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Synthesis of dithiocarbamate by Markovnikov addition reaction in
aqueous medium†
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Highly efficient, one-pot and three component reactions of amines and carbon disulfide with alkyl
vinyl ethers via Markovnikov addition reaction were carried out in water under a mild and green
procedure with excellent yields and complete regiospecificity.

Introduction

Multicomponent reactions (MCRs), which can produce a diver-
sity of compounds, provide one of the most efficient methods for
the combinatorial synthesis of structurally diverse compounds.1

MCRs can also lead to an increase in molecular complexity by
combining a series of reactions in one synthetic operation that is
in demand of modern synthetic design.2 Therefore, the design of
novel MCRs with green procedure has attracted great attention
from research groups working in various areas such as drug
discovery, organic synthesis, and material science.

Dithiocarbamates are valuable compounds due to their
interesting chemistry and wide utility. These compounds
have shown wide applications as pesticides, fungicides in
agriculture, sulfur vulcanization in rubber manufacturing,3–5

and radical chain transfer agents in the reversible addi-
tion fragmentation chain transfer (RAFT) polymerizations.6

They have been used extensively as intermediates in organic
synthesis,7 for the protection of amino groups in peptide
synthesis,8 as linkers in solid phase organic synthesis,9 as
radical precursors10 and recently in the synthesis of ionic
liquids.11 They have also been widely used in the synthesis
of trifluoromethylamines,12 thioureas,13 aminobenzimidazoles,14

isothiocyanates,15 alkoxyamines,16 2-imino-1,3-dithiolane,17 and
total synthesis of (-)-aphanorphine.18 On the other hand,
dithiocarbamates are of growing interest due to their biological
potencies,19 such as antihistaminic,20 antibacterial,21 and anti-
cancer activties.22 Owing to their strong metal-binding capacity,
they can also act as enzyme inhibitors, such as indoleamine
2,3-dioxygenase (IDO), which plays an important role in tumor
growth.23 For these reasons, the synthesis of dithiocarbamate
derivatives with different substitution patterns at the thiol chain
by a convenient and safe method has become a field of increasing
interest in synthetic organic chemistry during the past few
years.

Traditional methods for the synthesis of dithiocarbamates
involve the use of costly and toxic reagents, such as thiophos-
gene, chlorothioformates, and isothiocyanates. Also, reaction of
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amines with carbon disulfide and alkyl halides in the presence of
strong bases such as KOH and NaOH24 or Cs2CO3 and TBAI25

has been reported. However, these reactions require very toxic
reagents and harmful organic solvents such as DMF, DMSO,
and methanol in the presence of a catalyst. Recently the one-
pot reaction of amines with carbonyl sulfide and alkyl halides,
epoxide and a, b-unsaturated compounds in organic solvents
or without solvent was reported by Chaturvedi et al. and Saidi
et al. and their co-workers.26 In addition, some useful reactions
for the synthesis of dithiocarbamates have been reported in
the literature.27 However, most of the above described methods
focused on the alkylation of dithiocarbamic acid and obtained
alkyl dithiocarbamate. According to our knowledge, there are
not any reports on the synthesis of dithiocarbamates by using
the Markovnikov addition reaction.

Results and discussion

With the increasing interest in developing environmentally
benign reactions, the atom-economic catalytic processes, or
catalyst-free reactions, and the use of green solvents are ideal
processes in organic chemistry. In continuation of our research
toward the development of green organic chemistry by using
water as the reaction medium or by performing organic trans-
formations under solvent-free and catalyst-free conditions,28

herein we report an efficient, novel, and environmentally benign
procedure for the Markovnikov addition reaction of dithiocar-
bamate to alkyl vinyl ethers in aqueous medium‡ without using
catalyst at room temperature (Scheme 1). The results of the
present work show the desired product in excellent yield. (Table 2
and 3).

Scheme 1

Markovnikov addition reaction of dithiocarbamic acids to
alkylvinyl ethers was optimized with the reaction of piperidine,
CS2, and ethyl vinyl ether as simple model substrate in different
solvents and the results are summarized in Table 1. It was

‡ It is difficult to distinguish on/in water reaction in this case.30
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Table 1 Solvent effect on the Markovnikov addition of dithiocarbamates

Solvent H2O C2H5OH CH3OH Diethyl ether THF Solvent free CHCl3 Hexane
Yield (%)a ,b 85 (trace)c 86 81 38 86 (15)c 63 76 13

a Isolated yields. b Reaction conditions: piperidine (5 mmol), CS2 (6 mmol), ethyl vinyl ether (6 mmol), solvent (10 mL), rt, and 16 h. c The reaction
was carried out in the presence of 5 mmol of NaOH as base.

found that simple mixing of amine (5 mmol), carbon disulfide
(6 mmol), and ethyl vinyl ether (6 mmol) gave the desired
product in excellent yields in water without any catalyst at
room temperature. However, the reaction gives high to excellent
yields in organic solvents, but using water is the most advan-
tageous to this method. Although the nucleophilic power of
dithiocarbamate salts in basic media is more than in neutral
conditions, investigations of the reaction of amines with CS2

and then alkyl vinyl ether in basic media do not proceed well
(Table 1).

After optimization of the reaction conditions, the generality
of these conditions was examined by using different amines.
As shown in Tables 2 and 3, different secondary amines
such as pyrrolidine, piperidine, morpholine, diethylamine, and
diallylamine gave excellent yields. Diisopropylamine as a hin-
dered secondary amine gave poor results (Table 3, entry 13).
Primary aliphatic amines such as benzylamine, butylamine, sec-
butylamine, isopropylamine, and hindered primary amine such
as 1-phenylethylamine undergo efficient Markovnikov addition
to give only the mono adducts in excellent yields. Also amines
with low solubility in water gave high to excellent yields. In ad-
dition, ethyl vinyl ether, 2,3-dihydrofuran and 2,3-dihydropyran
were used as models of linear and cyclic electrophiles and gave
good to excellent yields (Table 2 and 3). Dithiocarbamate derived
with tryptamine with different biological activity29 was prepared
in high yields (Table 3, entry 14).

A tentative mechanism for this transformation is proposed
in Scheme 2. It is conceivable that the initial event is the
formation of the SH-acidic intermediate 1 from pyrrolidine and
CS2 that can protonate the electron enriched alkene 2 to afford 4.
Subsequent nucleophilic attack of the sulfur anion 3 on 4 results
in product 5. It shows that the hydrogen of dithiocarbamic acid
is necessary for progressing of the reaction and also shows why
the reaction does not proceed in basic media.

Scheme 2

Iodocyclization reaction is one the important methods for
the synthesis of heterocycles. 2-Iminium-1,3-dithiolanes are a
class of compounds that are safe agents for protecting crop
plants from the action of herbicides. To show the efficiency
of dithiocarbamate as intermediate, iodocyclization reaction of

Table 2 Markovnikov addition reaction of dithiocarbamate to ethyl

Entry Amine Product Yield (%)b

1 98

2 85

3 88

4 95 (75)b

5 92

6 98

7 80 (75)b

8 90

9 96

10 97

11 98

a Isolated yields. b The yields in parentheses refer to large scale synthesis.

This journal is © The Royal Society of Chemistry 2010 Green Chem., 2010, 12, 1306–1310 | 1307
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Table 3 Markovnikov addition reaction of dithiocarbamate to 2,3-
dihydrofuran and 2,3-dihydropyran in water

Entry Amine Product Yield (%)a

1 78

2 71

3 82

4 65 (64)b

5 97

6 89

7 74

8 94 (84)b

9 87

10 58

11 quant. (79)b

12 98

13 15

14 81

15 51

Table 3 (Contd.)

Entry Amine Product Yield (%)a

16 74

17 60

a Isolated yields. b The yields in parentheses refer to large scale synthesis.

dithiocarbamate 6 proceeds to give the heterocycle 7 in good
yields (Scheme 3).17

Scheme 3

Conclusion

In conclusion, we have shown a facile, highly efficient and
environmentally benign procedure for one-pot synthesis of
dithiocarbamates with Markovnikov addition reaction in water.
This protocol avoids the use of basic and highly toxic reagents
and organic solvents, such as DMF or DMSO, and catalysts by
playing the dual role of water as a solvent and a promoter.
In addition, the reaction shows complete regiospecificity for
Markovnikov adducts. Furthermore, other advantageous of this
procedure including excellent yields, clean reaction conditions,
catalyst-free, and simple experimental procedures make it a use-
ful and attractive strategy in MCRs in combinational chemistry.
Although extraction of the products with organic solvents from
aqueous medium is a disadvantage of the reactions in water,30 in
our process the work-up is easy for large scales; simply decanting
and washing the organic phase with water and direct evaporation
of unreacted material (carbon disulfide and alkyl vinyl ether)
gives the products with excellent purity without need to column
chromatography in most of the cases.

Experimental

General Procedure for the Markovnikov addition reaction

To a mixture of an amine (5 mmol) and carbon disulfide (6 mmol)
in water (10 mL) was added an electrophile (6 mmol). The
reaction mixture was stirred vigorously at room temperature for
16 h. Then, the products were extracted with ethyl acetate (2 ¥
20) and the combined organic layers were washed with water and
dried over anhydrous Na2SO4. The solvent was evaporated under
reduced pressure to give the products with high purity in most of

1308 | Green Chem., 2010, 12, 1306–1310 This journal is © The Royal Society of Chemistry 2010
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the cases. If needed, the products were purified by flash column
chromatography (silica gel, ethyl acetate/petroleum ether; 2/8).
The products were characterized by their IR, 1H and 13C NMR
spectra and CHN analyses.

Typical procedure for large scale synthesis of
1-ethoxyethyldiethylcarbamodithioate

In a 500 mL round bottom flask, diethyl amine (35 g,
50 mL, 0.48 mol), water (300 mL) and CS2 (41.8 g, 33.2 mL,
0.55 mol) were added respectively. To this vigorously stirred
reaction mixture, ethyl vinyl ether (39.6, 52.5 mL, 0.55 mol)
was added slowly and stirred at room temperature for 16 h.
In completion, the organic phase was decanted and washed
three times with water. Then, the organic phase was evaporated
under reduce pressure to remove excess unreacted materials
(CS2: b.p. 46.3 ◦C; ethyl vinyl ether: b.p. 34–36 ◦C) to prepare
1-ethoxyethyldiethylcarbamodithioate with excellent purity and
yields (82.7 g, 78%).

Experimental procedure for synthesis of iodocyclization
product 7

To a stirred solution of a-(ethoxyethyl)-diallyl dithiocarbamate
6 (1 mmol) in THF (5 mL) was added I2 (2.5 mmol) and the
reaction mixture stirred for 48 h at room temperature. The
resulting yellow precipitate was filtered off and washed with
THF to give the product 7 in 65% yields.
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44, 4298–4316; (b) A. Dureáault, Y. Gnanou, D. Taton, M. Destarac
and F. Leising, Angew. Chem., Int. Ed., 2003, 42, 2869–2872; (c) M.
Bathfield, F. D’Agosto, R. Spitz, M. T. Charreyre and T. Delair,
J. Am. Chem. Soc., 2006, 128, 2546–2547.

7 (a) S. Tsuboi, S. Takeda, Y. Yamasaki, T. Sakai, M. Utka, S. Ishida,
E. Yamada and J. Hirano, Chem. Lett., 1992, 1417–1418; (b) A. R.
Katrizky, S. Singh, P. P. Mahapatra, N. Clemense and K. Kirichenko,
ARKIVOC, 2005, 9, 63–68.

8 T. W. Greene, P. G. M. Wuts, Protecting Groups in Organic Synthesis,
3rd ed.; Wiley Interscience, New York, 1999, p 484.

9 B. P. Bongar, V. S. Sadavarte and L. S. Uppalla, J. Chem. Res. (S),
2004, 9, 450–451.

10 (a) D. Crich and L. Quintero, Chem. Rev., 1989, 89, 1413–1429;
(b) D. H. R. Barton, Tetrahedron, 1992, 48, 2529–2552; (c) S. Z.
Zard, Angew. Chem., Int. Ed. Engl., 1997, 36, 672–697.

11 (a) A. Blanrue and R. Wilhelm, Synthesis, 2009, 583–586; (b) D.
Zhang, J. Chen, Y. Liang and H. Zhou, Synth. Commun., 2005, 35,
521–526.

12 K. Kanie, K. Mizuno, M. Kuroboshi and T. Hiyama, Bull. Chem.
Soc. Jpn., 1998, 71, 1973–1991.

13 (a) A. Ziyaei-Halimehjani, Y. Porshojaei and M. R. Saidi, Tetra-
hedron Lett., 2009, 50, 32–34; (b) H. Sugimoto, I. Makino and
K. Hirai, J. Org. Chem., 1988, 53, 2263–2267; (c) Y. Takikawa,
N. Inoue, R. Sato and S. Takizawa, Chem. Lett., 1982, 641–642;
(d) M. Maddani and K. R. Prabhu, Tetrahedron Lett., 2007, 48, 7151–
7154.

14 P. Das, C. K. Kumar, K. N. Kumar, M. D. Innus, J. Iqbal and N.
Srinivas, Tetrahedron Lett., 2008, 49, 992–995.

15 R. Wong and S. J. Dolman, J. Org. Chem., 2007, 72, 3969–3971.
16 Y. Guillaneuf, J. L. Couturier, D. Gigmes, S. R. A. Marque, P. Tordo

and D. Bertin, J. Org. Chem., 2008, 73, 4728–4731.
17 A. Ziyaei-Halimehjani, H. Maleki and M. R. Saidi, Tetrahedron

Lett., 2009, 50, 2747–2749, and references therein.
18 R. S. Grainger and E. J. Welsh, Angew. Chem., Int. Ed., 2007, 46,

5377–5380.
19 G. D. Thorn, R. A. Ludwig, The Dithiocarbamates and Related

Compounds, Elsevier, Amsterdam, 1962.
20 C. Safak, H. Erdogan, A. Yesilada, K. Erol and I. Cimgi, Arzneim.

Forsch., 1992, 42, 123–126.
21 (a) T. Aboul-Fadl and A. El-Shorbagi, Eur. J. Med. Chem., 1996,

31, 165–169; (b) G. Cascio, L. Lorenzi, D. Caglio, E. Manghisi, F.
Arcamone, G. Guanti, G. Satta, G. Morandotti and R. Sperning,
Farmaco, 1996, 51, 189–196; (c) H. Imamura, N. Ohtake, H. Jona, A.
Shimizu, M. Moriya, H. Sato, Y. Sugimoto, C. Ikeura, H. Kiyonaga,
M. Nakano, R. Hagano, S. Abe, K. Yamada, T. Hashizume and H.
Morishima, Bioorg. Med. Chem. Lett., 2001, 9, 1571–1578; (d) R.
Nagano, K. Shibata, T. Naito, A. Fuse, K. Asano, T. Hashizume
and S. Nakagawa, Antimicrob. Agents Chemother., 1997, 41, 2278–
2281.

22 (a) C. Gerhauser, M. You, J. Liu, R. T. Moriarty, M. Hawthorne,
R. G. Mehta, R. C. Moon and J. M. Pezzuto, Cancer Res., 1997, 57,
272–278; (b) A. Scozzafava, A. Mastorlorenzo and C. T. Supuran,
Bioorg. Med. Chem. Lett., 2000, 10, 1887–1891; (c) Z. M. Ge, R. T.
Li, T. M. Cheng and J. R. Cui, Arch. Pharm. Pharm. Med. Chem.,
2001, 334, 173–176; (d) X. L. Hou, Z. M. Ge, T. M. Wang, W. Guo,
J. R. Cui, T. M. Cheng, C. S. Lai and R. T. Li, Bioorg. Med. Chem.
Lett., 2006, 16, 4214–4219; (e) B. G. Guo, Z. M. Ge, T. M. Cheng
and R. T. Li, Synth. Commun., 2001, 31, 3021–3025; (f) J. L. Cui,
Z. M. Ge, T. M. Cheng and R. T. Li, Synth. Commun., 2003, 33,
1969–1976; (g) Y. Q. Wang, Z. M. Ge, X. L. Hou, T. M. Cheng and
R. T. Li, Synthesis, 2004, 675–678.

23 P. Gaspari, T. Banerjee, W. P. Malachowski, A. J. Muller, G. C.
Prendergast, J. DuHadaway, S. Bennett and A. M. Donovan, J. Med.
Chem., 2006, 49, 684–692.

24 (a) E. Lieber and R. O. Orlowski, J. Org. Chem., 1957, 22, 88–89;
(b) A. W. M. Lee, W. H. Chan, H. C. Wong and M. S. Wong, Synth.
Commun., 1989, 19, 547–552; (c) I. Degani and R. Fochi, Synthesis,
1978, 365–368.

25 (a) R. N. Salvatore, S. Sahab and K. W. Jung, Tetrahedron Lett., 2001,
42, 2055–2058; (b) A. S. Nagle, R. N. Salvatore, R. M. Cross, E. A.
Kapxhiu, S. Sahab, C. H. Yoon and K. W. Jung, Tetrahedron Lett.,
2003, 44, 5695–5698.

26 (a) D. Chaturvedi and S. Ray, Tetrahedron Lett., 2006, 47, 1307–
1309; (b) N. Azizi, F. Aryanasab and M. R. Saidi, Org. Lett., 2006, 8,
5275–5377; (c) N. Azizi, F. Ebrahimi, E. Akbari, F. Aryanasab and
M. R. Saidi, Synlett, 2007, 2797–2800; (d) N. Azizi, F. Aryanasab, L.
Torkiyan, A. Ziyaei and M. R. Saidi, J. Org. Chem., 2006, 71, 3634–
3635; (e) N. Azizi, B. Pourhasan, F. Aryanasab and M. R. Saidi,
Synlett, 2007, 1239–1242; (f) A. Ziyaei-Halimehjani and M. R. Saidi,
J. Sulfur Chem., 2005, 1–7; (g) A. Ziyaei-Halimehjani and M. R.
Saidi, Can. J. Chem., 2006, 84, 1515–1519.

27 (a) L. D. S. Yadav, R. Patel and V. P. Srivastava, Tetrahedron Lett.,
2009, 50, 1335–1339; (b) Y. Liu and W. Bao, Tetrahedron Lett., 2007,
48, 4785–4788; (c) E. Nyfeler and P. Renaud, Org. Lett., 2008, 10,
985–988; (d) J. A. Grzyb and R. A. Batey, Tetrahedron Lett., 2008,
49, 5279–5282; (e) F. B. Han, Z. M. Ge, T. M. Cheng and R. T. Li,
Synlett, 2009, 648–650; (f) E. Artuso, G. Carvoli, I. Degani, R. Fochi

This journal is © The Royal Society of Chemistry 2010 Green Chem., 2010, 12, 1306–1310 | 1309

D
ow

nl
oa

de
d 

by
 C

ity
 C

ol
le

ge
 o

f 
N

ew
 Y

or
k 

on
 2

4 
N

ov
em

be
r 

20
10

Pu
bl

is
he

d 
on

 1
0 

Ju
ne

 2
01

0 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

00
47

11
B

View Online

http://dx.doi.org/10.1039/C004711B


and C. Magistris, Synthesis, 2007, 1096–1102; (g) S. Bhadra, A. Saha
and B. C. Ranu, Green Chem., 2008, 10, 1224–1230.

28 (a) A. Ziyaei-Halimehjani, F. Ebrahimi, N. Azizi and M. R. Saidi,
J. Heterocycl. Chem., 2009, 46, 347–350; (b) A. Ziyaei-Halimehjani
and M. R. Saidi, Tetrahedron Lett., 2008, 49, 1244–1248; (c) A.
Ziyaei-Halimehjani, F. Aryanasab and M. R. Saidi, Tetrahedron
Lett., 2009, 50, 1441–1443.

29 (a) M. Soledade, C. Pedras and M. Jha, Bioorg. Med. Chem., 2006,
14, 4958–4979; (b) M. Soledade, C. Pedras and M. Hossain, Bioorg.
Med. Chem., 2007, 15, 5981–5996; (c) M. Soledade, C. Pedras, M.
Jha, Z. Minic and G. Okeola, Bioorg. Med. Chem., 2007, 15, 6054–
6061.

30 D. G. Blackmond, A. Armstrong, V. Coombe and A. Wells, Angew.
Chem., Int. Ed., 2007, 46, 3798–3800.

1310 | Green Chem., 2010, 12, 1306–1310 This journal is © The Royal Society of Chemistry 2010

D
ow

nl
oa

de
d 

by
 C

ity
 C

ol
le

ge
 o

f 
N

ew
 Y

or
k 

on
 2

4 
N

ov
em

be
r 

20
10

Pu
bl

is
he

d 
on

 1
0 

Ju
ne

 2
01

0 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

00
47

11
B

View Online

http://dx.doi.org/10.1039/C004711B

