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ABSTRACT
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.           2006 Trade Science Inc. -
INDIA
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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-
fied 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[1], which
hold unique applications in the field of  pharmaceu-
ticals[2] and agriculture[3]. Organic carbamates have

also been played an important role in the area of
synthetic organic chemistry, particularly as synthetic
intermediates[4], for the protection of  amino groups
in peptide chemistry[5], and as linkers in combinato-
rial chemistry[6]. 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[7]. 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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gene[8], its derivatives[9], and carbon monoxide[10].
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[11] or supercritical[12] state or in an
electrochemical process[13]. Besides, it has also been
used for C-C, C-N, and C-O bond forming reac-
tions[14]. In the present review we-

2. Classification of Carbamates
Classification of carbamates (figure 1) will fo-

cus on the synthesis of organic carbamates using vari-
ous conditions and forms of  carbon dioxide.

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).

       Carbamates

Inorganic Organic

Metal Non metal Saturated Unsaturated

Symmetrical Unsymmetrical

Aliphatic Aliphatic-aromatic Aromatic Others

Simple Substituted

Simple Activated Cyclic

Simple Functional

Thio Imido Ortho Pyro

Linear Branched Alicyclic Linear-alicyclic

Symmetrical Unsymmetrical

Symmetrical Unsymmetrical

Simple Substituted

Figure 1: Classification of carbamates

SCHEME 1

R-NH2  +  CO2 R-NH-COOH
(1)
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However, Yoshida et al.[15] have reported the syn-
thesis of carbamates from CO2, 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.[16] have also reported a
carbamate esters synthesis starting from CO2 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.

R2NH   +  CO2  +  CH2=CH-O-CH2CH3

R2N C O

O

OCH2CH3

SCHEME 2

2R2NH+CO2+R'X R2N C

O

OR'+R2NH2⋅X

SCHEME 3

Later on, Ishii et al.[17] have reported the synthe-
sis of carbamates from the CO2 and ortho esters
(SCHEME 4). This reaction takes long reaction
times, but is useful for the carbamates derived from
primary and secondary amines.

CO2+R2NH+R'C(OR'')3 R2N C

O

OR''

SCHEME 4

NH

R1

R2

+  CO2 O+

22-24 h 42-52%

OH

O C N

O

R

R'

OH

N
R

R'

+

SCHEME 5

+  CO2 O+

OH

O C N

O

Ti(NMe2)4

H2O

SCHEME 6

Mono-carbamates of 1,2-diols from the corre-
sponding 1,2-epoxides have been prepared[18] by re-
action with CO2 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.

 The mono-carbamates could also be obtained
from an epoxide using tetrakis(dimethyl)-titanium
(IV) and CO2 (SCHEME 6)[19]. 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 CO2 and aliphatic amines in metha-
nol gave carbamates (2-17%) (SCHEME 7)[20].

Later on, better yields have been reported by

O
Cl RHN O NH3R

O

+

OH

Cl
O

O

NHR N O

OH

R O
O

Ph N O NH

O

+ R

R'

R

R'

Ph
HO

O

O

N
R'

R

Ph
O

O

N
R'

ROH
+

SCHEME 7
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Yoshida et al.[21] (SCHEME 8). However, the latter
syntheses suffer from leading to isomer mixtures

Kojima et al. [22] have reported carbamates syn-
thesis from epoxides, amines, and CO2 where the
latter was previously fixed on an aluminium porphy-
rin (SCHEME 9).

This reaction led to the formation of  bis(2-
oxazolidinones)[24] when 2-methoxy 3,3-dimethyl-2-
phenyloxirane or α-bromo-i-butyrophenone was re-
acted with CO2 and aliphatic α,ω-diamines
(SCHEME 11).

O

R1 R2
CO2+ NH

R'

R''
+

R1

HO O

O

N
R'

R''R2

R1

HO N
R'

R''R2

+

SCHEME 8

O

R1 R2
CO2+ NH

R'

R''
+

R1

HO O

O

N
R'

R''R2

Aluminium 
porphyrin

SCHEME 9

Toda et al.[23] have reported the synthesis of  cy-
clic carbamates (i.e. oxazolidinones).  Reaction of
carbon dioxide with α-bromoacylophenones in the
presence of aliphatic primary amines in methanol
afforded 3-alkyl-4-hydroxy oxazolidone-2 derivatives
under mild conditions (SCHEME 10).

Ph
O R'

X

OPh

MeO R'

RNH-COONH3R

N O

O

Ph

R

OHR'

40-60%

MeO

SCHEME 10

Ph
O

Br

OPh

Me
O

Ph OH

MeO

MeO

CO2/ H2N-R-NH2

N O

O

Ph

OHR'

O N

O
R NH2

OH
Ph

O N

O

OH
Ph

R

Where R= (CH2)n, n=1, 2, 3, 4, 5, 6 etc.

+

MeO MeO

SCHEME 11

O
Br

R

R'NH-COONH3R' O N

O
R'

R

OH

O N

O
R'

R
OH

+

trans
SCHEME 12

Reaction of 2-(1-haloalkyl)-oxiranes with carbon
dioxide and aliphatic primary amines gave five-and
six-membered cyclic carbamates[25] (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 CO2 as shown in SCHEME
13.

2 RNH2  +  CO2 RNH-COONH3R
(2)

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.[26] have re-
ported the synthesis of organic carbamates from pri-
mary and secondary amines, CO2, and alkyl halides
in the presence of a strong proton acceptor like DBU
(SCHEME 14).
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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.[30] 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-
CO2 complex and subsequent O-alkylation by dif-
ferent alkyl halides (SCHEME 18).

RX  +
R1

NH
R2

CO2, DBU

R O

O
N

R1

R2

SCHEME 14

2 RNH2  +  CO2 RNH-COONH3R
(2)

R' X 18-Crown-6-ether

R' O

O
N

H

R

SCHEME 15

Aresta et al.[27] 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.[28]. In presence of alkylating agents
this leads to the formation of  carbamates (SCHEME
16) in good yields (40-78%).

2 RNH2  +  CO2 RNH-COONH3R
(2)

R' X / Base

R' O

O
N

H

R

SCHEME 16

O-Allyl carbamate[29] 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 CO2, to a THF solution of allylic

R
R'

NH +   base  +  CO2 R
R'

N C O H base
O

X

PdLn R
R'

N C O
O

SCHEME 17

R-(CH2)n-CH2X
R1

R2
NH+

DBU-CO2 complex
5 oC, 24 h, 80-98%

R-(CH2)n-CH2 O
O

N
R1

R2

SCHEME 18

R3P + CCl4 R3P CCl3Cl

R3

H OH

NHR'R2

H
CO2-Et3N

R3

H O

NR2

H

R'

O
PPh3 O

N
R'

O

R2

H
R3

H
SCHEME 19

Cyclic urethanes[31] could be obtained in good
yields (33-93%) under mild conditions from amino
alcohols and carbon dioxide using phosphorus(III)
reagents [i.e. Ph3P, (PhO)3P] and halogenoalkanes
( i.e. CCl4 and CCl3.CCl3)( SCHEME 19).

Tominaga et al.[32] have reported the synthesis of
2-oxazolidinones from CO2 and 1,2--amino alcohols
catalyzed by n-Bu2SnO (SCHEME 20). The
dehydrative condensation of 1, 2-aminoalcohols with
CO2 was found to proceed in NMP as the solvent. 2-
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Oxazolidinones were obtained in 53-94% yields when
the commercially available n-Bu2SnO was used as
the catalyst.

Recently, we have reported[33] an efficient, one-
pot, high yielding carbamate synthesis from CO2,
amines, and alkyl halides using Triton-B as the cata-
lyst (SCHEME 21).

OHHN

R2 R3

R1

+  CO2
180oC, 16h, 53-94%

O

N
R1

O
R2

R3

n-Bu2SnO

SCHEME 20

R-(CH2)n-CH2X
R1

R2
NH+

3-5 h, 80-98%

R-(CH2)n-CH2 O
O

N
R1

R2

Triton-B, CO2, 
90-100oC

SCHEME 21

We have also reported[34] the synthesis of  car-
bamates in high yields from a variety of alcoholic
tosylates and amines using the Triton-B/CO2 sys-
tem (SCHEME 22).

R2

R3

R1

O.Tos
R

HN

R,

+ R2

R3

R1

O C N

O R

R,

 Dry DMSO, 
Triton-B, CO2

60oC,  2-4 h, 
76-98%

SCHEME 22

R. (CH2)n. CH2.OH  + R1 NH

R2

R. (CH2)n. CH2.O
O

N R2
R1

CO2 ,  Ph3P/DEAD 2-4 h,  80-98%

SCHEME 23

A direct synthesis in high yields of carbamates
from primary alcohols and amines using Mitsunobu’s
reagent/CO2 system was reported by our group[35]

(SCHEME 23).
Recently, carbon dioxide has been converted into

carbamates[36] through reaction with amines and
alcohols catalyzed by tin complexes. The addition
of acetals as dehydrating agent under high CO2 pres-
sure is the key to achieve high yields (SCHEME 24).

RNH2+CO2+R'.OH

Tin complexes

R.NH O

O
R' + H2O

SCHEME 24

Vinyl carbamates[37] have been synthesized from
CO2, diethylamine and alkynes in presence of  a ru-
thenium catalyst (SCHEME 25).

R + Et2NH + CO2

Ru3(CO)12, 
solvent

125-140oC

R

H H

O C
O

N(Et)2

H

H R

O C
O

N(Et)2

+
H

R H

O C
O

N(Et)2

+

SCHEME 25

R + CO2 + NH
R'

R'
R

O C N
O R'

R'

Et2NH + CO2 + R
Ru-complexes

Et2N CO

O

CH CH R + Et2N CO

O

C CH2

R

&

SCHEME 26
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Better yields of vinyl carbamates[38] were obtained
using CO2 and ruthenium complexes [i.e. RuCl2
(PR3)carene) and RuCl2(norborna diene) (pyridine)2.]
(SCHEME 26).

Shim et al.[39] 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 CO2 in presence of MCl3 (M=Ce, Pr, Nd, Gd)
gave carbamates (n=6) in 20-38% yields. They have
also prepared the carbamates (n=4, 5) in 31 and 21%
yields (SCHEME 27).

(CH2)n NH + HO
Me

Me

+ CO2

MCl3

(CH2)n O
Me

Me

CN

O

SCHEME 27

Regioselective synthesis of O-1-(1,3-dienyl) car-
bamates[40]  was carried out by regioselective addi-
tion of CO2 and secondary amines to isopropenyla
cetylene in the presence of  [Ph2P(CH2)nP.Ph2]Ru(η3-
CH2-C(Me)=CH2)2 catalyst (SCHEME 28).

Cat.
[R2NH−COONH3⋅R2] + R2N O

O

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 Na2CO3, K2CO3, Cs2CO3 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[41] have reported a carbamate synthe-

sis in good to excellent yields (58-96%) from alkyl
halides using the cesium carbonate/CO2 system
(SCHEME 29).

Later on, Salvatore et al.[42] have reported a car-
bamate synthesis on a solid phase Merrifield resin in
good to excellent yields using cesium carbonate/CO2
and TBAI as phase transfer catalyst (SCHEME 30).

RCH2X  +
R1

NH
R2

CO2, 
Cs2CO3

RH2C O

O
N

R1

R2DMF, 
58-96%

SCHEME 29

Cl
R1

NH
R2
+

CO2, Cs2CO3

TBAI, DMF, 
60oC,~24h 55-97%

O

O
N

R1

R2

SCHEME 30

Carbamate[43] synthesis was also carried out in
solution using aliphatic, aromatic, and heterocyclic
amines in a cesium carbonate/CO2 system in pres-
ence of a catalytic amount  of TBAI (SCHEME 31).

RCH2X  +
R1

NH
R2

CO2, Cs2CO3, 
TBAI

RH2C O

O
N

R1

R2DMF, 
23oC, 47-96%

SCHEME 31

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

Ph

H2N COOPh

BzCl, CO2, 
Cs2CO3

TBAI, DMF,
 23oC, 12 h

Ph

NH COOPh
O

PhH2CO

ClH2N COOMe

BzCl, CO2,
Cs2CO3

TBAI, DMF,
23oC, 24 h

NH COOPh
O

PhH2CO

SCHEME 32
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A direct synthesis of N-alkyl carbamates from
primary amines, and alkyl halides using the cesium
carbonate/CO2 system has been reported[44] by
Salvatore et al. (SCHEME 33).

R.NH2
R'X, CO2, Cs2CO3

TBAI, DMF, 
23oC, 24 h

R' O

O
N

R

R'

SCHEME 33

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
CO2 and different metal carbonates and bases have
been reported by Shi Min et al.[45] (SCHEME 34).

PhCH2NH2+PhCH2X

PhCH2 NH C OPh + PhCH2N(CH2Ph)2

O

CO2, Base, Solvent Metal carbonate

SCHEME 34

We have reported[46] a convenient, high yielding,
one-pot synthesis of carbamate esters in very good
yields (70-90%) from alcoholic tosylates and amines
using the K2CO3/CO2 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.

RCH2.OTos
R1

R2
NH

Dry DMSO, 
anhyd. K2CO3

TBAI, CO2, 
90-100oC, 5-6 h, 70-90%

RCH2 O
O

N
R1

R2

+

SCHEME 35

3.2 Electrochemical Synthesis Using Carbon di-
oxide

Inesi et al.[47] have reported carbamate synthesis
by using the carbon dioxide in an electrochemical
process (SCHEME 36). This synthesis is based on
the reaction of amines and anilines with the base
electrochemically generated from 2-pyrrolidone (as-
sociated with the Et4N

+ cation) followed by sequen-
tial addition of CO2 and ethyl iodide.

N
H

O

e, MeCN,
EtNClO4

N O

NEt4

1. R2NH
2. CO2
3. Et.I

R2N-COOEt

SCHEME 36

N
H

O

e, MeCN, 
EtNClO4

N O
NEt4

H2N OH

Ph
+

1.CO2

2. TosCl

HN O

O

Ph

SCHEME 37

Recently Inesi et al.[48] 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 CO2
bubbling and addition of  TosCl. This synthesis avoids
any addition of bases or probases and oxazolidinones
are obtained in high yields (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 CO2 has been recently re-
ported[49]. Carbon dioxide insertion into the C-N bond
takes place under very mild conditions at room tem-
perature and with atmospheric carbon dioxide pres-
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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 CO2 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%).

N
R'

R
+  CO2
(1 atm.)

N OH

O

Ni(II) + e R'

R

O N

O

R

R'

DMF, r.t.
+

(3) (4) (5)
SCHEME 38

3.3   Supercritical Carbon Dioxide
Yoshida et al.[50] have reported the synthesis of

carbamates in good yields from amines and alkyl ha-
lides using supercritical CO2, 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

R1

R2
NH + R3X + K2CO3

R1

R2

N C O

OOnium
salt

CO2

R3

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. CO2. Or-
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-

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
fields 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.

ACKNOWLEDGEMENTS

The authors are grateful to Dr.S.Ray for his fruit-
ful discussions.

REFERENCES

[1] P.Adams, F.A.Baron; Chem.Rev., 65, 567 (1965).
[2] (a) S.Ray, D.Chaturvedi; Drugs of  the Future, 29, 343

(2004).
(b) S.Ray, S.R.Pathak, D.Chaturvedi; Drugs of  the Fu-

ture, 30, 161 (2005).
[3] (a) A.Mateen, S.Chapalamadugu, B.Kashar, A.R.

Bathi, G.R.Chaudhary; Biol.Degrad.Biorem.
Toxic.Chem., 198 (1994).

(b) Y.Y.Wigfield; Food Sci.Technol.(NY), 77, 1501
(1996).

[4] (a) V.Snieckus; Chem.Rev., 90, 879 (1990).
(b) W.W.Cleraland, T.S.Andrews, S.Gutteridge,

F.C.Hartman, G.H.Lorimer; Chem.Rev., 98, 549
(1998).

(c) F.Tanaka; Chem.Rev., 102, 4885 (2002).
[5] T.W.Greene, P.G.M.Wuts; ‘Protecting Groups in Or-

ganic Synthesis’, 3rd ed., John Wiley and Sons, Inc.,
New York, 503 (1999).

[6] (a) J.P.Mayer, G.S.Lewis, M.J.Curtius, J.Zhang; Tetra-



84 OCAIJ, 2(4) November 2006

RRRRReviewevieweviewevieweview

An Indian Journal

Use of carbon dioxide in the synthesis of organic carbamates

Organic CHEMISTRYOrganic CHEMISTRY

hedron Lett, 38, 8445 (1997).
(b) H.P.Buchstaller; Tetrahedron, 54, 3465 (1998).
(c) P.T.Holte, L.Thijs, B.Zwanenburg; Tetrahedron

Lett., 39, 7404 (1998).
[7] (a) T.Matsui, T.Kondo, Y.Nishita, S.Itadani,  H.Tsuruta,

S.Fujita, N.Omawari, M.Sakai, S.Nakazawa,
A.Ogata, H.Mori, H.Ohno, T.Obata, H.Nakai,
M.Toda; Bioorg.Med.Chem.Lett., 12, 907 (2002).

(b) T.Seko, M.Kato, H.Kohno, S.Ono, K.Hashimura,
H.Takimizu, K.Nakai, H.Maegawa, N.Katsube,
M.Toda; Bioorg.Med.Chem.Lett., 12, 915 (2002).

[8] D.P.N.Satchell, R.S.Satchell; Chem.Soc.Rev., 4, 231
(1975).

[9] S.Raucher, D.S.Jones; Synth.Commun., 15, 1025
(1985).

[10] (a) T.W.Leung, B.D.Domblk; Chem.Commun., 205
(1992).

(b) T.Mizuno, J.Takahashi, A.Ogawa; Tetrahedron.,
58, 7805 (2002).

[11] R.Mahe, Y.Sasaki, C.Bruneau, P.H.Dixneuf; J.Org.
Chem., 54, 1518 (1989).

[12] M.A.Yoshida, N.Hara, S.Okuyama; Chem.
Commun., 11 (2000).

[13] (a) M.A.Casedei, A.Inesi, F.M.Moracci, L.Rossi;
Chem.Commun., 2575 (1996).

(b) M.A.Casadei, F.M.Moracci, G.Zappia, A.Inesi, L.
Rossi; J.Org.Chem., 62, 6754 (1997).

(c) M.Feroci, A.Inesi, L.Rossi; Tetrahedron Lett., 41,
963 (2000).

[14] H.Arakawa, M.Aresta, J.N.Armor, M.A.Barteau, E.J.
Becman, A.T.Bell, J.E.Bercaw, C.Creutz, E.Dinjus, D.
A.Dixon, K.Domen, D.L.Dubois, J.Eckert, E.Fijita,
D.H.Gibson, W.A.Goddard, D.W.Goodman, J.Kellr,
G.J.Kubas, H.H.Kung, J.E.Lyons, L.E.Manzer, T.J.
Marks, K.Morokuma, K.M.Nicholas, R.Periana, L.
Que, J.R.Nielson, W.M.H.Sachtler, L.D.Schimdt, A.
Sen, G.A.Somarjai, P.C.Stair, B.R.Stults, W.Tumas;
Chem.Rev., 101, 953 (2001).

[15] Y.Yoshida, S.Inoue; Chem.Lett., 1575 (1977).
[16] (a) Y.Yoshida, S.Ishii, T.Yamashita; Chem. Lett., 1571

(1984).
(b) Y.Yoshida, S.Ishii, M.Watanabe, T.Yamashita; Bull.

Chem.Soc.Jpn., 62, 1534 (1989).
[17] S.Ishii, H.Nakayama, Y.Yoshida, T.Yamashita; Bull.

Chem.Soc.Jpn., 62, 455 (1989).
[18] Y.Yoshida, S.Inoue; Chem.Lett., 139 (1978).
[19] Y.Yoshida, S.Inoue; Bull.Chem.Soc.Jpn., 51, 559

(1978).
[20] T.Asano, N.Saito, S.Ito, K.Hatakeda, T.Toda;  Chem.

Lett., 311 (1978).

[21] Y.Yoshida, S.Inoue;  J.Chem.Soc.Perkin Trans.I, 3146
(1979).

[22] E.Christ, F.Kojima, T.Aida, S.Inoue; J.Am.Chem.
Soc., 108, 391 (1986).

[23] T.Toda; Chem.Lett., 957 (1977).
[24] N.Saito, K.Hatakeda, S.Ito, T.Asano, T.Toda; Bull.

Chem.Soc.Jpn., 59, 1629 (1986).
[25] M.Yoshida, M.Ohshima, T.Toda; Heterocycles, 35,

623 (1993).
[26] Y.Hori, Y.Nagano, J.Nakao, T.Fukuhara,  H.Taniguchi;

Chem.Express., 224 (1986).
[27] M.Aresta, E.Quaranta; Tetrahedron, 48, 1515 (1992).
[28] (a) W.D.McGhee, Y.Pan, D.P.Riley; Chem.Commun.,

699 (1996).
(b) W.D.McGhee, D.P.Riley, K.Christ, Y.Pan, B.Parnas;

J.Org.Chem., 60, 2820 (1995).
[29] (a) W.D.McGhee, D.P.Riley, M.K.M.Christ; Organo-

metallics, 12, 1429 (1992).
(b) M.Aresta, E.Quaranta; Chem.Tech., 32 (1997).
(c) P.G.Jessop, T.Ikariya, R.Noyori; Chem.Rev., 95,

259 (1995).
[30] E.R.Perez, M.O.Silva, V.C.Costa, U.P.R.Filho, D.W.

Franco; Tetrahedron Lett., 43, 4091 (2002).
[31] Y.Kubota, M.Kodaka, T.Tomohiro, H.Okuno; J.

Chem.Soc.Perkin.Trans.I, 5 (1993).
[32] K.I.Tominaga, Y.Sasaki; Synlett, 307 (2002).
[33] D.Chaturvedi, S.Ray; Monatsh.Chem., 137, 201

(2006).
[34] D.Chaturvedi, S.Ray; Monatsh.Chem., in press (2006).
[35] D.Chaturvedi, A.Kumar, S.Ray; Tetrahedron.Lett., 44,

7637 (2003).
[36] M.Alba, J.C.Choi, T.Sakakura; Chem.Com., 2238

(2001).
[37] Y.Sasaki, P.H.Dixneuf; Chem.Com., 790 (1986).
[38] R.Mahe, Y.Sasaki, C.Bruneau, P.H.Dixneuf; J.Org.

Chem., 54, 1518 (1989).
[39] S.Shim, J.Chul, D.Ook, C.Hoon, Y.K.T.Youn; Bull.

Korean Chem.Soc., 11, 468 (1990).
[40] J.Hofer, H.Doncet, C.Brunean, P.H.Dixneuf; Tetra-

hedron Lett., 32, 7409 (1991).
[41] K.J.Butcher; Synlett, 825 (1994).
[42] R.N.Salvatore, V.L.Flander, D.Ha, K.W.Jung; Org.

Lett., 2, 2797 (2000).
[43] (a) R.N.Salvatore, S.I.Shin, A.S.Nagle, K.W.Jung; J.Org.

Chem., 66, 1035 (2001).
(b) R.N.Salvatore, F.Chu, A.S.Nagle, E.A.Kapxhin,

R.M.Cross, K.W.Jung; Tetrahedron, 58, 3329
(2002).

[44] R.N.Salvatore, J.A.Ledger, K.W.Jung; Tetrahedron
Lett., 42, 6023 (2001).



Devdutt Chaturvedi et al. 85OCAIJ, 2(4) November 2006

RRRRReviewevieweviewevieweview

Organic CHEMISTRYOrganic CHEMISTRY
An Indian Journal

[45] M.Shi, Y.M.Shen; Helv.Chim.Acta.,  84,  3357 (2001).
[46] D.Chaturvedi, A.Kumar, S.Ray; Synth.Commun., 32,

2651 (2002).
[47] (a) M.A.Casadei, F.M.Moracci, G.Zappia, A.Inesi,

L.Rossi; J.Org.Chem., 62, 6754 (1999).
(b) M.Feroci, A.Inesi, L.Rosii; Tetrahedron Lett., 41,

963 (2000).

(c) M.Feroci, A.M.Casadei, M.Orsini, L.Palombi, I.
Inesi; J.Org.Chem., 68, 1548 (2003).

[48] M.Feroci, A.Gennaro, A.Inesi, M.Orsini, L.Palombi;
Tetrahedron Lett., 43, 5863 (2002).

[49] P.Tascedda, E.Dunach; Chem.Commun., 449 (2000).
[50] M.Yoshida, N.Hara, S.Okuyama; Chem.Commun.,

151 (2000).


