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primary amines using Cs2CO3
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Abstract—A facile one-pot synthesis of N-alkyl carbamates is described. A primary amine, CO2, and an alkyl halide underwent
a three-component coupling using cesium carbonate and tetrabutylammonium iodide (TBAI) giving rise to the resultant
carbamate. In the presence of Cs2CO3, subsequent N-alkylation of the in situ generated carbamate with a different alkyl halide
afforded various aliphatic N-alkyl carbamates, respectively. © 2001 Elsevier Science Ltd. All rights reserved.

Organic carbamates are valuable synthetic intermedi-
ates,1 which are ubiquitously found in a variety of
biologically active compounds.2 Functionalization of the
carbamate moiety offers an attractive method for the
generation of derivatives, which may constitute interest-
ing medicinal and biological properties.3 During the
course of our peptidomimetic synthesis, we envisaged
that such a scaffold could serve as a crucial template in
the construction of carbamate libraries which may be
useful in search of potential drug candidates.4 However,
the generation of functionalized carbamates is often
hampered by harsh reaction conditions,5 use of toxic6 or
exotic reagents,7 and requires multiple steps. Recently,
we have disclosed an efficient and safe method for the
carbamation of amines8 as well as a mild procedure for
N-alkylation of carbamates using cesium bases in both
transformations.9 In the context of this ongoing research,
we report herein a useful application of these methodolo-
gies for a direct one-pot synthesis of N-alkyl carbamates
beginning from primary amines. Combination of these
two technologies would offer a general synthetic method,
which would clearly augment existing techniques.

Owing to the above mentioned protocols, carbamate 2
was generated via a three-component coupling of pri-
mary amine 1, CO2, and an alkyl halide in the presence
of cesium carbonate and tetrabutylammonium iodide
(TBAI) in anhydrous N,N-dimethylformamide (DMF)
(Scheme 1). Upon conversion of the starting amine 1 to
carbamate 2 (monitored by TLC), an additional 3 equiv.
of Cs2CO3 were added to the mixture, and stirred for 30
min. Direct N-alkylation using a different alkyl halide

gave rise to the desired N-alkyl carbamate 3 and isolation
of the intermediate 2 proved unnecessary offering short-
ened synthetic sequences.10

As delineated in Scheme 2, our initial approach towards
a one-pot carbamation followed by N-alkylation proce-
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Table 1.

dure began employing the use of an active halide.
Heterocyclic amines 4 and 6 reacted similarly using
excess benzyl bromide, generating the corresponding
N-alkyl carbamates 5 and 7, respectively, in high yields
after 12 h. Tryptamine 8 proved facile as well, generating
substituted carbamate 9 in 80% yield.

On the basis of these results, we next directed our
attention towards a one-pot synthesis of mixed N-alkyl
carbamates utilizing a sequential addition approach with
different halides during each alkylation step. As illus-
trated in Table 1, N-alkyl carbamates of aliphatic amines
were compatible with both active and unreactive halides
(entries 1–4). In addition, aromatic amines were suffi-
ciently converted to the corresponding products after 24
h (entries 5–8). Comparatively, amines containing elec-
tron withdrawing substituents, including nitro (entries 9
and 10) or carbonyl (entry 11), reacted slowly after 6 days
to afford the desired fully substituted carbamates. In all
represented examples, our conditions were highly
chemoselective, and no side products other than the
intermediate carbamate were detected.11

In conclusion, we have developed a simple and efficient
one-pot synthesis of various N-alkyl carbamates starting

with primary amines using cesium carbonate. This reac-
tion is compatible with a diverse range of amines and
alkyl halides providing a general method to prepare
functionalized carbamates in moderate to high yields.
This in situ sequence addresses a four-component cou-
pling of an amine, CO2, and two electrophiles, which
seems to be suitable for generation of combinatorial
libraries.
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10. Representative experimental procedure: Under a nitrogen
atmosphere, p-nitroaniline 19 (0.28 g, 2 mmol) was dis-

solved in anhydrous DMF (10 mL), then Cs2CO3 (1.95 g,
6 mmol, 3 equiv.) and TBAI (2.21 g, 6 mmol, 3 equiv.)
were added to the solution. Carbon dioxide (flow rate
~25–30 mL/min) was bubbled into the suspension for 1 h,
and then 1-bromo-3-phenylpropane (0.51 mL, 6 mmol, 3
equiv.) was added to the mixture. The reaction proceeded
at ambient temperature with CO2 gas bubbling for 5
days, during which time the starting material (p-nitroani-
line) was consumed. Carbon dioxide bubbling was then
stopped, additional Cs2CO3 (1.95 g, 6 mmol, 3 equiv.)
was added, and DMF (5 mL). After 30 min of stirring,
benzyl bromide (0.71 mL, 6 mmol, 3 equiv.) was added,
and the reaction was allowed to proceed for 12 h at room
temperature. The solution was poured into water and
extracted with EtOAc (3×30 mL). The combined organic
layers were washed with water (2×30 mL), brine (30 mL),
and dried over anhydrous sodium sulfate. After filtration
and solvent removal in vacuo, purification by column
chromatography (20:1 hexanes:EtOAc) afforded the N-
benzyl nitrocarbamate (0.72 g, 92%) as an orange oil. 1H
NMR (250 MHz, CDCl3): � 1.97 (m, 2H), 2.59 (t, 2H,
J=7.3 Hz), 4.25 (t, 2H, J=6.4 Hz), 5.01 (s, 2H), 7.09–
7.11 (d, 2H, J=6.7 Hz), 7.20–7.45 (m, 10H), 8.16–8.19 (d,
2H, J=9.1 Hz). 13C NMR (70 MHz, CDCl3) � 30.35,
32.06, 53.55, 65.93, 124.32, 125.69, 126.07, 126.94, 127.70,
128.37, 128.47, 128.86, 137.12, 140.97, 144.82, 148.15,
154.93.

11. No other side products other than the produced carba-
mates were detected at any given time during the reac-
tion. These products were isolated and accounted for the
additional mass balance. However, if the starting amine
was not fully converted to the carbamate, a mixture of
products usually resulted using different halides.
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