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ABSTRACT

Here we report a novel amide bond formation strategy from simple thioacid and amine starting materials. The reaction is mediated by unstable but
very reactive S-nitrosothioacid intermediates. This fast reaction under mild conditions should be useful in synthesis.

Due to the importance in biology and drug discovery,
amide or peptide bond formation is an active area in
organic chemistry. In the past decade, a number of new
strategies for the construction of amide bonds have been
discovered.1 In particular, thioacid or thioester derivatives
are attractive startingmaterials.Recent studies have revea-
led some unique reactivity of these sulfur-based compounds
and demonstrated some advantages of them compared to
carboxylic acid derivatives in amide and peptide bond form-
ing sequences.2 In our recent efforts to study new chemistry

of thiolS-nitrosation,3 we envisioned that if thioacids were
subjected to nitrosation (Scheme 1), the corresponding
S-nitrosothioacids (NTA) could be formed. Such a sulfur-
nitrosation process may activate thioacids and lead to a
facile acylation with certain nucleophiles. Herein, we report
a very efficient amide bond formation mediated by NTA.
It is known that S-nitrosothiols are unstable moieties.

Their chemistry, especially synthetically useful reactions,
has not beenwell studied.4NTA typemolecules have never
been clearly identified, although such compounds may be
involved in some thiyl radical formation processes.5 In our
study,we first tested thepreparationofNTA.One example
using thiobenzoic acid 1 is shown in Scheme 2. Compound
1 was treated with organonitrite (RONO) or HCl/NaNO2

in organic solutions at rt or 0 �C. The resulted species,
presumably NTA 2, showed a deep green color (UV
spectra of 2 were shown in the Supporting Information),
which is the characteristic color of tertiary S-nitrosothiols.
The NTA 2 appeared to be unstable as the green color
readily faded when we attempted to isolate compound 2.
The final isolated product was disulfide 3, which is the
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expected decomposition product from S-nitrosothiols.
Although NTA 2 was unstable, we tested the idea to trap
NTA in situ with some nucleophiles. Amines proved to be
excellent substrates, and the formation of amide bondswas
achieved in a very effective way (see table 1 below). It was
also remarkable that NTA, unlike other activated carbo-
xylic acid derivatives, did not show any reactivity toward
hydroxyl groups (such as benzyl alcohol, phenol, and N-
hydroxysuccinimide). This is promising for further study
of selective N-acylation.
We then optimized the conditions for this NTA media-

ted coupling between thioacids and amines. The best pro-
cedure was to mix the thioacid (1.0 equiv) and the amine
(1.1 equiv) at 0 �C. Commercially available amyl nitrite
(2.0 equiv) was then added dropwise into the solution. In
this process, no additional basewas needed. The formation
of the desired amide product was observed immediately
and in high yields (monitored by TLC). As shown in
Scheme 3 (entries 1-4), this reaction worked nicely in a
number of common solvents including THF, DCM,DMF,
andCH3CN.Water seemed tohave little effect on the coupl-
ing as the reaction gave similar results in buffer containing

systems (entries 5 and 6). This process proved to be a very
fast process, as in all the solvents the reaction completed
within minutes at 0 �C.
To prove the reaction was indeed involving NTA, we

carried out several control experiments (Scheme 4). The
reaction between thioacid 1 and R-methyl-benzylamine

Table 1. NTA Mediated Amide CouplingScheme 1. Proposed NTA Coupling

Scheme 2. Formation of NTA and the Reaction of NTA

Scheme 3. Solvent Effects of NTAMediated Amide Formation
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only led to the formation of amide 4a in trace amounts at
rt, evenwhen the aminewas used in large excess (10 equiv).
A previous report by Orgel et al. also suggested that
thioacids should not directly react with amines to form
amides.2i As NTA are unstable species and could easily
decompose to form disulfides, we then tested the reaction
between disufide 3 and R-methyl benzylamine. Again, we
did not observe the formation of the amide product
(Scheme 4B). The addition of amyl nitrite into disulfide 3
did not lead to any amide formation either (Scheme 4C).
Finally, we tried to capture the unstableNTA intermediates
using the reductive ligation,3awhich is a specific reaction of
SNO groups. After several attempts, we were able to
obtain the desired ligation product 6 using substrate 1a

(Scheme 4D). Although the yield of 6 was only 23%, the
formation of this sulfenamide product strongly supported
the presence of an NTA intermediate in the reaction.

The results shown above suggested that NTA act as an
effective activating group to facilitate amide formation. To
test the generality of this reaction, a series of thioacids and
amines were employed under the optimized conditions
(Table 1). The reaction proved to be very efficient with
not only primary amines but also sterically hindered
secondary amines (entries 1-8). We also tested several
amino acid substrates. As expected, the corresponding
dipeptide products were obtained in good yields in all
substrates (entries 9-14). As shown in entry 10, a free
hydroxyl group did not interfere with the reaction, which
was consistent with our previous selectivity results. In all
the cases, the reaction was able to be complete within 10
min at 0 �C.
In summary, we presented here a novel amide bond

formation strategy from simple thioacids and amines. This
process was mediated by reactive NTA intermediates. It
revealed nitrosation as a novel strategy for thioacid activa-
tion. Compared to other amide formation methods, this
reaction only utilized readily available organonitrite as the
activation reagent. It took place under very mild reaction
conditions, and the reaction rate was extremely fast. The
chemistry is easily executed. It also showed excellent
selectivity toward amines over hydroxyls. In our opinion,
this method should be promising for peptide coupling/
ligation and selective N-acylation. Further studies on the
detailed reaction mechanism, the application of this
method in synthesis and biology, and the exploration of
new chemistry of NTA are currently ongoing in our
laboratory.
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Scheme 4. Control Experiments


