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Abstract—A versatile method for the synthesis of carbamates from an �in-situ� generated polymer-supported chloroformate resin is
presented. BTC (bis-trichloromethyl carbonate) is used as phosgene equivalent to afford a supported chloroformate, which, by
sequential �one-pot� reaction with a variety of alcohols and amines, furnishes the corresponding carbamates in high yields and
purities.
� 2004 Elsevier Ltd. All rights reserved.
Carbamate is a widespread functional group in organic
synthesis. In general, carbamates are found as protect-
ing groups for the amino function, especially in the
chemistry of peptides and peptidomimetics.1 Moreover,
carbamates also play an important role in drug design,
as hydrolytically resistant ester2 or phosphate3 surro-
gates. In this context, we are currently exploring the
development of combinatorial libraries of phospholipid
analogues in which the more robust carbamate group is
used as phosphodiester surrogate. Based on these pre-
mises, we wish to report on an efficient synthetic proto-
col for the solution-phase parallel synthesis of
carbamates by means of a polymer supported �in-situ�
generated chloroformate.4,5

Our approach relies on the nitrophenol resin 1, easily
prepared from an inexpensive polystyrene-type resin,6

as described in the literature.7,8 To check the feasibility
of this strategy, we first reacted resin 1 with a series of
commercially available chloroformates to afford inter-
mediate carbonates 2a–d. Gratifyingly, carbamates 3a–e
were obtained in good isolated yields upon treatment
of the above carbonates with different amines, as shown
in Table 1.5,9
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Since the number of commercially available chlorofor-
mates is rather limited and preparation of individual
chloroformates may be cumbersome, these results
prompted us to develop a more versatile procedure for
the generation of carbamates 3, based on the �in-situ�
generation of a supported chloroformate (4)10 followed
by sequential reaction with the required alcohols and
amines. Among the commercially available safer phos-
gene equivalents, we found that reaction of resin 1 with
bis-trichloromethyl carbonate (BTC)11,12 followed by
sequential treatment of the putative chloroformate 4
with excess (5equiv) isobutyl alcohol and benzylamine
afforded carbamate 3e in comparable yield to that found
in the above two-step procedure.13,14 This method also
proved efficient for other amines, as indicated in Table 2.
In all cases, with the exception of the aniline derivative
shown in entry 9, the corresponding carbamates 3e–m
were obtained in good overall yields. Interestingly,
chloroformate 4 reacts chemoselectively with amino
alcohols, as shown in entries 5 and 6.

The intermediate chloroformate 4 was also challenged
against a series of alcohols (Table 3) and the intermedi-
ate carbonates 2a,e–i were next reacted with benzyl-
amine to afford the corresponding carbamates 3n–s in
good yields.

The method is straightforward, since excess alcohol and
coupling reagents can be removed by simple filtration of
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Table 2.

OH O N
R1R1R2NH2 (5 equiv)

R2CHCl3, rt, 20 h

BTC (1.3 equiv)
pyr (7.5 equiv)

1 3e-m
CH2Cl2
rt, 2h

O

O

Cl

O

O O

O

pyr (7.5 equiv),
CH2Cl2, rt, 2.5 h 2d

OH

(5 equiv)

4

Entry Amine Carbamate Yielda

1
NH2 3e 88

2 NH2 3f 75

3 N
H

3g 89

4
N
H 3h 69

5
H2N

OH 3i 99

6
OH

NH2
3j 94

7 NH2 3k 81

8 N
H 3l 88

9

H2N

OCH3
3m 40

a Yields were calculated from the 1HNMR crude in the presence of dimethyl terephthalate as internal standard.

Table 1.

OH O N
R1R1R2NH (5 equiv)

R2CHCl3, rt, 20 h

ClCOOR (4 equiv)
DMAP (0.25 equiv)

DIPEA (6 equiv)
CHCl3, rt, 20 h.1 2a-d

OR

O

OR

O

NO2

OH

O

OH

3a-e

Entry Chloroformate Carbonate Amine Carbamate Yielda (%)

1

OCOCl

2a NH2 3a 95

2 OCOCl 2b

H
N

3b 97

3 OCOCl 2c
N
H 3c 75

4

NH2HO

2d NH2HO 3db 99

5 2d
NH2 3e 80

a Isolated yields.
b Reaction was run in THF due to low solubility of amino alcohol.
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the resin, whereas excess amine can be efficiently
removed from the final product by aqueous acidic wash-
ings.15 In all cases, the resulting carbamates showed
homogeneous chromatographic (HPLC) and spectro-



Table 3.

OH O N
H

 (5 equiv)

CH2Cl2, rt, 20 h

BTC (1.3 equiv)
pyr (7.5 equiv)

1                                                       4                                              2a,e-i                                                                  2n-s
CH2Cl2
rt, 2h

OR

O

Cl

O

O OR

O

pyr (7.5 equiv), 
CH2Cl2, rt, 2.5 h

ROH (5 equiv)

NH2

Entry Alcohol Carbonate Carbamate Yielda

1

OH
2a 3n 53

2
OH

2e 3o 56

3
OH

2f 3p 66

4
OH

2g 3q 70

5

OH

2h 3r 76

6 OH 2i 3s 98

a Yields were calculated from the 1H NMR crude in the presence of dimethyl terephthalate as internal standard.
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scopic (1H and 13C NMR) patterns, and no further puri-
fication was required.

Finally, the intrinsic �catch and release� nature of this
methodology allows the recovery of the resin at the
end of the process. Interestingly, exploratory assays with
reused resin 1 showed no substantial loss of efficiency on
the synthesis of carbamates 3g–j (Table 2).

In summary, a simple and straightforward procedure for
the solution-phase synthesis of carbamates in high yields
and purities from a nitrophenyl derived polymer-sup-
ported chloroformate is reported. The supported rea-
gent can be easily prepared from an inexpensive
commercial PS resin.6 The method allows the easy re-
moval (or recycling, if required) of the excess alcohols
and amines at the end of each cycle.15 In addition, the
nitrophenyl resin can be reused with no significant loss
of efficiency. This method is suitable for application in
combinatorial synthesis, taking into account the wide
repertoire of commercially available alcohols and
amines as building blocks.
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