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Received 14th January 2011, Accepted 11th March 2011
DOI: 10.1039/c1gc15053g

We report here a convenient pathway for the direct func-
tionalization of glycerol with a dithiocarbamate moiety.
This work opens up a cost-efficient and environmentally
friendly route to safer fungicides. It should be noted that
whereas functionalization of glycerol usually suffers from
a lack of selectivity, we show here that our process is fully
regioselective.

With the rapid emergence of biofuels and bioproducts on the
market, the total demand of modern agriculture for phytosani-
tary chemicals is now dramatically increasing. As an illustration,
the quantity of phytosanitaries has increased from 0.49 kg
ha-1 in 1961 to 2 kg ha-1 in 2004. In 2007, the industry of
phytosanitary chemicals generated a turnover of 33 billion
dollars.1 Among phytosanitary derivatives, fungicides are an
important class. The extensive utilization of fungicides by agri-
culture raises some serious environmental problems (toxicities,
poor biodegradability, human diseases, among others) which
significantly increases the global environmental impact of “agro-
based” products such as biosurfactants, biolubricants, biofuels,
etc. Within the framework of sustainable chemistry, the search
of safer fungicides has now become a challenging and urgent
task, and modern agriculture strongly desires greener solutions.
This aspect has been much boosted by the recent launch of
the REACH regulation by the European Council, which is now
leading to the progressive withdrawal of fungicides that have a
harmful impact on the environment.
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Poitiers-CNRS, 40 Avenue du recteur Pineau, Poitiers Cedex, 86022,
France. E-mail: francois.jerome@univ-poitiers.fr; Fax: +33 5 49 45 33
49; Tel: +33 5 49 45 40 52
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Among the widely used fungicides, dithiocarbamate deriva-
tives are important.2 Generally, these molecules are used as salts
in order to ensure their solubility in water (Scheme 1).

Scheme 1 Synthesis of analogues of dithiocarbamate salts.

Unfortunately, their utilization on a large scale leads to
significant contamination of soils and water-tables with metals.3

Moreover, some of these chemicals are metabolized to ethylene
thiourea, which is highly toxic and responsible for thyroid cancer
and Parkinson’s disease.4

In order to circumvent these issues, the substitution of the
metal by natural polyols has been explored by Len and co-
workers.5 In this context, dithiocarbamates of glycerol (DTCG)
were reported as promising candidates.5a–d Indeed, it has been
clearly established in the literature that DTCGs are soluble
in water and exhibit antifungal properties that are close to
diethyldithiocarbamic acid sodium salt and Maneb R©, thus
offering promising access to fungicides with a lower impact on
the environment.5a,5c

From a synthetic point of view, the synthesis of dithiocar-
bamate esters is rather difficult from alcohols, and in most
cases alkyl halides are generally preferred, although this process
generates a large amount of salts.6 It should be noted that the
most efficient example involving alcohols has been reported
by Chaturvedi and co-workers.7 Although their methodology
afforded satisfactory yields from various alcohols, use of the
Mitsunobu reagent unfortunately leads to stoichiometric pro-
duction of waste, which has to be treated and disposed of.
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Synthesis of dithiocarbamate esters from glycerol is even more
challenging owing to the presence of three hydroxyl groups,
which may lead to the formation of many side-products.8 For
these reasons, natural glycerol has never been used for the
synthesis of DTCGs, and more reactive chemicals such as gly-
cidol, 3-chloropropan-1,2-diol or epichlorhydrin are generally
preferred (Scheme 1).5a–d Even though DTCGs produced by
this route exhibit similar biological activities to commercially
available fungicides, the toxicity and the price of glycidol, 3-
chloropropan-1,2-diol and epichlorhydrin as well as the pro-
duction of salts (for 3-chloropropan-1,2-diol or epichlorhydrin)
hampers their industrial use. From the viewpoint of green
chemistry, it seems obvious that the direct use of glycerol as
a renewable raw material for the synthesis of DTCGs would be
economically and environmentally more attractive.

In this context, we report here a highly selective methodology
for substituting a hydroxyl group of glycerol by a dithiocarba-
mate moiety under very mild conditions. Our strategy is based
on the synthesis of glycerol carbonate as a reactive and safe
intermediate. Compared to traditional routes involving glycerol
as the organic building block, all the reactions presented are
fully regioselective. From a green chemistry perspective, these
reactions are (i) salt- and metal-free, and (ii) show 100% atom-
efficiency for sulfur and nitrogen, which are prerequisites for
the use of sulfurized and nitrogenized compounds. Note that
this work is not restricted to glycerol, and other polyols can
be employed, thus opening a cost-efficient and environmentally
friendly route to a diverse array of safer fungicides.

In our first set of experiments, reactions were carried out
starting from glycerol carbonate in order to validate our
methodology. To this end, equal amounts of carbon disulfide
(CS2, 16.9 mmol) and diethylamine (16.9 mmol) were mixed
together and added to 16.9 mmol of glycerol carbonate dissolved
in 5 mL of ethanol. To our delight, after 24 h of reaction at 60 ◦C,
the corresponding DTCG was obtained with 91% yield (Table
1, entry 1) showing the efficiency of this reaction. As mentioned
above, the reaction was fully regioselective, since only the 1-
substituted DTGC was produced.

On the basis of the existing literature, we summarize in Scheme
2 a plausible reaction mechanism. First, secondary amine and
CS2 are known to readily react together to generate a dithiocar-
bamate acid salt (I).9 This then reacts with glycerol carbonate
selectively affording II, which is rapidly decarboxylated to yield
the corresponding DTGC.10 As observed in the literature, owing
to the presence of a -CH2OH group on the glycerol carbonate,

Scheme 2 Plausible reaction mechanism.

Table 1 Synthesis of DTCG from glycerol carbonate

Entry R1 R2 Time (h) Product Yield (%)a

1 -Et -CH2OH 15 91

2 -iPr -CH2OH 24 85

3 -(CH2)5- -CH2OH 24 84

4 -nBu -CH2OH 24 78

5 -CH2OH -CH2OH 24 55

6 -(CH2)5- -CH3 24 71

7 -iPr -CH3 24 55

8 -Et -H 24 93

9 -iPr -H 24 55

a Isolated yield.

the methylene position is far more reactive than the -CH- group,
thus rationalizing the regioselectivity of the reaction.11

Having this first result in hand, we next investigated the scope
of this reaction. To this end, glycerol carbonate was reacted
with CS2 and various secondary amines. All reactions were
performed in ethanol at 60 ◦C. As summarized in Table 1,
diethyl-, dibutyl- and diisopropylamine and piperidine success-
fully reacted with CS2 and glycerol carbonate, affording the
corresponding DTCGs with 78–91% yield (Table 1, entries 1–4).
In the particular case of diethanolamine, the yield was lower
(55%) due to the formation of side-products (Table 1, entry 5).
Note that this reaction is not restricted to the use of glycerol
carbonate. Indeed, other five-membered ring carbonates such as
propylene carbonate and ethylene carbonate smoothly reacted
with CS2 and either piperidine or diisopropyl- or diethylamine,
affording the desired dithiocarbamate esters with 55–93% yield
(Table 1, entries 6–9). As in the case of glycerol carbonate,
reactions performed from propylene carbonate were found to
be fully regioselective. It should be noted that reaction yields
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presented in Table 1 are not governed by the nucleophilicity
of the starting secondary amines but more by the difference
of solubility of the corresponding dithiocarbamic ammonium
salt in the reaction medium. Indeed, concentrated solutions of
reactants in ethanol (3.4 M) were used. Therefore, the solubility
of dithiocarbamic ammonium salt closely relies on the nature of
the starting cyclic carbonates and amines. All reactions (except
for entry 1) were stopped after 24 h of reaction, although yields
of the desired DTCGs improved with a prolonged reaction time.

Next, considering that glycerol carbonate can be read-
ily produced by reaction of glycerol either with urea12 or
diethylcarbonate13 or CO2,14 we explored the possibility of
directly producing DTCGs from glycerol in a one-pot two-step
process. To the best of our knowledge, the reaction between
diethylcarbonate and glycerol gives the highest yield of glycerol
carbonate, and for this reason this reaction pathway was
preferred in our investigations. Production of glycerol carbonate
from diethylcarbonate and glycerol is catalyzed by a strong
base such as NaOH.13d In our investigations, we decided to use
glycerol both as a solvent and a reactant in order to ensure not
only the dissolution of reactants but also to favor the in situ
formation of glycerol carbonate. In our first set of experiments,
diethylcarbonate (16.9 mmol) was mixed with 5-fold excess
of glycerol and heated at 130 ◦C in the presence of 2 mol%
NaOH for 1 h. Then, diethylamine (16.9 mmol) and carbon
disulfide (16.9 mmol) were directly added to the crude, and the
mixture was stirred for 24 h at 60 ◦C. Remarkably, under these
conditions, the corresponding DTCG was isolated in 75% yield,
thus opening a direct route to the synthesis of DTCGs from
glycerol.

According to this pathway, various DTCGs were success-
fully synthesized directly from glycerol. Starting from diiso-
propylamine, piperidine and diethanolamine, the corresponding
DTGCs were isolated with 45–70% yield (Table 2, entries 2–
5). As mentioned above, this four-component reaction is not
restricted to glycerol, and other polyols such as propanediol and
ethylene glycol were successfully coupled with diethylcarbonate,
secondary amines and CS2, affording the desired dithiocarba-
mate esters with 69–75% yield (Table 2, entries 6–8). Note that in
all cases, the first step corresponding to the in situ carbonation
of polyols with diethylcarbonate is quantitative. Therefore, the
global yield is determined by the second step of the process
and, as mentioned above, this second step is only limited by the
solubility of the dithiocarbamic ammonium salt in the glycerol
phase (and not by the nucleophilicity of amines), and reaction
yields can be improved with a prolonged reaction time.

Interestingly, whereas the direct functionalization of polyols
generally leads to a mixture of regioisomers and polysubstituted
adducts,8 this route was still fully regioselective owing to the for-
mation of the five-membered ring carbonate as the intermediate.
During the reaction, only ethanol and CO2 are released as waste.
It should be noted that ethanol was continuously distilled out of
the reaction medium, affording a very convenient purification
and work-up.15

In order to minimize as much as possible the cost and
environmental impact of this process, we then investigated
the recycling of NaOH and the excess of glycerol used as
solvent. In this context, we found that the addition of ethyl
acetate to the crude mixture allows the selective extraction

Table 2 One-pot two-step synthesis of DTCG from glycerol

Entry R1 R2 Time (h) Product Yield (%)a

1 -CH2OH -Et 15 75

2 -CH2OH- -iPr 24 70

3 -CH2OH -(CH2)5- 24 65

4 -CH2OH -CH2OH 24 45

5 -CH2OH -nBu 24 63

6 -CH3 -Et 24 75

7 -H -Et 24 81

8 -H -iPr 24 69

a Isolated yield.

of DTGCs from the glycerol/NaOH phase. Titration of the
glycerol phase with an aqueous solution of HCl revealed that
NaOH was completely retained in the glycerol phase. On the
basis of these results, we investigated the recycling of NaOH
and the excess of glycerol. After the first extraction with ethyl
acetate, a stoichiometric amount of glycerol, diethylcarbonate,
diethylamine and carbon disulfide was reloaded according to
the same procedure (described in Table 2). As shown in Fig.
1, during the second cycle, 75% yield of DTCG was still
obtained. This procedure can be repeated at least 6 times without

Fig. 1 Recycling experiments.
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significant decrease of yield, thus showing the environmental and
economical advantage of this route.

Because of the important industrial applications of DTCGs,
we then scaled up the process. Using our strategy, we successfully
produced 1 kg of DTCG from glycerol, diethyl carbonate, CS2

and diethylamine, thus showing the viability of this process. Note
that at the kilogram scale, the ethyl acetate used for the selective
extraction of the DTCG from the glycerol/NaOH phase was
recycled for use in further extractions, in order to minimize as
much as possible the environmental and economical impact of
the process. A schematic representation of the process is given
in Scheme S1†.

Conclusions

We report here that glycerol carbonate can be considered as
a highly valuable intermediate for the direct and regioselective
functionalization of glycerol by a dithiocarbamate moiety. From
the viewpoint of green chemistry, this procedure has many
advantages, such as: (i) utilization of glycerol as a renewable
raw material; (ii) 100% sulfur and nitrogen efficiency, (iii) CO2

and ethanol as only waste; (iv) the possibility of recycling NaOH
and the excess of glycerol used as solvent; and (v) the possible
scale-up of the process. The biological activities of these DTCGs
are currently being tested in an open field over sunflower, wheat
and soy crops – the results of these tests will be published in a
more specialized journal. This procedure opens an avenue for
the synthesis of safer fungicides, but also provides new synthetic
tools for the selective conversion of glycerol to higher-value
chemicals. Generalization of this method to other nucleophiles
and other natural polyols is now a topic of current investigation.
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ChemSusChem, 2008, 1, 586; (b) C.-H. Zhou, J. N. Beltramini, Y. X.
Fan and G. Q. Lu, Chem. Soc. Rev., 2008, 37, 527; (c) M. Pagliaro,
R. Ciriminna, H. Kimura, M. Rossi and C. Della Pina, Angew.
Chem., Int. Ed., 2007, 46, 4434; (d) A. Behr, J. Eilting, K. Irawadi, J.
Leschinski and F. Lindner, Green Chem., 2008, 10, 13; (e) Y. Zheng,
X. Chen and Y. Shen, Chem. Rev., 2008, 108, 5253.

9 (a) O. A. Attanasi, L. De Crescentini, G. Favi, P. Filippone, G. Giorgi,
F. Mantellini, G. Moscatelli and M. S. Behalo, Org. Lett., 2009, 11,
2265; (b) A. Alizadeh, S. Rostamnia, N. Zohreh and R. Hosseinpour,
Tetrahedron Lett., 2009, 50, 1533.

10 The attack on the carbonyl group is normally kinetically favored over
the nucleophilic attack on the methylene position. However, attack
on the carbonyl group is reversible, whereas this is not the case for
attack on the methylene position due to a rapid decarboxylation. For
more details, see: G. Rokicki, P. Rakoczy, P. Parzuchowski and M.
Sobiecki, Green Chem., 2005, 7, 529.

11 M. Ghandi, A. Mostashari, M. Karegar and M. Barzegar, J. Am. Oil
Chem. Soc., 2007, 84, 681.

12 (a) J. W. Yoo and Z. Mouloungui, Stud. Surf. Sci. Catal., 2003, 146,
75; (b) S. Claude, Z. Mouloungui, J.-W. Yoo, A. Gaset, US Pat.
US6025504, 2000.

13 (a) Y. Patel, J. George, S. Muthukumaru and P. Munshi, Green Chem.,
2009, 11, 1056; (b) N. Pasquier, H. Keul, E. Heine and M. Moeller,
Macromolecules, 2007, 8, 2874; (c) N. Fricke, H. Keul and M. Möller,
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