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The present report demonstrates an efficient use of microwave-tetraethylammonium superoxide combination under 
non-aqueous conditions to bring about a mild and safe carbamation/thiocarbamation of amines, using carbon dioxide/carbon 
disulfide and methyl iodide. 
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Organic carbamates and dithiocarbamates have 
attracted a great deal of importance due to their 
interesting chemistry and wide utility1-7. Although a 
number of methodologies have been developed, the 
standard preparation of carbamates/dithiocarbamates 
generally involves the use of toxic and highly reactive 
phosgene/thiophosgene8 and its derivatives9, thereby 
posing environmental and safety problems. As a 
result, considerable effort has been made to develop a 
phosgene/thiophosgene free route10 for the 
preparation of carbamates and thiocarbamates. 
However, many of these methods suffer from 
limitations, such as long reaction times, use of 
expensive and strongly basic reagents, use of volatile 
solvents, tedious work-up, and low yields11.  

Prompted by the current use of microwave (MW) 
irradiation in organic synthesis12 and due to the 
interest on superoxide organic chemistry13, it was 
thought worthwhile to explore the role of MW-
superoxide combination to achieve an efficient 
synthesis of carbamates and dithiocarbamates via a 
three-component coupling of an amine, CO2/CS2 and 
methyl iodide (Schemes I and II). 

In order to optimize the yield of products, the 
effects of various parameters such as molar proportion 
of the reactants, Watt (160, 320, 480, 640 & 800) and 
irradiation time were studied in detail using the 
substrate 1a as reference. Under the optimized MW 
irradiation [160W], various amines 1a-f underwent 
smooth coupling with CO2 in the presence of 
tetraethylammonium superoxide (Et4NO2) in 5 to 7 

minutes to afford the incipient carbamate anion. The 
amines 1a, 1b, 1f and 1g-m, however, underwent 
reaction with CS2/Et4NO2 under MW at 320W in 3 to 
7 minutes to give the dithiocarbamate anion, in dry 
DMF. Addition of methyl iodide and subsequent 
quenching with cold brine solution at room 
temperature readily furnished the methyl ester of 
carbamate 2 or dithiocarbamate 3 in fairly good yields 
(Tables I and II). It is important to mention that 
superoxide alone in the absence of MW was able to 
achieve the same transformation in considerably 
longer reaction time (2.5 hr) with 1a. To observe the 
sole role of MW on the above reactions, some blank 
experiments under microwave irradiation in the 
absence of Et4NO2 were also carried out resulting in 
no net reaction. However when MW is coupled with 
superoxide ion, the rate of reaction is dramatically 
enhanced, thereby highlighting the significance of 
MW-superoxide combination. All the products were 
identified by their physical data, IR and NMR spectra, 
which were in conformity with their structures.  

Experimental Section 
IR spectra were recorded on a Jasco FT/IR-5300 

spectrophotometer. 1H NMR was run on a Jeol AL300 
FT-NMR spectrometer. The chemical shifts are given 
in ppm with respect to TMS as internal standard. The 
TLC spots were detected using iodine chamber. All 
commercially available chemicals were purchased 
from Aldrich and Merck. Dry DMF from Aldrich was 
stored over molecular sieves (4Å) prior to use. Crude 
products were purified by column chromatography. 
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General procedure for the preparation of 2a-f /3a-j 

To a stirred mixture of potassium superoxide 
(0.568 g, 8 mmole) and tetraethylammonium bromide 
(0.840 g, 4 mmole) (weighted under nitrogen atom-
sphere using an atmosbag) in dry dimethylformamide 
(15 mL) was bubbled carbon dioxide gas continuously 
for 15 min, whereas CS2 (0.609 g, 8 mmole) was 
admitted directly while stirring the mixture for 10 
min. The amine 1 (4 mmole) was finally introduced 
and the contents of the vessel were subjected to 
microwave irradiation at 160 W and 320 W for CO2 
and CS2 containing mixtures respectively in a LG 
microwave oven for 3-7 min. Methyl iodide was 
subsequently added and the mixture was shaken 
thoroughly. The reaction-mixture was poured into a 
beaker containing brine solution (15 mL) and cold 

water (15 mL) and then extracted with diethyl ether (3 
× 20 mL). The combined organic extract was dried 
over anhydrous Na2SO4, filtered and evaporated to 
give the product 2/3, which was purified by column 
chromatography.  

Phenyl-carbamic acid methyl ester, 2a: 1H NMR: 
δ 3.8 (s, 3H, OCH3), 9.1 (br s, NH), 7.2-7.7 (m, 5H, 
Ar-H). 

(4-Methoxyphenyl)-carbamic acid methyl ester, 
2b: 1H NMR: δ 3.7 (s, 3H, OCH3), 4.1 (s, 3H, 
ArOCH3), 9.0 (br s, NH), 6.8 (d, 2H, Ar-H), 7.3 (d, 
2H, Ar-H). 

(4-Fluorophenyl)-carbamic acid methyl ester, 
2c: 1H NMR: δ 3.8 (s, 3H, OCH3), 9.2 (br s, NH), 7.2 
(d, 2H, Ar-H), 7.8 (d, 2H, Ar-H). 

(4-Chlorophenyl)-carbamic acid methyl ester, 
2d: 1H NMR: δ 3.7 (s, 3H, OCH3), 9.2 (br s, NH), 7.0 
(d, 2H, Ar-H), 7.6 (d, 2H, Ar-H). 

(4-Bromophenyl)-carbamic acid methyl ester, 
2e: 1H NMR: δ 3.6 (s, 3H, OCH3), 9.1 (br s, NH), 6.8 
(d, 2H, Ar-H), 7.4 (d, 2H, Ar-H). 

(4-Nitrophenyl)-carbamic acid methyl ester, 2f: 
1H NMR: δ 3.9 (s, 3H, OCH3), 9.7 (br s, NH), 7.8 (d, 
2H, Ar-H), 8.3 (d, 2H, Ar-H). 

Phenyl dithiocarbamic acid methyl ester, 3a: IR 
(Neat): 648, 1086, 1513, 3390 cm-1; 1H NMR: δ 3.5 
(s, 3H, SCH3), 4.0 (br s, NH), 7.2-7.5 (m, 5H, Ar-H). 

R-NH2 CO2
KO2/Et4NBr, MW

DMF, CH3I

Scheme I

R-NHCOCH3

2a-2f1a-1f

CS2

1a, 1b, 1f

1g -1m
3a-3j

Scheme II

KO2/Et4NBr, MW
DMF, CH3I

R-NH2 R-NHCSCH3

O

S

 
Table I — Microwave-Et4NO2 assisted synthesis of carbamates via a three-component coupling of  

an amine, CO2 and methyl iodide 

 
Entry Substrate Product Time(min) 

Conversion 
(%) 

1 Aniline 1a 
NH

O

OCH3
2a  

5 95.5 

2 p-Anisidine 1b 
NH

O

OCH3

H3CO

2b  

6.5 90.2 

3 p-Fluoroaniline 1c 
NH

O

OCH3

F

2c  

6 93.7 

4 p-Chloroaniline 1d 
NH

O

OCH3

Cl

2d  

6.5 91 

5 p-Bromoaniline 1e 
NH

O

OCH3

Br

2e  

7 91.9 

6 p-Nitroaniline 1f 
NH

O

OCH3

O2N

2f  

5 77.5 
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4-Methoxyphenyl dithiocarbamic acid methyl 
ester,  3b: IR (Neat): 658, 1095, 1258, 1498, 3404 
cm-1; 1H NMR: δ 3.2 (s, 3H, SCH3), 4.2 (br s, NH), 
6.8 (d, 2H, Ar-H), 7.3 (d, 2H, Ar-H), 3.8 (s, 3H, 
OCH3). 

4-Nitrophenyl dithiocarbamic acid methyl ester, 
3c: IR (Neat): 659, 1088, 1512, 2927, 3408 cm-1; 1H 

NMR: δ 3.4 (s, 3H, SCH3), 4.3 (br s, NH), 7.6 (d, 2H, 
Ar-H), 8.1 (d, 2H, Ar-H). 

4-Methylphenyl dithiocarbamic acid methyl 
ester,  3d: IR (Neat): 643, 1096, 1502, 1636, 3386 
cm-1; 1H NMR: δ 3.2 (s, 3H, SCH3), 4.2 (br s, NH), 
6.9 (d, 2H, Ar-H), 7.4 (d, 2H, Ar-H), 2.3 (s, 3H, 
CH3). 

Table II — Microwave-Et4NO2 assisted synthesis of dithiocarbamates via  
a three-component coupling of an amine, CS2 and methyl iodide 

 
Entry Substrate Product Time(min) Conversion 
    (%) 

1 Aniline 1a 
NH

SCH3

S3a  

4 85 

2 p-Anisidine 1b 
NH

SCH3

S

H3CO

3b  

7 78 

3 p-Nitroaniline 1f 
NH

SCH3

S

O2N

3c  

5 65 

4 p-Toluidine 1g 
NH

SCH3

S

H3C

3d  

6 72 

5 Benzylamine 1h HN

SCH3

S3e  

5 67 

6 Diphenylamine 1i 
N

H3CS S

3f  

4 76 

7 2-(-4-Methoxy phenyl) ethylamine 1j HN SCH3

S

H3CO

3g  

6 63 

8 Piperidine 1k 
N

SCH3

S
3h  

3 90 

9 1,2,3,4-Tetrahydroquinoline 1l 
N

SCH3

S
3i  

3 89 

10 Pyrrolidine 1m 
N

SCH3

S
3j  

3 83 
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Benzyl dithiocarbamic acid methyl ester, 3e: IR 
(Neat): 652, 1085, 1474, 3396 cm-1; 1H NMR: δ 3.3 
(s, 3H, SCH3), 2.6 (br, NH), 3.9 (d, CH2-Ar), 7.1-7.2 
(m, 5H, Ar-H). 

Diphenyl dithiocarbamic acid methyl ester, 3f: 
IR (Neat): 657, 1143, 1516, 1521 cm-1; 1H NMR: δ 
3.4 (s, 3H, SCH3), 7.0-7.5 (m, 10H, Ar-H). 

[2-(4-Methoxyphenyl)ethyl] dithicarbamic acid 
methyl ester, 3g: IR (Neat): 649, 1086, 1210, 1477, 
3386 cm-1; 1H NMR: δ 3.4 (s, 3H, SCH3), 2.4 (br, 
NH), 2.9-3.1 (m, 2H, CH2NH), 3.6 (t, CH2-Ar), 3.9 (s, 
3H, OCH3), 6.7 (d, 2H, Ar-H), 7.1 (d, 2H, Ar-H). 

Piperidine-1-carbodithioic acid methyl ester, 3h: 
IR (KBr): 662, 1208 cm-1; 1H NMR: δ 3.2 (s, 3H, 
SCH3), 1.7-2.1 (m, 6H, 3CH2), 4.2 (br, 4H, CH2N). 

1,2,3,4-Tetrahydroquinoline-1-carbodithioic 
acid methyl ester,  3i: IR (Neat): 648, 1215, 1587 
cm-1; 1H NMR: δ 3.4 (s, 3H, SCH3), 1.8-2.5 (m, 4H, 
2CH2), 3.7 (br, 2H, CH2N), 6.7-7.1 (m, 4H, Ar-H). 

Pyrrolidine-1-carbodithioic acid methyl ester, 

3j: IR (Neat): 670, 1217 cm-1; 1H NMR: δ 3.2 (s, 3H, 
SCH3), 1.8-2.0 (m, 4H, 2CH2), 3.8 (br, 4H, CH2N). 

Conclusion 
In conclusion, the combined role of microwave-

superoxide has been exploited to achieve a mild and 
safe approach for the synthesis of organic 
carbamates/dithiocarbamates under non-aqueous 
medium employing amines, CO2/CS2 and methyl 
iodide. 

Acknowledgement 
The authors are thankful to UGC, New Delhi for 

financial support. 

References 
1 (a) Han C & Porco Jr J A, Org Letters, 9, 2007, 1517. 

(b) Ranise A, Spallarossa A, Schenone S, Burno O, 
Bondavalli F, Vargiu L, Marceddu T, Mura M, Colla P L & 
Pani A, J Med Chem, 46, 2003, 768. 
(c) Cao S L, Feng Y P, Jiang Y Y, Liu S Y, Ding G Y & Li R 
T, Bioorg Med Chem Lett, 15, 2005, 1915. 
(d) Salvatore R N, Sahab S & Jung K W, Tetrahedron Lett, 
42, 2001, 2055. 
(e) Adams P & Baron F A, Chem Rev, 65, 1965, 567. 

2 (a) Rafin C, Veignie E, Sancholle M, Postal D, Len C, Villa P 
& Ronco G, J Agric Food Chem, 48, 2000, 5283. 

(b) Jager P, Rentzea C N & Kieczka H, in Ullmann’s 

Encyclopedia of Industrial Chemistry, 5th edn, (VCH, 
Weinheim), 1986, p. 51. 

3 (a) Tsuboi S, Takeda S, Yamasaki Y, Sakai T, Utka M, Ishida 
S, Yamada E & Hirano J, Chem Lett, 8, 1992, 1417. 
(b) Katrizky A R, Singh S, Mahapatra P P, Clemense N & 
Kirichenko K, ARKIVOC, 9, 2005, 63.  

4 Greene T W & Wuts P G M, Protecting Group in Organic 

Synthesis,  3rd edn,  (Wiley  Interscience,  New York),  1999, 
p 484. 

5 (a) Garin J, Melandz E, Merchain F L, Tejero T, Urid S & 
Ayestaron J, Synthesis, 1991, 147. 
(b) Chaturvedi D & Ray S, Tetrahedron Lett, 47, 2006, 1307. 

6 (a) Crich D & Quintero L, Chem Rev, 89, 1989, 1413. 
(b) Barton D H R, Tetrahedron, 48, 1992, 2529. 
(c) Zard S Z, Angew Chem, Int Ed (Engl), 36, 1997, 672. 

7 Zhang D, Chen J, Liang Y & Zhou H, Synth Commun, 35, 
2005, 521. 

8 Burke J T R, Bajwa B S, Jacobsen A E, Rice K C, Streaty R A 
& Klee W A, J Med Chem, 27, 1984, 1570. 

9 (a) Babad H & Zeiler A G, Chem Rev, 73, 1973, 75. 
(b) Eckert H & Forster B, Angew Chem, Int Ed (Engl), 26, 
1987, 894. 
(c) Cotarca L, Delogu P, Nardelli A & Unji V, Synthesis, 5, 
1996, 553. 
(d) Walter W & Bode K D, Angew Chem, Int Ed (Engl), 6, 
1967, 281. 

10 (a) Salvatore R N, Shin S I, Nagle A S & Jung K W, J Org 

Chem, 66, 2001, 1035. 
(b) Curini M, Epifano F & Rosati O, Tetrahedron Lett, 43, 
2002, 4895. 
(c) Chaturvedi D, Kumar A & Ray S, Tetrahedron Lett, 44, 
2003, 7637. 
(d) Vauthey I, Frederic V, Gozzi C, Fache F & Lamaire M, 
Tetrahedron Lett, 41, 2000, 6347. 
(e) Inesi A, Mucciante V & Rossi L, J Org Chem, 63, 1998, 
1337. 
(f) Casadei M A, Moracci F M & Zappia G, J Org Chem, 62, 
1997, 6754. 

11 Lee A W M, Chan W H, Wong H C & Wong M S, Synth 

Commn, 19, 1989, 547. 
12 (a) Lidstrom P, Tierney J, Wathey B & Westman J, 

Tetrahedron, 57, 2001, 9225. 
(b) Perreux L & Loupy A, Tetrahrdron, 57, 2001, 9199. 
(c) Caddick S, Tetrahedron, 51, 1995, 10403. 
(d) Varma R S, Tetrahedron, 58, 2002, 1235. 

13 (a) Singh K N, Synth Commun, 37, 2007, 2651. 
(b) Raghuvanshi R S & Singh K N, Synth Commun, 37, 2007, 
1371. 
(c) Singh S & Singh K N, Synth Commun, 35, 2005, 2597. 
(d) Singh K N, Kumar R & Shukla A K, Indian J Chem, 46B, 
2007, 1347. 

(e) Singh K N, Raghuvanshi R S & Singh M, Indian J Chem, 
46B, 2007, 829.  

 


