Monatsh Chem (2010) 141:749-755
DOI 10.1007/s00706-010-0328-y

ORIGINAL PAPER

A synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates
from diethyl dixanthogenate using different oxidants

Milutin M. Milosavljevi¢ - Milica Sovrli¢ -
Aleksandar D. Marinkovi¢ - Dragan D. Milenkovié

Received: 26 January 2010/ Accepted: 11 May 2010/ Published online: 29 May 2010

© Springer-Verlag 2010

Abstract A novel synthesis of N-alkyl and N,N-dialkyl
O-ethyl thiocarbamates from diethyl dixanthogenate and
primary and secondary amines, using three oxidizing sys-
tems, has been developed on the laboratory scale, and the
method using sodium hypochlorite has been applied on a
semi-industrial scale. The effect of the oxidizing agents,
sodium hypochlorite, in-situ-generated peracetic acid, and
the manganese(II) acetate/oxygen system on product purity
and yield was studied. The results obtained by use of these
three methods were compared with those obtained by
reaction of sodium ethyl xanthogenacetate and amines, and
of sodium ethyl xanthate with amines in the presence of
sulfated nickel zeolite catalyst. The reaction mechanism of
sodium hypochlorite oxidation has been established on the
basis of isolation of reaction intermediates and determina-
tion of their structure by use of Fourier-transform infrared,
'"H and *C NMR, and mass spectrometric methods. The
suggested sodium hypochlorite and manganese(Il) acetate/
oxygen systems have many advantages in comparison with
commercial and catalytically promoted synthetic methods,
because they are new ecologically friendly syntheses.
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Introduction

The synthesis and properties of N-alkyl and N,N-dialkyl
O-ethyl thiocarbamates have been of interest for many
years because of their structural characteristics, for exam-
ple the direct connection of the thiocarbonyl group to
nitrogen, which contributes to their significant biological
activity [1, 2].

Thiocarbamates are derivatives of thiocarbamic acid,
thus N-alkyl and N,N-dialkyl thiocarbamates are N-alkyl and
N,N-dialkyl O-alkyl esters of thiocarbamic acid (Scheme 1).

Wide application of these selective collectors in flo-
tation of copper and zinc ores is well known [2]. They
are also fungicidal [3], bactericidal [4], herbicidal [5],
pesticidal [6], and pharmaceutically active [7] com-
pounds. A general method for their preparation is the
reaction of dithiocarbonic acid O,S-diesters in aqueous or
alcoholic solution with primary or secondary amines, and
reaction of monothiocarbonic acid O-ester chloride with
the corresponding amines [8]. Thiocarbonic esters are
obtained in a single-stage reaction of an alkaline xan-
thogenate, an amine, and an oxidizing agent [9]. Also,
synthesis of thiocarbamates from thiols and isocyanates
under catalyst-free and solvent-free conditions has been
performed [10].

Besides other procedures reported in the literature [11—
15], alkyl thiocarbamates can be obtained by reaction of
sodium or potassium alkyl xanthates in aqueous solution
with primary or secondary aliphatic amines and elemental
sulfur [16]. Thiocarbamates can also be prepared by
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reaction of xanthogenates and amines in the presence of
nickel(Il) sulfate hexahydrate as catalyst [17].

However, reported methods for thiocarbamate synthesis
have specific disadvantages which necessitate development
of a more efficient and convenient method applicable on an
industrial scale. Nowadays, the most striking criterion for
choice of a production process is environmental friendli-
ness. Development of a process which could use raw
materials either from a commercial source or waste mate-
rial could be an optimum alternative for selection of new
production technology. One such idea is developed in this
work focused on the possibility of using the waste material
diethyl dixanthogenate (3,8-dioxa-5,6-dithiadecane-4,7-
dithione) for synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates. Diethyl dixanthogenate is an inevitably
generated oxidizing by-product from xanthate flotation
collector production plants, or it could be available as
commercial material. The main objective of this study was
to develop a novel optimum synthesis of N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates from waste diethyl
dixanthogenate using different oxidizing agents.

Results and discussion

In this work, a novel synthesis of eight N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates was developed, start-
ing from diethyl dixanthogenates and primary and
secondary mono and disubstituted alkyl amines in the

presence of oxidizing agents. Synthesis of N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates from diethyl dixan-
thogenates and amines without an oxidizing agent gave
only a minor quantity of product which was difficult to
isolate from the crude reaction product. That result indi-
cates that oxidizing species are crucially important in
successful thiocarbamate synthesis. Three oxidizing
agents were used: sodium hypochlorite, in-situ-generated
peracetic acid, and the manganese(Il) acetate/oxygen sys-
tem [18].

The alkyl amines used were: methylamine, dimethyl-
amine, ethylamine, diethylamine, n-propylamine, di-n-
propylamine, isopropylamine, and diisopropylamine. Study
of the reaction mechanism indicates nucleophilic attack of
the amine on the S-S bond, assisted by the oxidizing
species present, probably causes heterolytic cleavage of
that bond, producing O-ethyl thiocarbamic acid methy-
lammonium salt (3), elemental sulfur (4), and N-methyl
O-ethyl thiocarbamate (5). In addition, the oxidizing spe-
cies in the reaction media oxidizes the intermediate product
3 to the starting diethyl dixanthogenate (1) (Scheme 2).

Moreover, the results of the innovative synthesis have
been compared with those obtained by reaction of sodium
ethyl xanthogenacetate and mono and dialkyl amines [19],
an industrial method widely used for thiocarbamate pro-
duction. Catalytically promoted synthesis of N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates using sulfated nickel
zeolite catalyst [20] was performed for evaluation of the
success of the developed innovative methods.

According to the established optimum synthetic meth-
ods 1, 2, and 3 described in the Experimental section, a
series of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates
were obtained; the results are given in Table 1.

From the results presented in Table 1 it is apparent that
satisfactory yields and purities of the N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates were achieved by use
of the optimum methods 1-3 developed in this work. The
best results were obtained by use of the manganese(Il)
acetate/oxygen system, somewhat lower with sodium
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Table 1 Yields and purities of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates obtained according to methods 1, 2, and 3
No. Compound Method 1 Method 2 Method 3
Yield (%) GC?* (%) Yield (%) GC (%) Yield (%) GC (%)
5 EtOC(S)NHMe 87.2 97.9 82.8 98.6 95.8 98.7
6 EtOC(S)NMe, 87.0 97.8 81.3 97.4 94.6 97.6
7 EtOC(S)NHEt 86.0 97.0 80.0 97.5 94.6 97.9
8 EtOC(S)NEt, 86.8 97.6 79.4 97.8 93.0 98.2
9 EtOC(S)NHPr 86.2 98.0 71.7 98.3 94.8 98.4
10 EtOC(S)NPr, 82.5 98.4 753 98.0 94.7 98.8
11 EtOC(S)NH(i-Pr) 80.1 99.6 73.1 99.1 92.0 99.0
12 EtOC(S)N(i-Pr), 74.0 98.9 64.9 98.6 90.2 98.6
* GC purity

hypochlorite, and lowest using in-situ-generated peracetic
acid oxidant.

Product yield is highly dependent on the structure of the
amine. Somewhat lower yields were achieved in the syn-
thesis of N,N-di-n-propyl O-ethyl thiocarbamate (82.5% by
method 1 and 75.3% by method 2), N-isopropyl O-ethyl
thiocarbamate (80.1% by method 1 and 73.1% method 2),
and the lowest yield was achieved with N,N-diisopropyl
O-ethyl thiocarbamate (74.0% by method 1 and 64.9% by
method 2). Satisfactory yields of both N,N-di-n-propyl
O-ethyl and N,N-diisopropyl O-ethyl thiocarbamates were
obtained by use of method 3. The voluminous di-n-propyl,
isopropyl, and diisopropyl groups contribute to significant
steric repulsion with diethyl dixanthogenate, which pre-
vents approach of the amine to effect nucleophilic
heterolysis of the S-S bond in the first reaction step. The
structures of amines is of vital importance in their nucle-
ophilic reactivity [21], and further kinetic studies could
provide more information about the reaction mechanism
and the rate-determining step.

The success of the optimum innovative synthetic
methods 1-3 was compared with results obtained by use of
the well known literature method [19] (method 4), and
sulfated nickel zeolite catalyst-promoted synthesis (method
5) (Table 2).

It is apparent from Tables 1 and 2 that somewhat lower
yields of the N-alkyl and N,N-dialkyl O-ethyl thiocarba-
mates were obtained by use of methods 4 and 5. The results
indicate that all synthetic methods using an amine for
heterolytic S-S cleavage in the presence of different oxi-
dizing agents are the methods of choice for synthesis of
N-alkyl and N,N-dialkyl O-ethyl thiocarbamates. On that
basis, future studies will be focused on synthetic and
mechanistic studies of thiocarbamate synthesis in the
presence of new oxidants or new oxygen/catalyst system
combinations. Results from MS and from Fourier-trans-
form infrared (FT-IR), and "H, and "*C NMR spectroscopy
of the N-alkyl and N,N-dialkyl O-ethyl thiocarbamates are

Table 2 Yields and GC purities of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates obtained by use of methods 4 and 5

No. Method 4 Method 5
Yield (%) GC* (%) Yield (%) GC (%)

5 82.4 98.4 86.0 98.6
6 80.9 97.2 85.4 97.4
7 79.6 97.2 84.6 97.5
8 78.2 97.8 84.9 77.8
9 76.8 98.1 85.7 98.3
10 73.9 98.0 82.0 98.0
11 72.0 99.2 79.5 99.1
12 62.8 98.8 73.6 98.6
* GC purity

in agreement with literature data and undoubtedly corrob-
orate the structures of all the N-alkyl and N,N-dialkyl
O-ethyl thiocarbamates synthesized by use of methods 1-5.
Also, considering method 1, definite experimental data
have been presented for establishment of the proposed
reaction mechanism. A mechanistic study of the synthesis
of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates by use
of different oxidizing agents is of utmost significance for
optimization of laboratory synthesis and technological
development and application.

It was stated that the reaction mechanism of the thio-
carbamate synthesis, according to method 1, probably
proceeds via nucleophilic heterolysis of the S—S bond of
diethyl dixanthogenate (1) by an amine (2), producing ethyl
xanthic acid methylammonium salt (3), elemental sulfur
(4) finely suspended in the reaction media, and N-methyl
O-ethyl thiocarbamate (5). Subsequent oxidation of amine
salt 3 by hypochlorite ion produces diethyl dixanthogenate
(1). The proposed reaction steps are consecutively repe-
ated, i.e., the amine present performs heterolysis of the S—S
bond of the oxidatively obtained diethyl dixanthogenate
(Scheme 2).
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The quantity of sulfur obtained after filtration of the
reaction mixture is almost equal to the stoichiometric
quantity expected according to calculation on the basis of
the reaction yield obtained.

In the second reaction step, oxidation of the ammonium
salt of ethyl xanthic acid by hypochlorite ion gives solely
diethyl dixanthogenate, even in reactions with different
amines. It is also proved that in the reaction of diisopropyl
dixanthogenate with ethylamine and isopropylamine
according to method 1 only diisopropyl dixanthogenate is
isolated, which is a crucial proof of the second reaction
step.

Study of the reaction mechanism of thiocarbamate
synthesis performed according to method 3 was not pos-
sible by these experimental techniques. The -catalytic
activity of manganese(Il) ion is high enough to promote the
oxidizing power of oxygen, and the reaction probably
follows a radical mechanism, which is confirmed by
scavenging of the generated oxygen radical using 1,1-
diphenyl-2-picrylhydrazyl (DPPH).

Satisfactory reaction yields obtained by method 1 and
simple work-up on synthesis of the thiocarbamate enabled
implementation of the optimized laboratory technique on a
semi-industrial scale. Before the start of production based
on the invented procedure, the method has been the object
of a patent application [22]. Techno-economical aspects of
the implemented innovative method 1 indicate extraordi-
nary economic benefit. It was confirmed that the reaction
product was not present in water, and concentrations of
dixanthogenates have been determined to be under the
maximum contamination limit [23]. The necessary waste
water purification process is also very simple. Innovative
method 1 could be widely used for thiocarbamate synthesis
starting from different raw materials: ammonium salt [24]
and alkaline salt of O-alkyl xanthic acid [9], and waste or
commercial diethyl dixanthogenate.

Semi-industrial application of process 3 is however
strongly determined by the need to introduce oxygen at
increased pressure, use of triethylamine, and, therefore, far
lower financial gain; this does not justify application of this
method on an industrial scale.

Conclusion

The presented work describes the optimum synthesis of
N-alkyl and N,N-dialkyl O-ethyl thiocarbamates from die-
thyl dixanthogenates and amine in the presence of different
oxidants: sodium hypochlorite, in-situ-generated peracetic
acid, or the manganese(Il) acetate/oxygen system. High
conversion of starting materials into products (74.0-87.2%)
was achieved by use of sodium hypochlorite; in-situ-gen-
erated peracetic acid results in lower yields (64.9-82.8%),

@ Springer

and the highest yields (90.2-95.8%) were obtained by
using the manganese(Il) acetate/oxygen system. Method 1
using sodium hypochlorite oxidant has been developed on
the laboratory scale and applied on a semi-industrial scale.
Techno-economic aspects of innovative method 1 are
extraordinary whereas, despite the high yield, method 3
does not offer the possibility of commercial application
because it requires use of high-cost equipment. Results
from the synthesis applying the commercially well known
method 4, and synthesis performed in the presence of
sulfated nickel zeolite catalyst do not offer comparable
alternatives to methods 1 and 3. In conclusion, the inno-
vative method presented is a powerful and versatile method
for preparation of N-alkyl and N,N-dialkyl O-ethyl thioc-
arbamates. This method has several unique merits, namely
simple operation, mild reaction conditions, avoidance of
hazardous organic solvents, use of moderately toxic and
inexpensive reagents, short reaction times, and high prod-
uct yields. This new environmentally benign process is a
suitable alternative to existing methods, and a significant
contribution to protection of the human environment.

Experimental

General method for the purification of diethyl
dixanthogenate on laboratory and semi-industrial
scales

Purification of waste oxidized product from xanthate pro-
duction to obtain diethyl dixanthogenate was achieved by
two successive extractions with hot distilled water and
filtration. The xanthate alkaline salt is extracted into the
aqueous solution which could be used for thiocarbamate
production according to method 1. Two filtration cakes
were collected and dried giving 55% yield of 99% pure
diethyl dixanthogenate.

Alternatively, for comparison, commercial diethyl dix-
anthogenate was used for synthesis of all the compounds,
and similar yields and purities were obtained (data not
presented). These results strongly indicate the usefulness of
the presented methods for synthesis of N-alkyl and
N,N-dialkyl O-ethyl thiocarbamates from commercial and
purified industrial waste material.

Method 1: Optimum reaction conditions for synthesis
of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates
using sodium hypochlorite

In a three-necked flask (250 cm?), equipped with magnetic
stirrer, dropping funnel, condenser, and thermometer,
100 cm® water and 18.5 g (0.075 mol) 98% diethyl dixan-
thogenate were placed. During 1 h 11.4 cm® (0.15 mol)
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40% methylamine solution was added with vigorous stir-
ring, and an increase of temperature to 30 °C occurred. After
that period 20.5 g (0.075 mol) sodium hypochlorite (130 g
active chlorine/1,000 cm3) was added dropwise. The tem-
perature of the reaction mixture gradually rose to 45 °C
during the course of reaction of 1.5 h, after which the
reaction was complete. In the course of the reaction sulfur
particles precipitated in a quantity corresponding almost
stoichiometrically to the reaction yield.

The reaction mixture was filtered on a Biichner fun-
nel, and the precipitated sulfur was separated as
filtration cake from an aqueous emulsion phase of
N-ethyl O-ethyl thiocarbamate. The product was sepa-
rated from the aqueous phase by two ethereal
extractions, the organic phase was dried with sodium
sulfate, and the ether was removed by distillation at
atmospheric pressure. Pure product was obtained by
fractional vacuum distillation at 105 °C/2 kPa (Ref. [25]
93 °C/1 kPa). N-methyl O-ethyl thiocarbamate (15.6 g)
was obtained, representing a yield of 87.2% (gas chro-
matographic (GC) purity 97.9%).

All other N-alkyl and N,N-dialkyl O-ethyl thiocarba-
mates were synthesized in an analogous manner to the
above procedure, using the appropriate amines under
reaction conditions as presented in Table 3; results of the
syntheses are given in Table 1.

Experimental procedures for isolation of reaction
intermediates according to method 1

In a 250 cm® three-necked flask equipped with magnetic
mixer, dropping funnel, condenser, and thermometer,
100 cm® water and 18.5 g (0.075 mol) 98% diethyl dix-
anthogenate were placed. Under gentle stirring 5.7 cm®
(0.075 mol) 40% methylamine was added during half an
hour, causing the temperature to increase to 35 °C. After
that period, 20.5 g (0.075 mol) sodium hypochlorite (130 g
active chlorine/1,000 cm3) was added dropwise. After half
an hour, the reaction mixture was filtered, to give filtration

cake consisting mainly of sulfur (1.9 g determined ana-
lytically, precipitating as barium sulfate). The filtrate was
then transferred to a separation funnel, and the organic
phase separated as upper layer (N-methyl O-ethyl thiocar-
bamate, confirmed by FT-IR, 'H and >C NMR, GC MS-
MS spectroscopic data; 4.9 g crude product). The aqueous
solution was transferred into a beaker and hydrochloric
acid (1:1) was added with continuous stirring until the pH
of the solution became slightly acidic (pH =~ 5). At the
bottom of the beaker a light yellow substance insoluble in
water was deposited, which was extracted with diethyl
ether. The solution was dried with sodium sulfate and ether
was removed by distillation. The structure was confirmed
as ethyl xanthic acid (7.0 g) by MS, FT-IR, 'H, and B¢
NMR data, and its purity was determined potentiometri-
cally to be 98%.

In the second experiment, repeated as described above,
the isolated amine salt of ethyl xanthic acid (the lower
aqueous solution) was filtered to remove sulfur, and then
treated with 20.5 g (0.075 mol) sodium hypochlorite
(150 g active chlorine/1,000 cm®). The temperature was
maintained at 45 °C for 1 h. After completion of the
reaction, the reaction mixture was filtered. The filtration
cake contained pure diethyl dixanthogenate (structure
confirmed by FT-IR, 'H, and 13C NMR data). A parallel
experiment was performed with diisopropyl dixanthogen-
ate in reaction with ethylamine and isopropylamine, and
analogously with the former experiment, diisopropyl dix-
anthogenate was isolated as reaction product (structure
confirmed by FT-IR, 'H, and '>C NMR data).

In the third experiment, the aqueous phase containing
the alkyl ammonium salt of ethyl xanthic acid was treated
with zinc(II) sulfate to precipitate the corresponding salt of
ethyl xanthic acid. The dried zinc salt was characterized
using FT-IR, 'H, and C NMR techniques, and atomic
absorption spectroscopy. In that way it was proved beyond
doubt that the alkyl ammonium salt of ethyl xanthic acid
was the intermediate product in the proposed reaction
mechanism presented in Scheme 2.

Table 3 Reaction conditions

. No. Diethyl Amine Sodium Reaction Temperature
for synthesis of N-alkyl and dixanthogenate (mol) hypochlorite time (h) (°O)
N,N-dialkyl O-ethyl (mol) (mol)
thiocarbamates by method 1

5 0.075 0.15 0.075 2.0 30-45
6 0.075 0.15 0.075 2.0 30-45
7 0.075 0.15 0.075 2.0 30-45
8 0.075 0.15 0.080 2.0 30-45
9 0.075 0.15 0.075 2.0 30-45
10 0.075 0.15 0.100 3.0 40-50
11 0.075 0.15 0.100 3.5 40-55
12 0.075 0.15 0.130 4.5 40-55
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Method 2: Synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates analogously to method 1 using
in-situ-generated peracetic acid

The synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocar-
bamates using in-situ-generated peracetic acid was
performed analogously to method 1. Ethylenediamine tet-
raacetic acid (EDTA), obtained from tetrasodium EDTA
and hydrochloric acid, was used as source of acetic acid,
and sodium perborate and sodium percarbonate were used
as oxygen sources. Decomposition of sodium perborate and
percarbonate was catalyzed by addition of 100 ppm Fe(III).
The results obtained using these two oxidizing agents were
similar and only the results for the EDTA/perborate system
are presented in Table 1.

Method 3: Synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates using manganese(ll) acetate/oxygen
system

In a 250 cm® three-necked flask equipped with magnetic
mixer, dropping funnel, condenser, thermometer, and
oxygen bubbling device 100 cm® water and 18.5 g
(0.075 mol) 98% diethyl dixanthogenate were placed.
During 1 h, 11.4 cm® (0.15 mol) of 40% methylamine
solution was added dropwise with vigorous stirring,
causing the temperature to increase to 30 °C. At this
point, 152 g (0.15 mol) triethylamine and 30.0 mg
(1.2 % 107 mol) manganese(Il) acetate tetrahydrate were
added, and oxygen bubbling was started immediately. The
reaction mixture was maintained at constant temperature
of 50 °C while providing an oxygen pressure of
2 x 10° Pa for 1.0 h, after which the reaction was com-
plete. In the course of the reaction sulfur particles
precipitated in a quantity less than expected for the
reaction yield. Some elemental sulfur was probably oxi-
dized to sulfur oxides.

The reaction mixture was filtered on a Biichner funnel,
separating sulfur from an aqueous emulsion phase of N-
methyl O-ethyl thiocarbamate. The product was isolated
from the aqueous phase by two ethereal extractions, the
organic phase was dried with sodium sulfate, and ether was
removed by distillation at atmospheric pressure. Pure
product was obtained by fractional vacuum distillation at
105 °C/2 kPa, giving 18.7 g N-methyl O-ethyl thiocarba-
mate (yield 95.8%, GC purity 98.7%).

All other N-alkyl and N,N-dialkyl O-ethyl thiocarba-
mates were synthesized in an analogous manner to the
above procedure, using the appropriate amines; results of
the syntheses are given in Table 1.
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Method 4: Synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates by reaction of sodium ethyl
xanthogenacetate and mono and dialkyl amines

For comparison, synthesis of N-alkyl and N,N-dialkyl
O-ethyl thiocarbamates was performed by the well known
literature method [19]; results of the syntheses are pre-
sented in Table 2.

Method 5: Synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates by reaction of sodium ethyl xanthate
and mono and dialkyl amines in the presence of sulfated
nickel zeolite catalyst

Catalyst preparation [20]

Sulfated nickel/Y-zeolite catalyst was prepared by the
impregnation technique. A determined amount of the pre-
pared nickel sulfate aqueous solution was slowly added to a
known amount of Na-Y zeolite support at room tempera-
ture. The concentration of the solution was adjusted to obtain
a catalyst of approximately 7% nickel loading (Ni content
determined by atomic absorption spectroscopy). The cata-
lyst was then dried at 120 °C for 4 h and calcined from 350
to 450 °C with controlled heating rate (5 °/min). The cata-
lyst was activated by heating at 450 °C for 2 h and under a
hydrogen atmosphere at the same conditions. No differences
in catalytic activity were observed, and only results from use
of the heat-activated catalyst are presented.

Synthesis of N-alkyl and N,N-dialkyl O-ethyl
thiocarbamates using sulfated nickel zeolite catalyst

To a 250 cm® round bottom flask containing 120 cm®
deionized water, 60.4 g 81% active commercial sodium
ethyl xanthate (0.34 mol) was added, with stirring. After
the xanthate was completely dissolved, 23.2 g sulfated
nickel/Y-zeolite catalyst was added to the reactor. Sub-
sequent to addition of the catalyst, 28.9 cm® 40%
methylamine solution (0.38 mol) was added. The reactor
was then heated to 80 °C and maintained at this tempera-
ture for 16 h, followed by cooling to room temperature.
Pure N-methyl O-ethyl thiocarbamate (34.8 g, yield 86.0%,
GC purity 98.6%) was obtained by fractional vacuum
distillation at 105 °C/2 kPa. The results of the syntheses of
other N-alkyl and N,N-dialkyl O-ethyl thiocarbamates
according to method 5 are given in Table 2.

For all N-alkyl and N,N-dialkyl-O-ethyl thiocarbamates
synthesized by the methods presented above, boiling point,
MS, FT-IR, 'H, and '*C NMR data agree with the literature
values [25-31].
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Instrumental techniques used for determination of the
structures of the synthesized compounds and reaction
intermediates

The 'H and '*C NMR spectral measurements were per-
formed on a Bruker AC 250 spectrometer at 250 MHz for
'"H NMR and 62.89 MHz for '*C NMR spectra. The
spectra were recorded at room temperature in deuterated
solvent in 5 mm tubes. The chemical shifts are expressed in
ppm (0) values referenced to the tetramethylsilane standard
signal.

All mass spectra were recorded on a Thermo Finnigan
Polaris Q ion-trap mass spectrometer, including TraceGC
2000 (ThermoFinnigan, Austin, TX, USA) integrated
GC-MS-MS system. DIP (direct insertion probe) mode
was used to introduce the sample and EIMS-MS to acquire
the spectra. Ionization conditions were: ion source tem-
perature 200 °C, maximum energy of electron excitation
70 eV, corona current 150 pA. GC analysis was performed
with a Perkin—Elmer 8700 equipped with FID detector and
a column packed with 5% OV-210 on Gas-Chrom Q
(length 2 m, diameter 0.3175 cm (1/8")); conditions were:
injector temperature 250 °C, detector temperature 270 °C,
column program mode: 50 °C (5 min) — 10 °/min —
130 °C (15 min), carrier gas nitrogen (purity 99.99%, flow
1 cm*/min), air flow 250 cm®/min (purity 99.99%),
hydrogen flow 25 cm’/min (purity 99.99%). Atomic
absorption spectroscopy with an AAS-306 Perkin Elmer
spectrometer was used for determination of zinc and nickel
content. FT-IR spectra were recorded in transmission mode
using a BOMEM (Hartmann and Braun) spectrometer.
Elemental analysis was performed using a VARIO EL III
Elemental analyzer, and results were found to be in good
agreement (+0.2%) with calculated values.

Acknowledgments This work was supported by the Ministry of
Science and Technological Development of Serbia (Project Number
142063).

References

1. Glazsrin AB, Denisov AN, Talzi VP, Savin BP (1988) Tiokar-
bamaty, Promyishlennost po proizvodstvu mineral’nyih
udobrenii, seriz, Himicheskie sredstva zaoitmi rastenii, Nauchno-
isledovatelskii institut Tehniko-ekonomicheskii isledovanii,
Moskva, p 1

. Walter W, Bode KD (1967) Angew Chem 79:285

. Savin VP, Talzi VP, Bek NO (1984) Org Hbv 20:1842

. Chisdm M, Extine MW (1977) J Am Chem Soc 99:782

. Emilio-Emilio A (1976) US Patent 3930838

. Rinehart JK (1977) US Patent 4059609

. David R (1993) US Patent 5240914

. Gotts L (1976) US Patent 3963768

. Jiles HR (1981) US Patent 4298524

10. Movassagh B, Soleiman-Beigi M (2008) Monatsh Chem 139:137

11. Hall VI, Siasios G, Tiekink ERT (1993) Aust J Chem 46:561

12. Milosavljevi¢ MM, Marinkovi¢ AD, Djordjevi¢ S (2006) Himi-

cheskaya promyshlenost 60:27
13. Milosavljevi¢ MM, Marinkovi¢ AD, Cekovi¢ B, Razi¢ S (2005)
Vaprosy hemii i hemicheskoi tehnologii 6:69
14. Friedrich K (1977) US Patent 4060629
15. Reich P, Martin D (1965) Chem Ber 98:5366
16. Walter W, Bode KD (1966) Liebigs Ann Chem 698:122
17. Bolth FA, Chrozier RD (1975) US Patent 3907854
18. Eisenhuth L, Zengel GH, Bergfeld M (1984) US Patent 4468526
19. Milosavljevi¢ M, Marinkovi¢ A, Cekovi¢ B, Razi¢ S (2007) J
Serb Chem Soc 72:89

20. Saad L, Mikhail S (2005) Petrol Sci Technol 23:1463

21. Milosavljevi¢ M, Pordevi¢ S, Razi¢ S (2007) Chem Ind Chem
Eng Q 13:175

22. Milosavljevi¢ M, Marinkovi¢ AD, Marinkovi¢ M, Ciri¢ A, Pet-
rovi¢ SD (2007) Serbian Patent application P-2007/0004

23. Milosavljevi¢ MM, Marinkovi¢ AD, Petrovi¢c SD, Sovrlic M
(2009) Chem Ind Chem Eng Q 15:257

24. Milosavljevi¢ M, Marinkovi¢ AD, Dasi¢ P, Marinkovi¢ M, Pet-
rovi¢ SD (2009) Serbian Patent application P-2009/0556

25. Harris JF Jr (1960) J Am Chem Soc 82:155

26. Faraglia G, Volponi L, Sitran S (1988) Thermochim Acta 132:217

27. Milosavljevi¢ MM, Marinkovi¢ AD, Djordjevi¢ SA (2006) Hem

Ind 60:27
28. Latonglila J, Ramesh Y, Bhisma KP (2009) J Sulfur Chem 30:128
29. Abdel-Latif E (2006) Phosphorus Sulfur Silicon Relat Elem
181:125
30. Anderson JRA (1950) R Aust Chem Inst J Proc 17:120
31. Cusack J, Drew MGB, Spalding TR (2004) Polyhedron 23:2315

00N W A~ W

Nel

@ Springer



	A synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates from diethyl dixanthogenate using different oxidants
	Abstract
	Introduction
	Results and discussion
	Conclusion
	Experimental
	General method for the purification of diethyl dixanthogenate on laboratory and semi-industrial scales
	Method 1: Optimum reaction conditions for synthesis  of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates using sodium hypochlorite
	Experimental procedures for isolation of reaction intermediates according to method 1
	Method 2: Synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates analogously to method 1 using in-situ-generated peracetic acid
	Method 3: Synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates using manganese(II) acetate/oxygen system
	Method 4: Synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates by reaction of sodium ethyl xanthogenacetate and mono and dialkyl amines
	Method 5: Synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates by reaction of sodium ethyl xanthate and mono and dialkyl amines in the presence of sulfated nickel zeolite catalyst
	Catalyst preparation [20]

	Synthesis of N-alkyl and N,N-dialkyl O-ethyl thiocarbamates using sulfated nickel zeolite catalyst
	Instrumental techniques used for determination of the structures of the synthesized compounds and reaction intermediates

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


