] 1u 4u 28/41[f ] 33

22 1v 4v 52 77

23 1w 4w 49 57

[a] Reaction conditions: 1a (1.7 mmol), 2a (1.0 mmol), 3a (2.5 mmol),
CuI (1 mol%), 2-MeTHF (2.5 mL), 4 � MS (300 mg), 75 8C, 20 h, air.
[b] Yield of the isolated product. [c] No MS were used. [d] Yield of
a reaction carried out on a 10 mmol scale: 75%. [e] When no CuI was
added, 4a was obtained in 63% yield. [f ] The reaction was carried out
under the conditions described in [a], but with 3a (3.3 mmol), CuI
(2.5 mol%). No MS were used. [g] A lower yield was observed owing to
the poor solubility of 1u.

Scheme 3. Use of b,b,b-trifluoroethylamine.

Scheme 4. Proposed mechanism.
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methanesulfinic acid. A transition-metal-catalyzed insertion
of the isocyanide into a Cu�S or Cu�N bond does not seem to
be involved, as the desired coupling is promoted by a variety
of other transition metals in different oxidation states
(Table 1, entries 14–21) as well as Lewis acids that are not
based on transition metals (BF3 and B(C6F5)3; Table 1,
entries 22 and 23). On the basis of the better performance
of CuI as compared to more Lewis acidic Cu complexes and
classical Lewis acids, a precomplexation of isocyanide with Cu
to bring the isocyanide close to the sulfenyl group is
considered.[25] A radical reaction was excluded, as 4a was
obtained in similar yield when a radical inhibitor was added

(see Scheme S4).[21] An initial reac-
tion of the (hetero)aromatic amine
1 with the thiosulfonate 2 or isocy-
anide 3 was also considered as the
first step of the mechanism. How-
ever, no reaction occurred upon
mixing 1h with 2a or 1 h with 3a
under the optimal reaction condi-
tions (see Schemes S5 and S7).[21]

On the other hand, mixing of 2a
and 3a resulted in the formation of
a new compound whose 1H NMR
spectrum could be in accordance
with I/II (Scheme 5). Moreover,
addition of 1h to a premixed solu-
tion of 2 a and 3a yielded the target
compound 4h in 54% yield
(Scheme 6).

The role of the MS does not
seem to be the scavenging of H2O
from the reaction mixture, as dried
2-MeTHF was used for the reac-
tions, which were carried out with
a drying tube on top of the reflux
condenser. The effect of 4 � MS
(Na12[(AlO2)12(SiO2)12]·x H2O) can
be rationalized by a partial
exchange of Na+ for Cu+ to form
a more active catalyst. CuI zeolites
are known to be Lewis acid cata-
lysts.[26] As the three-component
reaction also proceeds in the
absence of CuI and MS (Table 1,
entry 24; see also Table S6), albeit
in substantially lower yield, a simul-
taneous uncatalyzed reaction
involving the insertion of the iso-
cyanide into S-methyl methanethio-
sulfonate probably also takes place.

In conclusion, we have devel-
oped a novel three-component
reaction between readily available
isocyanides, thiosulfonates, and
(hetero)aromatic amines to afford
isothioureas in a single synthetic
step. This new strategy offers
a more sustainable and direct alter-

native for the synthesis of S-alkyl and S-aryl isothioureas in
comparison to classical approaches. Especially S-aryl iso-
thioureas are difficult to obtain by other methods. Although
isothioureas can be obtained without the addition of a catalyst,
the addition of CuI and 4 � MS is generally required for the
products to be obtained in high yield. Around 90 % of the
isothioureas reported in this study are hitherto unknown
compounds, thus justifying the synthetic potential of this
procedure.
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Table 3: Scope of the reaction with respect to the isocyanide.[a]

Entry R1 R2 Product Yield [%][b]

1 4-Cl nPn (3b) 5a 89[c]

2 4-CO2CH3 nPn (3b) 5b 65[c]

3 2-OMe nPn (3b) 5c 57

4 4-H (3c) 5d 40

5 4-Cl (3d) 5e 90

6 4-Cl (3e) 5 f 76

7 4-Cl Bn (3 f) 5g 65[c]

8 4-CO2CH3 Bn (3 f) 5h 63[c]

9 4-CN Bn (3 f) 5 i 50[e]

10 2-OMe Bn (3 f) 5 j 71
11[d] 4-Cl iPr (3g) 5k 65[c]

12[d] 4-CO2CH3 iPr (3g) 5 l 69[c]

13[d] 2-OMe iPr (3g) 5m 70

14 4-Cl (3h) 5n 71

15 4-Cl Cy (3 i) 5o 86[c]

16 4-H (3 j) 5p 48

17 4-Cl (3k) 7 82[f ]

18 4-H (3 l) 5r 70

19 4-H 4-MeOC6H4 (3m) 5s 44

20 4-Cl (3n) 5 t 81

[a] Reaction conditions: 1 (1.7 equiv), 2a (1.0 equiv), 3a (2.5 equiv), CuI (1 mol%), 2-MeTHF (2.5 mL
per mmol of 2a), 4 � MS (300 mg per mmol of 2a), 75 8C, 20 h, air. [b] Yield of the isolated product.
[c] Yield without molecular sieves: 76 % (5a), 62 % (5b), 51% (5g), 51 % (5h), 65 % (5k), 70% (5 l),
44% (5o). [d] The reaction was carried out in a sealed vial. [e] Yield on a 10 mmol scale: 45%.
[f ] Compound 5q was not isolated.
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