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A Simple and Green Procedure for the Synthesis of N-Benzylthioureas
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Abstract: A simple and efficient reaction protocol for the synthesis of N-benzylthioureas is described from benzylisothio-
cyanate (BITC: 94% pure/ GC-MS), isolated from crushed papaya seeds.
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INTRODUCTION

Worldwide demand for environmentally friendly chemi-
cal processes and products requires the development of novel
and cost-effective approaches to pollution prevention. The
synthetic methods that we now still use to transform our
starting materials should be the focus of basic research, as
they employ reagents which may be harmful for humans and
for the environment.

Isothiocyanates are useful compounds as precursors for
the synthesis of different classes of acyclic and heterocyclic
compounds [1], and are also highly biologically active [2, 3].
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Scheme 1. BITC from papaya seeds.

It is well known in the literature that isothiocyanates can be
produced by enzymatic hydrolysis of glucosinolates [3].
Plants produce many secondary metabolites used as a de-
fense against herbivores, pests and pathogens. Among them
are the glucosinolates (GSLs) that are produced by plants,
primarily within Brassicaceae, Capparaceae and Caricaceae
[3b]. Through enzymatic hydrolysis, GSLs are transformed
primarily into isothiocyanates (ITCs) and nitriles [3]. Ben-
zylisothiocyanate 1 (BITC; Scheme 1) is derived from the
action of myrosinase on benzylglucosinolate (glucotropaeo-
lin), when papaya seeds are crushed [3]. BITC has been
found to have effective cancer chemopreventive capatibil-
ities [2c] and has showed biocidal activity to some extent
against microorganisms [2b-c] and helminthis [3c].
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We report, for the first time, the use of natural BITC as
raw material for the synthesis of thioureas. In the literature,
we find several papers describing the biological properties
[2, 3] of plant extracts containing isothiocyanates, however
they underestimate their use in synthesis. Symmetrical and
unsymmetrical thioureas are an important class of com-
pounds in medicinal and agricultural chemistry [4].
Thioureas are also important building blocks for the synthe-
sis of both five and six membered heterocycles [5] and are
widely used in organocatalysis [6].

The aim of this study is to evaluate a friendly methodol-
ogy to synthesize N-benzylthioureas from papaya seeds. Al-

~—N=C=S

BITC (1)

though several reports describing the synthesis of isothiocy-
anates are available [7], we were keen to develop a protocol
to synthesize N-benzylthioureas which would work cleanly
without intermediate work-up, such as extraction or column
chromatography, and which would require no use of syn-
thetic BITC. We should remember that Carica papaya is a
tropical and subtropical plant and Brazil is a great producer
of papaya, the seeds of which are considered totally worth-
less.

MATERIALS AND METHODS
Plant Materials

The seeds of Carica papaya used in these studies were
obtained from ripe papaya fruits of the golden variety, sup-
plied by Agrapapaya (Linhares / BR) or bought in the mar-
kets of Rio de Janeiro. The non dried seeds were sometimes
stored in containers in a freezer (-18 °C) for several months
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and subsequently thawed in running water. A manual peeling
process led to the removal of the seed sarcotestas. The seeds
were then crushed with a mortar and pestle to perform the
extraction.

Extraction

Approximately 250 g (8-12 fruits) of freshly ground non
dried seeds of Carica papaya (without their sarcotestas)
were added to a 2000 mL round-bottom flask containing 800
mL of distilled water (simple distillation apparatus). The
distillate was collected in a vessel containing 80 mL of hex-
ane. After more or less 2 % hours of distillation, 300-350 mL
of the distillate (BITC/water) were collected. The dispersion
in the collected vessel was transferred to a separatory funnel
and the aqueous phase was extracted with further 20 mL of
hexane. The organic phase (100 mL) was dried with anhy-
drous Na,SO,.

General Experimental Procedures for the Synthesis of
N-Benzylthioureas

Method A: In this method the hexane solution of BITC
(100 mL) was divided into two parts of 50 mL, each of
which led to a different thiourea. Approximately 1 mmol of
the amine, or an excess of it (5-10 mmols) when it is volatile,
was added to the BITC hexane solution (50 mL). The reac-
tion occurred at room temperature, under agitation, or under
reflux (see Table 1). The thiourea was obtained as a solid
insoluble in the reaction medium and was recovered by fil-
tration under vacuum. In the cases in which the product was
impurified with the amine (TLC), it was treated with 5 mL of
a HCI solution (10%) and after 10 minutes of stirring, the
suspension was filtered and a pure thiourea was obtained.

Method B: In this method, the BITC hexane solution
(50mL - see above) was concentrated in a rotary evaporator
and the colorless oil obtained (120-190 mg) was resolubi-
lized in tert-butanol (10 mL). From that point on, the reac-
tion occured as in method A, differing only in the mainte-
nance of the reaction under reflux. Then the tert-butanol,
used as solvent, was removed in a rotary evaporator. The
reaction mixture was resuspended in hexane, which was lat-
ter filtered to isolate the thiourea. If the amine was still pre-
sent in the thiourea, the product was also treated with a HCI
10% aqueous solution, as in method A.

All amines were commercially available. Thin layer
chromatography (TLC) was performed using Merck silica
gel 60 F 254 on Aluminium sheets and ethyl acetate-hexane
1:1 as eluent. GC-MS experiments were run on a GCMS-
QP2010 Plus Gas Chromatograph / Mass Spectrometer from
Shimadzu, column: ZB-5MS; injector-temperature: 270°C;

Amine

hexane or tert-butanol

Letters in Organic Chemistry, 2011, Vol. 8, No.8 541

detector temperature: 230°C; temperature program: 60°C to
290°C (5-20°C/min). *H NMR spectra were recorded at 200
MHz and 400 MHz on a Varian Gemini 200 and Bruker 400
spectrometers, respectively, and chemical shifts were re-
corded in parts per million relative to internal standard TMS.
3C NMR spectra were recorded at 50 MHz at Varian Gem-
ini 200 spectrometer and chemical shift were recorded in
parts per million relative to TMS. Infrared spectra were re-
corded with Nicolet 550FTIR and Excalibur 3100 Varian
spectrometers using KBr pellets. Melting points (uncor-
rected) were recorded in open capillary on MelTemp Il
(Laboratory Devices).

RESULTS AND DISCUSSION

Several N-benzylthioureas 3a-z (Scheme 2) were pre-
pared, in a mmol scale by the reaction of ~Immol of al-
kyl/aryl amines 2 (primary and secondary) with BITC (1) in
a hexane (or tert-butanol) solution (r.t./reflux). BITC was
isolated by the steam distillation of ~125 g of crushed non
dried papaya seeds, corresponding to 4-6 fruits. The seeds of
Carica papaya used were obtained from ripe papaya fruits of
the golden variety, supplied by Agrapapaya (Brazil) or pur-
chased in the local markets. Initially, to perform the extrac-
tion, the seed sarcotestas were withdrawn manually, and then
were crushed with a mortar and pestle. The distillate was
collected in a vessel containing hexane until BITC, co-
distillated with water, was not observed anymore. From this
same amount of seeds (fresh or stored in a freezer at -18°C),
120-190 mg of BITC were obtained, after evaporation of the
hexane. The purity of BITC, in the hexane extracts, was
determined as ~94% by GC-MS.

A variety of amines 2 were used in the preparation of
their respective N-benzylthioureas 3. These results are sum-
marized in Table 1 (method A — use of hexane as solvent and
method B — use of tert-butanol as solvent).

The ideal amine 2 / BITC ratio had to be established em-
pirically, considering each individual process. In most cases,
a slight excess of amine was added (~1mmol) to an hexane
solution of BITC (1). The exceptions were the volatile
amines 2a-d (Table 1) of which ~ 5-10mmol were added to
compensate their volatilities. Based upon the average con-
centration of BITC (94%) in the hexane solutions (extrac-
tion), we estimate that the yields ranged from 57% (3t) to
100% (3h, 3i, 3j and 3n).

Most of the N-benzylthioureas prepared by method A
were insoluble in an apolar solvent (hexane). Therefore, they
were easily isolated by a simple vacuum filtration. Although
several thioureas could be prepared at room tempera-
ture/reflux, using hexane as the solvent (method A), we

N=C=S + (primary/secondary)
2a-z

1
(from papaya seeds)

r.t. or reflux

Scheme 2. Synthesis of N-benzylthioureas 3 from papaya seeds (~125g, corresponding to 4-6 fruits).
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Table1. Preparation of N-Benzylthioureas 3
Amine N-benzylthiourea® Time/h Method Amine N-benzylthiourea® Time/h Method
(mmol) (mmol)° (temperature) (mmol) (mmol)° (temperature)
Me
H,N” = |
3a 6.0 ~ 30 16.0
2a (5.35)c A H,N N A
(1.17) (rt) 2 (0.61) (reflux)
20 (1.03)
J\ 3b 0.5 /L J\ 3p 14.0
HoN A H A
(0.78) (rt) (0.86) (rt)
2b (9.34) 2 (L07)
HNT TN A
2 3c 05 HN NH 3q 10.0
2¢ (7.08) A A A
- (1.11) (rt) (1.03) (rt)
2 (1.16)
HN ﬁ/ 3d 05 HN O 3r 16.0
(0.96) ( . ) " (117 ( .) "
0.96 r.t. 117 r.t.
2d (7.04) 2r (1.20)
OH
N O
2e (1.02) 3e 3.0 A HoN 3s 4.0 B
(0.77) (rt) (0.96) (reflux)
25 (1.00)
W\t/)/
HNT 2
7 3f 2.0 3j 3.0
2f (1.01) A H,N B
(0.79) (rt) (0.94) (reflux)
2j (1.09)
3g 05 3k 2.0
A B
HzN (1.00) (rt) HzN (0.91) (reflux)
2g (1.05) 2k (1.01)
HN /\©
3h 2.0 H,N 3t 4.0
A B
2h (1.11) (1.11) (rt) (0.61) (reflux)
2t (1.07)
OH
3i 14.0 /©/ 3u 2.0
A H.N B
HaN (1.10) (reflux) 2 (0.89) (reflux)
2i (1.10) 2u (1.01)
3j 16.0 Q\ 3v 2.0
H,N A H,N OH B
(1.09) (reflux) (1.01) (reflux)
2v (1.02)
2j (1.09)
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Amine N-benzylthiourea® Time/h Method Amine N-benzylthiourea® Time/h Method
(mmol) (mmol)° (temperature) (mmol) (mmol)° (temperature)
Cl
3k 14.0 3w 15
H,N A H,N cl B
2 (0.74) (reflux) 2 (0.79) (reflux)
2k (1.01) 2w (1.01)
3l 16.0 3x 16.0
H,N A HzN B
(1.08) (reflux) 2% (1.00) (0.78) (reflux)
21 (1.10)
OMe
/©/ O
H,N H,N
3m 14.0 ‘ 3y 16.0
2m (1.01) A B
(0.86) (reflux) 0 O (0.63) (reflux)
2y (1.00)
3n 10.0 NH,OHq 3z 0.5
HN A Ref.?
I (1.07) (reflux) 2z (0.78) (rt)
2n (1.07)

*Products were characterized by physical and spectroscopic methods (IR, *H NMR); "Amount of pure isolated products; “Methylammonium chloride (2a) was used.

observed that the less reactive amines reacted much more
sluggishly in this condition. Therefore, the hexane was re-
placed by a more polar solvent. In choosing this new solvent,
preservation of the environment was also taken into account.
Thus, alcohols were the best choice as polar solvents for
these reactions because they are biodegradable and less
harmful to human health. However, due to its nucleophilic-
ity, it had to be carefully chosen since it could compete with
the amine in addition to the isothiocyanate. In fact, the at-
tempts to use ethanol and isopropanol as solvents led to the
formation of mixtures of thiourea and thiocarbamates® (mi-
nor products). Thus, it was found that tert-butanol was the
ideal solvent for reactions of less reactive amines 2s-y
(method B), because this is a non-nucleophilic alcohol (steric
hindrance). We have also verified that the long time reaction
of amines (such as ortho/para-toluidine 2j/2k) could be dras-
tically lowered with the substitution of hexane for tert-
butanol (16h/14h - method A; 3h/2h - method B). This modi-
fication of the usual procedure may prove useful in the syn-
thesis of thioureas with relevant bioactivity [4a-c].

CONCLUSION

In conclusion, we have developed a simple and green
procedure for the synthesis of a variety of N-benzylthioureas
from papaya seeds. The desired products are obtained in
good to excellent yields (~ 1 mmol/seeds of 4-6 fruits) and
most of them do not require any further purification, after
filtration from the crude reaction mixture.
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