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Catalysed Carbonylative Coupling
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Heterogeneously catalysed carbonylative coupling reactions such as aminocarbonylation and 

Suzuki-carbonylation are reported using Pd nanoparticles supported on ZIF-8 as efficient and 

environmentally attractive synthesis of Weinreb amides and ketones from aryl bromides or 

iodides. The catalyst is air stable, offers high activity with very low palladium leaching and is 

recyclable. Presence of a phosphine ligand was required with aryl bromides as substrates, 

while no ligand was necessary when aryl iodides were used. 

 

 

 

Introduction 

Carbonylative coupling is an environmentally attractive three-

component methodology to synthesize several value added 

carbonyl functionalised compounds such as carboxylic 

acid/esters, amides, ketones, etc. from readily available starting 

materials.1 Among amides, an important class is the Weinreb 

amides (N-methoxy-N-methyl amides) that are widely used as 

acylating agents to afford a variety of value added carbonyl 

compounds having applications in the syntheses of complex 

natural products, pharmaceuticals and fine chemicals.2 In the 

conventional method, Weinreb amides are produced by the 

direct reaction of N,O-dimethylhydroxyamine hydrochloride 

(DMHA.HCl) with an acid chloride in the presence of a base.3 

Other acid derivatives such as anhydrides, lactones, esters and 

amides could also be used.2,4 Direct reaction of carboxylic acids 

with DMHA could be a simple alternative, however this 

requires various coupling agents to generate the activated 

carbonyl component for coupling,5 thus making it 

environmentally unattractive. Under this context, 

aminocarbonylation6 strategy in which an activated metal-acyl 

complex is catalytically generated in situ for coupling with 

DMHA offers an environmentally benign method for Weinreb 

amide synthesis. In spite of its advantages only a few reports7-10 

were available on this promising reaction, mainly using 

homogeneous palladium catalysts. 

 Buchwald and co-workers7 reported an efficient catalyst 

system comprising of Pd(OAc)2 in the presence of Xantphos as 

a ligand to afford a variety of Weinreb amides in up to 99% 

yield from the corresponding aryl bromides under atmospheric 

pressure of carbon monoxide at 80 oC. The same catalyst 

system was used by Odell and co-workers8 in the presence of 

Mo(CO)6 or W(CO)6 as a carbon monoxide source under 

microwave irradiation conditions and by Venturello and co-

workers9 to synthesise α,β-unsaturated Weinreb amides from 

the corresponding heterocyclic triflates. Recently, Kollár and 

co-workers reported Pd(OAc)2 in the presence of PPh3 as an 

alternative homogeneous catalyst for aryl and alkeny iodides as 

substrates, however at 40 – 60 bar pressure of carbon 

monoxide.10 Most of these homogeneously catalyzed 

aminocarbonylation reactions to synthesize Weinreb amides 

have the obvious disadvantage of separation of the catalyst 

from the product and its subsequent recycle. In addition, small 

amounts of palladium residues in the product would be a 

concern for pharmaceutical applications. Hence, an efficient 

heterogeneous catalyst system is required to make this 

promising aminocarbonylation strategy as an industrially viable 

and sustainable alternative route to Weinreb amide synthesis. 

However, to the best of our knowledge, a promising 

heterogeneous catalyst system for this purpose is not reported 

so far. Recently, we have reported palladium nanoparticles 

supported on MOF-5 (Metal Organic Framework)11 and ZIF-8 

(Zeolitic Imidazolate Framework)12 as promising 

heterogeneous catalysts for the synthesis of various amides 

under aminocarbonylation conditions.13 Herein, we report an 

easy and environmentally attractive synthesis of various 

functionalised Weinreb amides from the corresponding aryl 

bromides or iodides following aminocarbonylation strategy in 

the presence of recyclable palladium nanoparticles supported 

on ZIF-8 (Pd/ZIF-8) as an efficient catalyst. The efficiency of 

the catalyst system was also demonstrated for the synthesis of 

ketones using Suzuki-carbonylation strategy. 
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Results and discussion 

 An initial investigation showed that synthesis of the 

Weinreb amide, N-methoxy-N,4-dimethylbenzamide (2a) could 

be achieved in up to 72% yield from p-bromotoluene (1a) as a 

standard substrate and DMHA.HCl using  1wt.%Pd/ZIF-814 as 

the catalyst in the presence of dpePhos as a ligand and K2CO3 

as a base at 3 bar of carbon monoxide and 105 oC after 12 h of 

reaction (Table 1, entry 1).  

 

Table 1. Optimizations of aminocarbonylation of p-bromotoluene with N,O-

dimethylhydroxyamine hydrochloride.[a] 

 

 
Entry Base PCO 

(bar) 

Ligand Catalyst Yield 

(%)[b] 

1 K2CO3 3 dpePhos Pd/ZIF-8 72 
2 K2CO3 3 PPh3 Pd/ZIF-8 12 

3 K2CO3 3 dppf Pd/ZIF-8 38 

4 K2CO3 3 dppp Pd/ZIF-8 14 
5 K2CO3 3 BINAP Pd/ZIF-8 19 

6 K2CO3 3 Xantphos Pd/ZIF-8 >99 

7 K2CO3 1 Xantphos Pd/ZIF-8 99 
8 Na2CO3 1 Xantphos Pd/ZIF-8 96 

9 K3PO4 1 Xantphos Pd/ZIF-8 23 

10 Et3N 1 Xantphos Pd/ZIF-8 68 
11 (i-Pr)2NEt 1 Xantphos Pd/ZIF-8 92 

12 K2CO3 1 Xantphos Pd/MOF-5 95 

13 K2CO3 1 Xantphos Pd/MCM-41 75 
14 K2CO3 1 - Pd/ZIF-8 92[c] 

15 K2CO3 3 - Pd/ZIF-8 >99[c] 

[a] Conditions: p-bromotoluene (1a, 1 mmol), N,O-dimethylhydroxyamine 
hydrochloride (DMHA.HCl, 1.5 mmol), 1wt.% Pd/ZIF-8 (24 mg,  0.21 

mol%),  ligand (1 mol%), K2CO3 (2.5 equiv.), toluene (2 mL), 105 oC, 12 h. 
[b] Yield was determined by 1H-NMR using mesitylene as an internal 

standard. [c] p-Iodotoluene (1a') was used as the substrate. 

 A ligand optimization study (Table 1) showed that, under 

these conditions, common ligands such as PPh3, dppf, dppp, 

and BINAP provided lower yields (<40%) of the desired 

product (entries 2-5), while quantitative yield was achieved 

when Xantphos was used as the ligand. To our delight, near 

quantitative yield was also achieved even at 1 bar pressure of 

carbon monoxide using Xantphos as the ligand (entry 7). 

Among the bases screened, K2CO3 performed the best and 

Na2CO3 was also effective with only a slight decrease in the 

yield (96%). However, when K3PO4 was used, the yield 

decreased drastically to 23%. Soluble organic bases can also be 

used and up to 68% and 92% yields were observed in the 

presence of triethylamine and Hünig base, respectively. 

Pd/MOF-5 as a catalyst gave a comparable yield of 95%, while 

Pd/MCM-41 gave a lower yield of 75%. Interestingly, no 

ligand was necessary when p-iodotoluene (1a') was used as the 

substrate at atmospheric pressure of CO and up to 92% yield 

was achieved at 1 bar of carbon monoxide and was increased to 

quantitative yield upon increasing the pressure to 3 bar. 

 Next, we applied these optimized conditions to explore the 

synthesis of various functionalized Weinreb amides from the 

corresponding functionalized aryl bromides and iodides. 

Initially, relatively inexpensive and readily available aryl 

bromides were chosen as substrates in the presence of Xantphos 

ligand at 3 bar pressure of carbon monoxide to ensure higher 

conversion when less reactive aryl bromides were also used. 

Good to excellent isolated yields were obtained with 

unsubstituted (1b) and para- substituted (1a, 1c, and 1g-k) aryl 

bromides. Sterically demanding o-Me substituted aryl bromide 

(1d) gave up to 75% yield of 2d. Mono- and multi-methoxy 

substituents at various positions of the aromatic ring (1e and 1f) 

were well tolerated and the corresponding Weinreb amides 2e 

and 2f were obtained in 94-96% yields. 

 

Table 2. Synthesis of Weinreb amides from aryl bromides using Pd/ZIF-8 

catalyzed aminocarbonylation.[a] 

 

 

[a] Conditions: Aryl bromide (1(a-o), 1 mmol), N,O-dimethylhydroxyamine 

hydrochloride (DMHA.HCl, 1.5 mmol), 1wt.% Pd/ZIF-8 (24 mg,  0.21 

mol%),  Xantphos (1 mol%), K2CO3 (2.5 equiv.), toluene (2 mL), CO (3 bar), 

105 oC, 12 h. Isolated yields are given. [b] incomplete conversion observed. 

 

 Presence of other halogen atoms such p-Cl and p-F was also 

tolerated and the products 2g and 2h were formed in 95% and 

77% yields, respectively. Electron withdrawing NO2 substituent 

gave 2i in good yield of 79%, whereas up to 98% yield of 2j 

was achieved from p-CN substituted aryl bromide. Unprotected 

amino (1k), aldehyde (1l) and keto (1m) groups at para 

position were well tolerated and the corresponding Weinreb 
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amides 2k, 2l and 2m were obtained in 68%, 84% and 78%, 

respectively, demonstrating good functional group 

compatibility of the catalyst system. Heteroaromatic Weinreb 

amides 2n and 2o were also easily obtained in excellent yields 

from the corresponding heteroaryl bromides 1n and 1o using 

the present catalyst system. 

 More reactive aryl iodides as the substrate did not require 

phosphine ligands under the present aminocarbonylation 

conditions and various functionalized Weinreb amides were 

obtained in good to excellent yields at 3 bar pressure of carbon 

monoxide at 105 oC as shown in Table 3. Similar to the case of 

aryl bromides, several functional groups were tolerated 

including nitro (2i), hydroxy (2p), and carbonyl (2q) groups. 

 

Table 3. Synthesis of Weinreb amides from aryl iodides using Pd/ZIF-8 

catalyzed aminocarbonylation.[a] 

 

[a] Conditions: Aryl iodide (1 mmol), N,O-dimethylhydroxyamine 

hydrochloride (DMHA.HCl, 1.5 mmol), 1wt.% Pd/ZIF-8 (24 mg,  0.21 
mol%),  Xantphos (1 mol%), K2CO3 (2.5 equiv.), toluene (2 mL), CO (3 bar), 

105 oC, 12 h. Isolated yields are given. [b] incomplete conversion observed. 

 

 Interestingly, bromide as a functional group was well 

tolerated under ligand free condition and the para- and meta- 

bromo-substituted Weinreb amides 2r and 2s were obtained in 

up to 88% isolated yields. The bromo-substituted Weinreb 

amides can be further functionalized using common protocols 

to afford several value added products and intermediates. For 

instance, 4-bromobenzophenone (3) was prepared in 82% 

isolated yield from 4-bromo-N-methoxy-N-methylbenzamide 

(2r) by reaction with phenyl magnesium bromide (Scheme 1) 

and was further coupled with acetamide using copper catalyst15 

affording N-(4-benzoylphenyl)acetamide (4), an intermediate 

for the synthesis of Mebendazole16 (5), which is an 

antihelmintic drug. 

  

 
 

Scheme 1. Synthesis of Mebendazole from 4-bromo-N-
methoxy-N-methylbenzamide. 

 

 Direct synthesis of ketone is possible if DMHA.HCl is 

replaced with a suitable coupling partner. Accordingly, Suzuki-

carbonylation17 was examined using iodobenzene (6) and p-

methoxyphenylboronic acid (7) as the standard substrates under 

the optimized carbonylation condition using 1wt.% Pd/ZIF-8 as 

the catalyst in the absence of ligands. As shown in Table 4, the 

product ketone (8) was obtained in up to 55% yield, however, 

the biaryl 9 was formed as a side product in substantial amount 

when inorganic bases were used (Entries 1-4, Table 4). To our 

delight, formation of the 9 by the direct coupling between aryl 

iodide and aryl boronic acid  was completely suppressed when 

organic bases such as Hünig base and triethylamine were used 

and the product 8 was obtained in 36% and 42% yields 

respectively. The yield was further improved to 85% when 6 

bar pressure of carbon monoxide was used with the reaction 

time prolonged to 24 h (Entry 7, Table 4). 

 

Table 4. Synthesis of ketone via Suzuki-carbonylation of iodobenzene.[a] 

 
Entry Base PCO 

(bar) 

Time (h) Yield, %[b] 

8 9 

1 K2CO3 3 12 46 30 

2 K3PO4 3 12 55 22 

3 Na2CO3 3 12 46 25 

4 NaHCO3 3 12 12 4 
5 (i-Pr)2NEt 3 12 36 n.d. 

6 Et3N 3 12 42 n.d. 

7 Et3N 6 24 85[c] n.d. 

[a] Conditions: iodobenzene (6, 0.5 mmol), p-methoxyphenylboronic acid (7, 

1.5 equiv.), 1wt.% Pd/ZIF-8 (24 mg,  0.42 mol%), base (2.5 equiv.), toluene 

(2 mL), 105 oC, [b] Yield was determined by GC using hexadecane as an 

internal standard. [c] 78% isolated yield. 

 With aryl bromide as a substrate, presence of a phosphine 

ligand was found to be necessary for Suzuki-carbonylation 
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using 1wt.% Pd/ZIF-8 as the catalyst. CataCXium A was found 

to be one of the best ligands under the present catalyst system 

in the presence of triethylamine as a base. As shown in Scheme 

2, up to 74% yield to the ketone 11 was achieved at 10 bar of 

carbon monoxide for 18 h at 100 oC from bromobenzene 1b 

and the boronic acid 10.  

 

 
Scheme 2. Suzuki-carbonylation of aryl bromides. 

  

 The 1wt.% Pd/ZIF-8 catalyst was found to be recyclable 

and no appreciable change in catalytic performance was 

observed after six cycles for the aminocarbonylation of p-

iodotoluene. Very low palladium leaching (<3 ppm) was 

observed in each run. A filtrate test was carried out to 

investigate the possible involvement of homogeneously 

catalysed reaction. No appreciable reaction was observed when 

the filtrate of an aminocarbonylation reaction, after removing 

the solid catalyst, was subjected to a second 

aminocarbonylation reaction by adding fresh reaction mixture. 

This observation could possibly indicate that the catalytic 

reaction pathway originating from the leached out palladium  

leading to a homogeneous pathway may be much less important 

compared to a heterogeneous pathway.    

 When aryl bromides were used as a substrate  for both 

amino- and Suzuki- carbonylations, presence of a suitable 

phosphine ligand was found to be necessary together with 

1wt.% Pd/ZIF-8 as the catalyst. The adsorbed phosphine ligand 

onto palladium nanoparticles could alter the electronic 

properties to facilitate the activation of less reactive aryl 

bromides during the initial oxidative addition step.18 Though 

presence of phosphine ligands could potentially enhance 

leaching of palladium into solution thereby driving the reaction 

through homogeneous pathway, low leaching (<4 ppm)13a and 

efficient recyclability of the catalyst observed shows either such 

homogeneous pathway is negligible owing to the stability19 of 

Pd/ZIF-8 catalyst or the efficient re-adsorption of palladium on 

to the support (ZIF-8) after a potential homogeneous reaction 

(quasi-heterogeneous catalysis).20 Further mechanistic 

investigation is necessary to understand the dynamic nature of 

Pd nanoparticles21 and the appropriate share of heterogeneous 

and homogeneous reaction pathways in the absence and 

presence of ligands when Pd/ZIF-8 is used as a catalyst under 

the present reaction conditions.  

 The scalability of the reaction was also investigated using 

both p-bromo- and p-iodo-toluene (1a and 1a') under the 

optimized conditions using 5 mmol of substrate using 24 mg of 

catalyst for 24 h, achieving a TON of about 1500 with about 

68-70% yields.  

Conclusions 

 We have reported an easy synthesis of Weinreb amides 

using an efficient and recyclable heterogeneous catalyst from 

the corresponding aryl bromides or iodides with N,O-

dimethylhydroxyamine hydrochloride under relatively mild 

aminocarbonylation conditions. This procedure offers a 

sustainable alterative synthesis of various functionalized 

Weinreb amides in high yields. The potential application of this 

catalyst system has been demonstrated for the synthesis of an 

intermediate towards the synthesis of antihelmintic drug 

Mebendazole from the corresponding Weinreb amide. The 

possibility of direct synthesis of ketones by Suzuki-

carbonylation was also demonstrated. The catalyst Pd/ZIF-8 

could be efficiently recycled and the Pd leaching was found to 

be less than 3 ppm. Scale up possibility was also demonstrated 

in a gram scale achieving a TON of about 1500.  

 

Experimental Section 
 
General information 

All chemicals and reagents were purchased from Aldrich or 

Alfa Aesar and were used without further purification. For 

chromatographic purifications, technical-grade solvents were 

used. Reactions were checked by thin layer chromatography 

(TLC) using Merck Silica Gel 60 F254 plates under UV light. 

The chromatographic purification of the products was 

performed on silica gel. NMR-spectra were measured in the 

given solvent at room temperature on a Bruker Avance 400 

(400 MHz, 1H-NMR; 100 MHz, 13C-NMR). Chemical shifts δ 

are given in parts per million (ppm) relative to 

tetramethylsilane (TMS) for 1H- and 13C-NMR spectra and also 

calibrated against the solvent residual peak. Multiplicities are 

reported as follows: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, br = broad signal or as a combination of 

them. Coupling constants (J) are given in Hertz (Hz). 

 

Preparation of 1wt.% Pd/ZIF-8 catalyst.13a 

K2PdCl4 (16.32 mg, 0.05 mmol) was dissolved in 30 mL of 

water to form an orange solution. 0.5 g of ZIF-8 was added into 

the solution, and the mixture was stirred for 30 minutes at room 

temperature. Then, 2.0 mL of polyvinyl alcohol (PVA) solution 

(1 wt.%) was introduced. After stirring for 20 minutes, a 

solution of hydrazine (1.0 mL, excess)  in 30 mL of water was 

added drop-wise for 60 min into the reaction mixture under 

strong stirring. Colour of the mixture turned to gray 

immediately upon addition. After stirring for another 60 

minutes, the dark solid was isolated by filtration, washed 2 

times with water (10 mL), one time with methanol followed by 

dry ether (10 mL) and dried overnight under vacuum at 100oC. 

Pd on support (1.0 wt.%) was obtained as a gray powder, and 

stored under nitrogen atmosphere. ICP analysis showed 92-96% 
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palladium incorporation. BET specific surface area of the 

catalyst is found to be 1303 m2g-1. The sharp XRD peaks 

showed good crystallinity and were nearly identical to the 

support itself.14 The Pd nanoparticels having a size distribution 

of 4-9 nm are well distributed on the external surface of ZIF-8 

and no obvious aggregation was observed. 

 

General procedure for aminocarbonylation.  

A 10 mL glass vial containing a magnetic stirrer bar was 

charged with a mixture of 1wt% Pd/ZIF-8 (24 mg, 0.21 mol% 

Pd), Xantphos (5.8 mg, 1.0 mol%), K2CO3 (345 mg, 2.5 mmol), 

aryl bromide (1.0 mmol) of DMHA.HCl, (1.5 mmol) and 2 mL 

of toluene. The vial was placed in a HEL CAT-7 pressure 

reactor, which was purged with nitrogen, followed by carbon 

monoxide and was filled with the required pressure (1-3 bar) of 

carbon monoxide. The reaction was continued with stirring for 

12 h at 105 oC, cooled to room temperature and was analyzed 

by NMR after filtering through a short pad of Celite and 

evaporating the solvents and volatiles. In most cases the 

compound was nearly pure and was further purified by column 

chromatography using gradient elution with EtOAc:Hexane 

(10:1-1:1). No ligand was added when aryl iodide was used as 

the substrate instead of aryl bromide. 

 

 N-Methoxy-N,4-dimethylbenzamide7 (2a). The general 

procedure was followed by using p-bromotoluene (171 mg, 1.0 

mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 

°C. The product was isolated after column chromatography 

(elution with hexane/ethyl acetate 10:1 – 1:1) as a colorless 

liquid 173.6 mg (0.97 mmol, 97%). 1H NMR (400 MHz, 

CDCl3): δ 2.37 (s, 3H), 3.34 (s, 3H), 3.55 (s, 3H), 7.19 (d, J = 

7.6, 3H), 7.58 (d, J = 7.6, 3H); 13C NMR (100 MHz, CDCl3): δ 

21.5, 34.0, 61.0, 128.4, 128.8, 131.3, 141.0, 170.1. Compound 

2a was also obtained by aminocarbonylation of p-iodotoluene 

(218 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 

12 h at 105 °C. The product was isolated after column 

chromatography (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 168.2 mg (0.94 mmol, 94%). 

 N-Methoxy-N-methylbenzamide7 (2b). The general 

procedure was followed by using bromobenzene (157 mg, 1.0 

mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 

°C. The product was isolated after column chromatography 

(elution with hexane/ethyl acetate 10:1 – 1:1) as a colorless 

liquid 156.8 mg (0.95 mmol, 95%). 1H NMR (400 MHz, 

CDCl3): δ 3.35 (s, 3H), 3.54 (s, 3H), 7.36 – 7.46 (m, 3H), 7.65 

(m, 2H); 13C NMR (100 MHz, CDCl3): δ 33.9, 61.1, 128.1, 

128.3, 130.7, 134.3, 170.1. Compound 2b was also obtained by 

aminocarbonylation of o-iodotoluene (218 mg, 1.0 mmol) and 

DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 °C. The 

product was isolated after column chromatography (elution 

with hexane/ethyl acetate 10:1 – 1:1) as a yellow oil 141.5 mg 

(0.79 mmol, 79%). 
 N,4-Dimethoxy-N-methylbenzamide22 (2c). The general 

procedure was followed by using 1-methoxy-4-bromobenzene 

(187 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 

12 h at 105 °C. The product was isolated after column 

chromatography (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 183.2 mg (0.94 mmol, 94%). 1H NMR 

(400 MHz, CDCl3): δ 3.35 (s, 3H), 3.56 (s, 3H), 3.84 (s, 3H), 

6.90 (d, J = 7.6, 3H), 7.72 (d, J = 7.6, 3H); 13C NMR (100 

MHz, CDCl3) δ 34.0, 55.5, 61.0, 113.4, 126.2, 130.7, 161.7, 

169.5.  

 N-Methoxy-N,2-dimethylbenzamide22 (2d). The general 

procedure was followed by using o-bromotoluene (171 mg, 1.0 

mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 

°C. The product was isolated after column chromatography 

(elution with hexane/ethyl acetate 10:1 – 1:1) as a yellow oil 

134.2 mg (0.75 mmol, 75%). 1H NMR (400 MHz, CDCl3): δ 

2.26 (s, 3H), 3.21 (s, 3H), 3.44 (s, 3H), 7.11 (m, 2H), 7.20 (m, 

2H); 13C NMR (100 MHz, CDCl3): δ 18.9, 32.9, 60.9, 125.3, 

126.0, 129.0, 130.0, 134.6, 135.2, 170.8.  

 N,3,4-Trimethoxy-N-methylbenzamide23 (2e). The 

general procedure was followed by using 4-bromo-1,2-

dimethoxybenzene (217 mg, 1.0 mmol) and DMHA.HCl (143.4 

mg, 1.5 mmol) for 12 h at 105 °C. The product was isolated 

after column chromatography (elution with hexane/ethyl acetate 

10:1 – 1:1) as a colorless liquid 216.1 mg (0.96 mmol, 96%). 
1H NMR (400 MHz, CDCl3): δ 3.29 (s, 3H), 3.51 (s, 3H), 3.84 

(s, 3H), 3.85 (s, 2H), 6.81 (d, J = 7.6, 1H), 7.32 (m, 1H), 7.26 

(s, 1H); 13C NMR (100 MHz, CDCl3): δ 34.0, 55.9, 56.0, 60.9, 

110.2, 112.1, 122.1, 126.1, 148.4, 151.2, 169.3. 

 N,3,4,5-Tetramethoxy-N-methylbenzamide23 (2f). The 

general procedure was followed by using 5-bromo-1,2,3-

trimethoxybenzene (247 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a colorless solid 242.2 mg 

(0.95 mmol, 95%). 1H NMR (400 MHz, CDCl3): δ 3.31 (s, 3H), 

3.56 (s, 3H), 3.84 (s, 9H), 6.93 (s, 2H); 13C NMR (100 MHz, 

CDCl3): δ 34.0, 56.3, 60.9, 61.2, 106.0, 129.1, 140.2, 152.8, 

169.4. Compound 2f was also obtained by aminocarbonylation 

using 5-iodo-1,2,3-trimethoxybenzene (294 mg, 1.0 mmol) and 

DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 °C. The 

product was isolated after column chromatography (elution 

with hexane/ethyl acetate 10:1 – 1:1) as a white solid 232.1 mg 

(0.91 mmol, 91%). 

 4-Chloro-N-methoxy-N-methylbenzamide7 (2g). The 

general procedure was followed by using p-

chlorobromobenzene (191.5 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a colorless liquid 187.1 mg 

(0.94 mmol, 94%). 1H NMR (400 MHz, CDCl3): δ 3.24 (s, 3H), 

3.43 (s, 3H), 7.27 (d, J = 7.6, 3H), 7.56 (d, J = 7.6, 3H); 13C 

NMR (100 MHz, CDCl3): δ 33.3, 60.9, 128.1, 129.7, 132.3, 

136.5, 168.4. 

 4-Fluoro-N-methoxy-N-methylbenzamide24 (2h). The 

general procedure was followed by using p-

bromofluorobenzene (175 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a colorless liquid 140.9 mg 
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(0.77 mmol, 77%). 1H NMR (400 MHz, CDCl3): δ 3.35 (s, 3H), 

3.53 (s, 3H), 7.05 (m, 2H), 7.73 (m, 2H); 13C NMR (100 MHz, 

CDCl3): δ 33.7, 61.1, 115.2 (d, J = 21.8 Hz), 130.1 (d, J = 83.4 

Hz), 130.9 (d, J = 8.6 Hz), 164.2 (d, J = 251.1 Hz), 168.8. 

 N-Methoxy-N-methyl-4-nitrobenzamide24 (2i). The 

general procedure was followed by using 1-bromo-4-

nitrobenzene (202 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 

1.5 mmol) for 12 h at 105 °C. The product was isolated after 

column chromatography (elution with hexane/ethyl acetate 10:1 

– 1:1) as a colorless liquid 165.9 mg (0.79 mmol, 79%). 1H 

NMR (400 MHz, CDCl3): δ 3.33 (s, 3H), 3.49 (s, 3H), 7.78 (d, 

J = 7.6, 3H), 8.19 (d, J = 7.6, 3H); 13C NMR (100 MHz, 

CDCl3): δ 33.1, 61.4, 123.2, 129.2, 140.1, 148.8, 167.7. 

Compound 2i was also obtained by aminocarbonylation of 1-

iodo-4-nitrobenzene (249 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a colorless liquid 201.4 mg 

(0.96 mmol, 96%). 

 4-Cyano-N-methoxy-N-methylbenzamide23 (2j). The 

general procedure was followed by using 4-bromobeonzonitrile 

(182 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 

12 h at 105 °C. The product was isolated after column 

chromatography (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 186.1 mg (0.98 mmol, 98%). 1H NMR 

(400 MHz, CDCl3): δ 3.32 (s, 3H), 3.48 (s, 3H), 7.66 (d, J = 

7.6, 3H), 7.73 (d, J = 7.6, 3H); 13C NMR (100 MHz, CDCl3): δ 

33.2, 61.3, 114.1, 118.1, 128.8, 131.8, 138.3, 167.9. 

 4-Amino-N-methoxy-N-methylbenzamide25 (2k). The 

general procedure was followed by using bromotoluene (172 

mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h 

at 105 °C. The product was isolated after column 

chromatography  (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 122.3 mg (0.68 mmol, 68%). 1H NMR 

(400 MHz, CDCl3): δ 3.29 (s, 3H), 3.53 (s, 3H), 3.93 (s, 2H, br, 

NH2), 6.57 (d, J = 7.6, 3H), 7.56 (d, J = 7.6, 3H); 13C NMR 

(100 MHz, CDCl3): δ 34.2, 60.7, 113.7, 122.8, 130.6, 149.3, 

169.8. 

 4-Formyl-N-methoxy-N-methylbenzamide (2l). The 

general procedure was followed by using p-bromobenzaldehyde 

(185 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 

12 h at 105 °C. The product was isolated after column 

chromatography (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 162.1 mg (0.84 mmol, 84%). 1H NMR 

(400 MHz, CDCl3): δ 3.34 (s, 3H), 3.50 (s, 3H), 7.78 (d, J = 

7.6, 3H), 7.88 (d, J = 7.6, 3H), 10.03 (s, 1H); 13C NMR (100 

MHz, CDCl3): δ 33.4, 61.3, 128.7, 129.3, 137.5, 139.8, 168.8, 

191.7. HRMS (ESI TOF): calcd for C10H12NO3 [M+H]+ 

194.0812; found: 194.0811. 

 4-Acetyl-N-methoxy-N-methylbenzamide8 (2m). The 

general procedure was followed by using 1-(4-

bromophenyl)ethan-1-one (199 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a colorless liquid 161.5 mg 

(0.78 mmol, 78%). 1H NMR (400 MHz, CDCl3): δ 2.58 (s, 3H), 

3.32 (s, 3H), 3.49 (s, 3H), 7.70 (d, J = 7.6, 2H), 7.94 (d, J = 7.6, 

2H); 13C NMR (100 MHz, CDCl3): δ 26.7, 33.4, 61.2, 127.9, 

128.5, 138.3, 138.4, 168.9, 197.4. 

 N-Methoxy-N-methylnicotinamide8 (2n). The general 

procedure was followed by using 3-bromopyridine (158 mg, 1.0 

mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h at 105 

°C. The product was isolated after column chromatography 

(elution with hexane/ethyl acetate 10:1 – 1:1) as a colorless 

liquid 157.6 mg (0.95 mmol, 95%). 1H NMR (400 MHz, 

CDCl3): δ 3.23 (s, 3H), 3.41 (s, 3H), 7.21 (ddd, J = 7.9, 4.9, 0.9 

Hz, 1H), 7.88 (dt, J = 7.9, 2.0 Hz, 1H), 8.53 (dd, J = 4.9, 1.7 

Hz, 1H), 8.80 (dd, J = 2.2, 1.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 33.0, 61.1, 122.8, 129.7, 135.9, 149.1, 151.2, 167.2. 

 N-Methoxy-N-methylpyrimidine-5-carboxamide26 (2o). 

The general procedure was followed by using 5-

bromopyrimidine (159 mg, 1.0 mmol) and DMHA.HCl (143.4 

mg, 1.5 mmol) for 12h at 105 °C. The product was isolated 

after column chromatography (elution with hexane/ethyl acetate 

10:1 – 1:1) as a colorless liquid 163.8 mg (0.98 mmol, 98%). 
1H NMR (400 MHz, CDCl3) δ 3.37 (s, 3H), 3.56 (s, 3H), 7.06 

(s, 2H), 9.24 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 33.0, 

61.6, 127.9, 156.8, 159.9, 164.9. 

 4-Hydroxy-N-methoxy-N-methylbenzamide27 (2p). The 

general procedure was followed by using p-iodophenol (220 

mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 1.5 mmol) for 12 h 

at 105 °C. The product was isolated after column 

chromatography (elution with hexane/ethyl acetate 10:1 – 1:1) 

as a colorless liquid 101.4 mg (0.56 mmol, 56%). 1H NMR 

(400 MHz, CDCl3): δ 3.35 (s, 3H), 3.55 (s, 3H), 6.82 (d, J = 

7.6, 3H), 7.58 (d, J = 7.6, 3H), 8.59 (s, br, OH); 13C NMR (100 

MHz, CDCl3): δ 34.5, 61.1, 115.3, 124.2, 130.7, 159.7, 170.2. 

 5-Formyl-N,2,3-trimethoxy-N-methylbenzamide (2q). 

The general procedure was followed by using 3-iodo-4,5-

dimethoxybenzaldehyde (292 mg, 1.0 mmol) and DMHA.HCl 

(143.4 mg, 1.5 mmol) for 12 h at 105 °C. The product was 

isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 1:1) as a yellow solid 237.8 mg 

(0.94 mmol, 94%). 1H NMR (400 MHz, CDCl3): δ 3.31 (s, br, 

3H), 3.46 (s, br, 3H), 3.90 (s, 3H), 3.92 (s, 3H), 7.36 (s, 1H), 

7.43 (s, 1H), 9.83 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 32.3, 

56.1, 61.3, 61.5, 111.4, 123.6, 130.5, 132.2, 151.0, 153.0, 

167.8, 190.3. HRMS (ESI TOF): calcd for C12H16NO5 [M+H]+ 

254.1023; found: 254.1023. 

 4-Bromo-N-methoxy-N-methylbenzamide24 (2r). The 

general procedure was followed by using 4-bromo-1-

iodobenzene (283 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 

1.5 mmol) for 12 h at 105 °C. The product was isolated after 

column chromatography  (elution with hexane/ethyl acetate 

10:1 – 1:1) as a colorless liquid 214.7 mg (0.88 mmol, 88%). 
1H NMR (400 MHz, CDCl3): δ 3.36 (s, 3H), 3.54 (s, 3H), 7.55 

(d, J = 7.6, 3H), 7.58 (d, J = 7.6, 3H); 13C NMR (100 MHz, 

CDCl3): δ 33.7, 61.3, 125.3, 130.2, 131.4, 133.0, 168.9. 

 3-Bromo-N-methoxy-N-methylbenzamide28 (2s). The 

general procedure was followed by using 3-bromo-1-

iodobenzene (283 mg, 1.0 mmol) and DMHA.HCl (143.4 mg, 

1.5 mmol) for 12 h at 105 °C. The product was isolated after 
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column chromatography (elution with hexane/ethyl acetate 10:1 

– 1:1) as a colorless liquid 212.3 mg (0.85 mmol, 85%). 1H 

NMR (400 MHz, CDCl3): δ 3.29 (s, 3H), 3.49 (s, 3H), 7.22 (m, 

1H), 7.48-7.62 (m, 2H), 7.7 (s, 1H); 13C NMR (100 MHz, 

CDCl3): δ 33.5, 61.1, 121.9, 126.7, 129.6, 131.2, 133.5, 136.0, 

168.1. 

 4-Bromobenzophenone29 (3). An ether solution of 

phenylmagnesium bromide (3.0 M, 0.2 mL, 0.6 mmol) was 

introduced into a 10 mL of ether solution of 4-bromo-N-

methoxy-N-methylbenzamide (97.6 mg, 0.4 mmol) under 

stirring at 0 oC and the reaction mixture was stirred overnight. 

The crude mixture was worked up with 20 mL of HCl (2 M) 

solution and 30 mL EtOAc. The product was isolated after 

column chromatography (elution with hexane/ethyl acetate 10:1 

– 5:1) as a white solid 85.6 mg (0.328 mmol, 82%). 1H NMR 

(400 MHz, CDCl3): δ 7.44 – 7.55 (m, 2H), 7.56 – 7.65  (m, 

3H), 7.68 (d, J = 8.7 Hz, 2H), 7.74 – 7.82 (m, 2H); 13C NMR 

(100 MHz, CDCl3): δ 127.6, 128.5, 130.0, 131.6, 131.7, 132.7, 

136.5, 137.3, 195.6. 

 N-(4-Benzoylphenyl)acetamide18 (4). Dry dioxane (0.8 

mL) was added to a mixture of 78.3 mg (0.3 mol) of 3, 

acetamide (0.6 mmol), CuI (5.7 mg, 10 mol%), cyclohexane-

1,2-diamine (6.8 mg, 20 mol%) and K2CO3 (125 mg, 0.9 

mmol), in a 5 mL Schlenk flask. The reaction mixture was 

degassed using argon for 2 min and was heated at 120 o C for 

24 h under stirring. The crude mixture was worked up with 20 

mL of saturated NaCl solution and 30 mL EtOAc. The product 

was isolated after column chromatography (elution with 

hexane/ethyl acetate 10:1 – 2:1) as a white solid 53.8 mg (0.225 

mmol, 75%). 1H NMR (400 MHz, CDCl3): δ 2.19 (s, 3H), 7.40 

– 7.29 (m, 1H), 7.46 (m, 1H), 7.56 (d, J = 8.7 Hz, 1H) 7.70 – 

7.59 (m, 2H), 8.24 (s, br, OH). 13C NMR (100 MHz, CDCl3): δ 

23.9, 117.9, 127.4, 129.0, 130.8, 131.4, 132.3, 137.0, 140.9, 

167.6, 194.7. 

 4-Methoxybenzophenone (8).30 A 10 mL glass vial 

containing a magnetic stirrer bar was charged with a mixture of 

1wt% Pd/ZIF-8 (24 mg, 0.42 mol% Pd), Et3N (303 mg, 3 

mmol), iodobenzene (0.5 mmol) and (4-

methoxyphenyl)boronic acid (0.75 mmol) and 2 mL of toluene. 

The vial was placed in a HEL CAT-7 pressure reactor, which 

was purged with nitrogen, followed by carbon monoxide and 

was filled with the required pressure of carbon monoxide. The 

reaction was continued with stirring for 24 h at 105 oC, cooled 

to room temperature and was analyzed by NMR after filtering 

through a short pad of Celite and evaporating the solvents and 

volatiles. The crude product was purified by column 

chromatography by gradient elution with EtOAc:Hexane (10:1 

– 1:1) to provide the ketone (8) as a colorless solid, 83 mg (0.39 

mmol, 78%). 1H NMR (400 MHz, CDCl3) δ: 3.88 (s, 3 H), 

6.95-6.98 (m, 2 H), 7.47 (dd, J = 7.5,7.9 Hz, 2 H), 7.54-7.59 

(m, 1 H), 7.75 (dd, J = 1.4, 8.5 Hz, 2 H), 7.81-7.85 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ: 55.6, 113.7, 128.3, 129.8, 130.3, 

131.9, 132.7, 138.5, 163.4, 195.6. 

 (3,4-Methylenedioxyphenyl)phenylmethanone (11):31 The 

procedure for the preparation of 8 was followed in a Parr 

reactor at 10 bar of CO by using bromobenzene (2b, 157 mg, 

1.0 mmol), 3,4-(methylenedioxy)phenylboronic acid (10, 249 

mg, 1.5 mmol), Pd/ZIF-8 (24 mg, 1 wt.%, 0.21 mol% Pd), Et3N 

(606 mg, 6 mmol), and CataCXium A (10.8 mg, 2 mol%) in 7 

mL dry toluene for 18 h at 120 °C. Purification by flash 

chromatography (PE:Et2O= 10:1-1:1) gave 167.2 mg (0.74 

mmol, 74%) of the ketone 11 as a yellow oil; 1H NMR (400 

MHz, CDCl3): δ 6.05 (s, 2H), 6.85 (dq, J = 1.8, 1.1 Hz, 1H), 

7.37 (dd, J = 9.1, 1.3 Hz, 2H), 7.46 (ddd, J = 8.1, 6.6, 1.2 Hz, 

2H), 7.52- 7.60 (m, 1H), 7.68-7.78 (m, 2H); 13C NMR (100 

MHz, CDCl3): δ 101.9, 107.8, 110.0, 126.9, 128.3, 129.8, 

132.1, 138.3, 148.1, 151.6, 195.2. 

 

Recycle experiments 

The recycle experiments were conducted using the isolated 

catalyst after the standard aminocarbonylation of p-iodotoluene. 

The catalyst was isolated by centrifugation and decanting the 

solution, washed twice with fresh toluene and charged to the 

subsequent aminocarbonylation reaction. 

 

Filtration test   

Filtrate test32 was conducted by adding fresh reaction mixture 

(without the catalyst) to the filtrate of the standard 

aminocarbonylation reaction of iodotoluene. 

 

Scale-up synthesis 

Scale-up reactions were conducted in a Parr 25 mL Hastelloy-C 

high pressure reactor. 5 mmol of p-iodotoluene in 10 mL of 

toluene was added to 24 mg of 1wt%Pd/ZIF-8, 2.5 equiv of 

K2CO3, and 7.5 mmol N,O-dimethylhydroxyamine 

hydrochloride and charged to the Parr reactor. After purging 

with nitrogen, 3 bar carbon monoxide was charged and the 

reaction was carried out for 24 h at 105 oC. The reactor was 

cooled to room temperature and the reaction mixture was 

analyzed by GC and NMR for product after filtering off the 

catalyst and inorganic materials. Similarly, the scale up of p-

bromotoluene was conducted in the presence of Xantphos 

ligand. 
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