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Organic carbamates represent an important class of
compounds, largely employed in pharmacology (medical
drugs), agriculture (pesticides, fungicides, herbicides),
and chemical industry (intermediates of synthesis).1
Their use as protective groups for the amine function of
amino acids in peptide chemistry is also well-known.2
Several attempts have been made to replace the classical
syntheses, which involve the direct reaction of alcohols
with phosgene or its derivative isocyanates, with new
methodologies employing less toxic and dangerous re-
agents. Important results were obtained by means of
both the homogeneous catalytic carbonylation of ni-
troaromatics3 and the oxidative carbonylation of amines.4
More recently carbon dioxide, a cheap and abundant
reagent, has been proposed as a trouble-free starting
material to replace phosgene.5 The direct incorporation
of carbon dioxide into amines, which leads to ionic
carbamates, can be mediated by both metal and nonmetal
species. These compounds behave as bidentate ions and,
in the presence of an alkylating reagent, reactions of
O-alkylation (formation of carbamic esters) and N-
alkylation are both theoretically possible. In the case of
metal-carbamates, electrophilic attack by alkylating
reagents usually affords N-alkylation products.6 Like-

wise, phosphocarbamates [P(NR2)3-x(O2CNR2)x, obtained
by insertion of CO2 in the P-N bonds of aminophos-
phines] and alkylammonium carbamates (obtained by
direct interaction of primary and secondary amines with
CO2)7 react with alkyl halides mainly to give N-alkylation
products.6a,b These results suggest that the transfer
reaction of carbamate group from the intermediate ion
pair to an alkylating reagent is strongly affected by the
anion-cation interaction, which can depress the oxygen
nucleophilicity. In fact, the alkylation of the carbamate
anion provides the corresponding carbamates only in low
to moderate yields and under drastic reaction conditions.8
On the other hand, the addition of suitable crown ethers
(capable of coordinating the cation) makes O-alkylation
significantly competitive; the role of crown ethers in the
synthesis of carbamic esters has been recently de-
scribed.5,9
Recently, we investigated the synthesis of linear and

cyclic carbamates by means of electrochemical proce-
dures. In particular, we found that electrochemically
activated carbon dioxide (by either direct reduction or by
reaction with electrochemically generated superoxide ion)
reacts, under mild reaction conditions, with several
aliphatic and aromatic amines, as well as with N-acyl or
N-alkoxycarbonyl alkylamines, affording the correspond-
ing carbamates in high to excellent yields.10 This reac-
tivity is probably to be ascribed to tetraalkylammonium
carbonate and peroxydicarbonate, which are formed as
main products in the direct11 or in the dioxygen-medi-
ated12 reduction of carbon dioxide, respectively. These
considerations prompted us to investigate the reactivity
of both tetraalkylammonium carbonates and hydrogen
carbonates toward amines in order to develop a new class
of carboxylating reagents.
Herein, we report a simple and safe methodology for

the synthesis of linear and cyclic alkyl and aryl carbam-
ates by reaction of amines with tetraethylammonium
hydrogen carbonate (TEAHC). This compound was first
used by Venturello13a in the synthesis of cyclic carbonates
starting from the corresponding halohydrins.
TEAHC was simply obtained by saturating a methanol

solution of commercially available tetraethylammonium
hydroxide (TEAOH) with carbon dioxide.13 The pale
brown highly hygroscopic solid obtained after removal
of the solvent was allowed to react, in acetonitrile at room
temperature, with different amines 1 and alkylating
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reagents. This procedure afforded the corresponding
carbamates 2 in high to excellent yields (eq 1).

The results are reported in Table 1. The yield of
carbamate is affected by the nature of the alkylating
reagent employed. Cyclohexylamine was used as model
compound (entries 1-7). The corresponding carbamate
was isolated in excellent yields when primary and
benzylic halides were used (entries 1, 4, 7) and in good
yield with isopropyl bromide (entry 2), while it was
absent when a tertiary halide was employed (entry 3).
Also, diethyl carbonate did not furnish the expected
carbamate (entry 6). Ethyl tosylate was reactive, but the
resulting carbamate needed to be separated from the
unreacted starting tosylate present in the solution (entry
5).
The nucleophilicity of the amine represents another

factor that modifies the reactivity and consequently the
amount of carbamate obtained. Primary (entry 9),
secondary (entry 12), benzylic (entry 8), and allylic (entry
13) amines all react in very good yields. Aromatic amines
show a weaker reactivity compared to aliphatic ones. A
moderate yield of carbamate (53%) results from the
reaction of aniline (entry 10), while the reactivity is
remarkably increased (76% yield of carbamate; entry 11)
by the presence of an electron-donating group on the
aromatic ring. The combination of steric and electronic
effects completely inhibits the reaction; as a confirmation,
diphenylamine turned out to be completely unreactive
(entry 14).
When TEAHC was allowed to react with amines

bearing a leaving group, a different reactivity was
reported; cyclic carbamates were obtained as a result of
an intramolecular nucleophilic substitution. Only mod-
erate yields of oxazolidin-2-one and 1,3-oxazin-2-one were
recovered from the corresponding ω-bromoethyl and

propylamines, probably because of a competitive self-
alkylation reaction of the substrate (Figure 1).
Under our experimental conditions, the formation of

tetraethylammonium carbamate can be supposed. Keep-
ing in mind the previously noted difficulty in transferring
carbamic ion into alkyl halide substrates, it follows that
the presence of tetraethylammonium ion as counterion
increases the nucleophilicity of oxygen, thus rendering
the O-alkylation reaction prevalent with respect to the
N-alkylation.
The reactivity of TEAHC toward a wide range of

aromatic and aliphatic amines and alkylating reagents
opens up the development of a novel, mild, and safe
methodology for the synthesis of linear and cyclic car-
bamates. The mildness of the reaction conditions and
the stability of reagent (if stored under argon TEAHC
has a shelf life of several months), as well as its easy
and cheap preparation, make this procedure a valuable
alternative to the methodologies reported up to now.
Extension of this methodology to other classes of

organic compounds is now under study.

Experimental Section

General. Amines were commercially available; purification
by distillation or crystallization was carried out when necessary.
Dry acetonitrile (Lab-scan, anhydroscan) was used as received.
TEAHC was prepared as reported by Venturello13a starting from
a methanol solution (25% w/w) of TEAOH (Fluka). The reagent
was dried under vacuum for 24 h and then was stored under
argon.
Reaction of Amines with TEAHC. General Procedure.

Amine (1.0 mmol) was added to a stirred solution of TEAHC
(1.5 mmol) in dry acetonitrile (15 mL). After 1 h, if necessary,
a 5-fold excess of alkylating reagent was added and the reaction
was stirred overnight. The progress of the reaction was moni-
tored by TLC (silica gel, n-hexanes-ethyl acetate 7:3). Solvent
was removed under reduced pressure and the residue extracted
with ether. Flash chromatography, or simple filtration of the
ethereal extracts, afforded the isolation of the carbamate. All
the products were fully characterized by 1H (200 MHz) and 13C
NMR (50.3 MHz), MS (EI, 70 eV; CI), melting point, and
comparison with authentic samples,10b wherever possible.
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Table 1. Reactivity of TEAHC with Different Amines
and Alkylating Reagents

entry R R1 R2 X yielda

1 C6H11 H Et Br 90
2 C6H11 H i-Pr Br 71
3 C6H11 H t-Bu Br b

4 C6H11 H Bn Br 92
5 C6H11 H Et OTs 97
6 C6H11 H Et OCO2Et b

7 C6H11 H Et I 94
8 PhCH2 H Et I 98
9 Ph(CH2)3 H Et I 94
10 Ph H Et I 53
11 4-MeOPh H Et I 76
12 PhCH2 Me Et I 85
13 CH2dCHCH2 H Et I 80
14 Ph Ph Et I b

a Yields (%) refer to isolated carbamate except for entry 5 (GC
yield). b Starting amines were recovered at the end of the reaction.

Figure 1. Reaction of TEAHC with amines bearing a leaving
group.
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