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Amide Synthesis from Thiocarboxylic Acids and Amines by
Spontaneous Reaction and Electrosynthesis
Li Tang, ™ Jack H. Matuska,™ Yu-Han Huang, ¥ Yan-Hong He,* [ and Zhi Guan*[#

Abstract: Amide bond formation is one of the most important basic
reactions in chemistry. A catalyst free approach for constructing
amide bonds from thiocarboxylic acids and amines has been
developed. The mechanistic studies showed that the disulfide is the
key intermediate for this amide synthesis. Thiobenzoic acids can be
automatically oxidized to disulfides in air, while thioaliphatic acids can
be electrooxidized to disulfides, and the resulting disulfides react with
amines to give the corresponding amides. By this method, various
amides can be easily synthesized in excellent yields without using any
catalyst and activator. The successful synthesis of bioactive
compounds also highlights the synthetic utility of this strategy in
medicinal chemistry.

The amide bond is not only the essential backbone of certain
natural products (e.g., peptides, proteins, and chitins), but also
one of the most important functional groups in organic compounds
(e.g., catalysts, pharmaceuticals, agrochemicals, and materials).*
A 2006 survey showed that the amide bond was present in 2/3 of
drug candidates,? and in the newly approved drugs of 2017, 60%
of the drugs were found to contain amide bonds.2 The amide bond
is a vital motif of some top selling drugs such as Actig, Melatonin,
Ambien, Acetaminophen, Lidoderm, and Lenalidomide (Scheme
1). Therefore, the development of versatile strategies for the
formation of amide bonds is one of the main objectives of organic
chemistry.
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Scheme 1. Top selling amide bond-containing drugs.
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Thioacids as acyl sources to form amide bonds under mild
conditions have drawn increased attention from organic chemists
in the last decade.* So far, there are two main strategies for the
formation of amide bonds from thioacids. One is that thioacids
react with some chemical reagents such as Sanger reagents &
Mukaiyama reagents,® oganoisonitriles,®  Cu(ll)-reagents,’
Carbon disulphide,® organonitrite,’ and nanocatalyst!® to form
more reactive thio-intermediates, which can react with amines to
give the amides (Scheme 2, a). The other one is that thioacids
can be converted to disulfides, which can be nucleophilically
substituted by amines to form corresponding amides.'!3
Methods for converting thioacids to disulfides have been reported
by several research groups. Gopi's group used |, as a mediator
to form disulfides.*® Tan’s group developed a photo-oxidation
process using Ru(bpy)sCl, as a photocatalyst to obtain disulfides
from potassium thioacids .2 Biswas’s group reported that CdS
nanoparticles can act as a heterogeneous photocatalyst to
catalyze the formation of disulfides form thioacids * (Scheme 2,
b). While these reported strategies are effective, they have some
drawbacks, such as the use of toxic reagents, metals or
expensive catalysts. Therefore, it is necessary to develop more
sustainable and greener approaches for amide bond formation
from thioacids to avoid extra reagents such as catalysts,
activating reagents or toxic solvents.'#
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Scheme 2. The approaches for activing thioacids to form amides.

We found that in the absence of any catalyst or activating
reagent, the reaction of thiobenzoic acid with amines in air
atmosphere can produce corresponding benzamides in excellent
yields. However, the performance of thioaliphatic acids is not as
good as thiobenzoic acid under the same conditions. Our
mechanistic studies showed that disulfide is the key intermediate
in this process. It has been reported that potassium thioacid can
be oxidized to disulfide by photo-oxidation.*? Thus, we
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hypothesized that potassium thioacids may also be electro-
oxidized to thio-radicals, which can form disulfides by self-
coupling. Organic electrosynthesis has several advantages, such
as the use of electrical current as an inexpensive, renewable, and
inherently safe reagent. Therefore, this method has attracted
more and more attention from organic chemists.'® Karkas
provided an overview on the C-N bond formation by anodic
electrochemical methods.'® Lei's group reported the electro-
oxidative S-H/S-H crossing-coupling to construct the disulfides
without oxidants or catalysts.’” Bunge obtained the disulfides by
electrolyzing thiocarboxylic acid.'® Although the above results
showed the possibility of our hypothesis, there are some
challenges of electrosynthesis of amides. Waldvogel group
reported that amides could be transformed to amidyl radicals by
electro-oxidation which were able to process various reactions.*®
This indicates that the electrolysis of products must be avoided
during the amide electrosynthesis. To verify our idea, potassium
thioacetate and amines were subjected to constant-current
electrolysis in an undivided cell, and after optimization of the
reaction conditions, the corresponding amides were obtained in
excellent yields. Therefore, a catalyst-free synthetic methodology
for constructing amide bonds from thioacids was developed. The
key step in this process is the formation of disulfides. Thiobenzoic
acids can be automatically oxidized to disulfides in air, while
thioaliphatic acids can be electrooxidized to disulfides, and the
resulting disulfides react with amines to give the corresponding
amides (Scheme 2, c). Herein, we report this environmentally
friendly, high-yield, easy-to-implement amide bond synthesis
method.
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Scheme 3. Substrate scope for spontaneous reaction to form benzamides.
Reaction conditions: 1 (1.0 mmol) and 2 (0.5 mmol) in 5 mL of EtOAc stirred
under air at rt for 24 h. Isolated yields.™
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Encouraged by our discovery that in the absence of any
catalyst or activating reagent, the reaction of thiobenzoic acid 1a
with aniline 2a can get the product 3aa in an excellent yield of
96% under air atmosphere in ethyl acetate (EtOAc ) with molar
ratio of 1a:2a = 2:1 (for the optimization of molar ratio of 1ato 2a,
see the Supporting Information (Sl), Table S1, entries 1-3), we
further optimized this reaction. Firstly, several common solvents
were screened (SI, Table S1, entries 4-7) and it was found that
solvent strongly influences yield of 3aa. The reaction in
tetrahydrofuran (THF) gave almost the same yield (95%) as in
EtOAc. Considering that EtOAc is cheaper and safer than THF
(THF can form peroxides in air), EtOAc was chosen as the optimal
solvent for the reaction. To our surprise, the reaction in MeCN,
CH,CI, and EtOH gave very low yields. In order to understand the
effect of the solvent on the reaction, we investigated the effects of
the different solvents on the disulfide formation step and the step
of forming the amide from the disulfide and aniline, respectively.
It was found that solvents have a great influence on the formation
of disulfide by air oxidation of 1a. The yields of disulfide (after 24
h) in EtOAc and THF were much better than in CH3CN, CH,Cl,
and EtOH (SI, Table S2). THF was slightly more efficient than
EtOAc, probably because a portion of THF forms peroxides in air
which promote the oxidation of 1a. For the step of forming amide
3aa from the disulfide and aniline 2a, the reaction can be carried
out with high yields in almost all of the tested solvents in a
relatively short time (5 h) (SI, Table S3). Therefore, we speculate
that the spontaneous reaction in EtOAc and THF gave good yields,
probably because they facilitate the formation of the disulfide
under air. Next, we investigated the effect of reaction time on the
spontaneous reaction (Sl, Table S4). It was found that as the
reaction time increased from 6 h to 24 h, the yield of 3aa increased
from 55% to 96%. We tried to speed up the reaction by improving
the contact between air and solution. The reaction was carried out
under continuous air bubbling and 1 mL EtOAc was added every
2 h at rt, which gave 3aa in 79% yield after 6 h. Although the
bubbling method can increase the reaction rate, we did not
choose it due to the rapid evaporation of the solvent and the odor
of the reactants.

We then tested the generality of the spontaneous reaction in
EtOAc (Scheme 3). Firstly, an array of amines were examined.
There was no significant difference between the performance of
ortho-Me-, meta-Me- and para-Me-substituted anilines, and they
all gave the amides in excellent yields (3ab — 3ad). The anilines
with electron-rich groups (3ae and 3ag) and electron-deficient
groups (3ah, 3ai, 3aj and 3am) could all be converted into the
corresponding amides in good to excellent yields. In general, the
former could achieve better yields than the latter, which is
consistent with the electronic effect of nucleophiles. It is important
to mention that the reaction is chemoselective between alcohol
and amine (3af). The naphthylamines (3an and 3ao) also worked
well in this reaction scheme. The slightly lower yield offered by 1-
aminonaphthalene compared to 2-aminonaphthalene may be due
to steric hindrance effects. The secondary aromatic amine (3ap)
also participated well in the reaction, but the yield was slightly
lower compared to the primary aromatic amine, probably due to
steric hindrance. Benzylamine (3aq and 3ar), alkyl primary amine
(3as) and alkyl secondary amines such as pyrrolidine (3at) and
piperidine (3au) could also effectively participate in the reaction to
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give the corresponding amides in excellent yields. This
spontaneous reaction could also occur with the electron-donating
group and the electron-withdrawing group substituted thiobenzoic
acids, leading to the corresponding amides 3ba and 3ca in good
yields.

Table 1. Optimization of reaction conditions for synthesis of amide by

electrooxidation.®

(-) Pt]| Pt (+)
0.1 M electrolyte

NH,
i 1 mA/cm? current o] /@
SK * N
solvent H
1.8 F/mol, rt

4a 2a 5aa
entry electrolyte solvent yield (%)®!
1 nBusNBF4 MeCN 63
2 nBusNPFs MeCN 57
3 nBusNTs MeCN 29
4 nBusNAc MeCN 84
5 LiClO4 MeCN 20
6 NaBF4 MeCN 57
7 KCI MeCN 57
8 nBusNBF4 DCM 46
9 nBusNBF4 acetone 48
10 nBusNBF4 THF 63
11 nBusNBF4 EtOAc 97
12 -- EtOAC N.R.
130 nBusNBF4 EtOAc 83
14 nBusNBF4 EtOAc trace

[a] Unless otherwise noted, reaction conditions: 4a (1.0 mmol), 2a (0.5 mmol),
electrolyte (0.1 M) in solvent (5.0 mL), Pt (1.0 x 1.0 cm?) anode and cathode,
undivided cell, J = 1.0 mA/cm?, total charge: 1.8 F/mol (24 h), rt; [b] isolated
yield; [c] J = 2.0 mA/cm?, total charge: 1.8 F/mol (12 h); [d] J = 0 mA/cm?, 24 h.

When aliphatic thiocarboxylic acids were used in this
spontaneous reaction, the reaction efficiency was not satisfactory,
and the amides were obtained only in low yields (As an example,
see Sl, Table S6, entry 1). Therefore, we attempted to use
electrooxidation to promote the synthesis of amides from aliphatic
thiocarboxylic acids. We first investigated the reaction between
potassium thioacetate 4a and aniline 2a. In our initial
investigation, we used MeCN as a solvent to set the reaction at a
high current density of 10 mA/cm? for total charge 1.8 F/mol, but
only trace of the desired amide was detected by TLC, and many
side reactions occurred. Thus, we set the reaction at a low current
density to optimize the reaction conditions. Utilizing nBusNBF, as
the electrolyte and MeCN as the solvent, acetanilide 5aa could be
obtained in a 63% yield under 1 mA/cm? constant current density
in an undivided cell for 24 h (1.8 F/mol of charge) (Table 1, entry
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1). Encouraged by this result, several other electrolytes were
examined (Table 1, entries 2-7). A good yield was obtained using
nBusNAc (Table 1, entry 4), but it also can give a good yield when
no acyl source was involved. None of the other electrolytes
achieved the yield observed with nBusNBF.. The electrosynthesis
with aqueous electrolyte (KCI) in MeCN was also tested, which
gave 57% yield (Table 1, entry 7). Next, other commonly used
solvents were also screened (Table 1, entries 8-11), and the yield
was significantly increased to 97% when EtOAc was used as the
solvent (Table 1, entry 11). There was no reaction without the
electrolyte because the conductivity of the solution was not high
enough for our equipment (Table 1, entry 12). When the current
density was increased to 2 mA/cm?, the yield was reduced to 83%
(Table 1, entry 13), indicating that increasing the current density
was detrimental to the reaction. When the reaction was carried
out under the same conditions except that there was no electricity,
only a trace amount of product was detected by TLC (Table 1,
entry 14). In addition, the effect of the molar ratio of 4a to 2a on
the reaction was also investigated, and 4a:2a = 2:1 was found to
be the optimum ratio (SI, Table S5). After determining the optimal
reaction conditions (Table 1, entry 11), we examined the
generality of the amine component in the reaction with potassium
thioacetate as an acyl source (Scheme 4). Firstly, the ortho-Me-,
meta-Me-, and para-Me-substituted anilines were tested, and the
corresponding N-phenylacetamides 5ab — 5ad were obtained in
good to excellent yields. Notably, the yield of the ortho-Me-
substituted product 5ab was relatively low possibly due to steric
hindrance. The reaction using 4-methoxyaniline as the amine
reagent produced the product 5ae in an excellent yield. Next, the
different halogenated anilines were examined, and the
corresponding products 5af — 5ai were obtained in good yields.
To verify the influence of electronic effect on the reaction, the
electron-withdrawing group -CF; and electron-donating group tert-
butyl substituted anilines were tested. It was found that electron-
rich aniline gave better yield than electron-deficient aniline (5aj
and 5ak), and this phenomenon can also be seen from 5ad-5af.
This may be due to the stronger nucleophilicity of the electron-rich
anilines, which makes them easier to nucleophilically attack the
intermediate disulfides to form the corresponding amides.
Secondary amines were also suitable for this reaction, but with
low yields (5al and 5am), probably due to steric hindrance and the
oxidation of a portion of the secondary amine to the imine,?® which
was observed when we prepared 5am. Besides, the benzylamine
was also compatible with the reaction to give a satisfactory yield
(5an).

Next, we investigated this electro-oxidization reaction using
aliphatic thiocarboxylic acids as the acyl source. Although the
yiled is not good for direct andoic oxidation of acetic thioacid
(Table S6, entry 2),'® it was found that, based on the
electrooxidation conditions used for potassium thioacetate, the
addition of triethylamine allows the direct use of thioacetic acids
as the acyl source to give amides in excellent yields (for the
optimization of the reaction using thioacetic acid as the acyl
source, see Sl, Table S6). We then tested the suitability of the
reaction for different alkyl thiocarboxylic acids and we were
pleased to find that the corresponding amides (Scheme 4, 5ba -
5fa) were obtained in excellent yields.
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Overall, both spontaneous reactions and electrosynthesis
were relatively clean and there were no significant organic by-
products. Most amines are completely converted to amides due
to the use of 2 equivalents of thioacids. Excess thioacids
remained as unconverted and disulfides.
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Scheme 4. Substrate scope for the synthesis of amides by electrooxidation.
Reaction conditions: [a] Unless otherwise noted, reaction conditions: 4 (1.0
mmol), 2 (0.5 mmol), nBusNBF4 (0.1 M) in EtOAc (5.0 mL), Pt (1.0 x 1.0 cm?)
anode and cathode, undivided cell, J = 1.0 mA/cm?, total charge: 1.8 F/mol (24
h), rt. Isolated yields; [b] 4-SH (1.0 mmol), 2a (0.5 mmol), triethylamine (1.0
mmol), nBusNBFs (0.1 M) in EtOAc (5.0 mL), Pt (1.0 x 1.0 cm?) anode and
cathode, undivided cell, J = 1.0 mA/cm?, total charge: 1.8 F/mol (24 h), rt.
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Scheme 5. Applications in medicinal chemistry.

In order to demonstrate the utility of these amide synthesis
methods in medicinal chemistry, we readily constructed the amide
bond of the antimicrobial agent 3av?! in 86% yield by spontaneous
reaction using thiobenzoic acid as the acyl source (Scheme 5).
We also used potassium thioacetate as the acyl source to
successfully construct the amide bond of melatonin 5ao in 97%
yield by electrooxidation (Scheme 5). Melatonin is a hormone
produced by the pineal gland in humans and animals to regulate
sleep and wakefulness.? It can also be used as a medicine to
treat insomnia.

In order to gain insight into the mechanism for the preparation
of amides from thiocarboxylic acids and amines by spontaneous
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and electrosynthetic methods, a series of control experiments
were conducted (Scheme 6). Firstly, thiobenzoic acid la was
stirred in EtOAc under an air atmosphere for 24 h to give the
disulfide 1a-M in 47% yield, but only a trace amount of 1a-M was
detected by TLC when the reaction was carried out under argon.
Then, the 1a-M was used to mix with aniline 2a in EtOAc and
stirred for 5 h to afford N-phenylbenzamide 3aa in an excellent
yield of 98%. These results indicated that thiobenzoic acid 1a can
be automatically oxidized to disulfide in air, and the disulfide can
spontaneously react with amine to form amide. To verify whether
the disulfide is an essential intermediate for this spontaneous
reaction, 4.0 equivalent of disulfide reducing agent, DL-
dithiothreitol (DTT) was added to the reaction system of 1la and
2a under standard conditions, and no product was detected.
Similarly, for the electrosynthesis reaction of 4a and 2a, no
product was obtained in the presence of DTT (Scheme 6). The
results of these control experiments indicated that the formation
of disulfide intermediates is critical for both spontaneous and
electrosynthetic reactions.

(o}
SH
EtOAc, rt, 24 h

1a 1a-M, 47%
o]
SH

EtOAc t, 24 h

1a 1a-M, trace
Hy

EtOAc, i, 5h /@
3aa, 98%
4.0 equiv DTT

¢ o O
a|r
L ©A
EtOAc
24 h,rt SH
3aa, 0%
() Pt Pt (+) H
4.0 equiv DTT ©

NH, 0.1 M nBuyNBF,
1 mA current

OH

SH
o] s )
)k DL-Dithiothreitol
N DTT
H

5aa, 0%

EtOAc
1.8 F/mol, rt

Scheme 6. Mechanism study experiments.

Finally, on the basis of the above control experiments and
previous reports,*?3 plausible mechanisms are proposed for the
formation of amide bonds by spontaneous and electrosynthetic
reactions. In the process of spontaneous reaction (Scheme 7),
the ionization equilibrium of thiobenzoic acid 1 in EtOAc results in
the presence of thiobenzoate anion 1-A and proton. 1-A can be
single electron oxidized by oxygen leading to the benzoylthio
radical 1-R and superoxide anion radical O;". O, combines with
a proton to form a peroxy radical HOO-, and then the hydrogen
atom transfer (HAT) between HOO-< and thiobenzoic acid 1
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produces another benzoylthio radical 1-R. Next, the self-coupling
of 1-R forms the disulfide 1-M. The nucleophilic
addition/elimination of amine 2 with 1-M to give the desired
product amide 3 and the intermediate 1-S. 1-S can be further
subjected to aminolysis to give 3, which can be supported by the
experimental results, since the reaction of equal equivalent of 1a
and 2a gave amide 3aa in a yield of 63% (SI, Table S1, entry 1).

o radical
coupling S—s§
S —
Hz0, R R!
R K
o
N
H -

1
SH  Hoo- O, ‘ r3N-R2

™~

1-R

0,
o o o
- ,R3
2
*H R R .

1-A

Scheme 7. A possible mechanism for the spontaneous reaction.

For the process of forming amides by electrosynthesis
(Scheme 8), potassium thioacetate 4a (Eox = +0.33 V vs SCE in
MeCN) (SI, Figure S1) is electron-oxidized to the acetylthio
radical 4a-R by anode. The radical coupling of 4a-R forms the
disulfide 4a-M, which reacts with amine 2 (Eox = +1.15 V vs SCE
in MeCN) (SI, Figure S1) to afford acetyl amide 5 and
intermediate 4a-S. The experimental fact that the reaction of equal
equivalent of 4a and 2a gave amide 5aa in a yield of 66% (SlI,
Table S5) indicted that the desired product 5 can also be
produced by the aminolysis of 4a-S'2. The proton from aminolysis
can be reduced by cathode to form H,.

o R2 RS
M R N’
N H \
)k 5 R? N
- 0o c
a S
- a
n 4a RZ _R® AS/S L t
o
H h
2 2 4a-S )
d
o radical o) o Hz e
coupling
AS' )kS—S)K
4a-R 4a-M

Scheme 8. A possible mechanism for the electrosynthesis.

In the mechanisms proposed above, the formation of acylthio
radicals is a critical step. Structurally, the benzoylthio radical 1-R
(Scheme 7) is more stable than acetylthio radical 4a-R (Scheme
8), which means that 1-R is easier to form than 4a-R. Thus, we
speculate that under our reaction conditions, 1-R can be easily
produced by auto-oxidation of thiobenzoic acids 1, while the
formation of 4a-R in high vyields requires electrooxidation of
thioacetate 4a. This speculation can explain the experimental
results of synthesizing amide from thiobenzoic acids and

10.1002/cssc.201900814

WILEY-VCH

thioaliphatic acids by spontaneous reaction and electrosynthesis,
respectively.

In summary, we have developed a mild catalyst-free amide
bond forming strategy by using various thiocarboxylic acids as the
acyl source. The reaction is proposed to proceed through a
disulfide intermediate that reacts with an amine to provide an
amide. It is noteworthy that in the presence of air, the reaction of
thiobenzoic acids with various amines can occur spontaneously,
while the reaction of thioaliphatic acids with amines can be easily
carried out by electrosynthesis. By this method, various amides
can be readily synthesized in excellent yields without using any
catalyst and activator. The successful synthesis of bioactive
compounds also highlights the synthetic utility of this strategy in
medicinal chemistry.

Acknowledgements

This work was financially supported by the National Natural
Science Foundation of China (Nos 21472152 and 21672174), the
Basic and  Frontier Research Project of Chongqing
(cstc2015jcyjBX0106) and the Innovation Foundation of
Chonggqing City for Postgraduate (CYB18097).

Keywords: catalyst free * electrosynthesis « amide bond «
thiocarboxylic acids « disulfide

[1] a) C. A. G. N. Montalbetti, V. Falque, Tetrahedron 2005, 61, 10827-
10852; b ) E. Valeur, M. Bradley, Chem. Soc. Rev. 2009, 38, 606-631;
c)C. L. Allen, J. M. Williams, Chem. Soc. Rev. 2011, 40, 3405-3415; d )
V. R. Pattabiraman, J. W. Bode, Nature 2011, 480, 471-479; e ) R. M. de
Figueiredo, J. S. Suppo, J. M. Campagne, Chem. Rev. 2016, 116,
12029-12122; f ) A. Ojeda-Porras, D. Gamba-Sanchez, J. Org. Chem.
2016, 81, 11548-11555; g ) L. Tang, X. M. Li, J. H. Matuska, Y. H. He, Z.
Guan, Org. Lett. 2018, 20, 5618-5621.

[2] J. S. Carey, D. Laffan, C. Thomson, M. T. Williams, Org. Biomol. Chem.
2006, 4, 2337-2347.

[3] L. M. Jarvis, Chem Eng News 2018, 96, 26-30.

[4] N. N, V. M. Thimmalapura, B. Hosamani, G. Prabhu, L. R. Kumar, V. V.
Sureshbabu, Org. Biomol. Chem. 2018, 16, 3524-3552.

[5] D. Crich, I. Sharma, Angew. Chem., Int. Ed. 2009, 48, 2355-2358.

[6] a)Y.Rao, X. Li, S. J. Danishefsky, J. Am. Chem. Soc. 2009, 131, 12924-
12926; b ) X. Wu, J. L. Stockdill, P. K. Park, S. J. Danishefsky, J. Am.
Chem. Soc. 2012, 134, 2378-2384.

[7] a) F. B. Dyer, C. M. Park, R. Joseph, P. Garner, J. Am. Chem. Soc. 2011,
133, 20033-20035; b ) S. M. Mali, S. V. Jadhav, H. N. Gopi, Chem
Commun (Camb) 2012, 48, 7085-7087; ¢ ) S. M. Mali, R. D. Bhaisare, H.
N. Gopi, J. Org. Chem. 2013, 78, 5550-5555.

[8] W. Chen, J. Shao, M. Hu, W. Yu, M. A. Giulianotti, R. A. Houghten, Y.
Yu, Chem. Sci. 2013, 4, 970-976.

9] J. Pan, N. O. Devarie-Baez, M. Xian, Org. Lett. 2011, 13, 1092-1094.

[10] M. K. Miraki, E. Yazdani, L. Ghandi, K. Azizi, A. Heydari, Appl.
Organomet. Chem. 2017, 31, e3744.

[11] S. M. Mali, H. N. Gopi, J. Org. Chem. 2014, 79, 2377-2383.

[12] H. X. Liu, L. Y. Zhao, Y. F. Yuan, Z. F. Xu, K. Chen, S. X. Qiu, H. B. Tan,
Acs. Catal. 2016, 6, 1732-1736.

[13] S. Das, S. Ray, A. B. Ghosh, P. K. Samanta, S. Samanta, B. Adhikary,
P. Biswas, Appl. Organomet. Chem. 2018, 32, e4199.

[14] R. A. Sheldon, Green Chem. 2007, 9, 1273-1283.

[15] a ) S. Mohle, M. Zirbes, E. Rodrigo, T. Gieshoff, A. Wiebe, S. R.

Waldvogel, Angew. Chem., Int. Ed. 2018, 57, 6018-6041; b ) A. Wiebe,

This article is protected by copyright. All rights reserved.



ChemSusChem

[16]
[17]

(18]

[19]

T. Gieshoff, S. Mohle, E. Rodrigo, M. Zirbes, S. R. Waldvogel, Angew.
Chem., Int. Ed. 2018, 57, 5594-5619; ¢ ) S. Tang, Y. C. Liu, A. W. Lei,
Chem 2018, 4, 27-45; d ) Y. Jiang, K. Xu, C. Zeng, Chem. Rev. 2018,
118, 4485-4540; e ) K. D. Moeller, Chem. Rev. 2018, 118, 4817-4833; f)
S. R. Waldvogel, S. Lips, M. Selt, B. Riehl, C. J. Kampf, Chem. Rev. 2018,
118, 6706-6765; g ) M. Yan, Y. Kawamata, P. S. Baran, Chem. Rev.
2017, 117, 13230-13319.

M. D. Karkas, Chem. Soc. Rev. 2018, 47, 5786-5865.

P. Huang, P. Wang, S. Tang, Z. Fu, A. Lei, Angew. Chem., Int. Ed. 2018,
57, 8115-8119.

W. L6b, Electrolysis and Electrosynthesis of Organic Compounds, J.
Wiley & sons, 1898.

a) T. Gieshoff, D. Scholimeyer, S. R. Waldvogel, Angew. Chem., Int. Ed.
2016, 55, 9437-9440; b ) T. Gieshoff, A. Kehl, D. Schollmeyer, K. D.

[20]
[21]

[22]

10.1002/cssc.201900814

WILEY-VCH

Moeller, S. R. Waldvogel, Chem Commun (Camb) 2017, 53, 2974-2977;
c)A. Kehl, V. M. Breising, D. Schollmeyer, S. R. Waldvogel, Chem. Eur.
J. 2018, 24,17230-17233; d ) T. Gieshoff, A. Kehl, D. Scholimeyer, K. D.
Moeller, S. R. Waldvogel, J. Am. Chem. Soc. 2017, 139, 12317-12324;
e) V. M. Breising, T. Gieshoff, A. Kehl, V. Kilian, D. Schollmeyer, S. R.
Waldvogel, Org. Lett. 2018, 20, 6785-6788.

Y. Wu, H. Yi, A. W. Lei, Acs. Catal. 2018, 8, 1192-1196.

D. R. Chancellor, K. E. Davies, O. De Moor, C. R. Dorgan, P. D. Johnson,
A. G. Lambert, D. Lawrence, C. Lecci, C. Maillol, P. J. Middleton, G.
Nugent, S. D. Poignant, A. C. Potter, P. D. Price, R. J. Pye, R. Storer, J.
M. Tinsley, R. van Well, R. Vickers, J. Vile, F. J. Wilkes, F. X. Wilson, S.
P. Wren, G. M. Wynne, J. Med. Chem. 2011, 54, 3241-3250.

R. Hardeland, S. R. Pandi-Perumal, D. P. Cardinali, Int. J. Biochem. Cell
Biol. 2006, 38, 313-316.

This article is protected by copyright. All rights reserved.



ChemSusChem

Entry for the Table of Contents (Please choose one layout)
COMMUNICATION

R2
o} HN" o
o air R’ 2
)k aryl S/S any! aryl N’R
aryl SH Y \[O( M |‘q1
| 2
an-R
o o) ! o)
—  ak |)ks/S alkl R Ik |)LN’R2
alkyl” “SH (K) alls) Tof alky )

10.1002/cssc.201900814

WILEY-VCH

Li Tang, Jack H. Matuska, Yu-Han
Huang, Yan-Hong He,* and Zhi Guan*

Page No. - Page No.

Amide Synthesis from Thiocarboxylic
Acids and Amines by Spontaneous
Reaction and Electrosynthesis

A catalyst-free approach for constructing amide bonds from thiocarboxylic acids and amines has been developed.
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