
Nickel-Catalyzed C-S Bond Formation via Decarbonylative
Thioetherification of Esters, Amides and Intramolecular

Recombination Fragment Coupling of Thioesters

Item Type Article

Authors Lee, Shao-Chi;Liao, Hsuan-Hung;Chatupheeraphat,
Adisak;Rueping, Magnus

Citation Lee S-C, Liao H-H, Chatupheeraphat A, Rueping M (2018)
Nickel-Catalyzed C-S Bond Formation via Decarbonylative
Thioetherification of Esters, Amides and Intramolecular
Recombination Fragment Coupling of Thioesters. Chemistry
- A European Journal. Available: http://dx.doi.org/10.1002/
chem.201705842.

Eprint version Post-print

DOI 10.1002/chem.201705842

Publisher Wiley

Journal Chemistry - A European Journal

Rights This is the peer reviewed version of the following article:
Nickel-Catalyzed C-S Bond Formation via Decarbonylative
Thioetherification of Esters, Amides and Intramolecular
Recombination Fragment Coupling of Thioesters, which has been
published in final form at http://doi.org/10.1002/chem.201705842.
This article may be used for non-commercial purposes in
accordance With Wiley Terms and Conditions for self-archiving.

Download date 2023-12-06 08:53:07

Link to Item http://hdl.handle.net/10754/626876

http://dx.doi.org/10.1002/chem.201705842
http://hdl.handle.net/10754/626876


Supported by

A Journal of

Accepted Article

Title: Nickel-Catalyzed C-S Bond Formation via Decarbonylative
Thioetherification of Esters, Amides and Intramolecular
Recombination Fragment Coupling of Thioesters

Authors: Shao-Chi Lee, Hsuan-Hung Liao, Adisak Chatupheeraphat,
and Magnus Rueping

This manuscript has been accepted after peer review and appears as an
Accepted Article online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). This work is currently citable by
using the Digital Object Identifier (DOI) given below. The VoR will be
published online in Early View as soon as possible and may be different
to this Accepted Article as a result of editing. Readers should obtain
the VoR from the journal website shown below when it is published
to ensure accuracy of information. The authors are responsible for the
content of this Accepted Article.

To be cited as: Chem. Eur. J. 10.1002/chem.201705842

Link to VoR: http://dx.doi.org/10.1002/chem.201705842



FULL PAPER    

 

 

 

 

 

Nickel-Catalyzed C-S Bond Formation via Decarbonylative  

Thioetherification of Esters, Amides and Intramolecular 

Recombination Fragment Coupling of Thioesters  
 

Shao-Chi Lee,[a] Hsuan-Hung Liao,[a] Adisak Chatupheeraphat,[a] and Magnus Rueping*[a,b] 

 

Abstract: A nickel catalyzed cross-coupling protocol for the 

straightforward C-S bond formation has been developed. Various 

mercaptans and a wide range of ester and amide substrates bearing 

various substituents were tolerated in this process which afforded 

products in good to excellent yields. Furthermore, an intramolecular 

protocol for the synthesis of thioethers starting from thioesters has 

been developed. The utility of this protocol has been demonstrated 

in a new synthesis protocol of benzothiophene. 

Introduction 

Sulfur-containing molecules,[1] especially thioethers, are 

important structural motifs present in nature and numerous 

natural products including bioactive and pharmaceutically active 

compounds are sulfur-derived compounds.[2] Furthermore, 

various sulfur based, tailor-made molecules including artificial 

enzymes as well as synthetic drugs and therapeutics have been 

designed and produced. Therefore, the development of efficient 

methods for the construction of C-S bonds continues to attract 

attention. Regarding the introduction of arylthio moieties into 

aromatic compounds, this process is mainly achieved by Chan-

Lam, Leuckart thiophenol, Ullmann and Sandmeyer-type 

reactions with reactive electrophiles as coupling partners.[3] 

However, recent studies revealed that first row transition metals, 

such as nickel,[4] are effective in harnessing less reactive 

electrophiles, resulting in the exploration of less toxic and more 

economic cross-coupling partners. Due to their non-toxic and 

environmental friendly nature, particular attention has been 

drawn to the use of carboxylic acid derivatives, such as esters 

and amides, which proved successful especially in 

decarbonylative processes.[5,6] Although nickel catalyzed 

decarbonylative reactions have been explored extensively 

among various research groups,[5-8] the glove-box is often a 

must in order to enable the use of moisture- and air-sensitive 

ligands and/or catalysts. Most of the developed methodologies 

are taking advantage of the high reactivity of catalysts and 

ligands, such as Ni(cod)2/dcype[7a-d,j-m,8b] for inert bond activation, 

which requires manipulation in a glove-box. In sharp contrast, 

finding stable nickel catalysts and ligands, especially without 

storage in an inert atmosphere,[7a] is more challenging but 

essential for the exploration of further cross-coupling reactions. 

Given the usefulness of thioethers, the development of a 

decarbonylative thioetherification protocol, in particular as a 

glove-box-free manipulation strategy, is highly desirable 

(Scheme 1). One subtle approach for avoiding the use of a 

glove-box is to prepare “paraffin capsules” which allow air and 

moisture sensitive transition metal catalyzed reactions to be 

performed on the bench top.[9] However, the additional process 

for preparing the capsules may have limitations.[10]  

With these considerations in mind, we decided to examine a 

glove-box and paraffin capsule-free strategy for the challenging 

nickel catalyzed decarbonylative thioetherification process. 

 

Scheme 1. Thioether formation: Classical vs. innovation and its challenges. 

Results and Discussion 

Initially, we started to investigate the decarbonylative cross-

coupling reaction between phenyl naphthalene-2-carboxylate 

(1a) and commercially available 4-methylthiophenol (2a) as 

reaction partners (Table 1). NiCl2 was selected as catalyst, 

based on economical considerations and its stability under air 

and moisture conditions. Since ligands typically play an 

important role in nickel-catalyzed transformations, preliminary 

experiments were conducted with a series of air stable ligands, 

including triphenyl phosphine (PPh3), 1,3-bis(2,6-

diisopropylphenyl)-imidazolidin-2-ylidene (SIPr) carbene ligand, 

and 1,1′-ferrocenediyl-bis(diphenylphosphine) (dppf). However, 

no desired product was obtained (entries 1-3). The product was 

obtained in 18% GC yield using the bidentate phosphine ligand 
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dppp [1,3-bis(diphenylphosphino)-propane] (entry 4). A 

considerable increase in the yield was observed upon changing 

the base from K2CO3 to Na2CO3 (93% GC yield, entry 5). Next, 

another air stable Ni catalyst, NiBr2, was examined, however, a 

similar result was obtained (93% GC yield, entry 6). Decreasing 

the ratio of NiCl2/dppp from 1:4 to 1:2 resulted in a considerably 

lower yield (entry 7). Under these new conditions, a slightly 

higher yield was obtained when raising the temperature (29% 

yield, entry 8 vs 7) whereas extending the reaction time gave a 

rather unsatisfactory result (entry 9). In order to achieve a better 

yield, Zn and Mn were used as reducing reagents and Mn was 

found to be superior (entries 10 and 11). Furthermore, when the 

amount of base was changed from stoichiometric to catalytic 

amount, a dramatic increase in the yield was observed (43% vs 

71% entry 12 vs 13). Notably, the use of Mg instead of Mn 

provides even a better result (75% GC yield, entry 14). Finally, 

decreasing the amount of Mg significantly improved the yield to 

92% GC yield (89% yield, entry 15). 

Table 1. Optimization of the nickel catalyzed decarbonylative thioetherification 

cross-coupling reaction.
[a]

 

 

Entry Ni cat. Ligand 
(mol%) 

Base Additive 
(x equiv.) 

Yield 
(%)

[b]
 

1 NiCl2 PPh3 (40) K2CO3 - 0 

2 NiCl2 SIPr (40) K2CO3 - 0 

3 NiCl2 dppf (40) K2CO3 - 0 

4 NiCl2 dppp (40) K2CO3 - 18 

5 NiCl2 dppp (40) Na2CO3 - 93 

6 NiBr2 dppp (40) Na2CO3 - 93 

7 NiCl2 dppp (20) Na2CO3 - <5 

8
[c]

 NiCl2 dppp (20) Na2CO3 - 29 

9
[d]

 NiCl2 dppp (20) Na2CO3 - <5 

10 NiCl2 dppp (20) Na2CO3 Zn (2) <5 

11 NiCl2 dppp (20) Na2CO3 Mn (2) 25 

12
[e]

 NiCl2 dppp (20) Na2CO3 Mn (2) 43 

13
[f]
 NiCl2 dppp (20) Na2CO3 Mn (2) 71 

14
[f]
 NiCl2 dppp (20) Na2CO3 Mg (2) 75 

15
[f]
 NiCl2 dppp (20) Na2CO3 Mg (1) 92 (89)

[g]
 

 

[a] Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), [Ni] (0.02 mmol, 10 

mol%), toluene (1 ml), base (3 equiv.), 150 °C, 36 h. [b] GC yields, decane as 

internal standard. [c] 170 °C. [d] 48 h. [e] Base (0.5 equiv.). [f] Base (0.2 

equiv.). [g] Isolated yield. 

With the optimal conditions in hands, we then studied the scope 

of this newly developed nickel catalyzed decarbonylative 

thioetherification of esters (Table 2). The results show that a 

range of aromatic and heteroaromatic esters 1 provided the 

corresponding sulfanes 3 with high to excellent yields. For 

example simple unsubstituted 2-naphthyl (1a) and phenyl 

fluoride (1b) derived esters underwent this nickel catalyzed 

procedure and could be efficiently converted into the appropriate 

products 3a and 3b in high yields. Functional groups such as 

ketone and methyl ester groups (1c, 1d) were nicely tolerated, 

which illustrates the chemoselectivity profile of this method. As 

anticipated, our decarbonylative thioetherification transformation 

could be successfully extended to heterocyclic esters derived 

from furan, thiophene and quinoline, affording the corresponding 

heteroaryl sulfanes 3e-h in excellent yields. In addition, the 

C(sp3) ester 1j was suitable for our protocol, leading to the 

corresponding product, albeit in lower yield. Furthermore, 

representative chain and nonaromatic mercaptan sources were 

applied in reaction with the quinoline derived ester substrate 1g, 

resulting in high yields of the desired decarbonylative 

thioetherification products 3k and 3l. 

Table 2. The scope of nickel catalyzed decarbonylative thioetherification 

cross-coupling with aryl ester. 

 

[a] Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), NiCl2 (0.02 mmol, 10 

mol%), dppp (0.04 mmol, 20 mol%), Na2CO3 (0.04 mmol, 0.2 equiv.), Mg (0.2 

mmol, 1 equiv.), toluene(1 ml), 150 °C, 36 h, isolated yields. [b] 170 °C. [c] 1 g 

scale. 

Prompted by our successful results, we next focused our 

attention on the decarbonylative thioetherification of amides 
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(Table 3). Applying 10 mol% NiCl2 and 40 mol% dppp ligand 

with Na2CO3 as base, afforded the expected thioether product in 

a good yield of 75% (Table 3, entry 1). Changing the catalyst to 

ligand ratio provided the product in an unsatisfactory yield (entry 

3). Neither increasing the temperature (entry 4) nor extending 

the reaction time (entry 5) provided superior results. The use of 

additives as reducing agents, especially Mn, had a beneficial 

effect on the reaction yield (entries 6-8). Notably, performing the 

reaction in the absence of base, provided the product in a 

comparable yield (entry 9). The yield dropped slightly upon 

reducing the amount of additive (entry 10). 

Having optimized the reaction conditions, we then evaluated the 

scope of the reaction with respect to a wide range of amide 

substrates (Table 4). Electron-neutral as well as electron-rich 

and poor aromatic amides 4a-g successfully provided the 

desired products 5a-g in good to high yields. Notably, substrates 

bearing phenyl, fluorine, methyl ester and methoxy groups 

efficiently underwent this transformation. Furthermore, 

heterocyclic benzofuran derivative 4h and amide 4i containing 

an extended pi-electron system are also tolerated under our 

reaction conditions, providing the desired products 5h and 5i in 

good to high yields. Finally, applying an aliphatic mercaptan, 

resulted in a high yield of the desired decarbonylative 

thioetherification product 5j. In addition, subjecting an 

unactivated N-Boc, N-Ph amide substrate to our optimized 

reaction conditions resulted in a superior yield (90%) for the 

desired product. 

Table 3. Optimization of the nickel catalyzed decarbonylative thioetherification 

cross-coupling reaction.
[a] 

 

 

Entry Ligand 
(mol%) 

Base Additive 
(x equiv.) 

Yield 
(%)

[b]
 

1 dppp (40) Na2CO3 - 75 

2 dppp (40) Na3PO4 - 86 

3 dppp (20) Na3PO4 - <5 

4
[c]

 dppp (20) Na3PO4 - 35 

5
[d]

 dppp (20) Na3PO4 - 35 

6 dppp (20) Na3PO4 Zn (2) 28 

7 dppp (20) Na3PO4 Mn (2) 84 

8 dppp (20) Na3PO4 Mg (2) 69 

9 dppp (20) - Mn (2) 83 

10 dppp (20) - Mn (1) 81 

[a] Reaction conditions: 4a (0.2 mmol), 2a (0.4 mmol), NiCl2 (10 mol%), base 

(3 equiv.), toluene (1 ml), at 150 °C 36 h. [b] GC yields, decane as internal 

standard. [c] 170 °C. [d] 48 h. 

 

 

Table 4. The scope of nickel catalyzed decarbonylative sulfenylation cross-

coupling with aryl amides. 

 

[a] Reaction conditions: 4 (0.2 mmol), 2 (0.4 mmol), NiCl2 (0.02 mmol, 10 

mol%), dppp (0.04 mmol, 20 mol%), Mn (0.4 mmol, 2 equiv), toluene (1 ml) at 

150 °C, 36 h. [b] From N-Ph, N-Boc amide. [d] Determined by NMR.  

Based on the success of the decarbonylative 

thioetherification reaction[11] with esters and amides, we 

envisioned that the developed conditions might work as well for 

thioester substrates,[12,13] enabling an intramolecular version of 

this highly practical reaction. In this context, in 1987 Yamamoto 

and coworkers reported the Pd catalyzed decarbonylation of 

thioesters for the synthesis of diaryl, alkyl, aryl and alkenyl, aryl 

sulfides.[11b,c] However, a limited substrate scope was described. 

In addition, the reaction was also described with stoichiometric 

amounts of Ni[11a] and Rh[11b] and during the preparation of our 

manuscript with a Ni- and Pd- catalyzed procedure.[11d] 

With these considerations in mind we focused our attention 

on a catalytic decarbonylative transformation, and aimed at a 

broad functional group tolerance (Table 5). Applying the optimal 

conditions developed for ester substrates to thioester 6a, the 

desired product 7a was obtained in an excellent yield (98%). 

Without magnesium as an additive a considerably lower yield 

(35%) was obtained. In the absence of the base, a slightly lower 

yield (92%) was obtained. To assess the utility of this protocol, a 

series of representative thioesters was employed to determine 

the scope of the Ni-catalyzed intramolecular decarbonylative 

reaction. The 2-naphthyl (6a) and phenyl (6b) thioesters 

underwent the decarbonylative diaryl sufide synthesis to give the 

corresponding products in excellent yields. Next, thiophene 

derivative 6c was evaluated and performed great to afford 

heteroarenethiol 7c in a high yield. Remarkably, the challenging 
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styryl and benzyl sulfanes 7d and 7e were also formed under 

our reaction conditions. 

Table 5. Nickel catalyzed decarbonylation of thioesters.
[a] 

 

 

Entry Base 
Additive 
(x equiv.) 

Yield 7a 
(%)

[b]
 

1 Na2CO3 Mg 98 

2 Na2CO3 - 35 

3 - Mg 92 

 
[a] Reaction conditions: 6 (0.2 mmol), NiCl2 (0.02 mmol, 10 mol%), dppp (0.04 

mmol, 20 mol%), Mg (0.2 mmol, 1 equiv.), toluene(1 ml) at 150 °C, 36 h. [b] 

Isolated yield. 

Lastly, in order to show the applicability of our newly 

developed method, we devised an innovative synthetic route for 

the preparation of benzothiophene[13] via an intramolecular 

decarbonylative strategy (Scheme 2). A survey of the previous 

literature,[14] showed that most studies for benzothiophene 

synthesis focus on either SNAr reactions or electrophilic 

cyclization of alkynes with various thiol surrogates. Herein, we 

devised a new synthetic route for substituted benzothiophene 10 

from easily available starting material 8. Preparation of 

thiacoumarin 9 can be achieved easily via Friedel-Crafts type 

intramolecular cyclization of 8. The desired benzothiophene 10 

can subsequently be obtained by applying our newly designed 

intramolecular decarbonylative reaction. 

 

Scheme 2. Preparation of 5-methyl benzothiophene via an intramolecular 

decarbonylative strategy. 

Regarding the mechanism we propose the following mechanism 

for this nickel-catalyzed decarbonylative thioetherification 

reaction: NiII is firstly reduced to be LnNi0 A by the reducing 

reagent. Oxidative addition of the C(acyl)-S bond of the thioester 

B, which is formed by reaction of the thiol with the ester or imide 

or preformed, to the LnNi0 complex A gives an acyl nickel(II) 

intermediate C. Subsequently decarbonylation affords the 

intermediate D. Finally, the C-S bond formation by reductive 

elimination provides the thioether and the active catalyst.  

 

Scheme 3. Proposed mechanism for the decarbonylative thioetherification. 

Conclusions 

In summary, we have developed a new and selective cross-

coupling reaction of esters and amides with mercaptans as 

coupling partners. The transformation of aryl, alkenyl and alkyl 

esters/amides to the corresponding thioethers was previously 

not known and is, with conventional methods, difficult to achieve. 

Thus, the newly developed methodology enables a facile route 

for C-S bond formation in a straightforward fashion. Various 

mercaptans and a wide range of ester and amide substrates 

bearing various substituents are tolerated in this process which 

afforded products in good to excellent yields. In addition, an 

intramolecular version of this reaction has also been developed. 

The utility of this newly designed protocol has been 

demonstrated in the synthesis of benzothiophene on the bench 

top. Given the simplicity and generality of the protocol it is 

anticipated that it should find application in synthesis, 

retrosynthesis and late stage modification. 
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