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Deprotection of N-tosylated indoles and related structures
using cesium carbonate
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Abstract—A very mild, efficient, and convenient method for deprotection of N-tosylated indoles and related structures by cesium
carbonate in THF–MeOH is described.
� 2006 Elsevier Ltd. All rights reserved.
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Table 1. Reactiona of N-tosyl-5-bromoindole 9 with varying amounts
of cesium carbonate in THF–MeOH

Entry Amount of
Cs2CO3 (equiv)

Reaction
time (h)

Conversionb

10/9

1 1.0 15 69/31
Many compounds in medicinal chemistry contain
heteroaromatics as part of the structure and the NH-
functionality, that is, present in some of these molecules
needs to be protected during the synthesis by a suitable
group, that is, easily removable. Tosyl group is one such
blocking group, and its deprotection is usually accom-
plished by one of following methods: dissolving metal
reductions (Li or Na) in ammonia, alcohol or HMPA;
single electron transfer reagents such as sodium nap-
thalenide, Na–Hg, n-Bu3SnH; reducing agents L-Select-
ride, Red-Al; photolysis.1,2 Other reagents used for this
deprotection are highly nucleophilic Gilman’s reagent
PhMe2SiLi,1 highly basic NaOH (or KOH) in alcohol
solvents at high temperature,3,4 KF5 on alumina under
microwaves, n-Bu4NF in refluxing THF,6 Mg–MeOH,7

polymer-supported potassium thiophenolate,8 and
HSCH2COOH/LiOH.9

Most of these methods, while effective in a number
of cases, have serious incompatibilities with other
functional groups. While making an indole derived drug
substance, we needed to effect N-detosylation. Several
literature methods were tried which invariably gave
low yields due to the formation of many by-products.
This led to the development of a new and a very mild
method for N-detosylation of indoles and related struc-
tures using cesium carbonate (Scheme 1). To determine
the optimum stoichiometry of cesium carbonate, a set of
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experiments was performed with N-tosyl-5-bromoindole
9, and the results are shown in Table 1. The reactions
were carried out in a mixed solvent THF–MeOH (2:1).
Ideally, the solvent of choice is methanol but simple
N-tosyl indoles (such as 9) are highly liphophilic and
are not soluble in methanol. When the reactions were
carried out in a single solvent methanol or ethanol, the
reactions times were longer. The reaction did not work
when carried out in iso-propanol.

It is apparent from the results in Table 1 that 3 equiv of
cesium carbonate are required to achieve a reasonable
reaction rate for N-detosylation of indole 9. It is also
2 2.0 15 95/5
3 3.0 15 99/1

a A mixture of 9 (0.25 mmol) and Cs2CO3 (1–3 equiv) in THF–MeOH
(3 mL, 2:1) was stirred at 22 �C and followed by HPLC.

b Determined by HPLC.
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Table 2. Reactiona of N-tosyl-5-bromoindole 9 with various alkali
metal carbonates in THF–MeOH in the presence/absence of water

Entry Alkali metal
carbonate (3.0 equiv)

Additive
(equiv)

Conversionb

10/9

1 Li2CO3 — h0.1/i 99.9
2 Na2CO3 — h0.1/i 99.9
3 K2CO3 — 24/76
4 Cs2CO3 — 99.8/0.2
5 Li2CO3 H2O (1.0) h0.1/i 99.9

H2O (40.0) h0.1/i 99.9
6 Na2CO3 H2O (1.0) h0.1/i 99.9

H2O (40.0) h0.1/i 99.9
7 K2CO3 H2O (1.0) 23/77

H2O (40.0) 0.4/99.6
8 Cs2CO3 H2O (1.0) 99.7/0.3

H2O (40.0) 7/93

a A mixture of 9 (0.25 mmol), alkali metal carbonate (3 equiv) and
water (0, 1 or 40 equiv) in THF–MeOH (3 mL, 2:1) was stirred at
22 �C for 15 h.

b Determined by HPLC.

Table 3. Deprotection of N-tosyl indoles and related heterocyclesa

Substrate12 Temperature (�C)/
reaction time (h);
conversionb

Product

N
Ts

1 

22/90; 95/5 (2/1) N
H

2 
64/0.5; >99/1 (2/1)

N
Ts

Me

3 

22/70; 2/98 (4/3) N
H

Me

4 
64/48; 97/3 (4/3)

N
Ts

Me

5 

22/70; 12/88 (6/5)
N
H

Me

6 

64/8; 98/2 (6/5)

N
Ts

MeO

7

22/18; 7/93 (8/7) N
H

MeO

8
64/2.5; >99/1 (8/7)

N
Ts

Br

9 

22/15; >99/1 (10/9) N
H

Br

10 

N
Ts

CO2Et

11

22/1; >99/1 (14/13)
N
H

COOEt

12

N
Ts

O2N

13

0–5/5; >99/1 (12/11) N
H

O2N

14 c

N N
Ts

15 

22/2; >99/1 (16/15) N N
H

16 

N

N N
Ts

NHMe

17 

22/0.5; >99/1 (18/17)
N

N N
H

NHMe

18 

N

N
Ts

Ph

19 

22/0.5; >99/1 (20/19)

N

N
H

Ph

20 

a A mixture of N-tosylindole (0.5 mmol) and Cs2CO3 (1.5 mmol) in
THF–MeOH (3 mL, 2:1) was stirred at a specified temperature and
progress of the reaction was followed by HPLC.

b Determined by HPLC.
c Unidentified by-product (9.6%) was also formed.
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interesting to note that the initial by-product observed
in this reaction is methyl p-toluenesulfonate (Scheme
1). If the reaction rate is slow enough as it is in the pres-
ent case, the p-MePhSO3Me formed reacts further with
methanol to give p-MePhSO3H and MeOMe. On the
other hand, p-toluenesulfonic acid and dimethyl ether
are the only by-products observed when the reaction
was carried out at reflux temperature.10

Next we examined N-detosylation of N-tosyl-5-bromo-
indole 9 with different alkali metal carbonates. The effect
of water on this reaction was also studied. The results
are shown in Table 2.

It is clear from the results in Table 2 (entries 1, 2, 5, and
6) that Li2CO3 and Na2CO3 with or without water are
totally ineffective in deprotection of tosyl group in 9.
Potassium carbonate does effect detosylation of 9 (entry
3) but it is much less effective than Cs2CO3 (entry 4).
While the use of one equivalent of water in the reaction
mixture has practically no effect, excess of water
(40 equiv) virtually shuts down the reaction (entry 3 vs
7 and entry 4 vs 8).

Based upon the optimized conditions with respect to the
solvent, the stochiometry, and the alkali metal carbon-
ate described above (Tables 1 and 2), a variety of substi-
tuted indoles and azaindoles were subjected to
N-detosylation with Cs2CO3. The results are shown in
Table 3.11

The reaction of unactivated N-tosyl indole 1 with cesium
carbonate in THF–MeOH at room temperature was
rather slow and gave 95% conversion after 90 h. How-
ever, when the reaction mixture was heated at reflux
(64 �C), complete deprotection of the tosyl group was
achieved in just 0.5 h. The reaction is slower in MeOH
alone as compound 1 has limited solubility in MeOH.
The reaction rate as expected is very sensitive to both
electronic and steric effects of the substituents. For
example, with indole 3 there is no reaction at ambient
temperature for up to 70 h. Even at reflux, the reaction
was slow, and it took 48 h to effect 97% conversion of 3
to 4. In contrast, the deprotection of N-tosyl-3-methyl-
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indole 5 was essentially complete in 8 h at reflux. Elec-
tron-donating substituents such as methoxy group in 7
also slow down the reaction. Nevertheless, complete
deprotection of the tosyl group was achieved at reflux
in 2.5 h. Electron withdrawing substituents such as
bromo, vinyl ester, and nitro groups greatly facilitate
the nucleophilic attack. For example, N-tosyl-5-bromo-
indole 9 and the unsaturated ester derivative 13 were con-
verted into the corresponding free indoles 10 and 12 in
quantitative yields in 15 h and 1 h, respectively. Depro-
tection of 11 was carried out in THF–EtOH rather than
in THF–MeOH to avoid any trans-esterification by-
products. Also, it is interesting to note that no Michael
addition by-product(s) was observed.5,9 The deprotec-
tion of N-tosyl-5-nitroindole 13 was complete in 0.5 h
at 22 �C but it also gave an unidentified by-product.
To minimize the formation of the by-product the reac-
tion was carried out at 0–5 �C and the product 14 was
formed in 90.4% yield.

We have successfully extended this methodology to N-
detosylation of azaindoles. Azaindoles have lower pKa
values compared to indoles13 and thus are expected to
be better leaving groups. Indeed, detosylation of aza-
indoles 15 and 17 were complete at ambient temperature
in only 2 h and 0.5 h, respectively.

Imidazole also acts as a good leaving group and as a
result, detosylation of 2-phenylimidazole derivative 19
proceeded very rapidly at room temperature to give
product 20 in quantitative yield. It is interesting to note
that the reaction time (0.5 h) is much shorter than 2.5 h
as reported by the thioglycolate method.9

In summary, we have developed a very mild and efficient
method for detosylation of a wide range of indoles,
azaindoles, and imidazoles. Cesium carbonate is readily
available, inexpensive, and easy to handle. This method
should prove useful for deprotection of tosyl groups in
indoles, azaindoles, and in situations where the other
methods are not selective.
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