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Introduction

Thioureas have attracted significant interest in medicinal
chemistry due to their broad spectrum of biological activities.
Their derivatives and metal complexes have been demonstrated
to have antimicrobial, analgesic, anticancer and anti-
inflammatory activities." Some of them have been developed
as drugs, such as hyperthyroidism drugs,' sedative hypnotics
drugs,' to treat diseases in clinics. Thioureas are also impor-
tant in pesticide chemistry, a variety of thiourea derivatives have
been used as insecticides, herbicides, rodenticides and fungi-
cides.” In synthetic chemistry, thioureas are useful blocking
buildings for the construction of many valuable compounds,
such as guanidines, amides and sulfur-containing heterocy-
cles.* Additionally, they also play an important role in organo-
catalysis as auxiliaries or catalysts.*

On account of the usefulness of thioureas in different fields,
methods for synthesizing this type of compounds have been
widely explored.>® Generally, three synthetic strategies are
commonly used for the preparation of substituted thioureas.
One way is transforming carbonyl to thiocarbonyl employing
Lawesson reagents or P,Ss.° The second way is condensation or
substitution of amines with prepared isothiocyanate, 1-(meth-
yldithiocarbonyl)imidazole, thiocarbamoylbenzotriazoles, or
derivatives thereof.” Based on these two synthetic strategies,
many methods were developed for the synthesis of symmetrical
and unsymmetrical thioureas. However, these protocols require
extra synthetic steps for the preparation of starting materials,
leading to low synthetic efficiency and a poor substrate scope.
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intermolecular and intramolecular reactions. Diverse unsymmetrical thioureas and oxazolidinethiones
were efficiently obtained in good to excellent yields via a cascade reaction sequence.

The third alternative way is the direct reaction of amines and
carbon disulfide.? In this transformation, starting materials are
easy to be gained and no extra synthetic steps are required.
Therefore, it is considered as a straightforward route for the
preparation of substituted thioureas. In this regard, several
methods have been developed on the basis of this strategy for
the preparation of symmetrical and unsymmetrical thioureas.
Nevertheless, the reported methods for the synthesis of
unsymmetrical thioureas contain two steps, two kinds of
amines need to be separately added to the reaction system
under basic or microwave conditions (Scheme 1a).**% In 2017,
the Jiang's group reported a novel method for the preparation of
unsymmetrical thioureas with amines, sulfur and chloroform in
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Scheme 1 Straightforward methods for the synthesis of unsymmetric
thioureas.
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the presence of potassium tert-butoxide in mixture solvents
(Scheme 1b).° This transformation also contains two steps. A
one-step reaction for the synthesis of unsymmetrical thioureas
was achieved by Nguyen's group with isocyanides, amines and
elemental sulfur (Scheme 1c)." However, this protocol is only
suitable for aliphatic amines. Obviously, the development of
convenient and versatile methods for one-step construction of
unsymmetrical thioureas is in high demand.

Cascade reactions,"” which multistep trans-
formations in a one-pot fashion, are attractive in modern
synthetic chemistry due to their simplicity and atom-economy.
In continuation of our study on the development of efficient
routes for the preparation or modification of heteroatom-
containing compounds,*> we are of great interest in the explo-
ration of new routes for the preparation of unsymmetrical
thioureas. Herein, we wish to disclose a novel protocol for the
synthesis of unsymmetrical thioureas via a cascade reaction
sequence (Scheme 1c).

involve

Results and discussion

Methods for the preparation of unsymmetrical thioureas using
naphthylamines as substrates are rare.’”’#° Our exploration
started with using 2-naphthylamine (1a), carbon disulfide (2)
and diethylamine (3a) as model substrates, all substrates were
added into the reaction system in one step. Initially, the reac-
tion was performed in DCE at 70 °C. Unfortunately, only a trace
amount of the desired product was observed after 12 h (Table 1,
entry 1). Changing DCE to toluene, the desired product was
obtained in 58% isolated yield (entry 2).

Encouraged by this result, the reaction was examined with
different solvents to improve the yield of 4a. It was found that

Table 1 Optimization of the reaction conditions®

NH, H Solvent H N
+ CS, + Y e~
“|OO 2T N —
S

70°C
1a 2 3a 4a

Entry Solvent Time (h) Yield” (%)
1 DCE 12 Trace
2 Toluene 12 58

3 THF 12 72

4 MeOH 12 78

5 DMSO 1.5 89

6 MeCN 12 81

7 DMF 4 85

8 HFIP 12 Trace
9 Chlorobenzene 12 69
10° DMSO 12 62
129 DMSO 1 95
14° DMSO 12 89

“ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), 3a (0.4 mmol) in
solvent (2 mL) at 70 °C. ”Yield refers to isolated products after
column chromatography. ¢ Reaction was performed at 40 °C. 1.2
equiv. of 2 and 3a were used. ¢ 10 mmol of 1a were used. HFIP =
hexafluoroisopropanol.
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DMSO was the best solvent for this transformation compared to
THF, MeOH, MeCN, HFIP and chlorobenzene (entries 3-9); the
reaction provided the expected product in 89% yield in 1.5 h
(entry 5). This is probably because the solvent increased the
basicity of the amines. Dropping the temperature to 40 °C, the
reaction time was prolonged and the yield of the product was
lowered (entry 10). To our delight, the product was obtained in
95% yield when the amounts of carbon disulfide and diethyl
amine were changed to 1.2 equiv. (entry 12). Therefore, the
optimal conditions for the synthesis of unsymmetrical thio-
ureas via acascade reaction sequence were gained: carbon
disulfide (1.2 equiv.), diethyl amine (1.2 equiv.), in DMSO (2 mL)
at 70 °C for 1 h (entry 12). Moreover, a 10 mmol scale reaction
was carried out under optimal reaction conditions, affording
the desired product in 89% yield (entry 14). This result
demonstrated the easy scalability of this transformation.
Having identified the optimal parameters of the model
reaction, the substrate scope and generality of this trans-
formation were evaluated. First of all, various secondary amines
were tested with 2-naphthylamine under standard reaction
conditions (Table 2, 4b-4m). Application of N-methylcyclohex-
ylamine was successful, providing the desired product in 94%
yield (4b). Changing dialkylamines to N-benzylethanamine or
dibenzylamine, the corresponding products were afforded with
90% and 95% yields, respectively (4c, 4d). Reactions of 2-
naphthylamine with cyclic amines containing different ring
numbers, substituents or heteroatoms proceeded well, giving
the related products in good to excellent yields (4e-4m).
Subsequently, we turned our attention to explore the reaction of
2-naphthylamines with primary amines under the optimal
conditions. To our delight, non-cyclic and cyclic alkylamines
were suitable for this transformation, the desired products were
obtained in good yields in 24 h (4n, 40). This protocol was also
applicable for benzylamines. Reactions of benzylamines with
various substituents at different positions of benzene ring
worked well, affording the desired products in good to excellent
yields (4p-4r). Aniline and its derivatives were also examined in
this transformation. Gratifyingly, when methyl or methoxyani-
lines were used as substrates, the expected products were ob-
tained in good yields in 12 h (4s, 4t). However, reactions of
aniline or anilines with electron-withdrawing substituents
provided not only unsymmetrical thioureas but also symmet-
rical thioureas from the reactions of anilines with carbon
disulfide, and the formed two products were inseparable due to
their similar polarity. This is probably because of weak nucle-
ophilicity of these anilines. Application of 3-aminopyridine in
this transformation was successful, the desired product was
obtained in 78% yield in 12 h (4u). Intriguingly, this protocol
was also suitable for the reactions of 3-aminoquinoline and
anilines, the desired products were gained in good yields (4v-
4z)." Symmetrical thioureas were obtained from the reactions
of anilines with weak nucleophilicity, which were consistent
with the results of the reactions of 2-naphthylamine and
anilines. This transformation allows the preparation of
unsymmetrical thioureas using diverse naphthylamines, ami-
noquinolines and aminoisoquinolines (4aa-4ai). Moreover, the
reactions of anilines with benzyl amines were successful, the

RSC Adv., 2019, 9, 26768-26772 | 26769
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Table 2 Exploration of substrate scope of amines® Table 3 Exploration of intramolecular reactions®
H S| HoN
DMSO, 70 °C 2 P NGRS
RINH, + CS: + N H A R 1 DMSO, 70 °C Y vy
R R 1 3 X A .2 + CS H )
R R H” M S e 2 e
1 2 3 4 5 2
H H
§ N N¢®
N r@)” =S
H H T N N NH
oYt oot : H :
S S
6a, 1.5 h, 89% 6b, 6 h, 92% 6c, 6 h, 90%
- 4e,n=1,35h,80% . : ,6h, ,6h,
46,35 h, 94% 4e, R =Et, 51, 90% 4fn=235h,87%
4d, R*=Bn, 3.5 h, 95% 4g,n=3,35h, 83% @(\NH NH ©\/\O
R* N N)%S A NAS
H H H H 0” s N
NN NG N N
T I lr 6d, 2 h, 95% 6e, 6 h, 87% 6f 6 h, 74%
S
, o) o) o)
4h, R"=Me, 3.5, 90% 4j,3.5h, 84% 4k, 3.5 h, 89% )>=s OO >=s >=s
4i,R*=Bn, 5h, 92% N N N
H H H
J@LR“ 6g, 6 h, 94% 6h, 6 h, 95% 6i,4 h, 92%

H ﬁx o H H

4p,R*=H, 4 h, 88%
49, R* =2-OMe, 6 h, 84%
4r, R* = 4-Br, 8 h, 90%

R* H H H H

H No _N NN

b YO Y O
s s 7 No°

avliPl R*=H, 12 h, 76%
4wl R* = 3-Cl, 12 h, 67%
a4xlPl R% = 3-OH, 12 h, 72%
4yl R* = 4-OMe, 12 h, 71%
421, R*=4-Br, 12 h, 61%

4n,R* = j-Pr, 24 h, 72%
40, R*=Cy, 24 h, 68%

41, X=0,3.5h,93%
4m, X=8,3.5h, 92%

4sl’l, R% = Me, 12 h, 86%

41, R* = OMe, 12 h, 74% Au, 12, 78%

4ac, R*=H, 4 h, 90%

4ad, R*=4-Br, 7h, 91%
4ae, R*=5-Br, 7 h, 93%
4af, R*=7-OH, 4 h, 74%

4aa, 7 h, 94% 4ab, 4 h, 87%

N CQC
H 7 PN H H\/@»R“
N N 7 NH NN
CrYh 4

N2

Ty o O

4aj,R*=H, 4 h, 97%

4ag, 2 h, 93% 4
4ak, R* = 2-OMe, 4 h, 92%

4ah, 12 h, 68% 4ai, 8 h, 89%

“ Reaction conditions: 1 £0.2 mmol), 2 (0.24 mmol), 3 (0.24 mmol) in
DMSO (2 mL) at 70 °C. ” 0.24 mmol of 1 were used, 0.2 mmol of 3
were used.

corresponding products were obtained in excellent yields (4aj,
4ak).

After successful application of this novel transformation for
the preparation of unsymmetrical thioureas by intermolecular
reactions of different amines with carbon disulfide, we
wondered if this protocol is suitable for the intramolecular
reactions.”#®*%#?° Reactions of naphthylamine, aniline, alkyl-
amine and benzylamine were tested under standard reaction
conditions, all of them gave the desired products in excellent
yields (Table 3, 6a-6d). To our delight, this approach was also
applicable for the construction of oxazolidinethiones (6e-6i),
which are great of importance in organic chemistry and
medicinal chemistry.>**

26770 | RSC Adv., 2019, 9, 26768-26772

¢ Reaction conditions: 5 (0.2 mmol), 2
70 °C.

(0.24 mmol) in DMSO (2 mL) at

We also investigated the mechanism of this protocol. Radical
trapping experiments were examined in the presence of 1.2
equiv. of TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) or BHT
(butylhydroxytoluene) under the standard reaction conditions
(Scheme 2(a) and (b)). Almost no inhibition of the generation of
the desired product 4a was observed. These results indicated
that this process did not involve radicals. In order to under-
stand the sequence of this three components reaction, the
reaction of 2-naphthylamine and carbon disulfide was carried
out under the standard reaction conditions. After 1 h, almost no
reactions occurred (Scheme 2(c)). A new spot was observed from
the reaction of diethylamine and carbon disulfide under the
standard reaction conditions, it was confirmed as dieth-
ylcarbamodithioic acid (Scheme 2(d)).**¥ Subsequently, adding
2-naphthylamine to the reaction system, the desired product
was obtained in 95% yield. These experiments suggested that
this transformation was initiated by the reaction of diethyl
amine and carbon disulfide.

+ CS, + P
9] s g b Y™ e

1a 2 3a 4a,

84:1& (

TEMPO (1.2 equiv.)
DMSO, 70°C, 12 h

NH. .
2 v CS, + H BHT (1.2 equiv.) NTN\/ -
" bmso, 70°c, 10h s

1a 2 3a 4a,

________________________________________________________________________________ P9 R
N2 DMSO, 70°C, 1h
+ CS, . no reaction ()
1a 2

DMSO, 70°C, 0.5 h i

N + CS, N7 “SH (d)
3a 2

Scheme 2 Mechanistic investigation.
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Scheme 3 Proposed mechanism.

On the basis of relevant reports in literatures® and our
experimental results, a tentative mechanism for this trans-
formation was proposed by taking 2-naphthylamine 1a and
diethylamine 3a as examples (Scheme 3).** Initially, interme-
diate I is formed by nucleophilic attack of diethylamine 3a to
carbon disulfide. Subsequently, 2-naphthylamine 1a attacks the
intermediate I, affording the desired products 4a with
concomitant release of H,S.

Conclusions

In conclusion, we have developed an efficient and versatile
protocol for the preparation of thioureas and oxazolidine-
thiones from amines and carbon disulfide via a cascade reac-
tion sequence. This approach features mild reaction conditions,
good compatibility with different amines as well as broad
substrate scopes. Further investigations on biological activity of
the synthesized thioureas and oxazolidinethiones are ongoing
in our laboratory.

Experimental

A mixture of amine 1 (0.2 mmol), carbon disulfide 2 (0.24
mmol), amine 3 (0.24 mmol) or amine 5 (0.2 mmol), carbon
disulfide 2 (0.24 mmol) in DMSO (2 mL) was added in a 5 mL
glass tube, which was stirred at 70 °C for 1-12 h. When the
reaction was completed, it was mixed with water and ethyl
acetate. The reaction mixture was extracted three times with
ethyl acetate. The combined organic layer was dried over
anhydrous magnesium sulfate and filtered. The filtrate was
evaporated under vacuum and the residue was purified by flash
column chromatography on silica gel (eluting with petroleum
ether-ethyl acetate) to provide the desired products 4 or 6.
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For the reactions of naphthylamines, primary amines
(alkylamines, benzyl amines, anilines) and carbon
disulfide: dithiocarbamates were initially formed by the
reactions of primary amines with carbon disulfide,
subsequently they were converted to isothiocyanates (for
example, J. Org. Chem., 2010, 75, 2327; RSC Adv., 2013, 3,
16940). These reactions not only generated unsymmetrical
thioureas by the reactions of the formed isothiocyanates
with naphthylamines, but also produced symmetrical
thioureas by the reactions of the formed isothiocyanates
with primary amines (like anilines) which have similar
nucleophilicity with naphthylamines.
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