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Abstract—An efficient, simple protocol for the selective cleavage of a variety of N-alkoxycarbonyl protecting groups by ~-BuNH,/
MeOH is described. The scope of the procedure was explored for a series of indole, aniline and pyrrolidine carbamate derivatives
containing other potentially reactive functional groups affording a clean cleavage of the carbamate group.

© 2006 Elsevier Ltd. All rights reserved.

Protection and deprotection strategies of a functional
group are extensively used in modern organic synthesis.
Among the N-protecting groups the carbamate group is
commonly used throughout organic synthesis for the
protection of aliphatic and aromatic amines and
amides.! Many simple carbamates have been used as
protective groups. In particular, the fert-butoxy- and
benzyloxy-carbonyl groups (Boc, Cbz) and, to a lesser
extent, the methoxy- and ethoxy-carbonyl groups
(CO,Me, CO,Et) are widely used for the synthesis of
nitrogen-containing compounds.'®? The synthetic utility
of the Boc and Cbz groups is due to the easy and effi-
cient protocols for their introduction and removal. It
is known that N-carbamate protecting groups of amines
and amides can be removed either under homogeneous
or heterogeneous conditions;'®? strongly acidic, basic
or even neutral conditions. In addition, a recent free
radical chemoselective cleavage of N-Cbz protected
compounds induced by n-BuzSnH has been reported.*
Mildly basic protocols using ammonia and simple
amines like NH,CH,OH, Et,NH, Et;N, (i-Pr),NH,
DBN, DBU, piperidine have been used in peptide syn-
thesis to perform cleavage of the 9-florenylmethyloxy-
carbonyl (Fmoc) protecting group by B-elimination.’
In addition, PrNH, has been used to deprotect 2-(tri-
fluoromethyl)-6-chromonylmethyl (Tcroc) carbamate
group® and the Cs,COs-imidazole system for the re-
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moval of the Boc-group from amino compounds.’” In
this work, we report an experimentally simple procedure
using -BuNH,/MeOH for the removal of methyl, ethyl,
i-propyl, t-butyl and benzyl carbamate groups in indole
and aniline derivatives. We observed that the reactivity
of these alkoxycarbonyl groups with ~-BulNH, is a func-
tion of the size of the alkyl group and a plausible mech-
anism for this deprotection is outlined.

Our experiments were first conducted with the ester
indole N-carbamate derivative 1a.% Thus, the treatment
of 1a with 10equiv of ~-BuNH, in MeOH at room
temperature during 28 days resulted in the selective
N-deprotection of 1a to give 2a in a quantitative yield
(Table 1, entry 1). It is noteworthy to mention that
under this reaction conditions the ester functionality
was unaffected. Attempts to use equimolar quantities
of t-BuNH, were unsuccessful and only traces of
compound 2a were isolated from the reaction mixture.
Furthermore, a control experiment in MeOH without
the amine gave no deprotection of 1a at all. These results
indicate that -BulNH; is essential for deprotection and
its concentration determines the rate of reaction. When
1a was treated with 10 equiv of the amine in MeOH un-
der reflux, the reaction was completed after 58 h (entry
2). Further optimization led us to find that the reaction
was best carried out when 30 equiv of ~-BuNH, were
used. Accordingly, the clean conversion of 1a into 2a oc-
curred efficiently in 4 h with 99% yield (entry 3). The use
of other solvents such as DMF, toluene, THF, CHCl;,
CH,Cl, and MeCN was explored (entries 4-9); but
deprotection of 1a to give 2a failed in most of them with
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Table 1.
Q ;R +BUNH, Q ;R
) solvent \
) )
COgMe H
1a-f 2a-f

Entry® Compound Equiv of ~-BuNH, Time Solvent Product Yield (%)

1 la: R = CH,CO,Me 10 28 days MeOH 2a Quant

2 la 10 58h MeOH 2a Quant

3 la 30 4h MeOH 2a 99

4 la 30 24 h DMF 2a 90

5 la 30 24 h Toluene — —

6 1a 30 24 h THF — —

7 la 30 24 h CHCl, — —

8 1a 30 24 h CH,Cl, — —

9 la 30 24 h MeCN — —
10 1b: R = CH(CO,Me), 30 2h MeOH 2b Quant
11 le: R =CO,Me 30 0.5h MeOH 2c Quant
12 1d: R = COCO,Me 30 4h MeOH 2d 99
13 le: R = CH,CN 30 0.5h MeOH 2e Quant
14 1f: R = CH,CONHMe 30 1.5h MeOH 2f Quant

#Reactions were carried out under reflux except for entry 1, which was carried out at rt.

the exception of DMF, which allowed the isolation of 2a
in 90% yield after 24 h of reaction (entry 4), showing
that MeOH is critical for the deprotection reaction.

Having successfully established a protocol for the selec-
tive indole carbamate deprotection of 1a we set out to
examine this process on indole derivatives 1b—f contain-
ing other base-sensitive groups like ester (entries 1, 10,
11 and 12), keto (entry 12) and cyano (entry 13). Among
the different carbonyl groups present in compounds 1b—f
only the carbamate group reacted affording, respec-
tively, products 2b—f in high yields (entries 10-14) and
no traces of the corresponding fert-butylamine deriva-
tives were identified. The X-ray structure of compound
2b (Fig. 1) evidences the deprotection at the N-atom in
1b° and the presence of the methyl malonate groups at
C3. It is worthwhile to note that as soon as TLC analysis
shows the disappearance of the starting material, the
t-BuNH,/MeOH mixture can be removed from the reac-
tion mixture just by evaporation under vacuum or by
fractional distillation to recover -BuNH,. The
procedure gave the desired N-deprotected products in
excellent yields and purity. Neither column chromato-
graphy nor aqueous work-up was necessary to afford
pure deprotected products 2a—f.

The scope of this reaction was explored with indole
derivatives 3a—d'° containing different alkylcarbamates
(Table 2). Thus, when these compounds were treated
with 30 equiv of -BulNH, in MeOH under reflux, free
indole 4 was obtained in excellent yields. The results in
this table reveal that cleavage rate is a function of the
size of the alkyl group. Methyl, ethyl and benzyl carba-
mates resulted to be notably more reactive than did Boc-
carbamate. Even more, N-Boc derivative 3¢ reacted only
when the mixture was heated to reflux under pressure in
a sealed tube for a longer reaction time (entry 4). Since it
is known that the N-Boc protecting group is cleaved
under thermal conditions giving rise to CO, and isobutyl-
ene,!! to asses the role of the amine, compound 3¢ was

refluxed under pressure in a sealed tube in the absence
of t+-BuNH,. After 14 h of reaction, a 3:1 mixture of
4:3¢ was observed in the '"H NMR of the reaction crude.
This result indicates that in the case of 3¢ thermal
decomposition of the N-Boc group occurred, but it is
slightly accelerated by #-BuNH, by a pB-elimination
process.>"7

On the other hand, the effect of an electron-withdrawing
or an electron-donating group was evaluated with ani-
line derivatives Sa—f, which were also treated with
-BuNH,/MeOH (Table 3). Compounds 5a—e with the
electron-withdrawing group NO, reacted to a different
extent to give 6a, whereas aniline 5f with the electron-
donating group OMe remained unchanged. In addition,
as can be seen in Table 3, the steric effect in Sa—e influ-

Figure 1. X-ray structure of 2b.
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Table 2.
@ +BuNH, @

N MeOH N

|

CO5R Ill

3a-d 4

Entry® Substrate Time (h) Yield (%)
1 3a: R =Me 5 98
2 3b: R =Et 10 98
3 3c: R=1¢-Bu 30 Traces
4 14° 97
5 3d: R=Bn 30 98

#Reactions were carried out under reflux.
® Under pressure in a sealed tube.

enced the reaction rate in the order Me> Et =
i-Pr > Bn > ¢t-Bu. These results, together with those
obtained by the treatment of 3a—d (Table 2), clearly indi-
cate that the carbamate undergoes cleavage with
t-BuNH,/MeOH by a direct nucleophilic attack at the
carbonyl of the carbamate group. Further exchange of
N-compound by ~-BuNH, leads to deprotection.

Contrary to the case of previous indole and aniline
N-carbamate derivatives, carbamate groups in compounds

NHCO,Me NHCO,Me
=
N MeOH |‘\1
COZMe H
1 12

Scheme 1.

7a—e, 8 and 9, attached to the nitrogen atoms of primary
or secondary amines either aromatic or aliphatic were
left unaffected under the above protocol. Interestingly,
compound 10 was easily deprotected in 3 h in a quanti-
tative yield. The observed selectivity when a mixture of
3a and 8 gave deprotection of only 3a, and the reaction
of 11 gave quantitatively product 12'? (Scheme 1),
points to the importance of charge delocalization in
the leaving N-compound.

In summary, we have demonstrated the use of a simple
and efficient method for the removal of carbamate pro-
tecting groups including methyl, ethyl, i-propyl, ¢-butyl
and benzyl from indoles and some anilines bearing an
electron-withdrawing group.'?® Different base-sensitive
groups like esters, aldehydes and nitriles remained
unchanged under this protocol. Except for 6a, these
reactions proceed without need for an aqueous
work-up or column chromatography for the removal
of reagents. The simplicity of this reaction, low cost of

H
l‘\l\CO " the reagents and mild nature of z~-BuNH, in comparison
@Z—> 2Me with other methods, enhance the attractiveness of the
N protocol described here.
|
CO.R
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In a typical experiment, N-carbamate derivative
(0.52 mmol) was dissolved in MeOH (5 mL) and 30 equiv
of +-BuNH, were added. The mixture was stirred under
reflux for the appropriate time (Tables 1-3). After
complete conversion, as indicated by TLC, the reaction
mixture was cooled to room temperature and the volatile
reagents were evaporated to afford pure N-deprotected
products. Only in the case of compound 6a purification by
flash chromatography'* using silica gel 60 (230-400 mesh)
and hexane/EtOAc, 8:2 v/v was required.

The identity and the purity of the reaction products were
established by their spectral ("H NMR, IR and MS) data
and by a direct comparison with authentic samples.
Crystallographic data (excluding structure factors) for 2b
have been deposited with the Cambridge Crystallographic
Data Centre as a Supplementary Publication Number
CCDC 626181. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [fax: +44(0) 1223 336033 or
e-mail: deposit@ccdc.cam.ac.uk].
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