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Introduction

The reaction of carbon disulfide with amines has been
widely studied in the past few decades. In particular it
has been reported that primary amines react with carbon
disulfide in pyridine or ethanol giving symmetrical
thioureas. The process is catalyzed by different reagents
such as sulfur and dimethylchloroformiminium chloride;
moreover addition of hydrogen peroxide, iodine, or so-
dium hydroxide to remove hydrogen sulfide formed in the
reaction greatly increases the rate of thiourea formation.!

Since the possibility of performing fundamental chemi-
cal reactions in the presence of heterogeneous catalysts
under solventless conditions to minimize waste produc-
tion is the subject of active investigation in our group,?
we reinvestigated the above-described thiourea synthesis
by using clay-derived materials as heterogeneous cata-
lysts.

Clay minerals are materials composed of layers of
metal or non-metal oxides and hydroxides stacked on top
of each other. The ubiquitous cationic clays contain
negatively charged sheets neutralized by interlayer
cations (Na', K*, Ca?*, etc.).2 The far less common anionic
clays, which were particularly used in this study as
catalyst precursors, are rare in nature but relatively
simple and inexpensive to prepare in the laboratory. They
consist of positively charged metal oxide or hydroxide
layers with anions located interstitially.*

Results and Discussion

The reaction of aniline 1a with carbon disulfide 2 to
produce N,N'-diphenylthiourea 3a was studied over two
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heterogeneous catalysts: the commercial acid montmo-
rillonite KSF calcined at 200 °C for 10 h® and the basic
ZnOJ/Al,03 composite [Zn-Al HT(500)] prepared in our
laboratory from the corresponding hydrotalcite-like hy-
droxycarbonate (Zn-Al HT) and calcined at 500 °C for 15
h (see Experimental Section).

The catalytic performance of these materials was
evaluated in comparison with the uncatalyzed process.
A mixture of aniline (0.01 mol, 0.9 g, 0.9 mL), carbon
disulfide (0.05 mol, 3.8 g, 3.0 mL), and the heterogeneous
catalyst (1.0 g) was reacted in a small autoclave equipped
with a stirrer, at 100 °C for 5 h. Figure 1 shows the
results in terms of the yield of N,N'-diphenylthiourea 3a
through each of the reactions described above as a
function of time. Both catalysts enhance the reactivity
of the system with respect to the uncatalyzed process.
In particular, after 2 h, product 3a was produced in 83%
yield by using the basic catalyst Zn-Al HT(500), in 43%
yield with the acid clay KSF, and in only in 17% yield by
carrying out the reaction without any catalyst. It should
also be noted that both catalysts become rapidly inhibited
during the reaction and that the more active deactivates
faster. It is reasonable to assume that the reason for the
superiority of the Zn-Al HT(500) for achieving catalytic
activity is related to the presence of basic oxy and
hydroxy groups which can favor the abstraction of H,S.
On the contrary, the acid clay KSF can enhance the
electrophilicity of carbon disulfide, but at the same time
it can reduce the nucleophilicity of the amine by acid—
base interaction.®

Moreover, in comparison experiments with calcined
zinc and aluminum oxides,” product 3a was obtained in
45% yield and 30% vyield, respectively, thus proving a
remarkable synergistic effect of both oxides in the mixed
material.

Different primary amines were reacted with CS; in the
presence of the catalyst Zn-Al HT(500) at 100 °C for 2 h.
Synthetic results are shown in Table 1. Thioureas 3 were
easily recovered by dissolving the final reaction mixture
in methanol, removing the catalyst by filtration, and
adding water until the precipitation was complete.
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Table 1. Reaction of Primary Amines with Carbon
Disulfide over the Catalyst Zn-Al HT(500)

Zn-Al HT(500) E E
RNH, + €S, ———* . <
) 2 100°C, 2h RS \fsl/ R
3yield
entry R [selectivity] (%)
a CeHs 83 [98]
b 4-CH3CgH,4 87 [100]
c 4-CICgH,4 69 [99]
d 2-pyridyl 57 [92]
e CeHsCHz 98 [100]
f (R)-CsHs(CH3)CH 100 [100]
g CeH11 91 [97]
h CsHus 95 [98]
i CgH17 97 [98]
j (CHa3)sC 100 [100]
Scheme 1
H
RNH, + CS, pra— R,N\IrSH
1 2 s 4
H H H N
fll N N-R RNH,
RTY R —= R-N=< <+—— R-N=C=S+H,S
S 3 6 SH 5

The yields of products 3 are affected by the nature of
the amine utilized. In fact, as expected for a typical
nucleophilic addition, aliphatic amines show higher
reactivity than the aromatic ones (compare, for example,
Table 1, entries a—d with e—j). Moreover, complete
retention of optical activity is observed in the reaction
with a chiral amine (Table 1, entry f).

The procedure is efficiently applicable to primary
amines, but not to the secondary ones which are quan-
titatively recovered unchanged. This fact strongly sug-
gests that the dithiocarbamic acid 4 initially formed by
nucleophilic attack of the amine to CS,® can be converted
into the more electrophilic isothiocyanate 5 (Scheme 1).
One equivalent of H,S is released in this step.Thiourea
3 is thus produced by a rapid addition of a second
molecule of amine 1 to 5.° We assume that the basic
catalyst can enhance the isothiocyanate production by
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excess of amine: Foye, W. O.; Speranza, J. P. Eur. J. Med. Chem. 1977,
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S. isinemiSialsemmfis. 1980, 46, 286 (Chem. Abstr. 1980, 93, 71237p).
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Table 2. Reaction of Amines Bearing an Additional
Nucleophilic Group with CS; over the Catalyst ZnAl

HT(500)
Entry| Amine Product | Yield [Sel]
()
\ j\ ‘
a | g T Q| 98[98]
7
Hscﬁ Hscﬂ
HO
b | S| 92 [94]
NH, 8
SH S
¢ =S| 92199
L. QENH [99]
NH, s
d HN/_/ H“NJLN—H 10 | 100 [100}
2 \/

favoring the abstraction of the NH proton. Supporting
evidence for the isothiocyanate intermediacy is suggested
by isolation of (+)-1-phenylethyl isothiocyanate in 22%
yield in the reaction of (+)-1-phenylethylamine and
carbon disulfide at 25 °C for 1 h in the presence of Zn-Al
HT(500). Evidently, secondary amines cannot produce the
active intermediate 5 and are thus recovered unchanged.
However, when amine 1 contains an additional nucleo-
philic group, a fast intramolecular attack converts inter-
mediate 4 into different heterocyclic thiones in high yield
irrespective of the nature of the amino group (see, for
example, Table 2, entry a).

Thus, oxazolidine-2-thiones 7'° and 8,*' 1-mercapto-
benzothiazole 9,12 and imidazolidine-2-thione 103 were
synthesized in high yield and in short reaction time,
avoiding use of strong homogeneous acids and bases.

We next studied the reusability of the catalyst in the
model reaction with aniline. Thus, methanol was added
to the final reaction mixture, and the catalyst was
recovered by filtration and further washed with hot
methanol to completely remove organic compounds and
traces of sulfur which can act as inhibitors.'* After being
dried under vacuum at 120 °C for 2 h, the catalyst was
reused. Five cycles were thus repeated without apparent
loss of the catalytic activity, with compound 3a being
obtained in 82%, 78%, 75%, 80%, and 78% yield.

Finally, X-ray diffraction (XRD) analysis of the catalyst
was performed to check its stability and to recognize
possible transformations during the reaction. The XRD
analysis, carried out on the Zn-Al HT(500) fresh catalyst,
clearly shows the XRD pattern of ZnO (zincite)!? as the
unique crystalline phase, suggesting that this material

(9) See, for example: Gilsdorf, R. T.; Nord, F. F. gnisitaisitis. 1950,
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is a composite system consisting of crystalline grains of
zinc oxide in amorphous alumina. After the catalyst runs,
two XRD patterns are observed, i.e., that of zincite
superimposed by a set of large peaks due to ZnS
(sfalerite),'® probably produced by the reaction of H,S
with the catalyst. Despite this, the permanence of
adequate amounts of zinc oxide allows a high level of
catalytic activity at least for five cycles as stated before.
One could suppose from these results that after the first
run the new catalyst could be a mixture of ZnS and Al,O3
or ZnS alone. However, when commercial zinc sulfide
[X-ray peak widths (2#%) ca. 0.2°] was used as heteroge-
neous promoter, no catalytic effect was observed (3a yield
16%; compound 3a was obtained in 17% yield without
catalyst). On the other hand, an additional experiment
with a 4:1 molar ratio mixture of ZnS:basic Al,O; gave
product 3a in 35% yield. A quite similar result (42% yield)
was achieved with basic Al,O3; alone. From these data
we do not exclude the possibility that ZnS could behave
as cocatalyst; however, this effect would operate to a
significant extent only in the case of the composite
system, where ZnS nanocrystallites [X-ray peak widths
(29) ca. 2°] are dispersed in the amorphous alumina.

Conclusions

In conclusion we have shown that the ZnO/Al,O3
composite [Zn-Al HT(500)], easily prepared in the labora-
tory, can afford an efficient and reusable catalyst in the
synthesis of symmetric N,N'-disubstituted thioureas from
primary amines and carbon disulfide. This procedure can
also be applicable to the synthesis of different heterocyclic
thiones by using amines bearing additional nucleophilic
groups.

The use of this heterogeneous catalyst makes product
isolation easier, gives a clean reaction, and is of course
advantageous in an economical and environmental sense.
A possible drawback of the present methodology is
represented by the production of H,S. However, removal
of this hazardous compound from reaction mixtures
represents a general and previously solved problem.®

Experimental Section

General. Melting points are uncorrected. *H NMR spectra
were recorded at 300 MHz. Mass spectra were obtained in El
mode at 70 eV. Microanalyses were carried out by the Diparti-
mento di Chimica Generale ed Inorganica, Chimica Analitica,
Chimica Fisica dell'Universita di Parma, Italy. TLC analyses
were performed on Merck 60 PF.s4 silica gel plates using
mixtures of hexane—ethyl acetate (25—35%). XRD spectra were
obtained on a Philips PW 1050 instrument using the Cu—Ka
radiation. All the reagents were of commercial quality from
freshly opened containers.

Synthesis of Zn-Al HT(500).42 NaOH (1.75 mol, 70.0 g), Na-
CO;3; (0.47 mol, 50.0 g), and distilled water (500 mL) were
introduced in a 2-L flask equipped with a mechanical stirrer, a
dropping funnel, and a thermometer. Then a solution of Zn-
(NO3),-6H,0 (0.50 mol, 148.7 g) and AI(NOg3)3-9H,0 (0.25 mol,
93.8 g) in distilled water (300 mL) was added dropwise at room
temperature during 5 h under vigorous stirring. Following the
addition which results in a heavy slurry, the flask content was
heated at 65 + 5 °C for about 18 h with continuous vigorous
stirring. The slurry was then cooled to room temperature,
filtered, and washed until the sodium content in the resulting
solid was below 0.1% (dry basis). The solid was then dried under
vacuum at 125 °C for 18 h, giving a white powder. The X-ray

(16) Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd ed.;
1983; Vol. 22, pp 267—297. Startsev, A. N. Catal. Rev. 1995, 37, 353.
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powder pattern of this material corresponds to that of a mixture
of ZnO and Zn-Al HT. This material was calcined at 500 °C for
15 h, giving a catalyst with a surface area of 124 + 6 m?/g
[determined in our laboratory by B.E.T. method: see ref 5] and
with the following chemical composition (average values): Zn
(33.70%), Al (7.63%).

Synthesis of N,N'-Disubstituted Thioureas 3. General
Procedure. The selected amine (0.01 mol), Zn-Al HT(500) (1.0
g), and CS; (3 mL) were heated at 100 °C in a small autoclave
under vigorous stirring. After 2 h the reaction mixture was
cooled to room temperature and the excess of carbon disulfide
removed under reduced pressure. Hot methanol (50 mL) was
added, and the catalyst was removed by filtration and washed
with hot methanol (50 mL). After cooling to room temperature,
the N,N'-disubstituted thiourea was precipitated by adding
distilled water (250 mL). The product was isolated by Buchner
filtration and recrystallized from methanol.

N,N'-Diphenylthiourea (3a): yield 0.95 g (83%), white solid;
mp 152—-3 °C (lit.)” mp 152 °C).

N,N'-Bis[4-methylphenyl]thiourea (3b): yield 1.12 g (87%),
white solid; mp 173—5 °C (lit.*” mp 1745 °C).

N,N’'-Bis[4-chlorophenyl]thiourea (3c): yield 1.03 g (69%),
white solid; mp 166—7 °C (lit.1” mp 167 °C).

N,N'-Bis[2-pyridyl]thiourea (3d): yield 0.66 g (57%), white
solid; mp 152—3 °C (lit.'8 mp 152—4 °C).

N,N'-Dibenzylthiourea (3e): yield 1.26 g (98%), white solid;
mp 145-7 °C (lit.*® mp 146—8 °C).

(R,R)-N,N'-Bis[a-methylbenzyl]thiourea (3f): yield 1.42
g (100%), pale gray solid; mp 200—1 °C (lit.2° mp 202—-3 °C);
[a]?®p = —104.2 [c = 1.3; CHCIg] (lit.?° [0]?°p = —105.4 [c = 1.3;
CHCla)).

N,N'-Dicyclohexylthiourea (3g): yield 1.09 g (91%), white
solid; mp 179-80 °C (lit.2! mp 180—2 °C).

N,N’-Dipentylthiourea (3h): yield 1.03 g (95%), white solid;
mp 56—8 °C; 'H NMR (300 MHz, CDCl3) 6 0.8—1.0 (6 H, m),
1.2-15@8H, m), 1.5-1.7 (4 H, m), 3.4 (4 H, brs), 5.8 (2 H, br
s); IR (KBr) 3220, 1560 cm~%; MS m/z (M*) 216 (3), 183 (4), 127
(6), 43 (100). Anal. Calcd for C11H24N,S: C, 61.1; H, 11.2; N,
13.0. Found: C, 61.3; H, 11.1; N, 12.9).

N,N'-Dioctylthiourea (3i): yield 1.46 g (97%), white solid;
mp 55—6 °C (lit.22 mp 53—55 °C).

N,N'-Di-tert-butylthiourea (3j): yield 0.94 g (100%), white
solid; mp 129—31 °C (lit.2 mp 1312 °C).

(+)-1-Phenylethyl isothiocyanate (5): yield 0.36 g (22%),
pale yellow oil; bp 131—134 °C/20 mmHg (lit.24 bp 133—134 °C/
20 mmHg).

Synthesis of Heterocyclic Thiones 7, 8, 9, and 10.
General Procedure. The selected amine (0.01 mol), Zn-Al HT-
(500) (1.0 g), and CS; (3 mL) were heated at 100 °C in a small
autoclave under vigorous stirring. After 2 h the reaction mixture
was cooled to room temperature and the excess of carbon
disulfide removed under reduced pressure. The crude was
chromatographed on silica gel column with hexane—ethyl
acetate mixtures (20—30%) to give the products.

(4S,5R)-3,4-Dimethyl-5-phenyloxazolidine-2-thione (7):
yield 2.03 g (98%), white solid; mp 49—50 °C (lit.1° mp 48—9 °C);
[a]®p = —214 [c = 1.3; MeOH] (lit.1° [a]®p = —216 [c = 1.3;
MeOH])).

3,4-Dimethyloxazolidine-2-thione (8): yield 1.21 g (92%),
white solid; mp 121-2 °C (lit.}* mp 123 °C).

1-Mercaptobenzothiazole (9): yield 1.54 g (92%), white
solid; mp 176—7 °C (lit.22 mp 177 °C).
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1994, 5, 1393.
(21) Wragg, R. T. . 1970, 3931.
(22) Foye, W. O.; LaSala, E. F.; Georgiadis, M.; Meyer, W. L. J.
j. 1965, 54, 557.
(23) Sakai, S.; Fujinami, T.; Aizawa, T. | NNNNEGSEE. 1077,
50, 425.
(24) Luskin, L. S.; Gantert, G. E.; Craig, W. E. NN
1956, 78, 4965.
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Imidazolidine-2-thione (10): yield 1.02 g (100%), white
solid; mp 195—6 °C (lit.2> mp 195—7 °C).
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