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Organic carbamates classically have been synthesized using harmful and
toxic reagents like phosgene, its derivatives and carbon monoxide. Re-
cently, carbon dioxide was used as a cheap and harmless reagent for the
synthesis of organic carbamates in the gaseous or supercritical state, or in
an electrochemical process as an alternative to the harmful reagents. The
present review will the deal with the extensive use of carbon dioxide in

the synthesis of organic carbamates.
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INTRODUCTION

Organic carbamates are the stable class of com-
pounds derived from the unstable carbamic acid by
the substitution of amino and ester ends and identi-
tied by the presence of O-CO-NH linkage. When
carbamate linkage is present in a cyclic system, it is
reffered to as cyclic carbamates or oxazolidin-2-one.

Carbamation of amines has frequently been uti-
lized in the synthesis of organic carbamates!, which
hold unique applications in the field of pharmaceu-
ticals®?! and agricultureP!. Organic carbamates have

also been played an important role in the area of
synthetic organic chemistry, particularly as synthetic
intermediatest, for the protection of amino groups
in peptide chemistry®®!, and as linkers in combinato-
tial chemistryl®. Functionalization of amines as car-
bamates offers an attractive method for the genera-
tion of derivatives, which may have interesting me-
dicinal and biological properties”). However, the
scope of existing methodologies for carbamate for-
mation are limited by the need of specialized reagents
and an operational complexity due to the use of ei-
ther toxic or cumbersome reagents, such as phos-
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genel®) its derivatives?), and carbon monoxide™.
Recently, carbon dioxide as the only cheap, easily
available, and harmless reagent has been efficiently
used as an alternative for the synthesis of carbam-
ates in the gaseous!™ or supercritical™ state or in an
electrochemical process!™. Besides, it has also been
used for C-C, C-N, and C-O bond forming reac-
tions™. In the present review we-

3. Synthesis of carbamates using carbon diox-
ide
3.1 Gaseous carbon dioxide

Although carbon dioxide has a low reactivity, e.g
with amines it forms unstable carbamic acids (1),
which revert to their corresponding starting materi-
als (SCHEME 1).

2. Classification of Carbamates
. . . R-NH, + CO R-NH-COOH
Classification of carbamates (figure 1) will fo- 2 ? )
cus on th? ?,ynthems of organic carbamajces using vari- SCHEME 1
ous conditions and forms of carbon dioxide.
Carbamates
Inorlganic Organic
Metal Non metal Satyrated Unsaturated
Symmetrical Unsymmetrical
AllF hatic Aliphatic-aro matic Aromatic Others
Simple Substituted
Simple Activated Cy(ilic
Simple Functional
TIYio Imido Ortho Pyro
Linear Branched Alicyclic Linear-alicyclic
|
* * Symmetrical  Unsymmetrical
Symmetrical Unsymmetrical . .
Simple Substituted
Figure 1: Classification of carbamates
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R,NH + CO, + CH,=CH-O-CH,CH,

|

o)
R,N—C—0 ~ OCH,CH,
SCHEME 2

However, Yoshida et al. have reported the syn-
thesis of carbamates from CO,, amines, and unsat-
urated ethers (SCHEME 2). But in this method only
secondary aliphatic amines could be used. Moreover,
it takes long reaction times (~70-80 h) and it results
in low yields (3-12%).

Later on, Yoshida et al.’! have also reported a
carbamate esters synthesis starting from CO, and
using two equivalents of amine and an alkyl halide
in a one-pot reaction (SCHEME 3). This method is
also limited to primary and secondary aliphatic
amines, takes long reaction times (~ 45 h), and the
carbamates are obtained in only 6-25% yields.

(o)

® ©
2R,NH+CO,+R'X —» R,N—C—OR'+R,NH,-X

SCHEME 3

Later on, Ishii et al.'"! have reported the synthe-
sis of carbamates from the CO, and ortho esters
(SCHEME 4). This reaction takes long reaction
times, but is useful for the carbamates derived from
primary and secondary amines.

o)
CO,+R,NH+R'C(OR"); —» R,N—C—OR"
SCHEME 4

Review

\
NH + CO, + Ojo
R
2

22-24h l 42-52%

SCHEME 5

Mono-carbamates of 1,2-diols from the corre-
sponding 1,2-epoxides have been prepared™! by re-
action with CO, and primary and secondary aliphatic
amines (SCHEME 5). However, about half of the
epoxide is lost due to the accompanying nucleophilic
ring opening by the amine.

mositey, + co, + [ Joo

(IZZl_N?

N\

SCHEME 6

The mono-carbamates could also be obtained
from an epoxide using tetrakis(dimethyl)-titanium
(V) and CO, (SCHEME 6)!1. But this reaction was
not satisfactory due to its long reaction time (~3-4
d) and low yields (5-20%).

Similarly, chloromethyl oxirane or phenyl oxirane
on reaction with CO, and aliphatic amines in metha-
nol gave carbamates (2-17%) (SCHEME 7).

Later on, better yields have been reported by

SCHEME 7

OH
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0 R'
+CO, +
R1AR2 2t oNH
R' O Rl
A |
HO\H\OJL e Ho\|)\ ~R
+ N
RZ \R” 2 \Ru
R
SCHEME 8

Yoshida et al.®! (SCHEME 8). However, the latter
syntheses suffer from leading to isomer mixtures
Kojima et al. ® have reported carbamates syn-
thesis from epoxides, amines, and CO, where the
latter was previously fixed on an aluminium porphy-

rin (SCHEME 9).

Aluminium
porphyrin

R! O

HO R
j)\o N

R2 R”
SCHEME 9

Toda et al.®! have reported the synthesis of cy-
clic carbamates (i.e. oxazolidinones). Reaction of
carbon dioxide with O-bromoacylophenones in the
presence of aliphatic primary amines in methanol
afforded 3-alkyl-4-hydroxy oxazolidone-2 derivatives
under mild conditions (SCHEME 10).

O R
[l | Med®  Ph A
X M R'

eO

Sl)
RNH-COONH;R | 40-60%

(0]
R
\N)j\O
RS
OHR'
SCHEME 10

Where R= (CH,)n, n=1, 2, 3, 4, 5, 6 etc.
SCHEME 11

This reaction led to the formation of bis(2-
oxazolidinones)® when 2-methoxy 3,3-dimethyl-2-
phenyloxirane or 0i-bromo-i-butyrophenone was re-
acted with CO, and aliphatic o,®-diamines
(SCHEME 11).

o) (0]

(0]
Br [S5) JL R'
\KQR'NH-COONH3R' o” N~ O)I\N/ R!

- +
R R\\\“ R \2_/
OH

trans

SCHEME 12

Reaction of 2-(1-haloalkyl)-oxiranes with carbon
dioxide and aliphatic primary amines gave five-and
six-membered cyclic carbamates®! (SCHEME 12).

In the above reaction it was shown that there an
ionic species 2 involve which is formed from 2 mol
amine was reacting with CO, as shown in SCHEME
13.

)
2RNH, + CO, —> RNH-COONH;R

@)
SCHEME 13

An improvement in the yields of carbamate for-
mation has been achieved by using different basic
reagents, which help in the stabilization of the inter-
mediate ionic species 2. Thus, Hori et al.?! have re-
ported the synthesis of organic carbamates from pri-
mary and secondary amines, CO,, and alkyl halides
in the presence of a strong proton acceptor like DBU
(SCHEME 14).
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R g _CO»DBU

>\_N

R? R-0
SCHEME 14

2RNH, + CO,—» RNH-COORH,R
@

R' Xl 18-Crown-6-ether

0>_N /H
\
R'—0O R

SCHEME 15

Aresta et al.”’l have reported a carbamate syn-
thesis from the ionic species 2 by alkylation with
alkyl halides using 18-Crown 6-ether as a phase trans-
fer catalyst (SCHEME 15).

However, this method is useful for the prepara-
tion of carbamate esters of only primary and sec-
ondary aliphatic amines. Several strong bases
(CyTMG, TMG, DBU, MTDB, CyTEG, etc.) have
been used for providing more basic conditions to 2
by McGhee et al.®®l. In presence of alkylating agents
this leads to the formation of carbamates SCHEME
16) in good yields (40-78%).

)
2RNH, + CO, —» RNH-COONH,R

)
R' X / Base l
H
0O, /
=
\
R'—0O R

SCHEME 16

O-Allyl carbamate! could be obtained by the
addition of preformed carbamate ion [R R'NH-COO
H"Base] generated from various primary and second-
ary amines and CO,, to a THF solution of allylic

—

Review

chlorides under 800-100 psig carbon dioxide at room
temperature containing a palladium/phosphine cata-
lyst in 66-100% yields (SCHEME 17).

Recently, Perez et al.P have reported the syn-
thesis of N-alkyl carbamates in good to excellent
yields by a clean and mild transcarboxylation of sev-
eral amines with the previously synthesized DBU-
CO, complex and subsequent O-alkylation by dif-
ferent alkyl halides (SCHEME 18).

Rl
SNH

R-(CH)n-CHX + =

5 °C, 24 h, 80-98%

l DBU-CO, complex
1

oJJ—N

"R
SCHEME 18

R-(CH,)n-CH;

R;P + CCl, — r,F —> cc, 8

R2

NHR'
OH

H

ji ®PPh3

SCHEME 19

CO,-Et;N

o8

Cyclic utethanesP! could be obtained in good
yields (33-93%) under mild conditions from amino
alcohols and carbon dioxide using phosphorus(I1I)
reagents [i.e. PhP, (PhO),P] and halogenoalkanes
(ie. CCl, and CCI -CCL)(SCHEME 19).

Tomlnaga etal. [ have reported the synthesis of
2-oxazolidinones from CO, and 1,2--amino alcohols
catalyzed by n-Bu,SnO (SCHEME 20). The
dehydrative condensation of 1, 2-aminoalcohols with
CO, was found to proceed in NMP as the solvent. 2-

R—
R'”

NH t+ base + CO, — 3 II:\N—C—S?-I base ———»

SCHEME 17

PdLn

X
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R, R, R!
n-Bu,SnO R2 1&
+ CO, >
HN. OH 180°C, 16h, 53-94% >=0
R, R o
3

SCHEME 20

Oxazolidinones were obtained in 53-94% yields when
the commercially available n-Bu SnO was used as
the catalyst.

Recently, we have reported™! an efficient, one-
pot, high yielding carbamate synthesis from CO,,
amines, and alkyl halides using Triton-B as the cata-
lyst (SCHEME 21).

Rl
R-(CH)n-CHX + _NH

R2

Triton-B, CO,,
3-5 h, 80-98%

90-100°C
o R
T
R-(CHpn-CH,—O——N_
R
SCHEME 21

We have also reportedP the synthesis of cat-
bamates in high yields from a variety of alcoholic
tosylates and amines using the Triton-B/CO, sys-
tem (SCHEME 22).

, Dry DMSO,
R /R Triton-B, CO, R QR
R2—|—0.Tos + HN —  » R? O—C—N
RS N\ 60°C, 24, R? “re
76-98%
SCHEME 22

RZ
R. (CH,),. CH,.0OH + R!'—NH

CO,, Ph;P/DEAD l 2-4 h, 80-98%

0 1|11
R. (CH,),. CHZ.O—H—N—RZ
SCHEME 23

@)A;wu'c CHEMISTRY comm—

A direct synthesis in high yields of carbamates
from primary alcohols and amines using Mitsunobu's
reagent/CO, system was reported by our group?’
(SCHEME 23).

Recently, carbon dioxide has been converted into
carbamatesP® through reaction with amines and
alcohols catalyzed by tin complexes. The addition
of acetals as dehydrating agent under high CO, pres-

sure is the key to achieve high yields SCHEME 24).

RNH,+CO,+R'.OH

l Tin complexes

o
JI\O/R' + H,0

R.NH
SCHEME 24
R—== + Et{,NH + CO,
Ru3(CO)yy, | 125-140°C
solvent
H H R H
I + I
R O—C—N(Et), H O—C—N(EY),
+
H R
= 0
H  O—C—N(E),
SCHEME 25

Vinyl carbamates?” have been synthesized from
CO,, diethylamine and alkynes in presence of a ru-
thenium catalyst SCHEME 25).

R' 0 R'
N I /
R—= + CO, + NH —» o—C—N
R' /=/ R'
R

&
Et,NH + CO, + R—==
Ru-complexesl
o O R
EtZN—I(!,O—CH:CH—R + EtzN—I(!O—(II:CH2
SCHEME 26

A Jndian Journal



OCAIJ, 2(4) November 2006

Devdutt Chaturvedi et al. 81

Better yields of vinyl carbamatesP® were obtained
using CO, and ruthenium complexes [i.e. RuCl,
(PR))carene) and RuCl,(norborna diene) (pyridine),.]
(SCHEME 26).

Shim et al.’”! have synthesized of carbamates
from amines, acetylenic alcohols, and carbon diox-
ide using a lanthanide catalyst. Thus the reaction of
perhydro-azepine with 3,3-dimethyl prop-1-yne-3-ol
and CO, in presence of MCl, (M=Ce, Pr, Nd, Gd)
gave carbamates (n=06) in 20-38% yields. They have
also prepared the carbamates (n=4, 5) in 31 and 21%
yields (SCHEME 27).

Me
(@H + HO/Ij/[e\\\\-'- co,
MC13l

fo) Me
Il

SCHEME 27

Regioselective synthesis of O-1-(1,3-dienyl) car-
bamates*! was carried out by regioselective addi-
tion of CO, and secondary amines to isopropenyla
cetylene in the presence of [Ph P(CH,) P.Ph |JRu(n.-
CH,-C(Me)=CH,), catalyst (SCHEME 28).

Cat. o
[RZNH—CO%(I-';)IH3-R2] + — I
N\ RN oz

SCHEME 28

Carbon dioxide providing the carbonyl function-
ality for the carbamates is not sufficient itself for
the excellent production of carbamates. The basic-
ity of the ionic species 2 is increased by adding basic
reagents. Furthermore, it has been proposed that
metal carbonates, like Na,CO,, K CO,, Cs,CO, etc.
are good basic reagents, which could provide carbo-
nyl functionality in addition to its basic properties.
Based on this concept there are many reports on the
use of metal carbonates for carbamate synthesis.
Thus, Butcher®!! have reported a carbamate synthe-

— i
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) Co,, 1

R Cs,CO; o R
RCH,X + NH—> N
) DMF, \

R 58-96% RH,C—O R?

SCHEME 29

sis in good to excellent yields (58-96%) from alkyl
halides using the cesium carbonate/CO, system
(SCHEME 29).

Later on, Salvatore et al.l*”! have reported a car-
bamate synthesis on a solid phase Merrifield resin in
good to excellent yields using cesium carbonate/CO,
and TBAI as phase transfer catalyst SCHEME 30).

R! 1
~ CO,, Cs,CO o
@ a-+ /NH# N,
TBAI, DMF \
2 H ’ (o) 2
R 60°C,~24h 55-97% ./\ R
SCHEME 30

Carbamate!®! synthesis was also carried out in
solution using aliphatic, aromatic, and heterocyclic
amines in a cesium carbonate/CO, system in pres-
ence of a catalytic amount of TBAI (SCHEME 31).

CO,, Cs,CO
1 2> 52 3, o) R!
R TBAI /
RCH,X + NH—» N
2 DME, RH,C—O \RZ
R 23°C, 47-96% N2
SCHEME 31

Besides using different amines they have also
used the same technique in peptidomimetic synthe-
sis (SCHEME 32).

"

o

o
H,N" "COOPh CIH,N~ ~COOMe
BzCl, CO,, | TBAI, DMF, BzCl, CO,, | TBAL DMF,
Cs,CO51 23°C,12h Cs,CO; | 23°C,24h

Ph O
PhH,CO-l—NH ~COOPh

0
PhH,co—L—NH ~coorh
SCHEME 32
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A direct synthesis of N-alkyl carbamates from
primary amines, and alkyl halides using the cesium
carbonate/CO, system has been reported™ by
Salvatore et al. (SCHEME 33).

R'X, CO,, Cs,CO, . o R

R.NH, >\—N
TBAI, DMF, rR—d r
23°C, 24 h
SCHEME 33

3.2 Electrochemical Synthesis Using Carbon di-
oxide

Inesi et al.*"! have reported carbamate synthesis
by using the carbon dioxide in an electrochemical
process (SCHEME 306). This synthesis is based on
the reaction of amines and anilines with the base
electrochemically generated from 2-pyrrolidone (as-
sociated with the Et, N" cation) followed by sequen-
tial addition of CO, and ethyl iodide.

A study of comparative yields by using different
metal carbonates and bases of O- as well as N-alky-
lated products in the synthesis of carbamates using
CO, and different metal carbonates and bases have
been reported by Shi Min et al.l**! (SCHEME 34).

PhCH,NH,+PhCH,X

CO,, Base, Solventl Metal carbonate

o)
I

PhCH,—NH—C—OPh + PhCH,N(CH,Ph),
SCHEME 34

We have reported a convenient, high yielding,
one-pot synthesis of carbamate esters in very good
yields (70-90%) from alcoholic tosylates and amines
using the K. CO,/CO, system in presence of a cata-
lytic amount of tetra-n-butylammonium iodide
(SCHEME 35). This method has been used for car-
bamate esters starting from aliphatic primary, sec-
ondary, and aromatic amines.

Rl
RCH, OTos + NH
- Ve
R2
Dry DMSO, | TBAI, COZ’
anhyd. K,CO; | 90-100°C, 5-6 h, 70-90%

Rl
/
RCH;—O-L-N
\RZ
SCHEME 35

& MeCN,
& EtNClO4 1. RzNH
N [ & 2 co, ————» R,N-COOEt
H 3 Et.I
]§Et4
SCHEME 36

Recently Inesi et al.¥™ have reported an improved
electrochemical synthesis of chiral oxazolidin-2-ones
from chiral 1,2-amino alcohols. They are obtained
by direct electrolysis of a solution of MeCN-TEAP
containing the amino alcohol with subsequent CO,
bubbling and addition of TosCl. This synthesis avoids
any addition of bases or probases and oxazolidinones
are obtained in high yields (SCHEME 37).

BN

N O
H

ee, MeCN,
EtNCIO,
1.CO,

OH
P NPy S

!
NEY

(0}
HN JI\O

Ph)_/

SCHEME 37

A new and selective method of 2-oxazlidinone
synthesis using a simple electrochemical procedure
by which the cyclic carbamate 4 and 5 can be ob-
tained in good yields from the direct reaction of sub-
stituted aziridines 3 with CO, has been recently re-
ported™®!. Carbon dioxide insertion into the C-N bond
takes place under very mild conditions at room tem-
perature and with atmospheric carbon dioxide pres-

Onganic CHEMISTRY o
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sure. The reaction was catalyzed by a Ni(II) com-
plex (10 mol%) and was carried out in a single com-
partment cell fitted with a consumable magnesium
anode and an inert cathode (SCHEME 38). This elec-
trochemical decarboxylation of N-Boc protected
aziridines leads to the cyclic carbamates as a 60:40
mixture of two regioisomers in 83% and 60%
aziridine conversion. The major isomer corresponds
to the incorporation of CO, at the less hindered side
of the monosubstituted aziridine. No reaction has
occurred in the absence of current, and in absence
of the Ni catalyst a very low yield of cyclic carbam-
ates was obtained (<10%).

i Lo X
[ ' R
N Nian + ¢ R N"Son o7 N
/\ +CO, ——— » +
R (1atm.) DMF, r.t. R
3) R @ ®)
SCHEME 38

3.3 Supercritical Carbon Dioxide

Yoshida et al.P have reported the synthesis of
carbamates in good yields from amines and alkyl ha-
lides using supercritical CO,, the potassium carbon-
ate system, and tetra-n-alkylammonium halides act-
ing as phase transfer catalyst (SCHEME 39). They
have also demonstrated the effect of different cata-
lysts on carbamates synthesis

Onium 1
Rl\ salt 3
NH +RX+K,CO, ——»  NTC7O07R

4 co
RZ 2

SCHEME 38

CONCLUSION

This review gives a comprehensive survey re-
garding the synthesis of organic carbamates using
cheep, easily available, and harmless reagents as the
source of carbamate the functionality i.e. CO,. Ot-
ganic carbamates have clearly been demonstrated to
be extremely useful and stable reagents, exhibiting
unique physical and chemical and biological proper-
ties. Furthermore, in organic synthesis, organic car-

—
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bamates have shown to be a powerful instrument
serving mainly as protecting groups for amines as
well as synthons for other functional group manipu-
lations. Organic carbamates have become excellent
templates for the formation of C-C and carbon-
hetero atom bonds. Organic carbamates have also
been utilized in the introduction of oxygen moieties
as well as in the activation of various functional
groups, which allows for a plethora of other applica-
tions. Organic carbamates have been frequently em-
ployed in organic synthesis for a variety of targets
including carbohydrates, nucleosides, natural prod-
ucts, and pharmaceutical substances. In addition,
organic carbamates have made a great impact in the
tields of polymer science, biology, and medicine.
Organic carbamates have been utilized in industry
as well and thus made their way into everyday life.
This important functional group class, although of-
ten overlooked, holds potential and no doubt will
offer new and exiting chemistry in the future.
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