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1. General Information:1a 

Reactions were performed using borosil seal tube vial under N2 atmosphere. Column 

chromatography was done by using 100-200 & 230-400 mesh size silica gel of Acme Chemicals. 

A gradient elution was performed by using distilled petroleum ether and ethyl acetate. TLC plates 

detected under UV light at 254 nm. 1H NMR and 13C NMR were recorded on Bruker AV 400, 700 

MHz spectrometer using CDCl3 and DMSO-d6 as NMR solvents. The residual CHCl3 and DMSO-

H6 for 1H NMR (δ = 7.26 ppm and 2.54 ppm respectively) were used as reference. The deuterated 

solvent signal for 13C NMR (δ = 77.36 ppm 40.45 ppm) is used as reference.1b Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet), integration, and 

coupling constants (J) in hertz (Hz). HRMS signal analysis was performed using micro TOF Q-II 

mass spectrometer. X-ray analysis was conducted using Rigaku Smartlab X-ray diffractometer at 

SCS, NISER. Reagents and starting materials were purchased from Sigma Aldrich, Alfa Aesar, 

TCI, Avra, Spectrochem and other commercially available sources and used without further 

purification unless otherwise noted. Structurally diverse maleimide were synthesized according to 

literature procedure.2 

 

Abbreviations: 

NaHCO3 = Sodium bicarbonate, Na2CO3 = Sodium carbonate, K3PO4 = Tripotassium phosphate, 

CsOAc = Cesium acetate, Na2SO4 = Sodium sulfate, Zn(OAc)2 = Zinc acetate, AgBF4 = Silver 

tetrafluoroborate, TEMPO = 2,2,6,6-Tetramethylpiperidine 1-oxyl, BHT = Butylated 

hydroxytoluene, TLC = Thin layer chromatography, EtOAc = Ethyl acetate, TFE = 

Trifluoroethanol, DCM = Dichloromethane, MeOH = Methanol, D2O = Deuterium oxide. 
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(2) Experimental procedure:  

 
(2.1) General procedure for the synthesis of N-phenoxyacetamides 1:3  

Method A: O-mesitylsulfonylhydroxylamine (MSH) was prepared according to the literature.4 

Phenol (1.5 equiv) was dissolved in methanol (0.7 M), and then potassium tert-butoxide (1.5 equiv) 

was added. The mixture was allowed to stir for 0.5 h under argon atmosphere. Then methanol was 

removed under vacuum, and DMF was added into the residue (1.3 M). Then the freshly prepared 

O-mesitylsulfonylhydroxylamine (1.0 equiv, 0.9 M in DMF) was added under ice cold bath. The 

mixture was allowed to stir for 2 h, diluted with ethylacetate, and washed with brine. The aqueous 

layer was extracted with EtOAc, which was then removed under reduced pressure to afford the 

corresponding N-aryloxyamine. Na2CO3 (1.5 equiv) and H2O/EtOAc (v/v 1/2, 1.0 M) was next 

added to the reaction flask. The resulting solution was kept under ice bath followed by dropwise 

addition of acyl chloride (1.2 equiv). After stirring at 0 ºC for 2 h, the reaction was quenched with 

saturated NaHCO3 and diluted with EtOAc. The organic phase was washed twice with saturated 

NaHCO3, dried over anhydrous Na2SO4, filtered, and evaporated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel to provide the desired product.  

 

Method B:5 A mixture of N-hydroxyphthalimide (1.0 equiv), arylboronic acid (2.0 equiv), CuCl 

(1.0 equiv), freshly activated 4Å molecular sieves (250mg/mmol) and pyridine (1.1 equiv.) were 

dissolved in 1,2-dichloroethane (0.25 M) and stirred at room temperature under air. After 48-120 

hours, the reaction mixture turned green. Silica gel was added to the flask and the solvent was 

evaporated under reduced pressure. The purification was performed by flash column 

chromatography on silica gel to afford desired N-aryloxyphthalimides. The product was directly 

used for the next step.  

Hydrazine monohydrate (4.00 equiv., 51- 64%) was added to the solution of N-aryloxyphthalimide 

(1.0 equiv) in DCM (0.25 M). The reaction was stirred at room temperature overnight. MgSO4 

was added to the mixture and the suspension was stirred for additional 10 minutes. The precipitate 

was filtered off and washed with DCM followed by EtOAc. The filtrate was concentrated and the 

resulting oil was directly used without further purification. N-aryloxyamine (1.0 equiv.) was 
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dissolved in DCM (0.2 M). The resulting solution was cooled to 0 °C and acetic anhydride (1.10 

equiv.) was added dropwise to the mixture. After stirring at room temperature for 3 h the reaction 

was quenched with saturated NaHCO3 and extracted with DCM. The organic phase was washed 

three times with saturated NaHCO3 and dried over anhydrous Na2SO4, followed by filtration. The 

solvent was evaporated under reduced pressure. The crude product was purified by 

recrystallization from EtOAc/pentane to afford the desired N-aryloxyacetamide 2. 

 

(3) Catalysis reactions:  

(3.1) General procedure for the Cp*Rh catalyzed C-H olefination of aryloxyacetamide 1 

with maleimide 2: 

 
 

To an oven-dried seal tube charged with a stir bar, aryloxy acetamide 1 (0.1 mmol, 1 equiv), 

maleimide 2 (0.15 mmol, 1.5 equiv), (Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), Zn(OAc)2 (0.2 

mmol, 2.0 equiv), Et3N (0.05 mmol, 50 mol %) and MeOH (1.0 mL, 0.1 M with respect to 1) were 

added under nitrogen atmosphere. The seal tube was taken inside the glove box and AgBF4 (0.03 

mmol, 30 mol %) was added. The reaction mixture was stirred (700 rpm) in a preheated aluminum 

block at 40 ℃ for 12 h. After completion of the reaction (monitored by TLC), the solvent was 

evaporated under reduced pressure, and the crude was purified by column chromatography using 

EtOAc/hexane as eluent to get the corresponding ortho-olefinated product 3. 
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(3.2) Table S1: Optimization table for Cp*Rh catalyzed C-H olefination of aryloxyacetamide 1 

followed by intermolecular C-H amination of maleimide 2. 

 

aReaction conditions: 1b (0.1 mmol), 2b (0.15 mmol), Cp*[Rh] = [Cp*Rh(CH3CN)3] (SbF6)2, 

(Cp*RhCl2)2 (2.5 mol %), additives (50 mol %), TFE (0.5 mL), temp °C, N2. 
bNMR yield (1,3,5-

trimethoxy benzene was used as internal standard), cIsolated yield. 
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(3.3) General procedure for the Cp*Rh catalyzed C-H olefination of aryloxyacetamide 1 

followed by intermolecular C-H amination of maleimide 2.  

 

To an oven-dried seal tube charged with a stir bar, aryloxy acetamide 1 (0.1 mmol, 1 equiv), 

maleimide 2 (0.1 mmol, 1.0 equiv), (Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), Na2SO4 (0.05 mmol, 

50 mol %), and TFE (0.5 mL, 0.2 M with respect to 1) were added under nitrogen atmosphere. 

The seal tube was taken inside the glove box and CsOAc (0.05 mmol, 50 mol %), and K3PO4 (0.05 

mmol, 50 mol %), were added. The reaction mixture was stirred (700 rpm) in a preheated 

aluminum block at 60 ℃ for 14 h. After completion of the reaction (monitored by TLC), the 

solvent was evaporated under reduced pressure and the crude was purified by column 

chromatography using EtOAc/hexane as eluent to get the corresponding product 4. 

(3.4) General procedure for the Cp*Rh catalyzed olefination reaction of aryloxy acetamide 

1b in 1 mmol scale: 

 
 

To an oven-dried seal tube charged with a stir bar, N-(p-tolyloxy)acetamide 1b (1.0 mmol, 1 

equiv), N-benzyl maleimide 2c (1.5 mmol, 1.5 equiv), (Cp*RhCl2)2 (0.025 mmol, 2.5 mol %), 

Zn(OAc)2 (2.0 mmol, 2.0 equiv), Et3N (0.5 mmol, 50 mol %) and MeOH (10.0 mL, 0.1 M with 
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respect to 1) were added under nitrogen atmosphere. The seal tube was taken inside the glove box 

and AgBF4 (0.3 mmol, 30 mol %) was added. The reaction mixture was stirred (700 rpm) in a 

preheated aluminum block at 40 ℃ for 12 h. After completion of the reaction (monitored by TLC), 

the solvent was evaporated under reduced pressure, and the crude was purified by column 

chromatography using EtOAc/hexane as eluent to get the corresponding ortho-olefinated product 

3bd in 70% (205 mg).  

 

(3.5) RESULTS AND DISCUSSION 

We began our investigation by taking p-tolyl phenoxyacetamide 1b as the model substrate and N-

Et maleimide 2b as the coupling partner. After an extensive screening of various parameters, a 

catalytic condition comprising of (Cp*RhCl2)2 (2.5 mol %), AgBF4 (30 mol %), Zn(OAc)2 (2 

equiv), Et3N (50 mol %), and MeOH solvent (0.1M) at 40 °C in 12 h provided the desired product 

3bb in 74 % yield (Table S2, entry 1). To ascertain the working limits of this condition, we varied 

different parameters. At first, the reaction temperature was changed to room temperature, 60 °C, 

and 80 °C (Table S2, entry 2-4).  

yield (Table S2, entries 5, 6). The effect of various silver salt in the reaction has been tested, and 

sulphate was found to be a suitable counter anion to stabilize the active catalyst after 

tetrafluoroborate (Table S2, entries 7-9). As the base plays a very crucial role, carbonate and 

acetate bases have been employed; however, we have not observed any superior results (Table S2, 

entries 10, 11). Next, the catalyst loading was increased from 2.5 mol % to 5 mol %, and in this 

case, only a 50% yield of the desired product was observed (Table S2, entry 12). May be the 

availability of excess rhodium catalyst is consuming the substrate by undergoing oxidative 

addition between the O-N bond leading to the deactivation of the directing group. The control 

experiment without Rh catalyst and Zn(OAc)2 suggested that they play a very crucial role (Table 

S2, entry 13, 14). While (Cp*RhCl2)2 acts as a catalyst to activate the C-H bond, Zn(OAc)2 may 

serve as a Lewis acid6 to activate the maleimide double bond to undergo effective olefin insertion. 

The role of the base can be explained from the control experiment (Table S2, entry 15).  
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Table S2. Optimization of Reaction Conditionsa,b,c 

 

aReaction conditions: 1a (0.1 mmol), 2b (0.15 mmol), (Cp*RhCl2)2 (2.5 mol %), Ag salt (30 mol 

%), Base (50 mol %), Zn(OAc)2 (2 equiv), MeOH (1 mL), 40 °C, N2, 
bNMR yield (1,3,5-

trimethoxy benzene was used as internal standard), cIsolated yield. 
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It shows that without a base (Et3N), only 20% of the olefination product and 75% of the ortho-

amidated product was formed, which means without an adequate base, the restricted β-hydride 

elimination makes maleimide an effective olefin mediator rather a coupling partner. In the absence 

of Et3N, acetate might be helping in the E2-elimination, albeit inefficiently, leading to a 20% yield 

of olefination product 3bb. However, all these variations in temperature failed to increase the yield 

of the desired product. The variation in equivalence of the maleimide (coupling partner) also did 

not result in an improved  

Table S3. Screening of various direction groups.a 

 

aReaction conditions: 1a (0.1 mmol), 2b (0.15 mmol), (Cp*RhCl2)2 (2.5 mol %), AgBF4 (30 mol 

%), Et3N (50 mol %), Zn(OAc)2 (2 equiv), MeOH (1 mL), 40 °C, N2, Isolated yields are mentioned. 

After screening the reaction parameters, we varied the substituent in the directing group. We found 

a good range N-substitution with an alkyl chain of up to four carbons working efficiently under 

the reaction condition giving 51%-74% yield of the desired product 3bb (Table S3, 2b-2b3). 

However, with an increase in the steric around the directing group, the reactivity decreases and 
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further ceases when the N-pivaloyl group has been employed (Table S3, 2b4-2b5). Thus, we 

sticked to N-acetamide as our directing group as it is delivering 74% yield of the desired product 

3bb. 

(4) Control and mechanistic experiments: 

 (4.1) The effect of radical scavenger: 

 
 

To an oven-dried seal tube charged with a stir bar, N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 

equiv), N-benzyl maleimide 2c (0.15 mmol, 1.5 equiv), (Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), 

Zn(OAc)2 (0.2 mmol, 2.0 equiv), Et3N (0.05 mmol, 50 mol %), radical scavenger (1 equiv) and 

MeOH (1.0 mL, 0.1 M with respect to 1b) were added under nitrogen atmosphere. The seal tube 

was taken inside the glove box, and AgBF4 (0.03 mmol, 30 mol %) was added. The reaction 

mixture was stirred (700 rpm) in a preheated aluminum block at 40 ℃ for 12 h. After completion 

of the reaction (monitored by TLC), the reaction mixture was passed through a short silica pad, 

washed with ethyl acetate, and evaporated under reduced pressure. The crude was submitted for 

NMR analysis. The product yield was calculated from crude NMR spectra (1,3,5-Trimethoxy 

benzene was used as an internal standard). 

N.B: Reaction is not following a radical pathway. 
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(4.2) Deuterium exchange study: 

 

To an oven-dried seal tube charged with a stir bar, N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 

equiv), (Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), Zn(OAc)2 (0.2 mmol, 2.0 equiv), Et3N (0.05 

mmol, 50 mol %), and MeOH (1.0 mL, 0.1 M with respect to 1b) were added under nitrogen 

atmosphere. The seal tube was taken inside the glove box, and AgBF4 (0.03 mmol, 30 mol %) was 

added. Finally, D2O (10 equiv) was added and the seal tube was sealed. The reaction mixture was 

stirred (700 rpm) in a preheated aluminum block at 40 ℃ for 30 min. Then,  the reaction mixture 

was passed through a short silica pad washed with ethyl acetate, and evaporated under reduced 

42% D-exchange 
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pressure. The crude was submitted for NMR analysis. The percentage of H/D exchange was 

calculated from the crude 1H-NMR spectrum as shown below.  

(4.3) Kinetic isotope effect (KIE):  

 

In a parallel set of reaction, to an oven-dried seal tube charged with a stir bar, N-phenoxy acetamide 

1a/1a-D 3 (0.1 mmol, 1 equiv), N-benzyl maleimide 2d (0.15 mmol, 1.5 equiv), (Cp*RhCl2)2 

(0.0025 mmol, 2.5 mol %), Zn(OAc)2 (0.2 mmol, 2.0 equiv), Et3N (0.05 mmol, 50 mol %), and 

MeOH (1.0 mL, 0.1 M with respect to 1a/1a-D) were added under nitrogen atmosphere. The seal 

tube was taken inside the glove box, and AgBF4 (0.03 mmol, 30 mol %) was added. The reaction 

mixture was stirred (700 rpm) in a preheated aluminum block at 40 ℃ for 50 min. Then, the 

reaction mixture was passed through a short silica pad, washed with ethyl acetate, and evaporated 

under reduced pressure. The crude was submitted for NMR analysis. The percentage of H/D 

exchange was calculated from the crude 1H-NMR spectrum as shown below.  
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(4.4) Reaction of 3bc with acetamide under standard reaction conditions: 

 

To an oven-dried seal tube charged with a stir bar, 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione 3bc (0.1 mmol, 1 equiv), acetamide (0.15 mmol, 1.5 equiv), (Cp*RhCl2)2 

(0.0025 mmol, 2.5 mol %), Na2SO4 (0.05 mmol, 50 mol %), and TFE (0.5 mL, 0.2 M with respect 
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to 3bc) were added under nitrogen atmosphere. The seal tube was taken inside the glove box, and 

CsOAc (0.05 mmol, 50 mol %), K3PO4 (0.05 mmol, 50 mol %), were added. The reaction mixture 

was stirred (700 rpm) in a preheated aluminum block at 60 ℃ for 14 h. After completion of the 

reaction (monitored by TLC), the reaction mixture was passed through a short silica pad, washed 

with ethyl acetate, and evaporated under reduced pressure. The crude was submitted for NMR 

analysis. The product was not formed in this reaction. 

N.B: Acetamide is not the amine source.  

 

(4.5) Reaction of 3bc with p-tolyl phenoxy acetamide 1b: 
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To an oven-dried seal tube charged with a stir bar, 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione 3bc (0.1 mmol, 1 equiv), N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 equiv), 

(Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), Na2SO4 (0.05 mmol, 50 mol %),  and TFE (0.5 mL, 0.2 

M with respect to 1b) were added under nitrogen atmosphere. The seal tube was taken inside the 

glove box, and CsOAc (0.05 mmol, 50 mol %), K3PO4 (0.05 mmol, 50 mol %), were added. The 

reaction mixture was stirred (700 rpm) in a preheated aluminum block at 60 ℃ for 14 h. After 

completion of the reaction (monitored by TLC), the solvent was evaporated under reduced pressure 

and the crude was purified by column chromatography using EtOAc/hexane as eluent to get the 

corresponding product 4bc in 62% (19 mg) yield. 

N.B: Rhodium nitrenoid species is forming insitu from phenoxy acetamide. 

(4.6) Reaction of 3bc’ with p-tolyl phenoxy acetamide 1b: 

 

To an oven-dried seal tube charged with a stir bar, 1-benzyl-3-phenyl-1H-pyrrole-2,5-dione 3ac’ 

(0.1 mmol, 1 equiv), N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 equiv), (Cp*RhCl2)2 (0.0025 mmol, 

2.5 mol %), Na2SO4 (0.05 mmol, 50 mol %),  and TFE (0.5 mL, 0.2 M with respect to 1b) were 

added under nitrogen atmosphere. The seal tube was taken inside the glove box, and CsOAc (0.05 

mmol, 50 mol %), K3PO4 (0.05 mmol, 50 mol %), were added. The reaction mixture was stirred 

(700 rpm) in a preheated aluminum block at 60 ℃ for 14 h. After completion of the reaction 

(monitored by TLC), the solvent was evaporated under reduced pressure and the crude was purified 

by column chromatography using EtOAc/hexane as eluent to get the corresponding product 4ac’ 

in 72% (20 mg) yield. 
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(4.7) Mass analysis of carboamination reaction: 

To an oven-dried seal tube charged with a stir bar, 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione 3bc (0.1 mmol, 1 equiv), N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 equiv), 

(Cp*RhCl2)2 (0.0025 mmol, 2.5 mol %), Na2SO4 (0.05 mmol, 50 mol %),  and TFE (0.5 mL, 0.2 

M with respect to 1b) were added under nitrogen atmosphere. The seal tube was taken inside the 

glove box, and CsOAc (0.05 mmol, 50 mol %), K3PO4 (0.05 mmol, 50 mol %), were added. The 

reaction mixture was stirred (700 rpm) in a preheated aluminum block at 60 ℃ for 6 h. After 6 h, 

the residue was filtered through a nylon filter and evaporated under reduced pressure. It was then 

submitted for mass analysis. 

Figure S1.  Mass analysis for reaction of 1b with 2b.  
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Figure S2. Mass analysis for reaction of 1b with 3bc. 
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(4.8) 19F NMR experiment: 

 

To an oven-dried seal tube charged with a stir bar, N-(p-tolyloxy)acetamide 1b (0.1 mmol, 1 

equiv), 1-(4-fluorophenyl)-1H-pyrrole-2,5-dione 2f (0.1 mmol, 1 equiv),  (Cp*RhCl2)2 (0.0025 

mmol, 2.5 mol %), Na2SO4 (0.05 mmol, 50 mol %),  and TFE (0.5 mL, 0.2 M with respect to 1b) 

were added under nitrogen atmosphere. The seal tube was taken inside the glove box, and CsOAc 

(0.05 mmol, 50 mol %), K3PO4 (0.05 mmol, 50 mol %), were added. The reaction mixture was 

stirred (700 rpm) in a preheated aluminum block at 60 ℃ for 14 h. After 14 h, the residue was 

filtered through a nylon filter and submitted for 19F NMR analysis with CDCl3 as solvent. 

 

 

 

 

 

 

TFE  
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(4.9) Discussion on mechanistic study of ortho-olefination reaction 

 

Scheme S1. Mechanistic studies for olefination reaction. 
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After synthesizing a wide range of ortho-olefination product, we performed various mechanistic 

studies to understand the mechanism. We have done an H-D exchange that resulted in 42% 

deuterium exchanged in the ortho position (Scheme S1a). This implies cyclometallation step is 

reversible. A kinetic isotope study has been performed, which resulted in a KIE value of 1.38 

(Scheme S1b). This result indicates that C-H bond cleavage is not involved in the rate-determining 

step. A reaction in the presence of a radical quencher such as TEMPO or BHT resulted in a 90% 

yield of the desired product 3bc (Scheme S1c). This implies that the reaction proceeds through 

non-radical pathway.  

(4.10) Discussion on mechansim of ortho-olefination reaction. 

 

Scheme S2. Proposed catalytic cycle for olefination reaction. 

From the mechanistic studies and literature precedences,7 we proposed a plausible catalytic cycle 

for ortho-olefination reaction (Scheme S2). The olefination reaction proceeded after forming an 

active rhodium catalyst I. Rh(III) catalyst undergoes cyclometallation with phenoxyacetamide 1 

to form the five-membered metallacycle II. Then, olefin insertion followed by base-mediated E2-



S39 | 
 
 

 

 

 

elimination gives rise to intermediate IV with the generation of Rh(I) intermediate. Then, Rh(I) 

oxidatively inserts into the O-N bond to form Rh(III) intermediate V, which on protonation, 

delivered the desired product 3 with the formation of acetamide and regenerated active Rh(III) 

catalyst. 

(5) Discussion on synthetic utility 

 

Scheme S4. Synthetic utility. 

The synthetic utility of the demonstrated protocol has been further explored (Scheme S3). A 

reaction was performed at a 1 mmol scale and successfully delivered the ortho-olefinated product 

in 70% yield (Scheme S3a). The olefinated product generated through this protocol could be used 

as a Michael acceptor.8 With this thought, we have treated the olefinated product with dimedone 

5 that delivered the desired Michael addition product 6 in 80% yield with a quaternary center 

having a hydroxy group (Scheme S3b). The product formed has been characterized by the X-ray 
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crystallographic study. However, the origin of the hydroxy group and the mechanism involved in 

this reaction is yet to be studied. 

(5.1) Procedure for Michael addition reaction (post modification of ortho-olefinated 

product): 

 

To an oven-dried seal tube charged with a stir bar, 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione 3bc (0.1 mmol, 1 equiv), 5,5-dimethylcyclohexane-1,3-dione 5 (0.1 mmol, 1 

equiv), and EtOH:H2O (0.33 M) were added in 3:1 ratio under air. The reaction mixture was stirred 

(700 rpm) in a preheated aluminum block at 100 ℃ for 20 h. After completion of the reaction 

(monitored by TLC), the solvent was evaporated under reduced pressure, and the crude was 

purified by column chromatography using EtOAc/hexane as eluent to get the corresponding ortho-

olefinated product 6 in 80% yield (36 mg). 
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6. Experimental characterization data for products: 
 

3-(2-hydroxy-5-methylphenyl)-1-methyl-1H-pyrrole-2,5-dione (3ba): 

was prepared according to general procedure (3.1). The crude reaction 

mixture was purified by column chromatography using silica gel (100-

200 mesh size) giving (13 mg) 60% yield. 

 

Physical State: yellow solid  

                                       Melting point: 223-224 ℃ 

                                       Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.74 (s, 1H), 7.35 (s, 1H), 7.18 (dd, J = 8.4 Hz, 1.4 Hz, 1H), 6.90 

(d, J = 8.4 Hz, 1H), 6.77 (s, 1H), 3.12 (s, 3H), 2.29 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.5, 170.2, 154.0, 146.0, 135.3, 130.3, 130.0, 124.0, 119.9, 

115.1, 24.5, 20.7. 

IR (KBr, cm-1): 3438, 1635. 

HRMS (ESI) m/z: [M+H]+ Calcd for C12H12NO3: 218.0817; Found: 218.0833. 

 

1-ethyl-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-dione 

(3bb): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (17 mg) 74% yield. 

 

Physical State: yellow solid  

Melting point: 147 -148 ℃ 

                                            Rf -value: 0.5 (10% EtOAc/hexane) 
1H NMR (CDCl3, 400 MHz): δ 9.85 (s, 1H), 7.34 (brs, 1H), 7.18 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 

6.90 (d, J = 8.4Hz, 1H), 6.75 (s, 1H), 3.67 (q, J = 7.2 Hz, 2H), 2.29 (s, 3H), 1.25 (t, J = 7.2 Hz, 

3H). 

13C NMR (CDCl3, 175 MHz): δ 174.3, 170.0, 154.8, 145.9, 135.3, 130.3, 130.0, 123.9, 119.9, 

115.1, 33.7, 20.7, 14.1. 

IR (KBr, cm-1): 3438, 1683, 1635. 

HRMS (ESI) m/z: [M+H]+ Calcd for C13H14NO3: 232.0974; Found: 232.0984. 
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1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-dione 

(3bc): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (28 mg) 95% yield. 

 

Physical State: yellow solid 

                                           Melting point:  167-168 ℃ 

                                           Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.56 (s, 1H), 7.38-7.36 (m, 3H), 7.33 (t, J = 7.7 Hz, 2H), 7.29 (d, 

J = 7 Hz, 1H), 7.16 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 6.79 (s, 1H), 4.76 (s, 2H), 2.28 

(s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.9, 154.0, 145.7, 136.0, 135.3, 130.3, 130.0, 129.1, 

128.8, 128.4, 124.1, 119.8, 115.1, 42.2, 20.7. 

 

IR (KBr, cm-1): 3438, 1682, 1634. 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO3: 294.1130; Found: 294.1147. 

 

3-(2-hydroxy-5-methylphenyl)-1-phenyl-1H-pyrrole-2,5-dione 

(3bd): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (17 mg) 61% yield. 

Physical State: yellow solid  

                                          Melting point: 173 ℃ 

                                          Rf -value: 0.5 (10% EtOAc/hexane) 
1H NMR (CDCl3, 700 MHz): δ 9.27 (s, 1H), 7.50 (t, J = 7 Hz, 2H), 7.47 (s, 1H), 7.41 (t, J = 7 

Hz, 1H), 7.38 (d, J = 7 Hz, 2H), 7.21 (d, J = 8.4 Hz, 1H), 6.95 (s, 1H), 6.91 (d, J = 8.4 Hz, 1H), 

2.32 (s, 3H).  

13C NMR (CDCl3, 175 MHz): δ 173.2, 169.2, 154.1, 145.3, 135.3, 131.2, 130.5, 130.4, 129.5, 

128.7, 126.7, 124.6, 119.7, 115.2, 20.7. 

IR (KBr, cm-1): 3423, 1700, 1617. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H14NO3: 280.0974; Found: 280.0958. 
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3-(2-hydroxy-5-methylphenyl)-1-(p-tolyl)-1H-pyrrole-2,5-dione 

(3be): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (16 mg) 55% yield. 

 

Physical State: yellow solid 

Melting point: 193-194 ℃ 

Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 9.38 (s, 1H), 7.45 (s, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.25-7.19 (m, 

3H), 6.92-6.90 (m, 2H), 2.40 (s, 3H), 2.31 (s, 3H) 

13C NMR (CDCl3, 175 MHz): δ 173.4, 169.3, 154.1, 145.4, 138.8, 135.4, 130.5, 130.3, 132.2, 

128.5, 126.6, 124.4, 119.8, 115.2, 21.5, 20.7. 

IR (KBr, cm-1): 3421, 1693, 1611.   

HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO3: 294.1130; Found: 294.1132.  

 

1-(4-fluorophenyl)-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-

2,5-dione (3bf): was prepared according to general procedure (3.1). 

The crude reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (20 mg) 67% yield. 

Physical State: orange solid 

Melting point: 189-190 ℃ 

Rf -value:  0.5 (10% EtOAc/hexane) 
1H NMR (CDCl3, 400 MHz): δ 9.05 (s, 1H), 7.48 (brs, 1H), 7.39-

7.35 (m, 2H), 7.22-7.19 (m, 3H), 6.96 (s, 1H), 6.91 (d, J = 8.4 Hz, 1H), 2.32 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 173.0, 169.0, 162.4 (d, JC-F =247.1 Hz), 154.1, 145.2, 135.4, 

130.6, 130.4, 128.5 (d, JC-F = 8.7 Hz), 127.2 (d, JC-F = 2.6 Hz), 124.6,  119.7, 116.6 (d, JC-F  = 22.7 

Hz), 115.1, 20.7. 

 
19F NMR (CDCl3, 376 MHz): δ -112.5. 

IR (KBr, cm-1): 3437, 1709, 1636. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H13NO3F: 298.0879; Found: 298.0896. 

 

 



S44 | 
 
 

 

 

 

 3-(2-hydroxy-5-methylphenyl)-1-(4-methoxyphenyl)-1H-

pyrrole-2,5-dione (3bg) was prepared according to general 

procedure (3.1). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (18 mg) 

58% yield. 

 

Physical State: orange solid 

Melting point: 154-155 ℃ 

Rf -value: 0.5 (10% EtOAc/hexane) 
 

1H NMR (CDCl3, 700 MHz): δ 9.41 (s, 1H), 7.45 (s, 1H), 7.27 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 

8.4 Hz, 1H), 7.01 (d, J = 9.1 Hz, 2H) 6.92-6.90 (m, 2H), 3.84 (s, 3H), 2.31 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 173.5, 169.5, 159.8, 154.1, 145.4, 135.4, 130.5, 130.3, 128.1, 

124.3, 123.8, 119.8, 115.2, 114.9, 55.8, 20.7. 

IR (KBr, cm-1): 3438, 1697, 1633. 

 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO4: 310.1079; Found: 310.1062. 

 

 

1-(4-chlorophenyl)-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-

2,5-dione (3bh): was prepared according to general procedure (3.1). 

The crude reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (22 mg) 70% yield. 

Physical State: light orange solid  

Melting point: 210-211 ℃ 

Rf -value: 0.5 (30% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 8.93 (s, 1H), 7.49-7.45 (m, 3H), 7.37-7.34 (m, 2H), 7.21 (dd, J = 

8.4 Hz, 2 Hz, 1H), 6.97 (s, 1H), 6.91 (d, J= 8.4 Hz, 1H), 2.32 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 172.7, 168.9, 154.1, 145.1, 135.4, 134.4, 130.7, 130.4, 129.8, 

129.7, 127.7, 124.7, 119.6, 115.1, 20.7. 

IR (KBr, cm-1): 3420, 1684, 1635. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H13NO3Cl: 314.0584; Found: 314.0578. 
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1-benzyl-3-(2-hydroxyphenyl)-1H-pyrrole-2,5-dione (3ac): was 

prepared according to general procedure (3.1). The crude reaction mixture 

was purified by column chromatography using silica gel (100-200 mesh 

size) giving (24 mg) 86% yield. 

 

Physical State: yellow solid 

Melting point: 171-172 ℃ 

                                       Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 9.80 (s, 1H), 7.59 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.40-7.29 (m, 

6H), 6.98 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 6.94 (t, J = 8.0 Hz, 1H), 6.81 (s, 1H), 4.77 (s, 2H). 

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.8, 156.1, 145.7, 136.0, 134.3, 130.2, 129.1, 128.8, 

128.4, 124.3, 121.1, 120.0, 115.4, 42.3. 

IR (KBr, cm-1): 3438, 1698, 1606. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C17H13NO3Na: 302.0793; Found: 302.0803.  

 

 1-benzyl-3-(5-ethyl-2-hydroxyphenyl)-1H-pyrrole-2,5-dione 

(3cc): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (26 mg) 85% yield. 

  

Physical State: yellow solid 

                                              Melting point: 147-148 ℃  

                                              Rf -value: 0.5 (10% EtOAc/hexane) 
1H NMR (CDCl3, 400 MHz): δ 9.59 (s, 1H),), 7.38-7.37 (m, 3H), 7.33 (t, J = 7.0 Hz, 2H), 7.29 

(t, J = 7.0 Hz, 1H), 7.20 (dd, J = 8.4 Hz, 2.1, Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.80 (s, 1H), 4.77 

(s, 2H), 2.58 (q, J = 7.7 Hz, 2H), 1.20 (t, J = 7.7 Hz, 3H).  

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.9, 154.2, 145.8, 136.8, 136.0, 134.2, 129.1, 128.9, 

128.8, 128.3, 124.0, 119.9, 115.1, 42.2, 28.2, 15.9. 

IR (KBr, cm-1): 3437, 1684, 1635. 

HRMS (ESI) m/z: [M+H]+ Calcd for C19H18NO3: 308.1287; Found: 308.1274. 
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 1-benzyl-3-(2-hydroxy-5-propylphenyl)-1H-pyrrole-2,5-dione 

(3dc): was prepared according to general procedure (3.1). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (28 mg) 87% yield. 

 

Physical State: yellow solid 

                                              Melting point:  136-137 ℃ 

                                              Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 9.59 (s, 1H), 7.39-728 (m, 6H), 7.17 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 

6.90 (d, J = 8.4 Hz, 1H), 6.80 (s, 1H), 4.76 (s, 2H), 2.51 (t, J = 7.2 Hz, 2H), 1.62-1.55 (m, 2H), 

0.92 (t, J = 7.2 Hz, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.9, 154.2, 145.7, 136.0, 135.3, 134.7, 129.6, 129.1, 

128.8, 128.3, 124.0, 119.8, 115.1, 42.2, 37.2, 24.8, 13.9. 

IR (KBr, cm-1): 3438, 1685, 1635. 

HRMS (ESI) m/z: [M+H]+ Calcd for C20H20NO3: 322.1443; Found: 322.1429. 

 

1-benzyl-3-(2-hydroxy-5-isopropylphenyl)-1H-pyrrole-2,5-

dione (3ec): was prepared according to general procedure (3.1). The 

crude reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (27 mg) 84% yield. 

Physical State: yellow solid 

Melting point: 136-137 ℃ 

Rf -value: 0.5 (10% EtOAc/hexane) 
1H NMR (CDCl3, 400 MHz): δ 9.58 (s, 1H), 7.40-7.28 (m, 6H), 7.25-7.23 (m, 1H), 6.92 (d, J = 

8.4 Hz, 1H), 6.80 (s, 1H), 4.77 (s, 2H), 2.85 (sept, J = 6.8 Hz, 1H), 1.22 (d, J = 7.2 Hz, 6H).  

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.9, 154.2, 145.9, 141.5, 136.0, 132.7, 129.1, 128.8, 

128.3, 127.6, 124.0, 119.9, 115.1, 42.2, 33.5, 24.3. 

  

IR (KBr, cm-1): 3438, 1682, 1641. 

 

HRMS (ESI) m/z: [M+H]+ Calcd for C20H20NO3: 322.1443; Found: 322.1423. 
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1-benzyl-3-(5-(tert-butyl)-2-hydroxyphenyl)-1H-pyrrole-2,5-

dione (3fc): was prepared according to general procedure (3.1). The 

crude reaction mixture was purified by column chromatography using 

silica gel (100-200 mesh size) giving (30 mg) 90% yield. 

Physical State:  yellow solid 

Melting point: 123-124 ℃  

                                              Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.57 (s, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.41 (dd, J = 9.1 Hz, 2.8 

Hz, 1H), 7.37 (d, J = 7.7 Hz, 2H), 7.33 (t, J = 7.7Hz, 2H), 7.29 (d, J = 7.0 Hz, 1H), 6.92 (d, J =9.1 

Hz, 1H), 6.80 (s, 1H), 4.77 (s, 2H), 1.29 (s, 9H). 

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.9, 153.9, 146.1, 143.8, 136.0, 132.0, 129.1, 128.8, 

128.3, 126.4, 124.0, 119.6, 114.7, 42.2, 34.4, 31.6. 

IR (KBr, cm-1): 3437, 1689, 1613. 

HRMS (ESI) m/z: [M+H]+ Calcd for C21H22NO3: 336.1600; Found: 336.1632. 

 

 1-benzyl-3-(4-hydroxy-[1,1'-biphenyl]-3-yl)-1H-pyrrole-2,5-

dione (3gc) was prepared according to general procedure (3.1). The 

crude reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (22 mg) 62% yield. 

 

  Physical State: yellow solid  

  Melting point: 169-170 ℃ 

                                                  Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.88 (s, 1H), 7.78 (d, J = 2.1 Hz, 1H), 7.60 (dd, J = 9.1 Hz, 2.8 

Hz, 1H), 7.52 (d, J = 7.0 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 7.40 (d, J = 7.0 Hz, 2H), 7.35-7.34 (m, 

3H), 7.30 (d, J = 7 Hz, 1H), 7.06 (d, J = 8.4 Hz, 1H), 6.88 (s, 1H), 4.79 (s, 2H). 

13C NMR (CDCl3, 175 MHz): δ 174.1, 169.7, 155.6, 149.5, 145.7, 140.1, 135.9, 134.4, 133.2, 

129.2, 129.1, 128.9, 128.6, 127.6, 127.0, 124.5, 120.5, 115.7, 42.3. 

IR (KBr, cm-1): 3438, 1683, 1639. 

HRMS (ESI) m/z: [M+H]+ Calcd for C23H18NO3: 356.1287; Found: 356.1294. 
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 1-benzyl-3-(5-fluoro-2-hydroxyphenyl)-1H-pyrrole-2,5-dione 

(3hc): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (24 mg) 81 % yield.                       

Physical State: yellow solid 

Melting point:  192-193 ℃ 

                                                  Rf -value: 0.4 (20% EtOAc/hexane) 
1H NMR (CDCl3, 400 MHz): δ 9.49 (s, 1H), 7.39-7.29 (m, 6H), 7.08 (td, J = 10.0 Hz, 3.2 Hz,                                          

1H), 6.95-6.91 (m, 1H), 6.83 (s, 1H), 4.77 (s, 2H).                                                                                                                                                                                                                                                                                                 

13C NMR (CDCl3, 100 MHz): δ 173.4, 169.4, 156.9 (d, J = 237.3 Hz) 152.5, 144.3, 135.8, 129.0 

(d, J = 25.5 Hz), 128.5, 125.5, 121.5, 121.2 (d, J = 4.1 Hz), 121.1, 115.9 (d, J = 7.7 Hz), 115. 3 (d, 

J = 24.2 Hz), 42.4.  

19F NMR (CDCl3, 376 MHz): δ -123.37. 

 IR (KBr, cm-1): 3438, 1684, 1634. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H13NO3F: 298.0879; Found: 298.0884. 

 

1-benzyl-3-(2-hydroxy-4-methylphenyl)-1H-pyrrole-2,5-dione (3jc): 

was prepared according to general procedure (3.2). The crude reaction 

mixture was purified by column chromatography using silica gel (100-

200 mesh size) giving (25 mg) 84% yield. 

Physical State: yellow solid 

Melting point: 168-169 ℃ 

Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.96 (s, 1H), 7.47 (d, J = 7.0 Hz, 1H), 7.36 (d, J = 7.0 Hz, 2H), 

7.33 (t, J = 7.0 Hz, 2H), 7.28 (t, J = 7.0 Hz, 1H), 6.79 (s, 1H), 6.75 (d, J = 8.4 Hz, 1H), 6.73 (s, 

1H), 4.76 (s, 2H), 2.32 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.2, 170.0, 156.1, 145.8, 145.6, 136.0, 130.0, 129.1, 128.8, 

128.4, 122.7, 122.5, 120.2, 112.7, 42.2, 21.7. 

IR (KBr, cm-1): 3438, 1682, 1634. 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO3: 294.1130; Found: 294.1097. 
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3-(4-bromo-2-hydroxyphenyl)-1-ethyl-1H-pyrrole-2,5-dione) 

(3kc): was prepared according to general procedure (3.2). The crude 

reaction mixture was purified by column chromatography using silica 

gel (100-200 mesh size) giving (15 mg) 42 % yield. 

Physical State: yellow solid 

Melting point: 172-173 ℃ 

                                              Rf -value: 0.4 (20% EtOAc/hexane) 

    
1H NMR (CDCl3, 400 MHz):  δ 10.23 (s,1H), 7.43 (d, J = 8.4 Hz, 1H), 7.39-7.29 (m, 5H), 7.18 

(d, J = 2.0 Hz, 1H), 7.06 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 6.80 (s, 1H), 4.77 (s, 2H). 

13C NMR (CDCl3, 175 MHz): δ 174.0, 169.5, 156.7, 145.1, 135.8, 131.1, 129.1, 128.9, 128.5, 

128.29, 124.5, 124.2, 123.2, 114.5, 42.4. 

 

IR (KBr, cm-1): 3438, 1634. 

 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H13NO3Br: 358.0079; Found: 358.0072. 

 

1-benzyl-3-(2-hydroxy-3-methylphenyl)-1H-pyrrole-2,5-dione (3lc): 

was prepared according to general procedure (3.2). The crude reaction 

mixture was purified by column chromatography using silica gel (100-

200 mesh size) giving (9 mg) 31% yield. 

Physical State: yellow solid 

Melting point: 153-154 ℃ 

Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 10.03 (s, 1H), 7.39-7.28 (m, 6H), 7.26-7.24 (m, 1H), 6.84 (t, J = 

7.6 Hz,1H), 6.75 (s, 1H), 4.77 (s, 2H), 2.27 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.3, 169.7, 154.3, 146.5, 136.0, 135.2, 129.1, 128.9, 128.4, 

127.9, 124.2, 120.8, 115.3, 115.1, 42.3, 17.0. 

 

IR (KBr, cm-1): 3422, 1684. 

 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO3: 294.1130; Found: 294.1132. 
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 1-benzyl-3-(2-hydroxy-4,5-dimethylphenyl)-1H-pyrrole-2,5-dione 

(3nc): was prepared according to general procedure (3.2). The crude 

reaction mixture was purified by column chromatography using silica gel 

(100-200 mesh size) giving (26 mg) 85% yield. 

 Physical State: yellow solid 

 Melting point: 174-175 ℃  

                                        Rf -value: 0.5 (10% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 9.86 (s, 1H), 7.38 (d, J = 7.0 Hz, 2H), 7.33 (t, J = 7.0 Hz, 2H), 

7.29-7.27 (m, 2H), 6.78 (s, 1H), 6.71 (s, 1H), 4.76 (s, 2H), 2.23 (s, 3H), 2.19 (s, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.3, 170.0, 154.3, 145.9, 144.6, 136.1, 130.3, 129.5, 129.1, 

128.8, 128.3, 122.3, 120.2, 112.7, 42.2, 20.3, 19.1. 

IR (KBr, cm-1): 3438, 1680, 1634. 

HRMS (ESI) m/z: [M+H]+ Calcd for C19H18NO3: 308.1287; Found: 308.1300. 

 

 3-amino-1-ethyl-4-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-

dione (4bb): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (16 mg) 65% yield. 

Physical State: light yellow solid 

Melting point: 179-180 ℃  

                                        Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 7.38 (s, 1H), 7.16 (s, 1H), 7.04 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 

7.7 Hz, 1H), 5.37 (s, 2H), 3.64 (q, J = 7.7 Hz, 2H), 2.31 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H). 

13C NMR (CDCl3 175 MHz): δ 174.5, 167.5, 151.3, 142.9, 130.7, 130.5, 129.1, 118.8, 117.5, 

100.1, 33.4, 20.9, 14.3. 

IR (KBr, cm-1): 3429, 1642. 

HRMS (ESI) m/z: [M+H]+ Calcd for C13H15N2O3: 247.1083; Found: 247.1092. 

 

. 
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3-amino-4-(2-hydroxy-5-methylphenyl)-1-propyl-1H-pyrrole-2,5-

dione (4bb’): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (15 mg) 58% yield. 

Physical State: orange liquid 

Rf -value: 0.3 (20% EtOAc/Hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 7.39 (s, 1H), 7.14 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.89 (d, J = 

8.0 Hz, 1H), 5.36 (s, 2H), 3.52 (t, J = 8.0 Hz, 2H), 2.29 (s, 3H), 1.70-1.63 (m, 2H), 0.93 (t, J = 8.0 

Hz, 3H). 

13C NMR (CDCl3, 175 MHz): δ 174.8, 167.7, 151.3, 142.8, 130.6, 130.5, 129.1, 118.9, 117.5, 

100.0, 40.1, 22.3, 20.9, 11.6. 

 

IR (KBr, cm-1): 3438, 1649. 

 

HRMS (ESI) m/z: [M+H]+ Calcd for C14H17N2O3: 261.1239; Found: 261.1225. 

 

3-amino-1-benzyl-4-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-

dione (4bc): was prepared according to general procedure (3.2). The crude 

reaction mixture was purified by column chromatography using silica gel 

(230-400 mesh size) giving (17 mg) 55% yield. 

Physical State: orange liquid  

Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 7.39-7.37 (m, 2H), 7.34-7.27 (m, 3H), 7.15 (d, J = 1.6 Hz, 2H), 

7.01 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 5.36 (s, 2H), 4.71 (s, 2H), 2.28 (s, 3H). 

13C NMR (CDCl3, 176 MHz): δ 174.0, 167.3, 151.2, 143.0, 136.6, 130.7, 130.5, 129.3, 129.0, 

128.8, 128.1, 118.6, 117.3, 100.1, 42.0, 20.9. 

IR (KBr, cm-1): 3438, 1643. 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H17N2O3: 309.1239; Found: 309.1252. 
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3-amino-1-benzyl-4-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-

dione (4bd): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (13 mg) 44% yield.  

 

Physical State: orange liquid 

                                       Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (CDCl3, 400 MHz): δ 7.49- 7.40 (m, 4H), 7.38-7.34 (m, 1H), 7.24 (s, 1H), 7.05 (dd, J 

= 8.0 Hz, 1.6 Hz, 1H), 7.00 (s, 1H), 6.90 (d, J = 8.0 Hz, 1H), 5.50 (s, 2H), 2.31 (s, 3H). 

 
13C NMR (CDCl3, 175 MHz): δ 172.9, 166.5, 151.3, 142.9, 131.8, 130.9, 130.7, 129.6, 129.4, 

128.0, 126.2, 118.7, 117.2, 100.1, 20.9. 

IR (KBr, cm-1): 3439, 1702, 1649. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H15N2O3: 295.1083; Found: 295.1099. 

 

3-amino-4-(2-hydroxy-5-methylphenyl)-1-(p-tolyl)-1H-pyrrole-2,5-

dione (4be): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (14 mg) 45% yield.  

 

Physical State: orange liquid  

Rf -value: 0.3 (10% EtOAc/hexane) 

 
 

1H NMR (CDCl3, 400 MHz): δ 7.27-7.24 (m, 4H), 7.22 (d, J = 1.6 Hz, 1H), 7.11 (s, 1H), 7.04 

(dd, J = 8.4 Hz, 2.0 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 5.49 (s, 2H), 2.38 (s, 3H), 2.31 (s, 3H) 

13C NMR (CDCl3, 175 MHz): δ 173.2, 166.6, 151.3, 143.0, 138.1, 130.8, 130.7, 130.0, 129.5, 

129.0, 126.2, 118.7, 117.3, 100.1, 21.5, 20.9. 

 

IR (KBr, cm-1): 3439, 1701, 1653.   

 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H17N2O3: 309.1239; Found: 309.1245. 
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3-amino-1-(4-fluorophenyl)-4-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione (4bf): was prepared according to general procedure 

(3.2). The crude reaction mixture was purified by column 

chromatography using silica gel (230-400 mesh size) giving (11 mg) 

35% yield. 

Physical State: orange solid 

Melting point: 166-167℃ 

Rf -value: 0.3 (10% EtOAc/hexane) 

1H NMR (CDCl3, 400 MHz): δ 7.41-7.37 (m, 2H), 7.24 (d, J = 1.6 Hz, 

1H), 7.18-7.12 (m, 2H), 7.05 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.86 (s, 1H), 

5.51 (s, 2H), 2.31 (s, 3H). 
13C NMR (CDCl3, 175 MHz): δ 172.6, 166.4, 161.9 (d, JC-F = 246.4 Hz), 151.2, 142.9, 131.0, 

130.7, 129.8, 128.0 (d, JC-F = 8.7 Hz), 127.7 (d, JC-F = 3.1 Hz), 118.5, 117.0, 116.3 (d, JC-F = 22.5 

Hz), 100.0, 20.9. 

19F NMR (CDCl3, 376 MHz): δ -113.5. 

IR (KBr, cm-1): 3438, 1652. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C17H13FN2O3: 313.0988; Found: 313.1009. 

3-amino-1-ethyl-4-(2-hydroxyphenyl)-1H-pyrrole-2,5-dione (4ab): was 

prepared according to general procedure (3.2). The crude reaction mixture 

was purified by column chromatography using silica gel (230-400 mesh 

size) giving (13 mg) 56% yield.  

 

Physical State: yellow solid 

Melting point: 190-191℃ 

                                   Rf -value: 0.3 (10% EtOAc/hexane) 
1H NMR (CDCl3, 700 MHz): δ 7.74 (s, 1H), 7.33 (dd, J = 7.7 Hz, 1.4 Hz, 1H), 7.22 (td, J = 8.4 

Hz, 1.4 Hz, 1H), 7.00 (d, J = 7.7 Hz, 1H), 6.98 (td, J = 7.7 Hz, 1.4 Hz, 1H), 5.37 (s, 2H), 3.62 (q, 

J = 7 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H). 
13C NMR (CDCl3, 175 MHz): δ 174.7, 167.4, 153.6, 143.1, 129.8, 128.9, 121.4, 119.1, 117.8, 

100.0, 33.4, 14.3. 

IR (KBr, cm-1): 3440, 1645. 

HRMS (ESI) m/z: [M+H]+ Calcd for C12H13N2O3: 233.0926; Found: 233.0914. 
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3-amino-1-ethyl-4-(5-ethyl-2-hydroxyphenyl)-1H-pyrrole-2,5-dione 

(4cb): was prepared according to general procedure (3.2). The crude 

reaction mixture was purified by column chromatography using silica 

gel (230-400 mesh size) giving (12 mg) 46% yield.  

 

 Physical State: orange liquid 

 Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 7.37 (s, 1H), 7.16 (d, J = 2.1 Hz, 1H), 7.05 (dd, J = 4.2 Hz, 2.1 

Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 5.34 (s, 2H), 3.62 (q, J = 7.0 Hz, 2H), 2.59 (q, J = 7.7 Hz, 2H), 

1.25-1.20 (m, 6H). 
13C NMR (CDCl3, 175 MHz): δ 174.5, 167.5, 151.5, 142.9, 137.2, 129.3, 128.1, 118.8, 117.5, 

100.2, 33.4, 28.3, 16.1, 14.3. 

 

IR (KBr, cm-1): 3438, 1645.   

 

HRMS (ESI) m/z: [M+H]+ Calcd for C14H17N2O3: 261.1239; Found: 261.1246. 

 

                                                                                                                                  

3-amino-1-ethyl-4-(2-hydroxy-5-propylphenyl)-1H-pyrrole-2,5-

dione (4db) was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (14 mg) 51% yield. 

  

 Physical State: orange liquid 

                                         Rf -value: 0.3 (20% EtOAc/hexane)  

   
1H NMR (CDCl3, 400 MHz): δ 7.36 (s, 1H), 7.14 (d, J = 2.0 Hz, 1H), 7.03 (dd, J = 8.0 Hz, 2.0 

Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 5.33 (s, 2H), 3.63 (q, J = 7.2 Hz, 2H), 2.53 (t, J = 7.6 Hz, 2H) 

1.62 (q, J = 7.6 Hz, 2H), 1.24 (t, J = 7.2 Hz, 3H), 0.93 (t, J = 7.2 Hz, 3H). 

 
13C NMR (CDCl3, 175 MHz): δ 174.5, 167.5, 151.5, 142.9, 135.6, 129.8, 128.7, 118.8, 117.4, 

100.2, 37.5, 33.4, 25.1, 14.3, 14.1. 

IR (KBr, cm-1): 3439, 2958, 1699, 1649. 

HRMS (ESI) m/z: [M+H]+ Calcd for C15H19N2O3: 275.1396; Found: 275.1409. 
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3-amino-1-ethyl-4-(5-fluoro-2-hydroxyphenyl)-1H-pyrrole-2,5-

dione (4hb): was prepared according to general procedure (3.2). The 

crude reaction mixture was purified by column chromatography using 

silica gel (230-400 mesh size) giving (17 mg) 68% yield.  

 

Physical State: orange liquid 

Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (DMSO-d6, 700 MHz): δ 9.77 (s, 1H), 7.12 (dd, J = 10.5 Hz, 3.5 Hz, 1H), 6.99-6.96 (m, 

3H), 6.90-6.88 (m, 1H), 3.48 (q, J = 7.0 Hz, 2H), 1.13 (t, J = 7.0 Hz, 3H). 
13C NMR (DMSO-d6, 175 MHz): δ 172.1, 167.7, 155.9 (d, JC-F = 231.5 Hz), 151.7, 145.6, 119.5 

(d, JC-F = 8.7 Hz), 117.2 (d, JC-F = 8.4 Hz), 117.04 (d, JC-F = 23.2 Hz), 115.0 (d, JC-F = 22.5 Hz), 

95.2, 32.9, 14.8, 
19F NMR (DMSO-d6, 376 MHz):  δ -121.4.  

IR (KBr, cm-1): 3437, 1647. 

HRMS (ESI) m/z: [M+H]+ Calcd for C12H12FN2O3: 309.1239; Found: 309.1246. 

 

3-amino-1-ethyl-4-(2-hydroxy-4-methylphenyl)-1H-pyrrole-2,5-

dione (4lb) was prepared according to general procedure (3.2). The crude 

reaction mixture was purified by column chromatography using silica gel 

(230-400 mesh size) giving (10 mg) 41% yield.  

 

Physical State: orange liquid 

Rf -value: 0.3 (20% EtOAc/hexane) 

 
1H NMR (CDCl3, 700 MHz): δ 7.75 (s, 1H), 7.23(d, J = 7.7 Hz, 1H), 6.84 (s, 1H), 6.81 (d, J = 

7.7 Hz, 1H), 5.33 (s, 2H), 3.63 (q, J = 7.0 Hz, 2H), 2.34 (s, 3H), 1.25 (t, J = 7.0 Hz, 3H). 
 

13C NMR (CDCl3, 175 MHz): δ 174.8, 167.6, 153.5, 142.6, 140.3, 129.2, 122.3, 119.6, 114.8, 

100.3, 33.4, 21.5, 14.3. 

 

IR (KBr, cm-1): 3443, 1760, 1650.   

 

HRMS (ESI) m/z: [M+H]+ Calcd for C13H15N2O3: 247.1083; Found: 247.1092. 
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3-amino-1-benzyl-4-phenyl-1H-pyrrole-2,5-dione (4ac’): was prepared 

according to general procedure (4.6). The crude reaction mixture was 

purified by column chromatography using silica gel (100-200 mesh size) 

giving (20 mg) 72% yield.                       

Physical State: yellow liquid 

Rf -value: 0.4 (10% EtOAc/hexane) 

 

1H NMR (CDCl3, 400 MHz): δ 7.53 (d, J = 7.2 Hz, 2H), 7.43-7.38 (m, 4H), 7.34-7.26 (m, 4H), 

5.18 (s, 2H), 4.70 (s, 2H). 

 13C NMR (CDCl3, 100 MHz): δ 171.5, 167.6, 142.0, 136.9, 130.4, 129.2, 128.9, 128.8, 128.0, 

127.7, 127.6, 102.1, 41.7.  

IR (KBr, cm-1): 3447, 3344, 1762, 1700, 1647. 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H15N2O2: 279.1133; Found: 279.1149 . 

1-benzyl-3-(1-hydroxy-4,4-dimethyl-2,6-dioxocyclohexyl)-4-(2-

hydroxy-5-methylphenyl)pyrrolidine-2,5-dione (6): was prepared 

according to general procedure (5). The crude reaction mixture was 

purified by column chromatography using silica gel (230-400 mesh 

size) giving (36 mg) 80% yield.                       

Physical State: pale yellow liquid 

Rf -value: 0.3 (50% EtOAc/hexane) 

 

1H NMR (CDCl3, 400 MHz): δ 9.64 (s, 1H), 7.38-7.31 (m, 5H), 6.96 (d, J = 8.0 Hz, 1H), 6.73 (d, 

J = 8.0 Hz, 1H), 6.65 (s, 1H), 4.71 (d, J = 15.2 Hz, 1H), 4.55 (d, J = 15.2 Hz, 1H), 4.12 (d, J = 4.0 

Hz, 1H), 4.06 (d, J = 4.0 Hz, 1H), 3.82 (d, J = 3.6 Hz, 1H), 3.35-3.31 (m, 1H), 2.47-2.39 (m, 2H), 

2.18-2.14 (m, 4H), 1.07 (s, 3H), 0.70 (s, 3H).    

 13C NMR (CDCl3, 100 MHz): δ 205.3, 204.2, 177.8, 175.2, 153.5, 136.7, 132.5, 130.2, 129.2, 

128.2, 128.1, 128.0, 123.7, 116.1, 89.3, 52.9, 51.6 (2C), 45.5, 42.6, 32.0, 29.7, 27.0, 20.9. 

IR (KBr, cm-1): 3422, 2922, 2852, 1700, 1635. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C26H27NO6Na: 472.1736; Found: 472.1743. 
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7. Copies of 1H NMR and 13C NMR spectra:  
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8. Crystallographic data: 
(a) X-ray data of 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-dione (3bc): Crystals 

of the compound 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-pyrrole-2,5-dione (3bc) were 

obtained after slow evaporation of ethyl acetate. Crystals suited for single crystal X-Ray diffraction 

measurements were mounted on a glass fiber. Geometry and intensity data were collected with a 

Rigaku Smartlab X-ray diffractometer equipped with graphite-monochromated Mo-Kα radiation (λ 

= 0.71073 Å, multilayer optics). Temperature was controlled using an Oxford Cryostream 700 

instrument. Intensities were integrated with SAINT and SMART software packages and corrected 

for absorption with SADABS. The structure was solved by direct methods and refined on F2 with 

SHELXL-97 using Olex-2 software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. ORTEP diagram of 3bc with 50% ellipsoid probability 
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Table S1.  Crystal data and structure refinement for 1-benzyl-3-(2-hydroxy-5-methylphenyl)-1H-

pyrrole-2,5-dione (3bc): 

 

           Crystal data and structure refinement for PCR-TN-MLD-N-Bn-AC_auto. 

Identification code PCR-TN-MLD-N-PH-AC_auto 

Empirical formula C18H15NO3 

Formula weight 293.31 

Temperature/K 298(1) 

Crystal system monoclinic 

file:///D:/ORTHO%20AMIDATION/crystal%20data/PCR-TN-2185/solved%20data/_exptl_table%20tablenum
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Space group P21/c 

a/Å 12.9319(9) 

b/Å 8.3942(7) 

c/Å 14.1421(9) 

α/° 90 

β/° 106.907(7) 

γ/° 90 

Volume/Å3 1468.81(19) 

Z 4 

ρcalcg/cm3 1.326 

μ/mm-1 0.091 

F(000) 616.0 

Crystal size/mm3 0.2 × 0.1 × 0.1 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data collection/° 7.018 to 60.608 

Index ranges -16 ≤ h ≤ 16, -11 ≤ k ≤ 8, -15 ≤ l ≤ 19 

Reflections collected 16488 

Independent reflections 3624 [Rint = 0.0371, Rsigma = 0.0291] 

Data/restraints/parameters 3624/0/201 

Goodness-of-fit on F2 1.035 

Final R indexes [I>=2σ (I)] R1 = 0.0456, wR2 = 0.1161 

Final R indexes [all data] R1 = 0.0658, wR2 = 0.1256 

Largest diff. peak/hole / e Å-3 0.20/-0.16 
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(b) X-ray data of 3-amino-1-ethyl-4-(2-hydroxyphenyl)-1H-pyrrole-2,5-dione (4ab): Crystals 

of the compound 3-amino-1-ethyl-4-(2-hydroxyphenyl)-1H-pyrrole-2,5-dione (4ab) were obtained 

after slow evaporation of ethyl acetate. Crystals suited for single crystal X-Ray diffraction 

measurements were mounted on a glass fiber. Geometry and intensity data were collected with a 

Rigaku Smartlab X-ray diffractometer equipped with graphite-monochromated Mo-Kα radiation (λ 

= 0.71073 Å, multilayer optics). Temperature was controlled using an Oxford Cryostream 700 

instrument. Intensities were integrated with SAINT and SMART software packages and corrected 

for absorption with SADABS. The structure was solved by direct methods and refined on F2 with 

SHELXL-97 using Olex-2 software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. ORTEP diagram of 4ab with 50% ellipsoid probability 
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Table S2.  Crystal data and structure refinement for 3-amino-1-ethyl-4-(2-hydroxyphenyl)-1H-

pyrrole-2,5-dione (4ab): 

 

Crystal data and structure refinement for tn-2829c_auto. 

Identification code tn-2829c_auto 

Empirical formula C12H12N2O3 

Formula weight 232.24 

Temperature/K 99.99(10) 

Crystal system monoclinic 

file:///D:/ORTHO%20AMIDATION/crystal%20data/PCR-TN-2185/solved%20data/_exptl_table%20tablenum
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Space group P21/n 

a/Å 11.1398(14) 

b/Å 7.1583(9) 

c/Å 14.2695(19) 

α/° 90 

β/° 110.123(14) 

γ/° 90 

Volume/Å3 1068.4(3) 

Z 4 

ρcalcg/cm3 1.444 

μ/mm-1 0.106 

F(000) 488.0 

Crystal size/mm3 0.2 × 0.1 × 0.1 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data 

collection/° 
6.976 to 61.042 

Index ranges -14 ≤ h ≤ 14, -8 ≤ k ≤ 7, -19 ≤ l ≤ 17 

Reflections collected 10741 

Independent reflections 2586 [Rint = 0.0799, Rsigma = 0.0520] 

Data/restraints/parameters 2586/0/156 

Goodness-of-fit on F2 1.119 

Final R indexes [I>=2σ 

(I)] 
R1 = 0.0715, wR2 = 0.1655 

Final R indexes [all data] R1 = 0.0857, wR2 = 0.1709 

Largest diff. peak/hole / e 

Å-3 
0.40/-0.41 
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(c) X-ray data of 1-benzyl-3-(1-hydroxy-4,4-dimethyl-2,6-dioxocyclohexyl)-4-(2-hydroxy-5-

methylphenyl)pyrrolidine-2,5-dione (6): Crystals of the compound 1-benzyl-3-(1-hydroxy-4,4-

dimethyl-2,6-dioxocyclohexyl)-4-(2-hydroxy-5-methylphenyl)pyrrolidine-2,5-dione (6) were 

obtained after slow evaporation of ethyl acetate. Crystals suited for single crystal X-Ray diffraction 

measurements were mounted on a glass fiber. Geometry and intensity data were collected with a 

Rigaku Smartlab X-ray diffractometer equipped with graphite-monochromated Mo-Kα radiation (λ 

= 0.71073 Å, multilayer optics). Temperature was controlled using an Oxford Cryostream 700 

instrument. Intensities were integrated with SAINT and SMART software packages and corrected 

for absorption with SADABS. The structure was solved by direct methods and refined on F2 with 

SHELXL-97 using Olex-2 software. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. ORTEP diagram of 6 with 50% ellipsoid probability 
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Table S3.  Crystal data and structure refinement for 1-benzyl-3-(1-hydroxy-4,4-dimethyl-2,6-

dioxocyclohexyl)-4-(2-hydroxy-5-methylphenyl)pyrrolidine-2,5-dione (6): 

 

Crystal data and structure refinement for TN-2932_auto. 

Identification code TN-2932_auto 

Empirical formula C26H27NO6 

Formula weight 449.48 

Temperature/K 297.6(7) 

Crystal system monoclinic 

Space group P21/n 

a/Å 14.1511(6) 

b/Å 11.6784(4) 

file:///D:/ORTHO%20AMIDATION/crystal%20data/PCR-TN-2185/solved%20data/_exptl_table%20tablenum
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c/Å 14.2759(6) 

α/° 90 

β/° 104.905(4) 

γ/° 90 

Volume/Å3 2279.89(16) 

Z 4 

ρcalcg/cm3 1.310 

μ/mm-1 0.093 

F(000) 952.0 

Crystal size/mm3 0.2 × 0.1 × 0.1 

Radiation Mo Kα (λ = 0.71073) 

2Θ range for data collection/° 6.848 to 60.938 

Index ranges -18 ≤ h ≤ 20, -16 ≤ k ≤ 16, -18 ≤ l ≤ 18 

Reflections collected 50828 

Independent reflections 6015 [Rint = 0.0461, Rsigma = 0.0287] 

Data/restraints/parameters 6015/0/303 

Goodness-of-fit on F2 1.051 

Final R indexes [I>=2σ (I)] R1 = 0.0415, wR2 = 0.1092 

Final R indexes [all data] R1 = 0.0632, wR2 = 0.1194 

Largest diff. peak/hole / e Å-3 0.23/-0.18 

 

 
 
 
 
 
 
 
 
 



S105 | 
 
 

 

 

 

9. References: 
(1) (a) Similar information was reported in Banjare, S. K.; Nanda, T.; Ravikumar, P. C. Cobalt-

Catalyzed Regioselective Direct C-4 Alkenylation of 3-Acetylindole with Michael Acceptors 

Using a Weakly Coordinating Functional Group. Org. Lett. 2019, 21, 8138−8143. (b) 

Gottlieb, H. E.; Kotlyar, V.; Nudelman, A. NMR chemical shifts of common laboratory 

solvents as trace impurities. J. Org. Chem. 1997, 62, 7512. 

(2) Yuan, Y. C.; Kamaraj, R.; Bruneau, C.; Labasque, T.; Roisnel, T.; Gramage-Doria, R. 

Unmasking Amides: Ruthenium-Catalyzed Protodecarbonylation of N-Substituted 

Phthalimide Derivatives. Org. Lett. 2017, 19, 6404−6407. 

(3) Li, B.; Lan, J.; Wu, D.; You, J. Rhodium(III)-Catalyzed orthoHeteroarylation of Phenols 

through Internal Oxidative C−H Activation: Rapid Screening of Single-Molecular White-

Light-Emitting Materials. Angew. Chem., Int. Ed. 2015, 54, 14008−14012. 

(4) Bernardes, G. J. L.; Chalker, J. M.; Errey, J. C.; Davis, B. G. Facile Conversion of Cysteine 

and Alkyl Cysteines to Dehydroalanine on Protein Surfaces: Versatile and Switchable Access 

to Functionalized Proteins. J. Am. Chem. Soc. 2008, 130, 5052-5053. 

(5) Liu, G.; Shen, Y.; Zhou, Z.; Lu, X. Rhodium(III)‐Catalyzed Redox‐Neutral Coupling of N‐

Phenoxyacetamides and Alkynes with Tunable Selectivity. Angew. Chem., Int. Ed. 2013, 52, 

6033-6037. 

(6) (a) Calvin, J. R.; Frederick, M. O.; Laird, D. L. T.; Remacle, J. R.; May, S. A. Rhodium-

Catalyzed and Zinc(II)-Triflate-Promoted Asymmetric Hydrogenation of Tetrasubstituted α,β-

Unsaturated Ketones. Org. Lett. 2012, 14, 1038−1041. (b) Zhang, G-. Y.; Zhang, P.; Li, B-. 

W.; Liu, K.; Li, J.; Yu, Z-. X. Dual Activation Strategy to Achieve C–C Cleavage of 

Cyclobutanes: Development and Mechanism of Rh and Zn Cocatalyzed [4 + 2] Cycloaddition 

of Yne-Vinylcyclobutanones. J. Am. Chem. Soc. 2022, 144, 21457–21469. 

(7) Shen, Y.; Liu, G.; Zhou, Z.; Lu, X. Rhodium(III)-Catalyzed C− H Olefination for the Synthesis 

of ortho-Alkenyl Phenols Using an Oxidizing Directing Group. Org. Lett. 2013, 15, 

3366−3369. 

(8) Wang, S.; Lin, J-. J.; Cui, X.; Li, J-. P.; Huang, C. Controllable Synthesis of Two Isomers 4H-

Chromene and 2,8-Dioxabicyclo[3.3.1]nonane Derivatives under Catalyst-Free Conditions. J. 

Org. Chem. 2021, 86, 16396−16408. 

 


