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a b s t r a c t

Convenient simple and suitable methods for the synthesis of carbamates, N,N0-unsymmetrically disubsti-
tuted ureas, and S-alkyl thiocarbamates derived from CH3OC(O)SNCO in one-step are provided. Reactions
are operationally simple and have high selectivity toward nitrogen, oxygen, and sulfur nucleophiles. The
absence of solvents coupled with high yields and short reaction times make these procedures very attrac-
tive for synthesis.

� 2011 Elsevier Ltd. All rights reserved.

The chemistry of isocyanates has been thoroughly covered in re-
view articles.1,2 The reactions of isocyanates with active hydrogen
compounds involve attack by a nucleophile at the electrophilic car-
bon of the isocyanate.1 The reaction of isocyanates with compounds
containing nitrogenAhydrogen bonds is governed primarily by the
basicity or nucleophilicity of the NAH bond and yields urea deriva-
tives.3 Reactions of isocyanates with compounds containing an
OAH bond represent one of the most important areas of isocyanate
chemistry.4–6 Thus, organic carbamates are a class of compounds
that has received special attention because of their multiple appli-
cations as protecting groups for amine functions in amino acids in
peptide chemistry.7 In addition, they play an important role in the
synthesis of pharmaceuticals, agricultural chemicals, and in the
chemical industry.8,9 It is also known that the thiol group reacts
in the same way as its oxygen analog, except that it is less reac-
tive.10 Thus, condensation of a thiol with an isocyanate affords
the corresponding thiocarbamate.11 S-alkyl thiocarbamates have
received considerable attention in the literature mainly because
they are potent herbicides12,13 and due to their wide biological ef-
fects14 with anesthetic,15 bactericidal,11 pesticidal, and antiviral
activities.1,16–22

In the present work, we describe the reactivity of the recently
synthesized methoxycarbonylsulfenyl isocyanate, CH3OC(O)SN-
CO,1,23 toward addition reactions with alcohols, amines and thiols

(see Scheme 1). The synthesis of novel carbamate, urea, and S-alkyl
thiocarbamate derivatives is achieved in a simple way without the
use of solvents.

Synthesis of carbamates

Large-scale synthesis of carbamates involves either the reaction
of urea with an alcohol, or the amination of an alkyl chloroformate
or the transesterification of an alkyl carbamate with a higher
boiling alcohol. However, these reactions require drastic conditions
(e.g., high temperatures) or more than one-step.24 Therefore,
alternative synthetic methods were investigated.25–27 For instance,
Feroci et al. reported a synthesis of carbamates28 via a cyanomethyl
anion/carbon dioxide system, and Abbate et al. studied the catalytic
reaction of n-butyl alcohol with isocyanates using organometallic
derivatives,29 and other catalytic processes based on alcohols and
isocyanates were also reported.2,30

The reaction of 1 with alcohols (2a–c) involves the attack of the
nucleophilic center (oxygen atom) at the electrophilic carbon of
the isocyanate group. Reactions must be performed in anhydrous
conditions because compound 1 reacts readily with water at ordin-
ary temperatures, yielding 1,3-disubstituted urea and carbon diox-
ide.31,32 The corresponding carbamate derivatives 3a–c can be
obtained in high yields (93–98%) as can be seen in Table 1. Primary
alcohols 2a,b react expeditiously with compound 1. However, the
faster rate is more difficult to control and can lead to by-products.
The reaction runs more cleanly with tertiary alcohols offering the
best yields for 3c.
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Synthesis of N,N0-unsymmetrically disubstituted ureas

Preparation methods for the synthesis of ureas have been
extensively developed. The general procedures for the synthesis
of unsymmetrical ureas involve the reaction of isocyanates with
primary or secondary amines.2 Well-known alternative methods
for the preparation of unsymmetrical ureas are based on chlorofor-
mate derivatives.33,34 More recently, the synthesis of symmetrical
ureas by oxidative carbonylation of amines by means of carbon
monoxide and a transition-metal catalyst was reported.35–38 In
general, all previously reported methods for preparing N,N0-disub-
stituted ureas require the preparation of reagents, long reaction
time, use of large excess of reagents and usually drastic conditions.

Avoiding organic solvents during the reactions, compound 1 re-
acts with different aliphatic amines yielding N,N0-unsymmetrically
disubstituted ureas (5a,b) in relatively high yields (80–85%). The
reaction with the amine is exothermic and the temperature must
be lowered in order to obtain the addition product. The condition
that furnished the best yields of product 5a uses an equimolar mix-
ture of amine and isocyanate at low temperatures (�60 �C).

Synthesis of S-alkyl thiocarbamates

There are several suitable methods for the preparation of S-alkyl
thiocarbamates.16,39,40 The reaction of an amine with phosgene and
a thiol or with carbonyl sulfide followed by alkylation41 with alkyl
halides has been well known as the general synthetic meth-
od.21,42,43 Here, novel S-alkyl thiocarbamates were obtained in high
yield from 1 and different aliphatic thiols (Scheme 1). The reaction
conditions that provided the best yields of product 7a use a 1:1 ra-
tio of thiol and isocyanate 1, respectively. The reaction mixture
was kept with stirring at temperatures near �60 �C for usually
not more than 30 min, followed by slow warm-up to room temper-
ature. The products, S-alkyl N-substituted thiocarbamates 7a,b,
were obtained in high yields (85–90%), as shown in Table 1.

In summary, convenient one-pot procedures for the synthesis of
carbamates, N,N0-methoxycarbonyl disubstituted ureas, and S-al-
kyl thiocarbamates utilizing commercially available reagents are
provided. Reactions are operationally simple, offer high yields,
short reaction times, and high selectivity toward nitrogen, oxygen,
and sulfur nucleophiles. The higher yield of carbamate with a ter-
tiary alcohol suggests that primary alcohols are more reactive in
nucleophilic additions than tertiary alcohols.30

Acknowledgments

The Argentinean authors thank the Consejo Nacional de Investi-
gaciones Científicas y Técnicas (CONICET), the Agencia Nacional de
Promoción Científica y Tecnológica, and the Comisión de Investi-
gaciones Científicas de la Provincia de Buenos Aires (CIC), Repúbli-
ca Argentina. They are indebted to the Facultad de Ciencias
Exactas, Universidad Nacional de La Plata for financial support.
STV and CODV especially acknowledge the DAAD, which gener-
ously sponsors the DAAD Regional Program of Chemistry for the
República Argentina supporting Latin–American students to study
for their PhD in La Plata.

Supplementary data

Supplementary data: experimental procedures and product
characterization (1H NMR, 13C{1H} NMR and FTIR spectra) for com-
pounds 3a–c, 5a,b and 7a,b associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.2011.08.027.

References and notes

1. Arnold, R. G.; Nelson, J. A.; Verbanc, J. J. Chem. Rev. 1957, 57, 47–76.
2. Katagiri, T.; Ozaki, F.; Tanaka, Y. J. Fluorine Chem. 2009, 130, 682–683.
3. Davis, T. L.; Ebersole, F. J. Am. Chem. Soc. 1934, 56, 885–886.
4. Ushakov, S. N.; Aleev, K. M. Russ. Chem. Bull. 1962, 11, 1033–1035.
5. Moeini, H. R. J. Appl. Polym. Sci. 2007, 106, 1853–1859.
6. Der-Jang, L.; Dung-Lang, O. J. Appl. Polym. Sci. 1996, 59, 1529–1538.
7. Wu, T. T.; Huang, J.; Arrington, N. D.; Dill, G. M. J. Agric. Food Chem. 2002, 35,

817–823.
8. Barbachyn, M. R.; Hutchinson, D. K.; Brickner, S. J.; Cynamon, M. H.; Kilburn, J.

O.; Klemens, S. P.; Glickman, S. E.; Grega, K. C.; Hendges, S. K.; Toops, D. S.; Ford,
C. W.; Zurenko, G. E. J. Med. Chem. 1996, 39, 680–685.

9. Alexander, J.; Bindra, D. S.; Glass, J. D.; Holahan, M. A.; Renyer, M. L.; Rork, G. S.;
Sitko, G. R.; Stranieri, M. T.; Stupienski, R. F.; Veerapanane, H.; Cook, J. J. J. Med.
Chem. 1996, 39, 480–486.

10. Borrmann, T.; Lork, E.; Mews, R.; Parsons, S.; Petersen, J.; Stohrer, W.-D.;
Watson, P. G. Inorg. Chim. Acta 2008, 361, 479–486.

11. Beji, M.; Sbihi, H.; Baklouti, A.; Cambon, A. J. Fluorine Chem. 1999, 99,
17–24.

12. Mizuno, T.; Nishiguchi, I.; Okushi, T.; Hirashima, T. Tetrahedron Lett. 1991, 32,
6867–6868.

13. Chen, Y. S.; Schuphan, I.; Casida, J. E. J. Agric. Food Chem. 1979, 27, 709–712.
14. Xue, M.; Long, B. H.; Fairchild, C.; Johnston, K.; Rose, W. C.; Kadow, J. F.; Vyas, D.

M.; Chen, S.-H. Bioorg. Med. Chem. Lett. 2000, 10, 1327–1331.
15. Wood, T. F.; Gardner, J. H. J. Am. Chem. Soc. 1941, 63, 2741–2742.
16. Walter, W.; Bode, K.-D. Angew. Chem., Int. Ed. Engl. 1967, 6, 281–293.
17. Erian, A. W.; Sherif, S. M. Tetrahedron 1999, 55, 7957–8024.
18. Riemschneider, R.; Wojahn, F.; Orlick, G. J. Am. Chem. Soc. 1951, 73, 5905–5907.
19. Mizuno, T.; Takahashi, J.; Ogawa, A. Tetrahedron 2003, 59, 1327–1331.
20. Riemschneider, R. J. Am. Chem. Soc. 1956, 78, 844–847.
21. Wynne, J. H.; Jensen, S. D.; Snow, A. W. J. Org. Chem. 2003, 68, 3733–3735.
22. Nishiyama, Y.; Kawamatsu, H.; Sonoda, N. J. Org. Chem. 2005, 70, 2551–2554.
23. Torrico-Vallejos, S.; Erben, M. F.; Willner, H.; Boese, R.; Della Védova, C. O. J.

Org. Chem. 2007, 72, 9074–9080.
24. Adams, P.; Baron, F. A. Chem. Rev. 1965, 65, 567–602.
25. Fukuoka, S.; Chono, M.; Kohno, M. J. Org. Chem. 1984, 49, 1458–1460.
26. Salvatore, R. N.; Shin, S. I.; Nagle, A. S.; Jung, K. W. J. Org. Chem. 2001, 66, 1035–

1037.
27. Casadei, M. A.; Moracci, F. M.; Zappia, G.; Inesi, A.; Rossi, L. J. Org. Chem. 1997,

62, 6754–6759.
28. Feroci, M.; Casadei, M. A.; Orsini, M.; Palombi, L.; Inesi, A. J. Org. Chem. 2003, 68,

1548–1551.
29. Abbate, F. W.; Ulrich, H. J. Appl. Polym. Sci. 1969, 13, 1929–1936.
30. Wissman, H. G.; Rand, L.; Frisch, K. C. J. Appl. Polym. Sci. 1964, 8, 2971–2978.
31. Haas, A.; Reinke, H. Chem. Ber. 1969, 102, 2718–2727.

CH3OC(O)SNCO

R1OH (2a,b,c)
CH3OC(O)SNHC(O)OR

1 (3a-c)

CH3OC(O)SNHC(O)NR
2R3 (5a,b)

CH3OC(O)SNHC(O)SR
4 (7a,b)

R2R3NH (4a,b)

R4SH (6a,b)

R1 = CH3 (a), C2H5 (b), C(CH3)3 (c)

(1)

R2 = R3 = C2H5 (b),
R2 = H, R3 = C(CH3)3 (c)

R4 = C2H5 (a), C4H9 (b)

Scheme 1. General reaction scheme for addition reactions of methoxycarbonylsulfenyl isocyanate with alcohols, amines, and thiols.

Table 1
Optimized conditions for the addition reactions of CH3OC(O)SNCO with alcohols (2a–
c), amines (4a,b), and thiols (6a,b)

Nucleophile Temperature (�C) Time (min) Product Yield (%)a

2a �20 60 3a 93
2b �20 60 3b 95
2c �20 90 3c 98

4a �60 60 5a 80
4b �60 30 5b 85

6a �60 60 7a 85
6b �50 60 7b 90

a Overall yield from reactions shown in the Scheme 1 based on GC–MS analysis.
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