Indium-mediated efficient conversion of azides to carbamates
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A novel and efficient method for the high yield preparation of
carbamates by the reaction of azides with several chlorofor-
mates using indium metal in DMF at ambient temperature is
described for the first time.

Azides are an important class of compounds, particularly for
producing primary amines via reductive transformation. Pro-
tection of amines with appropriate groups plays an important
role in multistep synthesis of complex natural products and
also in peptide synthesis. Among the various amine-protecting
groups,! carbamates are commonly used due to their chemical
stability towards acids, bases and hydrogenation. In addition
to this, carbamates are well-known in the field of medicine
and agrochemicals.? The most commonly used procedures for
the conversion of azides to carbamates are based on the azide
catalytic reduction, followed by in situ protection with
Boc,0.3 However, in spite of its potential utility, catalytic
hydrogenation* is generally incompatible with carbon—carbon
multiple bonds, benzyloxycarbonyl (CBz) and related protect-
ing groups present in the substrate. An alternative method for
catalytic hydrogenation is the treatment of the azide with
phosphines, followed by the reaction with Boc,O° or chloro-
formates.® Some of these methods suffer from drawbacks like
unsatisfactory yields with secondary/aromatic azides’ and
require tedious isolation procedures to remove by-products.®
Even though catalytic hydrogenation and Staudinger methods
have been employed for the direct conversion of azides to car-
bamates, such an organometallic reaction has not been
hitherto applied for the preparation of carbamates. In recent
years, indium-mediated reactions® have received considerable
attention due to its exceptional stability to air and water,
compared to other metals. Since indium has special properties
in organometallic chemistry, the application of indium for the
one-pot conversion of azides to carbamates is of interest.

In continuation of our work on the applications'® of
indium, zinc and magnesium for various transformations,
herein we report a novel, convenient and practical method for
the direct conversion of azides to carbamates using indium
metal under mild reaction conditions (see Scheme 1). Thus,
several aryl and alkyl azides (see Table 1) were converted into
the corresponding carbamates by the reaction of the azide
with equimolar quantities of the chloroformate and indium
metal in DMF at room temperature. The application of this
method to a variety of azides indicates the scope of the reac-
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tion. The reaction proceeds smoothly at room temperature
and does not require any promoter, stringent conditions or
anhydrous solvent. The reaction of azides with chloroformates
in the presence of indium is rapid and affords high yields of
carbamates in a short time. All the products were character-
ized by 'H NMR, IR and mass spectra. A variety of functional
groups like esters, ethers, olefins, nitros and cyanos present in
the substrate are unaffected under the reaction conditions. It
should be emphasized that in the absence of indium, the reac-
tion did not proceed and mainly resulted in the recovery of
the starting materials. Similarly, the reaction of azides with
Boc,O in the presence of metals did not yield the product,
even after a long reaction time at room temperature. The
failure of this reaction with Boc,O in the presence of indium
metal clearly indicates that the chloroformate activates the
metal, allowing the reaction to proceed rapidly at room tem-
perature. Even though we have not studied the reaction
mechanism in detail we presume that indium metal quickly
reacts with chloroformates to generate an In(m)
organometallic species that attacks the azide with loss of N,
gas to afford an R-N(In)-COOR! intermediate, which on
hydrolysis gave the desired carbamate. In the blank experi-
ment the azides were not reduced by indium metal under the
reaction conditions. The reaction was successful only with
chloroformates in the presence of metals. Furthermore, high
yields of products were isolated when the reactions were
carried out in DMF. Among various metals like Mg, Zn and
Sn used for this transformation, indium is found to be more
effective than the others. The comparative yields of car-
bamates with zinc have also been summarized in the table.

In conclusion, this letter describes a novel, efficient and
practical methodology for the high yield preparation of car-
bamates from azides using indium metal under mild condi-
tions. The adopted procedure is very simple, rapid and
convenient, and is a useful addition to the existing methods.

Experimental

A mixture of chloroformate (6 mmol) and activated indium or
zinc powder (6 mmol) was stirred in commercial dimethyl for-
mamide (10 ml) for 5 min at 0 °C. A solution of azide (5 mmol)
in commercial DMF (5 ml) was then slowly added and the
mixture stirred for an appropriate length of time at room tem-
perature. After complete conversion, as indicated by TLC, the
reaction was quenched with aqueous ammonium chloride
(20%, 20 ml) and extracted with ether (2 x 25 ml). The com-
bined organic layer was washed with brine (20 ml), dried over
anhydrous Na,SO, and concentrated in vacuo to yield crude
product, which was purified by column chromatography on
silica gel (Aldrich, 100-200 mesh, ethyl acetate—hexane 1: 9),
to afford pure carbamate.

2¢: 'H NMR (CDCl,): 6 1.4 (t, 3H, J = 7.8 Hz), 2.3 (s, 3H),
43 (q, 2H, J =178 Hz), 6.4 (br s, NH), 7.4-7.65 (m, 3H).
IR (KBr): v, 3288 (NH), 1690 (CO), 2982, 1577, 1528, 1479,
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Table 1 Indium-mediated one-pot conversion of azides to carbamates

Reaction
Entry Azide Chloroformate Carbamate time/min” Yield (%)®
N, NH___OMe
a ©/ i ©/ 701/ 30(90) 90(83)
Cl—C—0Me
Ny NH.__ _OMc
b it 70( 45(120) 88(75)
Cl—C—0Me¢
Ny NH_ _OEt
c /@[ 0 /@[ 70( 60(80) 95(87)
M Br Cl—C—OEt Br
N, NH._ _OMe
d /@[ 0 /@[ 70( 55(70) 87(81)
MeO Br Cl—C—O0Me e0 Br
Ny NH.__OMe
e @[ 0 @[ To( 40(60) 91(78)
CHy Cl—C—0Me CH;
N; NH_ _OBn
f Q o /@ 70( 35(85) 85(75)
F Cl—C—0Bn F
N; NH._ _OMe
g /©/ 0 J@/ 70( 25(50) 78(70)
NC Cl—C—0Me¢ NC
N, NH. _OEt
h Q 0 /©/ 1( 35(65) 71(68)
O,N Cl—C—OFEt N
0
0 OM
i @\)J\O/\% o 60(85) 86(76)
i m
1l
N Cl—C—O0Me 0
NH_ _O
J @N3 ] @ N 30(60) 90(87)
CI_C_OV< o
CH, CH,
k N; NH__-OEt 20(45 87(74
<8 i Ty “ ™
Cl—C—OFt 0
(0]
N, NH 0/\<
1 y )}(OCHZCHX o ocich, 25(75) 83(65)
€ m o
0 Cl_f‘°v< 0
0
0
m I 3 30(80) 72(63)
Nc/\(\’)(\N3 CI—C—O\/< NCTT NH 0/\<
0
0
30(55 83(77
" /M\NS C]—E—OBn /\)((\NHJ&OBH ( ) ( )
0
MecO e
o YT 0 MO\”/\/pg)kome 45(70) 81(68)
0 Cl—C—0Me 0

¢ Reaction times of the corresponding zinc-mediated reaction are given

reaction are given in parentheses.

in parentheses. ® Reaction yields of the corresponding zinc-mediated

1440, 1390 cm~!. MS: VG micromass 7070 (70 e€V) m/z (%)
257 [M]7" (40), 259 [M]* (40), 184 [m — COOEt]™" (30), 103
(100), 75 (50), 47 (35).
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