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A NaH-mediated detosylation reaction of various Ts-protected indoles, azaheterocycles, anilines and
dibenzylamine was reported. The method features cheap reagent, convenient operations, mild reaction
conditions and broad substrate scope. Moreover, this study revealed that the loading of NaH in tosylation
reactions of nitrogen-containing compounds with NaH as a base in DMA or DMF should be controlled due
to the possibility of adverse detosylation.

� 2020 Elsevier Ltd. All rights reserved.
The protection and deprotection of nitrogen-containing com-
pounds are very important topics in synthetic organic chemistry.
Among various protecting groups for amines, sulfonyl plays a vital
role due to the advantages of being stable to many reaction condi-
tions as well as easy preparation and isolation. Nevertheless, the
desulfonylation procedure is usually distinguished as a trouble-
some issue. To date, a lot of methods have been developed to
remove the sulfonyl groups, and some representative ones are as
follows: i) reductive cleavages of NAS bond with alkaline metals
[1], Mg [2], Al [3], SmI2 [4], Red-Al [5], low valent titanium [6],
organic electron donors [7], ii) basic conditions such as Grignard
reagent [8], MOH [9], M2CO3 [10], NaOMe [11], NaOt-Bu [12],
KPPh2 [13], LiSiMe2Ph [14], TBAF [15], iii) acidic conditions such
as HBr [16], HF [17], H2SO4 [18], iv) other approaches including
electrochemistry [19], photoinduced electron transfer [20] et al.
However, many of these strategies suffer from harsh reaction con-
ditions and low functional group tolerance. Therefore, develop-
ment of mild and efficient deprotection protocols for sulfonyl
groups (especially the most commonly used tosyl group) is
urgently required.
Recently, we disclosed a palladium-catalyzed debenzylation
method using sodium hydride (NaH) as a reducing reagent
(Scheme 1a, 2 ? 1) [21], which could be considered as a reverse
process for the benzylation of phenol (1 ? 2). In the continuous
explorations in the field, we occasionally found that a detosylation
reaction took place when treating N-tosyl-indole with NaH in DMF
(Scheme 1b, 4a1 ? 3a). We were surprised because the tosylation
of indole (3a ? 4a1) also frequently applied NaH as a base in the
same solvent [10a,15]. Our discovery means excessive NaH is actu-
ally detrimental to the tosylation reaction. However, to our knowl-
edge, it has never been reported in previous literatures. To confirm
this finding and get insight into the novel detosylation reaction, a
series of experiments were conducted (Table 1).

We began our studies using Ts-protected indole 4a1 as a model
substrate to optimize the reaction conditions. First, several sol-
vents were tested (Table 1, entries 1–7). DMF, DMA and DMSO
were identified as effective reaction media to promote the detosy-
lation process [22,23] (Table 1, entries 5–7), whereas other sol-
vents could not give any product (Table 1, entries 1–4). We
speculate only polar aprotic solvents have the ability to activate
sodium hydride to break the NAS bond. Although the reaction tem-
perature was found to significantly alter the reaction speed, it
almost had no effect on the yield (Table 1, entries 6, 8–10). Finally,
evaluation of NaH loading revealed 2 equivalents provided the best
result (Table 1, entries 6, 11–12). Moreover, several other sulfonyl
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Scheme 1. The NaH-mediated ‘reversible’ reactions.

Table 1
Optimization of the reaction condition.a

Entry Substrate NaH
(eq.)

Solvent Temp
(�C)

Time
(h)

Yield
(%)b

1 4a1 2 THF 60 12 NR
2 4a1 2 toluene 60 12 NR
3 4a1 2 1,4-

dioxane
60 12 NR

4 4a1 2 DME 60 12 NR
5 4a1 2 DMF 60 3 90
6 4a1 2 DMA 60 3 92
7 4a1 2 DMSO 60 1 88
8 4a1 2 DMA 25 8 89
9 4a1 2 DMA 40 6 87
10 4a1 2 DMA 80 2 89
11 4a1 1.4 DMA 60 12 64
12 4a1 1.8 DMA 60 4.5 91
13 4a2 2 DMA 60 2 72
14 4a3 2 DMA 60 3 0c

15 4a4 2 DMA 60 2 70
16 4a5 2 DMA 25 0.5 83

aReaction conditions: 4a (0.2 mmol, 1 equiv) and NaH (1.4–2.0 equiv) in dry solvent
(1.5 mL) was stirred under N2 for specified time. bIsolated yield. cNo desired 3a was
detected, and 4a3 was recovered in 78% yield.

Scheme 2. Substrate scope for the detosylation of indole-based sulfonamides.

Scheme 3. Substrate scope for the detosylation of Ts-protected azaheterocycles
and secondary amines.
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groups were evaluated under the optimial deprotection conditions
(Table 1, entries 13–16). Although 4-methoxybenzenesulfonyl pro-
tected indole 4a2 gave 3a in good yield (Entry 13), no desired
deprotective product was detected in the case of 4-nitrobenzene-
sulfonyl substrate 4a3 (Entry 14). Methanesulfonyl (Entry 15)
and trifluoromethanesulfonyl (Entry 16) also proved to be good
leaving groups under NaH/DMA conditions.

With the optimized conditions in hand, we then investigated
the substrate scope of the detosylation reaction. As shown in
Scheme 2, a number of Ts-protected indoles bearing electron-
donating and electron-withdrawing substituents were successfully
detosylated by NaH in DMA at 60 �C. The corresponding Ts-free
products 3a-s were isolated in moderate to excellent yields
(52–96%). It is worthy noting that substrate 4b containing an ester
moiety also generated desired product 3b by selectively deprotect-
ing the tosyl group, which was difficult to achieve for other basic
2

detosylation reagents.9a In addition, the potentially reactive alkyl
chloride of 4d and acidic acetyl group of 4h did not affect the deto-
sylation reaction, smoothly delivering the indole products 3d and
3h. Gratifyingly, scale-up of 4a1 to 1g level gave target product
3a in good yield (85%).

Encouraged by the success of indoles, we next tried to expand
the substrate scope to other heterocycles and secondary amines
(Scheme 3). To our delight, many types of biologically important
azaheterocycles, such as 1H-indazole (6a-c), benzimidazole (6d-
h), benzotriazole (6l), dibenzopyrrole (6i-k) and phenothiazine
(6m), could be produced from their Ts-protected precursors under
the NaH/DMA conditions. It seems that the nitro group has some
adverse impact on the reaction by generating messy byproducts,
but still could afford deprotection products in moderate yields
(6c and 6e). The competitive ester group in benzimidazole 5f sur-
vived the detosylation conditions to give 6f in 84% yield. Moreover,
it was demonstrated the methodology was also suitable for various
Ts-protected common secondary amines, represented by the gen-
eration of tetrahydroquinoline 6n, N-methylaniline 6o, dipheny-
lamine 6p, and dibenzylamine 6q.



Scheme 4. Tosylation and detosylation of indole under the same conditions.

Scheme 5. The proposed mechanism.
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The limitations of the method were also realized. Ts-protected
secondary amines with two aliphatic groups, such as 5r and 5s,
could not be transformed into free amines by NaH/DMA. Primary
amines with Ts protection (such as 5t) also failed to afford detosy-
lation products due to the easy ionization of this type of substrates,
which prevented the further attack by NaH.

One important application of our discovery, as mentioned above
(Scheme 1b), is to guide the tosylation of secondary amine sub-
strates. In order to get optimal reaction yield, the loading of NaH
must be carefully regulated because extra NaH may destroy the
tosylation product. We designed an experiment to support this
point of view (Scheme 4). To a suspension of NaH (0.24 mmol) in
DMF (1.5 mL) was sequentially added indole 3a (0.2 mmol) and
TsCl (0.2 mmol), and the mixture was stirred at rt for 2 h, with
TLC indicating 3awas completely transformed into 4a1. Then addi-
tional NaH (0.4 mmol, 2.0 eq.) was put into the reaction system and
continued to stir for 8 h. It was observed 4a1 was throughly
restored to the starting material 3a in 89% isolated yield, and the
structure of 3a was identified by 1H NMR.

To verify the reaction mechanism, a series of experiments were
conducted. Please see the Supporting Information for the experi-
ment details. The proposed mechanism for the NaH-mediated
detosylation reaction is depicted in Scheme 5.

In summary, we have developed a simple and efficient protocol
for the N-detosylation of tosylated indoles, several azaheterocycles,
some anilines and dibenzylamine using cheap and convenient
NaH/DMA conditions. Our studies revealed that the NaH-mediated
tosylation of nitrogen-containing compounds should control the
loading of NaH due to the risk of detosylation by excessive NaH.
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