
   Available free online at www.medjchem.com 

          Mediterranean Journal of Chemistry 2019, 10(2), 121-137 

 

*Corresponding author: René Csuk               Received December 19, 2019 

Email address: rene.csuk@chemie.uni-halle.de            Accepted January 30, 2020 

DOI: http://dx.doi.org/10.13171/mjc10202002161233rc           Published February 7, 2020 

 

 

Development of indanones and isatins as non-cytotoxic inhibitors 

of cholinesterases  
 

Josephine M. Gießel 1, Anne Loesche 1, Sophie Hoenke 1, Immo Serbian 1, Ahmed Al-Harrasi 2  

and René Csuk 1, * 

 
1 Full Address: Martin-Luther-University Halle-Wittenberg, Organic Chemistry, Kurt-Mothes-Str. 2, D-06120 

Halle (Saale), Germany 
2 Full Address: University of Nizwa, Chair of Oman’s Medicinal Plants and Marine Natural Products,  

P.O. Box 33, PC 616, Birkat Al-Mauz, Nizwa, Sultanate of Oman 

 

 

Abstract: A small library of indanone-amides and substituted isatin derivatives has been prepared; these 

compounds have been investigated for their ability to act as inhibitors for the enzymes acetyl- and 

butyrylcholinesterase (AChE, BChE). Several of them were moderate inhibitors for AChE and not cytotoxic for a 

variety of human tumor cell lines as well as for non-malignant mouse fibroblasts. In this library consisting of 49 

derivatives, 5,7-dibromo-4-iodoisatin was shown to be a good mixed-type inhibitor for AChE (Ki = 2.52 ± 0.61 

µM and Ki´ = 11.74 ± 1.31 µM) but this compound also acted as a dual inhibitor for BChE (K i = 4.49 ± 0.32 µM 

and Ki´ = 6.56 ± 0.57 µM). Interestingly, N-hexyl-1-oxo-2,3-dihydro-1H-indene-2-carboxamide was cytotoxic 

especially for MCF-7 breast adenocarcinoma cells (EC50 = 4.28 ± 0.5 µM). 
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1. Introduction 
  

During the last decades, drugs have been developed 

for many human diseases. For some of them, 

however, there are currently only drugs available that 

alleviate by and large the symptoms, but they are 

unable to cure these diseases completely. One of those 

is Alzheimer’s diseases (AD). In the therapy of AD, 

inhibitors of the enzymes acetylcholinesterase 

(AChE) and butyrylcholinesterase (BChE) have 

proved particularly effective as they slow down the 

course of the disease, and they allow the symptoms of 

the disease to be alleviated over a longer period of 

time. Thus, at least part of the quality of life can be 

preserved. Among others (as depicted in Fig.1), 

donepezil is a well-known AChE-inhibitor 1-3 that has 

been used for several years as medication for AD. 

 

 

Figure 1. Today’s most described drugs to alleviate AD 

Despite some progress, there is still a need to find 

compounds being good dual inhibitors for 

acetylcholinesterase as well as for 

butyrylcholinesterase. In continuation of our previous 
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research on enzyme inhibitors, we became interested 

in isatins and analogs, since for several compounds 

holding an indene scaffold interesting biological 

properties have been reported 2, 4-7. These compounds 

are also similar to donepezil, and hence it seemed 

reasonable to investigate their ability to inhibit AChE 

and/or BChE. As a prerequisite, however, their 

toxicity/cytotoxicity must be low before they can be 

used as a drug at a later stage.  

 

2. Results and iscussion 
 

A small library of alkyl indanone-amides was 

accessed from commercially available                           

3,4-dimethoxybenzaldehyde and (E)-cinnamic acid as 

depicted in Scheme 1. 

 

 

Scheme 1. Synthesis and derivatization of 5,6-dimethoxy-1-indanone: i: malonic acid, piperidine, pyridine, 

reflux 120°C, 4 h, 80%; ii: Pd/C (10%), H2, THF, rt, overnight, 82–90%; iii: 1) oxalylchloride, CH2Cl2, rt, 

overnight 2) AlCl3, CH2Cl2, 0°C, 24–53%; iv: dimethylcarbonate, NaH, reflux 90°C, 32–78%; v: appropriate 

amine, 1,4-dioxane, microwave, 8–90% 

 

Thereby, 1 was obtained from a Knoevenagel-

condensation in good yields of 80%. Hydrogenation 

of 1 and (E)-cinnamic acid gave compounds 2 and 9 

in excellent yields (82% and 90%), respectively. 

Following the procedure, as described by Koca et al.4 

compounds 4 and 11 were used as starting materials 

for the straightforward synthesis of several amides. 

We paid particular attention to the synthesis of alkyl 

amides, as their biological properties are mainly 

unexplored. Yields in these reactions depended 

strongly on the length of the alkyl moiety as well as 

on the substitution pattern of the indanone.  

In the second series of compounds, substituted isatins 

and their oximes were synthesized starting from 

suitably substituted anilines using Sandmeyer 

reaction conditions (Scheme 2). Thus, isatins 15a-15r 

were obtained in yields ranging between 9 and 94% 8. 

Compounds 16a-16h and 17a-17d were prepared 

similarly; the starting materials (brominated at C-5 or 

C-5 and C-7) were obtained adapting the procedure 

reported 9 by Tingare et al. 
 

The oximes were synthesized following the procedure 

outlined by Campbell and Warawa 10. Thus, 

compounds 18a-18n could be synthesized in 45–94% 

isolated yield while their synthesis using other 

procedures 11-13 resulted in significantly lower yields. 
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Scheme 2. Synthetic pathway from anilines to oximes via isatin derivatives: i: 1) chloralhydrate, hydroxylamine 

hydrochloride, Na2SO4, rt; 2) H2SO4, H2O, 0°C, 9–94%; ii: Br2, AcOH (1M), 0°C, 3–96%; iii: hydroxylamine 

hydrochloride, ethanol, 80°C, 45–94%

Table 1. Substitution patterns for isatins (15), 5-Br-isatins (16), 5,7-Br-isatins (17) and oximes (18) as depicted in 

Scheme 2. 

 R1 R2 R3 R4 

a Cl H H H 

b H H Cl H 

c I H H H 

d H H I H 

e H H H Cl 

f H H H I 

g H H F H 

h H H H F 

i H H F F 

j Me Me H H 

k H Me Me H 

l Br H H H 

m H H Br H 

n H H H Br 

o H Br H H 

p H I H H 

q H OMe OMe H 

r H NO2 H H 

 

All compounds were subjected to a biological 

evaluation using Ellman’s assays employing AChE 

(from electrophorus electricus) and BChE (from 

equine serum); galantamine hydrobromide (GH) was 

used as a standard. The results from these assays are 

summarized in Table 1. These assays were performed 

as previously described 14, 15. 
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Table 2. Inhibition of AChE (from electrophorus electricus) and BChE (from equine serum) as determined in 

Ellman´s assays; inhibition constants Ki and Ki´ are reported in µM, and GH (galantamine hydrobromide) was 

used as a standard; the results are mean values resulting from triplicate experiments; % inhibition was determined 

at concentration of 50 M. 

 AChE BChE 

 Ki [µM] Ki´ [µM] type of 

inhibition 

Ki [µM] Ki´ [µM] type of 

inhibition  (% inhibition) (% inhibition) 

GH 0.54 ± 0.01  competitive 9.37 ± 0.67  competitive 

1 (43.7)   (12.3)   

2 (7.22)   (1.9)   

3 7.19±0.33 > 100 (37.7) mixed (9.2)   

4 18.95±2.19 55.72±3.57 mixed (13.1)   

5 12.62±1.25 121.64±8.91 mixed 

 
(10.4)   

6 17.01±1.73 > 100 (33.2) mixed (12.4)   

7 19.42±2.35  competitive (11.9)   

8 20.62±0.57 62.23±2.44 mixed (14.7)   

9 (7.4)   (2.2)   

10 (10.08)   (3.3)   

11 (9.43)   (4.0)   

12 16.70±2.39 

(16.0) 
> 70 mixed (1.8)   

13 18.52±1.18 > 70 mixed (7.5)   

14 12.33±1.32 > 70 mixed (5.6)   

 

The results from the Ellman’s assays for the isatin 

derivatives are summarized in Table 3, and only 

moderate activity was determined for several of the 

compounds. However, the results for compound 17c 

were outstanding, since this compound was shown to 

be an excellent mixed-type inhibitor for AChE. As far 

as BChE is concerned, only a small number of 

substances (17a, 17c, some of 18) were found to be a 

good or at least moderate inhibitor for this enzyme. 

Furthermore, only a few compounds of this series 

hold the rare property to bind to both enzymes. 

Remarkable is the difference between compounds 17a 

and 17c in their ability to inhibit AChE. To get an 

explanation, we performed additional molecular 

modelling calculations using AutoDock. These 

calculations showed for both compounds a high 

affinity to the enzyme; however, the affinity of 17c 

(holding an iodine substituent) to the active site is 

higher than that of 17a (with a chlorine substituent); 

also, the tendency of 17a to get stuck in its access to 

the active site seems higher than that of 17c. The 

results of these calculations are shown in Fig.2. 

Binding scores for the different conformations of 17a 

and 17c were calculated, and for 17a -7.62 to                    

-7.89 kcal/mol and for 17c -7.38 to -7.40 kcal/mol 

were found.
 

Figure 2. Depiction of the results from the molecular modelling calculations. A: yellow: compound 17a; brown, 

green and pink: 3 possible conformations of 17c; B: location of 18a “being stuck” in the access channel to the 

active site; C: Location of 17c in the active site 
 

Table 3. AChE (from electrophorus electricus)- and BChE (from equine serum)- inhibition determined in 

Ellman´s assay; Ki and Ki´ (inhibition constants) in µM for GH (galantamine hydrobromide as a standard) and 

compounds 15-18; averaged from triplicate experiments; % inhibition were determined at a concentration of          

50 M. 

 AChE BChE 

 Ki [µM] Ki´ [µM] type of 

inhibition 

Ki [µM] Ki´ [µM] type of 

inhibition    

GH 0.54 ± 0.01  competitive 9.37 ± 0.67  competitive 
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15a 13.49±2.27 27.11±8.01 mixed 20.14±1.04  competitive 

15b 29.72±8.90 127.01±3.74 mixed 32.76±4.40  competitive 

15c 17.72±4.06 145.04±9.13 mixed > 100   

15d 21.41±1.82  competitive > 100   

15e 15.29±0.14  competitive > 100   

15f 13.24±0.78 64.29±3.25 mixed 42.52±2.67 228.85±16.60 mixed 

15g > 100   > 100   

15h > 100   > 100   

15i 20.04±1.15 111.88±4.46 mixed > 100   

15j 24.47±5.55 106.71±7.62 mixed > 100   

15k 18.94±1.59 85.68±3.68 mixed > 100   

15l 24.12±3.18  competitive >100   

15m 18.45±2.53 123.80±29.28 mixed > 100   

15n 17.03±3.28 186.40±18.10 mixed > 100   

16o > 100   > 100   

15p > 100   17.09±3.46  competitive 

15q > 100   > 100   

15r 24.56±5.74 108.67±7.13 mixed > 100 

 
  

16a (14.9)   (17.7)   

16b (48.9)   (8.6)   

16c (17.2)   (23.7)   

16d 13.14±2.31 12.51±0.90 mixed > 60   

16e (15.9)   (8.6)   

16f (34.2)   (17.0)   

16g (15.2)   (1.4) 

 
  

17a 10.54±0.76 34.42±1.25 mixed 5.38±0.88 44.35±7.28 mixed 

17c 2.52±0.61 11.74±1.31 mixed 4.49±0.32 6.56±0.57 mixed 

 

18a 
> 100   98.93±19.93 135.37±12.80 mixed 

18b > 100   16.65±1.38  competitive 

18c > 100   65.60±16.80 68.62±11.05 mixed 

18d > 80 (17.6)   14.50±0.48 106.02±6.93 mixed 

18e-i > 100   > 100   

18j 29.70±2.68  competitive > 100   

18k > 100   > 100   

18l > 100   > 100   

18m > 100   22.58±8.34 76.11±15.55 mixed 

19n > 100   > 100 (16.9)   

 

Table 4. Cytotoxicity of indanone compounds 1-14; SRB assay EC50 values [µM] after 96 h of treatment; averaged 

from three independent experiments performed each in triplicate; confidence interval CI = 95%. Human cancer 

cell lines: FaDu (hypopharyngeal carcinoma), A2780 (ovarian carcinoma), HT29 (colorectal carcinoma), MCF-7 

(breast carcinoma), SW1736 (thyroid carcinoma), A375 (malignant melanoma) and non-malignant mouse 

fibroblasts (NiH 3T3); cut-off 30 M. 

 FaDu A2780 HT29 MCF-7 SW1736 A375 NIH 3T3 

1-11 > 30 > 30 > 30 > 30 > 30 > 30 > 30 

12 > 30 > 30 > 30 25.62±3.0 > 30 > 30 > 30 

13 > 30 > 30 > 30 23.78±1.6 > 30 > 30 > 30 

14 > 30 > 30 > 30 4.28±0.5 > 30 > 30 > 30 

 

In vitro cytotoxicity of the indanones 1-14 and isatin-

derivatives 15-18 was screened in colorimetric SRB-

assays, and the EC50 values were determined using 

several human tumor cell lines and non-malignant 
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mouse fibroblasts (NIH 3T3). The results from these 

assays are compiled in Tables 4 and 5 

No cytotoxicity was observed for compounds 1-11 

(cut-off: 30 M), and compounds 12 and 13 showed 

moderate activity. Compound 14, however, while 

being not cytotoxic for several human tumor cell 

lines, exhibited selective and good cytotoxicity for the 

human adenocarcinoma breast cell lines MCF-7. 

 

Table 5. Cytotoxicity of isatin compounds 15-18 SRB assay EC50 values [µM] after 96 h of treatment; averaged 

from three independent experiments performed each in triplicate; confidence interval CI = 95%. Human cancer 

cell lines: FaDu (hypopharyngeal carcinoma), A2780 (ovarian carcinoma), HT29 (colorectal carcinoma), MCF7 

(breast carcinoma), SW1736 (thyroid carcinoma), 8505C (thyroid anaplastic carcinoma), and non-malignant 

mouse fibroblasts (NIH 3T3); cut-off 30 M. 

 FaDu 518A2 A2780 HT29 MCF7 A549 8505C NiH3T3 

15a-c - > 30 > 30 > 30 > 30 > 30 > 30 > 30 

15d - 9.2±0.7 10.6±0.3 24.8±1.1 17.4±1.7 > 30 > 30 > 30 

15e - 23.7 

1.4/1.3 
> 30 > 30 > 30 > 30 > 30 > 30 

15f - 16.7±0.6 25.5±1.2 > 30 > 30 > 30 > 30 > 30 

15g,h - > 30 > 30 > 30 > 30 > 30 > 30 > 30 

15i - 14.9±0.4 12.1±0.7 23.8±1.7 21.5±3.0 18.2±1.1 27.4±0.4 15.2±1.6 

15j-l - > 30 > 30 > 30 > 30 > 30 > 30 > 30 

15m - 8.6±0.8 9.1±0.4 22.6±2.5 19.7±2.1 > 30 > 30 > 30 

15n - 27.3±0.6 > 30 > 30 > 30 > 30 > 30 > 30 

15o - 9.8±0.6 > 30 > 30 > 30 24.4±1.6 12.0±0.9 > 30 

15p - 6.5±0.6 7.3±0.6 30.3±2.4 25.5±2.9 > 30 > 30 28.7±3.0 

15q,r > 30 > 30 > 30 > 30 > 30 > 30 > 30 > 30 

16a > 30 17.2±0.2 > 30 > 30 25.7±0.2 13.9±1.3 16.6±0.1 19.9±0.9 

16b 10.9±2.1 - 7.7±1.8 - 13.7±0.9 - - - 

16c 14.6±1.4 - 9.9±0.6 - 16.1±0.8 - - - 

16d 19.6±2.8 - 13.3±2.1 - 20.5±1.1 - - - 

16e - 10.6±1.9 > 30 > 30 > 30 > 30 17.7±0.6 > 30 

16f - 9.0±0.6 > 30 > 30 > 30 22.0±0.8 12.8±0.2 > 30 

16g 8.95±0.7 - 6.47±0.8 - 12.29±1.0 - - - 

  FaDu 518A2 A2780 HT29 MCF7 A549 NiH3T3 

17a-d > 30 > 30 > 30 > 30 > 30 > 30 > 30 

18a-n > 30 > 30 > 30 > 30 > 30 > 30 > 30 

 

For several of the isatins 15-18 only low or no 

cytotoxicity was found. This is a prerequisite for the 

possible use of these compounds as inhibitors of 

cholinesterases in ongoing investigations presently 

studied in more detail in our laboratories. 
 

3. Conclusion 
 

A small library consisting of 49 indanone-amides and 

substituted isatin derivatives has been investigated for 

the ability of these compounds to act as inhibitors for 

the enzymes acetyl- and butyrylcholinesterase 

(AChE, BChE). Among these compounds,                 

5,7-dibromo-4-iodoisatin (17c) was shown to be a 

good mixed-type inhibitor for AChE                                

(Ki = 2.52 ± 0.61 µM and Ki´ = 11.74 ± 1.31 µM) but 

this compound also acted as a dual inhibitor for BChE 

(Ki = 4.49 ± 0.32 µM and Ki´ = 6.56 ± 0.57 µM). 

Interestingly, N-hexyl-1-oxo-2,3-dihydro-1H-indene-

2-carboxamide (14) was cytotoxic especially for 

MCF-7 breast adenocarcinoma cells                           

(EC50 = 4.28 M). 

4. Experimental 
 

NMR spectra were recorded using the Varian 

spectrometers Gemini 2000 or Unity 500 ( given in 

ppm, J in Hz; typical experiments: H-H-COSY, 

HMBC, HSQC, NOESY), MS spectra were taken on 

a Finnigan MAT LCQ 7000 (electrospray, voltage   

4.1 kV, sheath gas nitrogen) instrument. TLC was 

performed on silica gel (Merck 5554, detection with 

cerium molybdate reagent); melting points are 

uncorrected (Leica hot stage microscope or BÜCHI 

Melting Point M-565), and elemental analyses were 

performed on a Foss-Heraeus Vario EL (CHNS) unit. 

IR spectra were recorded on a Perkin Elmer FT-IR 

spectrometer Spectrum 1000 or on a Perkin-Elmer 

Spectrum Two (UATR Two Unit). The solvents were 

dried according to usual procedures. The purity of the 

compounds was determined by HPLC and found to be 

>96%. 
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(2E)-3-(3,4-Dimethoxyphenyl)-2-propenoic acid (1) 

To a solution of 3,4-dimethoxybenzaldehyde           

(8.30 g, 50 mmol) and malonic acid (6.25 g, 60 mmol) 

in pyridine (125 mL) at 120°C piperidine                    

(0.2 mL, 2 mmol) was added, and the reaction mixture 

was heated under reflux for 4 h. Usual aqueous work-

up followed by re-crystallization from EtOH gave 1 16 

(8.28 g, 80%) as an off-white solid;  

RF = 0.05 (silica gel, n-hexane/ethyl acetate, 4:1);                

mp = 178–180°C (lit.: 17 181-183°C);  

MS (ESI, MeOH): m/z (%) = 207.0 ([M-H]-, 11), 

415.1 ([2M-H]-, 100), 436.9 ([2M-2H+Na]-, 13). 

3-(3,4-Dimethoxyphenyl)propanoic acid (2)  

A solution of 1 (1 g, 4.8 mmol) in dry THF (20 mL) 

was hydrogenated overnight at 75 psi in the presence 

of Pd/C (10%, 0.116 g). Usual work-up gave 2        

(0.83 g, 82%) 18 as a white solid;  

RF = 0.09 (silica gel, n-hexane/ethyl acetate, 4:1);  

mp = 98–99°C (lit.: 19 98-99°C);  

MS (ESI, MeOH): m/z (%) = 209.1 ([M-H]-, 100), 

441 ([2M-2H+Na]-, 71). 

5,6-Dimethoxy-indane-1-one (3) 

To an ice-cold solution of 2 (0.5 g, 2.37 mmol) in dry 

dichloromethane (8 mL), oxalyl chloride (0.803 mL, 

9.5 mmol) and dimethylformamide (5 drops) were 

added. After an additional stirring at room 

temperature for 1 h, the solvents were evaporated. The 

residue was dissolved in dry dichloromethane (8 mL), 

and at 0°C AlCl3 (0.57 g, 4.3 mmol) was added in 

several portions. After stirring at room temperature 

for 1 h at room temperature followed by usual work-

up and re-crystallization from EtOH,                                   

3 (0.11 g, 24%) 4 was obtained as an off-white solid; 

RF = 0.39 (silica gel, n-hexane/ethyl acetate, 1:1);  

mp = 117–118°C (lit.: 20 117-119°C);  

MS (ESI, MeOH): m/z (%) = 193.2 ([M+H]+, 100), 

215.0 ([M+Na]+, 34). 

5,6-Dimethoxy-1-oxo-indan-2-carboxylic acid 

methyl ester (4) 

To a solution of 3 (4.00 g, 20 mmol) in 

dimethylcarbonate (22 mL), NaH (2.4 g, 60 mmol, 

60% in mineral oil) was added, and the mixture was 

stirred at 90°C for 2 h. Usual aqueous work-up 

followed by re-crystallization from EtOH gave 4 

(3.92 g, 78%) 4 as lightly yellowish needles;  

RF = 0.12 (silica gel, chloroform); mp = 160–163°C 

(lit.: 21 161–162°C);  

MS (ESI, MeOH): m/z (%) = 251.1 ([M+H]+, 100), 

273.1 ([M+Na]+, 43), 277.7 ([2M+Na+MeOH]+,10), 

285.7 ([2M+K+H+MeOH]2+, 11). 

General Procedure A 

To a solution of compound 4 (1.2 mmol) was 

dissolved in dry 1,4-dioxane (3 mL), the 

corresponding amine (1.2 mmol) was added, and the 

solution was sonicated in an ultrasound bath for 1 min 

followed by microwave irradiation for 10 min       

(1200 rpm, 300 W, 170°C) 4. The solvent was 

removed under reduced pressure, and the residue was 

subjected to recrystallization from EtOH. 

Compounds 5–8 and 12–15 were prepared following 

procedure A. 

N-Ethyl-5,6-dimethoxy-1-oxo-2,3-dihydro-1H-

indene-2-carboxamide (5) 

Compound 5 (0.22 g, 70%) was obtained as a white 

solid;  

RF = 0.21 (silica gel, n-hexane/ethyl acetate, 1:1);  

mp = 188–192°C,  

IR (KBr): ν = 3284m, 3083w, 2938w, 1702s, 1634s, 

1592m, 1554m, 1503s, 1458m, 1363w, 1311s, 1267s, 

1222m, 1200w, 1151w, 1115m, 1032m cm-1;  

UV-vis (CHCl3): λ (log ε) = 251 (3.57), 295 (3.96), 

348 (4.06) nm;  
1H NMR (400 MHz, CDCl3):  = 7.12 (s, 1H, 7-H), 

6.90 (s, 1H, 4-H), 3.96 (s, 3H, 9-H), 3.88 (s, 3H, 10-

H), 3.64 (dd, J = 3.6, 0.9 Hz, 1H, 3a-H), 3.50 (dd,  

J = 7.9, 3.6 Hz, 1H, 2-H), 3.37–3.27 (m, 2H, 1´-H), 

3.23 (dd, J = 17.5, 7.9 Hz, 1H, 3b-H), 1.16 (t, J = 7.3 

Hz, 3H, 2´-H) ppm; 13C NMR (100 MHz; CDCl3):  

 = 202.0 (C-1), 166.8 (C-8), 156.6 (C-5), 150.3  

(C-7a), 149.8 (C-6), 128.1 (C-3a), 107.6 (C-4), 104.6 

(C-7), 56.5 (C-9), 56.2 (C-10), 53.2 (C-2), 34.8  

(C-1´), 28.6 (C-3), 14.9 (C-2´) ppm;  

MS (ESI, MeOH): m/z (%) = 264.1 ([M+H]+, 46), 

286.1 ([M+Na]+, 38), 298.7 ([2M+Ca+MeOH]2+, 16), 

414.6 ([3M+Ca]2+, 30), 548.8 ([2M+Na]+, 100); 

analysis calcd for C14H17NO4 (263.29): C 63.87, H 

6.51, N 5.32; found C 63.66, H 6.79, N 5.11. 

N-Butyl-5,6-dimethoxy-1-oxo-2,3-dihydro-1H-

indene-2-carboxamide (6) 

Compound 6 (0.32 g, 90%) was obtained as a white 

solid;  

RF = 0.57 (silica gel, n-hexane/ethyl acetate, 1:1);  

mp = 152–154°C; IR (KBr): ν = 3445m, 3291s, 

2925m, 2870w, 1704s, 1638s, 1592m, 1554m, 1505s, 

1443m, 1367w, 1313s, 1268s, 1224m, 1200w, 1116m, 

1030m cm-1;  

UV-vis (CHCl3): λ (log ε) = 251 (3.59), 295 (3.97), 

347 (4.03) nm;  
1H NMR (400 MHz, CDCl3):  = 7.14 (s, 1H, 7-H), 

6.92 (s, 1H, 4-H), 3.98 (s, 3H, 9-H), 3.91 (s, 3H, 10-

H), 3.70 (dd, J = 17.6, 3.5 Hz, 1H, 3a-H), 3.52 (dd, J 

= 7.9, 3.6 Hz, 1H, 2-H), 3.31 (ddd, J = 12.8, 7.3, 2.1 

Hz, 2H, 1´-H), 3.28–3.22 (m, 1H, 3b-H), 1.58–1.50 

(m, 2H, 2´-H), 1.44–1.31 (m, 2H, 3´-H), 0.93 (t, J = 

7.3 Hz, 3H, 4´-H) ppm; 13C NMR (100 MHz; CDCl3): 

 = 199.4 (C-1), 166.3 (C-8), 157.6 (C-5), 150.2 (C-

7a), 149.5 (C-6), 128.0 (C-3a), 107.6 (C-4), 104.7 (C-

7), 56.5 (C-9), 56.2 (C-10), 53.2 (C-2), 39.7 (C-1´), 

31.7 (C-2´), 28.7 (C-3), 20.3 (C-3´), 14.1 (C-4´) ppm;  

MS (ESI, MeOH): m/z (%) = 292.1 ([M+H]+, 41), 

314.2 ([M+Na]+, 27), 318.7 ([2M+Na+H+MeOH]2+, 

3), 326.7 ([2M+Ca+MeOH]2+, 13), 448.6 

([3M+Na+H]2+, 6), 456.6 ([3M+Ca]2+, 29), 604.9 

([2M+Na]+), 100);  

analysis calcd for C16H21NO4 (291.35): C 65.96, H 

7.27, N 4.81; found C 65.77, H 7.45, N 4.51. 

N-Hexyl-5,6-dimethoxy-1-oxo-2,3-dihydro-1H-

indene-2-carboxamide (7) 

Compound 7 (0.04 g, 11%) was obtained as a white 

solid;  
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RF = 0.53 (silica gel, n-hexane/ethyl acetate, 1:1);  

mp = 136–139°C;  

IR (KBr): ν = 3752w, 3441m, 3289m, 2930m, 1702m, 

1636s, 1592m, 1504s, 1458m, 1312s, 1268s, 1223m, 

1115m, 1031m cm-1; UV-vis (CHCl3): λ (log ε) = 251 

(3.60), 294 (3.96), 346 (4.02) nm;  
1H NMR (400 MHz, CDCl3):  = 7.14 (s, 1H, 7-H), 

6.91 (s, 1H, 4-H), 3.98 (s, 3H, 9-H), 3.90 (s, 3H, 10-

H), 3.70 (dd, J = 17.4, 3.5 Hz, 1H, 3a-H), 3.52 (dd, J 

= 7.9, 3.6 Hz, 1H, 2-H), 3.35 – 3.23 (m, 2H, 1´-H), 

3.25 (dd, J = 17.4 Hz, 7.7 Hz, 1H, 3b-H), 1.54               

(p, J = 7.1 Hz, 2H, 2´-H), 1.37–1.31 (m, 2H, 3´-H), 

1.31 – 1.27 (m, 4H, 4´-H + 5´-H), 0.90–0.86 (m, 3H, 

6´-H) ppm; 13C NMR (100 MHz; CDCl3):  = 202.1 

(C-1), 166.8 (C-8), 156.6 (C-5), 150.3 (C-7a), 149.8 

(C-6), 128.2 (C-3a), 107.6 (C-4), 104.6 (C-7), 56.5 

(C-9), 56.3 (C-10), 53.2 (C-2), 40.0 (C-1´), 31.6 (C-

4´), 29.6 (C-2´), 28.7 (C-3), 26.7 (C-3´), 22.7 (C-5´), 

14.2 (C-6´) ppm;  

MS (ESI, MeOH): m/z (%) = 320.2 ([M+H]+, 32), 

342.2 ([M+Na]+, 16), 354.8 ([2M+K+H+MeOH]2+, 

5), 498.7 ([3M+Ca]2+, 13), 660.9 ([2M+Na]+, 100); 

analysis calcd for C18H25NO4 (319.40): C 67.69, H 

7.89, N 4.39; found C 67.50, H 8.02, N 4.11. 

N-(2-Benzoylphenyl)-5,6-dimethoxy-1-oxo-2,3-

dihydro-1H-indene-2-carboxamide (8) 

Compound 8 (0.12 g, 70%) was obtained as a white 

solid;  

RF = 0.5 (silica gel, n-hexane/ethyl acetate, 1:1);  

mp = 190–192°C;  

IR (KBr): ν = 3517m, 3228m, 2923w, 2850w, 1686s, 

1590m, 1502m, 1450w, 1371w, 1315s, 1276m, 

1224w, 1191w, 1114m, 1055w, 1033w, 754m cm-1; 

UV-vis (CHCl3): λ (log ε) = 298 (4.06), 354 (4.03) 

nm;  
1H NMR (400 MHz, DMSO-d6):  = 10.55 (s, 1H, 

NH), 7.42 (ddd, J = 8.2, 2.6, 1.2 Hz, 3H, 2´´-H + 3a´´-

H), 7.32 (dd, J = 8.5, 6.9 Hz, 2H, 3b´´-H + 3´-H), 7.25–

7.20 (m, 1H, 4´´-H), 7.16 (dd, J = 15.3, 1.5 Hz, 1H, 

5´-H), 7.15 (s, 1H, 7-H), 6.96 (td, J = 7.5, 1.1 Hz, 1H, 

4´-H), 6.93 (s, 1H, 4-H), 6.92–6.89 (m, 1H, 6´-H), 

3.87 (s, 3H, 9-H), 3.77 (s, 3H, 10-H), 3.58 (s, 1H, 2-

H), 3.52 (d, J = 17.0 Hz, 1H, 3a-H), 3.04 (d, J = 17.0 

Hz, 1H, 3b-H) ppm; 13C NMR (100 MHz; DMSO-d6): 

 = 197.4 (C-7´ + C-1), 167.9 (C-8), 155.5 (C-5), 

150.0 (C-7a), 149.1 (C-6), 146.1 (C-3a), 135.8 (C-1´), 

130.4 (C-2´), 128.2 (C-3´), 127.8 (C-5´), 127.1 (C-

1´´), 127.0 (C-4´´), 125.3       (C-2´´), 124.8 (C-3´´), 

122.4 (C-4´), 114.5 (C-6´), 107.8 (C-7), 104.2 (C-4), 

66.0 (C-2), 56.0 (C-9), 55.6 (C-10), 32.7 (C-3) ppm;  

MS (ESI, MeOH): m/z (%) = 398.2 ([M+H-H2O]+, 

24), 438.0 ([M+Na]+, 38), 642.5 ([3M+Ca]2+, 10), 

852.9 ([2M+Na]+, 100);  

analysis calcd for C25H21NO5 (415.44): C 72.28, H 

5.10, N 3.37; found C 71.98, H 5.34, N 3.11. 

3-Phenylpropanoic acid (9) 

Hydrogenation of cinnamic acid (1 g, 6.75 mmol) 

with Pd/C (10%, 0.134 g) in THF (20 mL). for 6 h at 

75 psi followed by usual work-up gave 9 (0.91 g, 

90%) 15 as a white solid; RF = 0.45 (silica gel,                 

n-hexane/ethyl acetate, 4:1); mp = 45–48°C               

(lit.: 22 48-50°C); MS (ESI, MeOH): m/z (%) = 149.1         

([M-H]-, 82), 321.0 ([2M-2H+Na]-, 100). 

2,3-Dihydro-1H-inden-1-one (10) 

Reaction of 9 (0.5 g, 3.3 mmol) in dry 

dichloromethane (8 mL) at 0°C with oxalyl chloride 

(1.12 mL, 13.2 mmol) and DMF (5 drops) followed 

by an additional reaction for 1 h at room temperature, 

usual work-up and reaction with AlCl3 (0.80 g, 5.98 

mmol) in dry dichloromethane (8 mL) as described 

above and re-crystallization from EtOH gave 3      

(0.23 g, 53%) as an off-white solid; RF = 0.48 (silica 

gel, n-hexane/ethyl acetate, 4:2); mp = 39–40°C      

(lit.: 23 38–39°C); MS (ESI, MeOH): m/z (%) = 133.1 

([M+H]+, 100), 155.0 ([M+Na]+, 16). 

Methyl-1-oxo-2,3-dihydro-1H-indene-2-

carboxylate (11) 

As described for the synthesis of 4, from 10              

(3.00 g, 22.7 mmol) and NaH (2.73 g, 68.1 mmol, 

60% in mineral oil) 

followed by re-crystallization from EtOH, 11         

(1.38 g, 32%) was obtained as an off-white solid;  

RF = 0.13 (silica gel, chloroform); mp = 49–51°C;  

IR (ATR): ν = 1705s, 1586m, 1464m, 1438m, 1317m, 

1273m, 1208s, 1157s, 1095m, 1007m, 987s, 951m, 

853m, 767s, 735m, 675m, 513m, 466m cm-1; UV-vis 

(MeOH): λ (log ε) = 205 (4.07), 246 (3.73), 296 (3.43) 

nm;  
1H NMR (400 MHz, CDCl3): 1H NMR (400 MHz, 

CDCl3):  = 7.78 (d, J = 7.7 Hz, 1H, 7-H), 7.66–7.61 

(m, 1H, 6-H), 7.51 (dd, J = 7.7, 0.9 Hz, 1H, 4-H), 

7.43–7.38 (m, 1H, 5-H), 3.80 (s, 3H, 1´-H), 3.74 (dd, 

J = 17.2, 4.0 Hz, 1H, 2-H), 3.57 (dd, J = 17.2, 4.0 Hz, 

1H, 3a-H), 3.38 (dd, J =17.3, 8.3 Hz, 1H, 3b-H) ppm ; 
13C NMR (100 MHz; CDCl3):  = 178.8 (C-1), 170.0 

(C-8), 153.7   (C-3a), 135.6 (C-6), 135.4 (C-7a), 128.0 

(C-5), 126.7 (C-4), 124.9 (C-7), 53.3 (C-2), 52.9  

(C-1´), 30.4 (C-3) ppm;  

MS (ESI, MeOH): m/z (%) = 191.0 ([M+H]+, 100), 

207.9 ([M+NH4]+, 21), 213.1 ([M+Na]+, 79), 225.8 

([2M+Ca+MeOH]2+, 23);  

analysis calcd for C11H10O3 (190.20): C 69.46, H 5.30; 

found C 69.25, H 5.47. 

N-Ethyl-1-oxo-2,3-dihydro-1H-indene-2-

carboxamide (12) 

Following the general procedure A, compound 12 

(0.04 g, 15%) was obtained as an off-white solid;  

RF = 0.08 (silica gel, n-hexane/ethyl acetate, 4:1);  

mp = 141–144°C; IR (ATR): ν = 3300m, 1721s, 

1632s, 1552s, 1462m, 1421m, 11361m, 1324m, 

1269s, 1246m, 1212s, 1150m, 1011m, 993m, 764s, 

668s, 592m, 497m, 465s cm-1;  

UV-vis (MeOH): λ (log ε) = 204 (4.35), 246 (3.95), 

295 (3.39) nm;  
1H NMR (400 MHz, CDCl3):  = 7.75 (d, J = 7.7 Hz, 

1H, 7-H), 7.63 (t, J = 7.4 Hz, 1H, 6-H), 7.52 (d, J = 

7.7 Hz, 1H, 4-H), 7.38 (t, J = 7.4 Hz, 1H, 5-H), 3.80 

(dd, J = 17.7, 3.9 Hz, 1H, 3a-H), 3.54 (dd, J = 8.3, 4.0 

Hz, 1H, 2-H), 3.40–3.35 (m, 1H, 3b-H), 3.35–3.30 (m, 

2H,1´-H), 1.19 (t, J = 7.3 Hz, 3H, 2´-H) ppm; 13C 

NMR (125 MHz; CDCl3):  = 203.8 (C-1), 166.3 (C-
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8), 154.5   (C-3a), 135.9 (C-6), 135.6 (C-7a), 127.7 

(C-5), 126.9 (C-4), 124.5 (C-7), 52.99 (C-2), 34.9  

(C-1´), 28.9 (C-3), 14.9 (C-2´) ppm;  

MS (ESI, MeOH): m/z (%) = 204.1 ([M+H]+, 100), 

226.1 ([M+Na]+, 81), 230.8 ([2M+Na+H+MeOH]2+, 

16), 238.8 ([2M+Ca+MeOH]2+, 27);  

analysis calcd for C12H13NO2 (203.24): C 70.92, H 

6.45, N 6.89; found C 70.77, H 6.61, N 6.60. 

N-Butyl-1-oxo-2,3-dihydro-1H-indene-2-

carboxamide (13) 

Following the general procedure A, compound 13 

(0.04 g, 13%) was obtained as a white solid; RF = 0.08 

(silica gel, n-hexane/ethyl acetate, 4:1);  

mp = 112–113°C;  

IR (ATR): ν = 3311w, 2929w, 1715s, 1634s, 1538s, 

1463m, 1423w, 1357m, 1326m, 1273m, 1211m, 

1150w, 1061m, 773m, 671s, 594m, 467m cm-1; UV-

vis (MeOH): λ (log ε) = 204 (4.18), 246 (3.77), 296 

(3.20) nm;  
1H NMR (500 MHz, CDCl3):     = 7.75 (d, J = 7.7 

Hz, 1H, 7-H), 7.63 (td, J = 7.5, 1.2 Hz, 1H, 6-H), 

7.53–7.51 (m, 1H, 4-H), 7.40–7.37 (m, 1H, 5-H), 3.80 

(dd, J = 17.8, 4.1 Hz, 1H, 3a-H), 3.54 (dd, J = 8.3, 4.0 

Hz, 1H, 2-H), 3.39–3.34 (m, 1H, 3b-H), 3.34–3.29 (m, 

2H, 1´-H), 1.57–1.51 (m, 2H, 2´-H), 1.42 – 1.34 (m, 

2H, 3´-H), 0.94 (t, J = 7.3 Hz, 3H, 4´-H) ppm;  
13C NMR (125 MHz; CDCl3):  = 201.0 (C-1), 166.4 

(C-8), 154.5 (C-3a), 135.9 (C-6), 135.6 (C-7a), 127.7 

(C-5), 126.9 (C-4), 124.5 (C-7), 53.0 (C-2), 39.7  

(C-1´), 31.7 (C-2´), 28.9 (C-3), 20.3 (C-3´), 13.9  

(C-4´) ppm;  

MS (ESI, MeOH): m/z (%) = 232.1 ([M+H]+, 100), 

254.1 ([M+Na]+, 77), 258.8 ([2M+Na+H+MeOH]2+, 

16), 266.8 ([2M+Ca+MeOH]2+, 38);  

analysis calcd for C14H17NO2 (231.39): C 72.70, H 

7.41, N 6.06; found C 72.51, H 7.96, N 5.81. 

N-Hexyl-1-oxo-2,3-dihydro-1H-indene-2-

carboxamide (14) 

Following the general procedure A, compound 14 

(0.03 g, 8%) was obtained as a white solid; RF = 0.13 

(silica gel, n-hexane/ethyl acetate, 4:1);                           

mp = 103–105°C;  

IR (ATR): ν = 3318w, 2926w, 1714s, 1633s, 1532s, 

1462m, 1422w, 1326m, 1273s, 1211m, 1011m, 773m, 

670s, 592m, 467m cm-1; UV-vis (MeOH): λ (log ε) = 

204 (4.41), 246 (3.99), 295 (3.46), 342 (3.24) nm;  
1H NMR (500 MHz, CDCl3):  = 7.75 (d, J = 7.7 Hz, 

1H, 7-H), 7.63 (dt, J = 7.6, 1.1 Hz, 1H, 6-H), 7.52 (dt, 

J = 7.7, 0.9 Hz, 1H, 4-H), 7.40–7.36 (m, 1H, 5-H), 

3.80 (dd, J = 17.8, 4.0 Hz, 1H, 3a-H), 3.54 (dd, J = 8.4, 

4.0 Hz, 1H, 2-H), 3.39–3.34 (m, 1H, 3b-H), 3.34–3.27 

(m, 2H, 1´-H), 1.58–1.52 (m, 2H, 2´-H), 1.39–1.28 (m, 

6H, 3´-H + 4´-H + 5´-H), 0.92–0.85 (m, 3H, 6´-H) 

ppm; 13C NMR (125 MHz; CDCl3):  = 202.6 (C-1), 

166.4 (C-8), 154.5 (C-3a), 135.9 (C-6), 135.6 (C-7a), 

127.7 (C-5), 126.9 (C-4), 124.5 (C-7), 53.0 (C-2), 

40.1 (C-1´), 31.6 (C-2´), 29.6 (C-3), 28.9 (C-3´), 26.7 

(C-4´), 22.7 (C-5´), 14.2 (C-6´) ppm;  

MS (ESI, MeOH): m/z (%) = 260.1 ([M+H]+, 100), 

282.2 ([M+Na]+, 77), 286.9 ([2M+Na+H+MeOH]2+, 

19), 294.8 ([2M+Ca+MeOH]2+, 32);  

analysis calcd for C16H21NO2 (259.35): C 74.10, H 

8.16, N 5.40; found C 73.87, H 8.23, N 5.18. 

General procedure B 

Chloral hydrate (1.1 eq.) was solved in water             

(2.5 mL/mmol) and heated to 35°C. Sodium sulfate 

(8.9 eq.) was added by portions and stirred until the 

solution became clear. The corresponding aniline         

(1 eq.) was suspended in water (0.7 mL/mmol) and 

added to this solution. Hydrochloric acid                   

(36%, 3.5 eq.) was added dropwise and a white 

precipitate was formed. A solution of hydroxyl 

ammonium chloride (3.2 eq.) in water (1 mL/mmol) 

was added; this mixture was heated to 80°C until the 

reaction was completed (as indicated by TLC) 5. The 

precipitate was filtrated off at 50°C, washed with 

water and dried in vacuum. Sulfuric acid                  

(98%, 74 eq.) was heated to 50°C, and the solid was 

added in several portions. After completion of the 

reaction, the mixture was poured onto ice                     

(ca. 600 mL). The precipitate was filtrated off and 

washed with water. To separate the 4- and 6-isomers, 

the solid was solved in sodium hydroxide solution 

(10%) at 60°C and neutralized with acetic acid until 

pH = 5. The 4-isomer was crystallized at 5°C and was 

filtered off and washed with water. The 6-isomer 

crystallized after adjusting the pH = 1 by adding 

concentrated HCl and standing at 5°C. 

Compounds 15a-r were prepared according to general 

procedure B.  

4-Chloroisatin (15a)  

Compound 15a (2.00 g, 36%) was obtained as an 

orange solid; RF = 0.17 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 250–255°C (lit.: 24 251°C);  

MS (ESI-MeOH): m/z (%) = 180.8 ([M+H]+, 6), 

199.0 ([M+NH4]+, 29), 204.1 ([M-Na]+, 100), 230.9 

([M+NH4+MeOH]+, 38), 236.0 ([M+Na+MeOH]+, 

62), 384.8 ([2M+Na]+, 28), 416.7 

([2M+Na+MeOH]+, 14), 448.9 ([2M+Na+2MeOH]+, 

6), 180.0 ([M-H]-, 100), 211.9 ([M-H+MeOH]-, 11), 

215.9 ([M+35Cl]-, 29), 360.7 ([2M-H]-, 8), 392.8 

([2M-H+MeOH]-, 10). 

 6-Chloroisatin (15b) 

Compound 15b (1.40 g, 25%) was obtained as an 

orange solid; RF = 0.27 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 260–263°C (lit.: 25 261–262°C);  

MS (ESI, MeOH): m/z (%) = 198.9 ([M+NH4]+, 42), 

204.0 ([M+Na]+, 100), 230.9 ([M+NH4+MeOH]+, 

69), 236.0 ([M+Na+MeOH]+, 64), 384.9 ([2M+Na]+, 

62), 416.7 ([2M+Na+MeOH]+, 51), 180.0 ([M-H]-, 

100), 211.9 ([M-H+MeOH]-, 6) 

4-Iodoisatin (15c)  

Compound 15c (6.06 g, 72%) was obtained as a 

reddish-brown solid; RF = 0.20 (toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 236–240°C;  

IR (KBr): ν = 3564m, 3492m, 3454m, 3274s, 3078m, 

3040m, 2976m, 2910w, 2858w, 2820w, 2768w, 

2696w, 2622w, 1742vs, 1724vs, 1634m, 1606vs, 
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1578vs, 1472m, 1436s, 1316m, 1274m, 1242s, 1194w, 

1158s, 1136m, 1054w, 1022w, 900m, 792m, 664m, 

646m cm-1;  

UV-vis (MeOH): λ (log ε) = 229 (4.25), 326 (3.55) 

nm; 1H NMR (500 MHz, DMSO-d6): δ = 11.06 (s, 1H, 

NH), 7.48 (dd, J = 7.9, 0.7 Hz, 1H, 5-H), 7.25 (t, J = 

7.9 Hz, 1H, 6-H), 6.90 (dd, J = 7.8, 0.7 Hz, 1H, 7-H) 

ppm; 13C NMR (100 MHz, DMSO-d6): δ = 183.6  

(C-3), 159.3 (C-2), 154.1 (C-8), 138.4 (C-6), 132.8 

(C-5), 119.3 (C-3a), 112.0 (C-7), 92.9 (C-4) ppm;  

MS (ESI, MeOH): m/z (%) = 274.0 ([M+H]+, 5), 

290.8 ([M+NH4]+, 37), 296.0 ([M+Na]+, 100), 306.0 

([M+H+MeOH]+, 15), 323.0 ([M+NH4+MeOH]+, 

41), 327.5 ([M+Na+MeOH]+, 59), 568.6 ([2M+Na]+, 

80), 600.6 ([2M+Na+MeOH]+, 22), 632.7 

([2M+Na+2MeOH]+, 9), 272.0 ([M-H]-, 100), 303.8 

([M-H+MeOH]-, 19), 307.8 ([M+Cl]-, 52), 544.5 

([2M-H]-, 35);  

analysis calcd for C8H4INO2 (273.03): C 35.19, H 

1.48, N 5.13; found C 34.77, H 1.72, N 4.90. 

6-Iodoisatin (15d)  

Compound 15d (0.75 g, 9%) was obtained as an 

orange solid; RF = 0.33 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 267–272°C;  

IR (KBr): ν = 3508m, 3462m, 3190m, 3166m, 3094w, 

3064w, 3022w, 2850w, 2802w, 2362w, 2342w, 1744s, 

1730vs, 1610vs, 1542w, 1508w, 1474w, 1458w, 

1434m, 1384w, 1368w, 1326m, 1270w, 1250w, 

1196m, 1186w, 1130w, 1102m, 1048m cm-1;  

UV-vis (MeOH): λ (log ε) = 217 (4.07), 236 (4.07), 

259 (4.07), 316 (4.07), 402 (3.37) nm; 1H NMR (400 

MHz, DMSO-d6): δ = 11.19 (s, 1H, NH), 7.47 (d, J = 

6.3 Hz, 1H, 4-H), 7.30 (s, 1H, 7-H), 7.24 (dd, J = 7.5, 

1.0 Hz, 1H, 5-H) ppm; 13C NMR (125 MHz, DMSO-

d6): δ = 183.6 (C-3), 159.0 (C-2), 151.1 (C-7a), 131.5 

(C-5), 125.6 (C-4), 120.6 (C-7), 117.2 (C-3a), 107.1 

(C-6) ppm;  

MS (ESI, MeOH): m/z (%) = 272.0 ([M-H]-, 100), 

289.9 ([M-H+H2O]-, 4), 303.8 ([M-H+MeOH]-, 6), 

307.7 ([M+35Cl]-, 2);  

analysis calcd for C8H4INO2 (273.03): C 35.19, H 

1.48, N 5.13; found C 34.96, H 1.69, N 4.93 

7-Chloroisatin (15e)  

Compound 15e (0.52 g, 94%) was obtained as a 

reddish-brown solid; RF = 0.37 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 182–185°C (lit.: 26 184–186°C);  

MS (ESI, MeOH): m/z (%) = 199.0 ([M+NH4]+, 17), 

204.0 ([M+Na]+, 93), 230.9 ([35M+NH4+MeOH]+, 

40), 236.0 ([M+Na+MeOH]+, 100), 180.0 ([35M-H]-, 

100). 

7-Iodoisatin (15f) 

Compound 15f (2.97 g, 71%) was afforded as a 

brownish solid; RF = 0.43 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 267–272°C;  

IR (KBr): ν = 3446w, 3208m, 3178m, 3098w, 3064w, 

2852w, 2772w, 2594w, 1740vs, 1646w, 1604vs, 

1540w, 1472m, 1426m, 1382w, 1320s, 1280w, 1262w, 

1218m, 1198m, 1174m, 1116m, 1082w, 1052w, 956m, 

764m cm-1;  

UV-vis (MeOH): λ (log ε) = 225 nm (4.15), 305 nm 

(3.45), 405 nm (3.45);  
1H NMR (400 MHz, DMSO-d6): δ = 11.00 (s, 1H, 

NH), 7.94 (dd, J = 7.9, 1.0 Hz, 1H, 6-H), 7.50 (d, J = 

7.3 Hz, 1H, 4-H), 6.89 (t, J = 7.7 Hz, 1H, 5-H) ppm; 
13C NMR (100 MHz, DMSO-d6): δ = 184.3 (C-3), 

159.8 (C-2), 152.9 (C-7a), 146.4 (C-6), 124.5 (C-4), 

123.9 (C-5), 119.6 (C-3a), 78.3 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 290.9 ([M+NH4]+, 30), 

296.0 ([M+Na]+, 100), 323.0 ([M+NH4+MeOH]+, 

37), 328.0 ([M+Na+MeOH]+, 72), 568.5 ([2M+Na]+, 

50), 600.6 ([2M+Na+MeOH]+, 37), 632.4 

([2M+Na+2MeOH]+, 8), 272.0 ([M-H]-, 100), 303.9 

([M-H+MeOH]-, 20);  

analysis calcd for C8H4INO2 (273.03): C 35.19, H 

1.48, N 5.13; found C 35.01, H 1.61, N 4.94. 

6-Fluoroisatin (15g) 

Compound 15g (2.93 g, 59%) was obtained as a 

yellow solid; RF = 0.29 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3); mp = 

197–199°C (lit.: 27 195–196°C);  

MS (ESI, MeOH): m/z (%) = 166.1 ([M+H]+, 68), 

188.0 ([M+Na]+, 84), 197.8 ([M+H+MeOH]+, 100), 

220.0 ([M+Na+MeOH]+, 24), 228.8 

([M+Na+MeCN]+, 98), 260.6 

([M+Na+MeOH+MeCN]+, 21), 352.8 ([2M+Na]+, 

61), 164 ([M-H]-, 100). 

7-Fluoroisatin (15h)  

Compound 15h (1.31 g, 51%) was obtained as a 

brown solid; RF = 0.23 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 193–195°C;  

IR (KBr): ν = 3440m, 3424m, 3196m, 3102m, 3058m, 

1742vs, 1638vs, 1602m, 1560w, 1540w, 1496s, 

1454m, 1404w, 1326s, 1286m, 1260s, 1228m, 1206s, 

1158m, 1114w, 1080w, 1054m, 1034m, 1002m, 778m, 

704m, 582m cm-1;  

UV-vis (MeOH): λ (log ε) = 206 (3.66), 237 (3.66), 

294 (3.26) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 11.52 (s, 1H, 

NH), 7.52 (ddd, J = 10.4, 8.3, 1.0 Hz, 1H, 6-H), 7.36 

(ddd, J = 7.4, 1.7, 0.8 Hz, 1H, 4-H), 7.06 (ddd, J = 8.3, 

7.5, 4.3 Hz, 1H, 5-H) ppm; 13C NMR (125 MHz, 

DMSO-d6): δ = 183.2 (d, J = 4.3 Hz, C-3), 159.2 (s, 

C-2), 147.2 (d, J = 245.2 Hz, C-7), 137.4 (d, J = 13.3 

Hz, C-7a), 124.7 (d, J = 17.5 Hz, C-6), 123.4 (d, J = 

5.4 Hz, C-5), 120.6 (d, J = 3.3 Hz, C-4), 120.5 (d, J = 

3.9 Hz, C-3a) ppm; 19F NMR (470 MHz, DMSO-d6): 

δ = -133.06 (dd, J = 10.5, 4.3 Hz) ppm;  

MS (ESI, MeOH): m/z (%) = 166.4 ([M+H]+, 7), 

188.1 ([M+Na]+, 75), 220.1 ([M+Na+MeOH]+, 58), 

164.0 ([M-H]-, 28);  

analysis calcd for C8H4FNO2 (165.12): C 58.19, H 

2.44, N 8.48; found C 57.86, H 2.63, N 8.52.  

6,7-Difluoroisatin (15i) 

Compound 15i (2.69 g, 92%) was obtained as an 

orange solid; RF = 0.41 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 154–159°C;  
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IR (KBr): ν = 3466m, 3428w, 3182s, 3122m, 3078m, 

2824m, 2640w, 1758vs, 1742vs, 1702m, 1638vs, 

1612s, 1558m, 1520vs, 1458s, 1418m, 1398m, 1384m, 

1342vs, 1292s, 1272s, 1248s, 1224m, 1198s, 1158s, 

1090m, 1044s, 992m, 936m, 902s, 870m, 842s, 796m, 

786m, 744m, 704s, 654s, 606s, 544m cm-1;  

UV-vis (MeOH): λ (log ε) = 209 (3.89), 239 (3.89), 

294 (3.19), 296 (3.89), 390 (3.19) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 11.80 (s, 1H, 

NH), 7.45 (dd, J = 8.3, 4.8 Hz, 1H, 4-H), 7.08 (ddd, J 

= 11.1, 8.2, 6.9 Hz, 1H, 5-H) ppm; 13C NMR (125 

MHz, DMSO-d6): δ = 181.6 (d, J = 3.7 Hz, C-3), 

159.4 (C-2), 155.7 (dd, J = 255.4, 10.0 Hz, C-6), 139.6 

(dd, J = 9.5, 4.9 Hz, C-7a), 135.8 (dd, J = 249.0, 16.9 

Hz, C-7), 122.2 (dd, J = 10.0, 3.7 Hz C-4), 116.4 (t, J 

= 2.8 Hz, C-3a), 110.6 (d, J = 19.5 Hz, C-5) ppm; 19F 

NMR (470 MHz, DMSO-d6): δ = -124.45 (ddd, J = 

21.0, 11.1, 4.8 Hz, F6), -157.62 (dd, J = 20.9, 6.6, Hz, 

F7) ppm;  

MS (ESI, MeOH): m/z (%) = 206.0 ([M+Na]+, 46), 

237.9 ([M+MeOH]+, 24), 388.8 ([2M+Na]+, 13), 

182.1 ([M-H]-, 100), 213.9 ([M-H+MeOH]-, 11); 

analysis calcd for C8H3F2NO2 (183.11): C 52.47, H 

1.65, N 7.65; found C 52.21, H 1.79, N 7.50. 

4,5-Dimethylisatin (15j) 

Compound 15j (1.05 g, 21%) was obtained as a 

reddish-brown solid; RF = 0.23 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 220–222°C (lit.:25 217–218°C);  

MS (ESI, MeOH): m/z (%) = 176.1 ([M+H]+, 27), 

193.0 ([M+NH4]+, 100), 198.1 ([M+Na]+, 30), 372.9 

([2M+Na]+; 100), 174.1 ([M-H]-, 100. 

5,6-Dimethylisatin (15k)  

Compound 15k (1.57 g, 32%) was obtained as a red 

solid; RF = 0.21 (silica gel, toluene/n-heptane/ethyl 

acetate/formic acid, 80:20:10:3); mp = 213–214°C 

(lit.:28 214–215°C); MS (ESI, MeOH): m/z (%) = 

176.1 ([M+H]+, 13), 193.0 ([M+NH4]+, 36), 198.1 

([M+Na]+, 9), 370.0 ([2M+NH4]+, 14), 372.9 

([2M+Na]+, 100), 404 ([2M+Na+MeOH]+, 6), 174.1 

([M-H]-, 100). 

4-Bromoisatin (15l) 

Compound 15l (3.93 g, 57%) was obtained as an 

orange solid; RF = 0.20 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 266–269°C (lit.: 29 258–259°C);  

MS (ESI, MeOH): m/z (%) = 228.0 ([M+H]+, 10), 

243.0 ([M+NH4]+, 41), 248.0 ([M+Na]+, 100), 274.9 

([M+NH4+MeOH]+, 85), 279.9 ([M+Na+MeOH]+, 

67), 474.7 ([2M+Na]+, 79), 506.7 

([2M+Na+MeOH]+, 49), 538.7 ([2M+Na+2MeOH]+, 

27), 226.0 ([M-H]-, 100), 255.9 ([M-H+MeOH]-, 19), 

260.0 ([M+35Cl]-, 18), 450.5 ([2M-H]-, 19). 

6-Bromoisatin (15m) 

Compound 15m (1.74 g, 25%) was obtained as an 

orange solid; RF = 0.36 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 269–271°C (lit.: 30 272.5°C);  

MS (ESI, MeOH): m/z (%) = 228.2 ([M+H]+, 8), 

242.9 ([M+NH4]+, 46), 248.0 ([M+Na]+, 100), 257.8 

([M+H+MeOH]+, 10), 265.7 ([M+Na+H2O]+, 12), 

274.8 ([M+NH4+MeOH]+, 40), 279.9 

([M+Na+MeOH]+, 41), 224.0 ([M-H]-, 100), 241.9 

([M-H+H2O]-, 11), 255.9 ([M-H+MeOH]-, 4).  

7-Bromoisatin (15n)  

Compound 15n (2.91 g, 83%) was obtained as a 

reddish-brown solid; RF = 0.41 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 196–198°C (lit.: 31 195–200°C);  

MS (ESI, MeOH): m/z (%) = 243.2 ([M+NH4]+, 17), 

250.0 ([M+Na]+, 94), 275.0 ([M+NH4+MeOH]+, 43), 

280.0 ([M+Na+MeOH]+, 100), 224.0 ([M-H]-, 100), 

303.9 ([M+79Br]-, 10). 

5-Bromoisatin (15o)  

Compound 15o (0.71 g, 93%) was obtained as an 

orange solid; RF = 0.23 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 253–255°C (lit.: 32 254–255°C);  

ESI-MS (MeOH): m/z (%) = 224.0 ([M-H]-, 83), 

257.9 ([M-H+MeOH]-, 7). 

5-Iodoisatin (15p)  

Compound 15p (0.25 g, 17%) was obtained as a 

brownish solid; RF = 0.22 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 260–262°C (lit.: 26 254–259°C);  

MS (ESI, MeOH): m/z (%) = 296.0 ([M+Na]+, 93), 

323.2 ([M+NH4+MeOH]+, 47), 327.9 

([M+Na+MeOH]+, 100), 568.5 ([2M+Na]+, 22), 

600.7 ([2M+Na+MeOH]+, 11), 271.9 ([M-H]-, 100), 

303.8 ([M-H+MeOH]-, 26), 307.7 ([M+35Cl]-, 11), 

544.5 ([2M-H]-, 26). 

5,6-Dimethoxyisatin (15q)  

Compound 15q (2.31 g, 68%) was obtained as a 

brown solid; RF = 0.22 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 180-183°C (lit.: 33 180–195°C);  

MS (ESI, MeOH): m/z (%) = 208.1 ([M+H]+, 100), 

230.1 ([M+Na]+, 82), 235.7 ([2M+Na+H+MeOH]2+, 

34), 242.8 ([2M+Ca+MeOH]2+, 15). 

5-Nitroisatin (15r)  

Compound 15r (0.08 g, 89%) was obtained as a 

yellow solid; RF = 0.22 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 165–168°C;  
1H NMR (400 MHz, DMSO-d6): δ = 11.65 (s, 1H, 

NH), 8.45 (dd, J = 8.7, 2.4 Hz, 1H, 6-H), 8.22 (d, J = 

2.2 Hz, 1H, 4-H), 7.09 (d, J = 8.7 Hz, 1H, 7-H) ppm; 
13C NMR (100 MHz, DMSO-d6): δ = 182.3 (C-3), 

159.8 (C-2), 155.2 (C-7a), 142.6 (C-3a), 133.0 (C-6), 

119.6 (C-4), 118.1 (C-5), 112.5 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 193.0 ([M+H]+, 100), 

215.1 ([M+Na]+, 81); analysis calcd for C8H4N2O4 

(192.13): 50.01, H 2.10, N 14.58; found: C 49.73, H 

2.31, N 14.37. 

General procedure C 

To a solution of the isatin derivative (1 eq.) in acetic 

acid (1 M) at 0°C, bromine (1.2 eq.) was added 

dropwise, so that the temperature did not 4°C 6. The 

reaction mixture was stirred for 1 h at 0°C and poured 

on ice. The solid was filtered off, washed with water 
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and dried under diminished pressure followed by 

column purification. 

5-Bromo-4-chloroisatin (16a)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) afforded 16a (0.15 g, 45%) as a red solid; 

RF = 0.29 (silica gel, n-hexane/ethyl acetate, 7:4);  

mp = 261–264°C;  

IR (ATR): ν = 3219w, 1737s, 1604s, 1480m, 1435m, 

1382m, 1269m, 1236s, 1150m, 1116m, 1043m, 841m, 

824m, 788m, 688s, 665s, 602s, 552m cm-1;  

UV-vis (MeOH): λ (log ε) = 219 (4.06), 250 (3.95), 

309 (3.06) nm; 1H NMR (400 MHz, DMSO-d6): δ = 

11.27 (s, 1H, NH), 7.89 (d, J = 8.4 Hz, 1H, 6-H), 6.82 

(d, J = 8.4 Hz, 1H, 7-H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ = 180.3 (C-3), 158.3 (C-2), 151.1 (C-

7a), 141.3 (C-6), 130.8 (C-4), 116.4 (C-5), 115.3 (C-

3a), 112.5 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 283.9 ([M+Na]+, 71), 

308.8 ([M+NH4+MeOH]+, 29), 315.9 

([M+Na+MeOH]+, 100), 259.9 ([M-H]-, 100), 291.8 

([M-H+MeOH]-, 12);  

analysis calcd for C8H3BrClNO2 (260.47): C 36.89, H 

1.16, N 5.38; found C 36.50, H 1.37, N 5.06. 

5-Bromo-6-chloroisatin (16b)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) afforded 16b (0.06 g, 18%) as an orange 

solid; RF = 0.38 (silica gel, n-hexane/ethyl acetate, 

7:4); mp = 260–263°C;  

IR (ATR): ν = 3276w, 2923w, 1768m, 1737s, 1602s, 

1449m, 1408m, 1261m, 1159m, 1092m, 972m, 901m, 

863m, 702m, 662s, 616s, 573m, 457s cm-1;  

UV-vis (MeOH): λ (log ε) = 219 (4.62), 257 (4.38), 

301 (3.62) nm; 1H NMR (500 MHz, DMSO-d6) δ = 

10.38 (s, 1H, NH), 7.00 (s, 1H, 4-H), 6.26 (s, 1H, 7-

H) ppm; 13C NMR (125 MHz, DMSO-d6): δ = 182.1 

(C-3), 159.1 (C-2), 150.2 (C-7a), 141.5 (C-6), 129.1 

(C-4), 118.4 (C-5), 114.4 (C-3a), 113.9 (C-7) ppm; 

MS (ESI, MeOH): m/z (%) = 259.9 ([M-H]-; 100), 

291.87 ([M-H+MeOH]-, 7);  

analysis calcd for C8H3BrClNO2 (260.47): C 36.89, H 

1.16, N 5.38; found C 36.57, H 1.38, N 5.11. 

5-Bromo-4-iodoisatin (16c)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) afforded 16c (0.17 g, 68%) as a red solid; 

RF = 0.35 (silica gel, n-hexane/ethyl acetate, 7:4);  

mp = 220–223°C;  

IR (ATR): ν = 3143w, 1738s, 1600s, 1570s, 1467m, 

1424m, 1392w, 1314m, 1245s, 1157m, 1132m, 

1105m, 1051m, 856m, 831w, 782s, 773m, 668s, 644m, 

560m cm-1;  

UV-vis (MeOH): λ (log ε) = 205 (4.05), 229 (4.08), 

322 (2.99), 421 (2.77) nm; 1H NMR (400 MHz, 

DMSO-d6): δ = 11.08 (s, 1H, NH), 7.82 (d, J = 8.3 Hz, 

1H, 6-H), 6.85 (d, J = 8.3 Hz, 1H, 7-H) ppm; 13C NMR 

(100 MHz, DMSO-d6): δ = 182.6 (C-3), 159.2 (C-2), 

153.2 (C-7a), 138.9 (C-6), 124.5 (C-3a), 122.5 (C-5), 

112.2 (C-7), 101.3 (C-4) ppm;  

MS (ESI, MeOH): m/z (%) = 349.9 ([79M-H]-, 100); 

analysis calcd for C8H3BrINO2 (351.93): C 27.30, H 

0.84, N 3.98; found C 27.03, H 1.11, N 3.61. 

 

5-Bromo-6-iodoisatin (16d)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:3) afforded 16d (0.22 g, 82%) as an orange 

solid; RF = 0.30 (silica gel, n-hexane/ethyl acetate 

7:3); mp = 263–265°C;  

IR (ATR): ν = 3449w, 3281m, 1736m, 1589m, 1332s, 

1238m, 1152m, 1076w, 1046w, 899m, 859m, 821m, 

719m, 657s, 564s cm-1;  

UV-vis (MeOH): λ (log ε) = 316 nm (3.15);  
1H NMR (500 MHz, DMSO-d6) δ = 11.15 (s, 1H, 

NH), 7.75 (s, 1H, 4-H, 7.46 (s, 1H, 7-H) ppm; 13C 

NMR (125 MHz, DMSO-d6) δ = 182.7 (C-3), 159.0 

(C-2), 149.2 (C-7a), 127.0 (C-4), 123.2 (C-7), 122.0 

(C-7), 119.5 (C-3a), 113.7 (C-6) ppm;  

MS (ESI, MeOH): m/z (%) = 349.9 ([79M-H]-, 85), 

381.7 ([79M-H+MeOH]-, 12.5);  

analysis calcd for C8H3BrINO2 (351.93): C 27.30, H 

0.84, N 3.98; found C 27.07, H 1.14, N 3.68. 

5-Bromo-7-chloroisatin (16e)  

Compound 16e (0.23 g, 82%) was obtained as an 

orange solid; RF = 0.47 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 210–213°C;  

IR (KBr): ν = 3432br, 3102m, 1744vs, 1614s, 1456s, 

1432m, 1384w, 1290m, 1270w, 1218w, 1170m, 

1112w, 1072w, 1036w cm-1;  

UV-vis (MeOH): λ (log ε) = 217 (4.13), 257 (4.13), 

305 (3.13) nm;  
1H NMR (500 MHz, DMSO-d6): δ = 11.58 (s, 1H, 

NH), 7.94 (d, J = 1.9 Hz, 1H, 4-H), 7.65 (d, J = 1.8 

Hz, 1H, 6-H) ppm; 13C NMR (125 MHz, DMSO-d6): 

δ = 182.2 (C-3), 159.3 (C-2), 146.9 (C-7a), 138.5 (C-

6), 125.6 (C-4), 121.1 (C-3a), 117.4 (C-7), 114.3 (C-

5) ppm;  

MS (ESI, MeOH): m/z (%) = 259.9 ([M-H]-, 100), 

291.8 ([M-H+MeOH]-, 21);  

analysis calcd for C8H3BrClNO2 (260.47): C 36.89, H 

1.16, N 5.38; found C 36.77, H 1.37, N 5.16. 

5-Bromo-7-iodoisatin (16f)  

Compound 16f (0.24 g, 96%) was obtained as an 

orange solid; RF = 0.45 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 257–260°C;  

IR (KBr): ν = 3422br, 3228br, 1774vs, 1750vs, 

1740vs, 1608s, 1458s, 1448vs, 1420m, 1376m, 

1302m, 1264w, 1214w, 1156m, 1076m, 1032m, 876m, 

690m, 668m, 544m cm-1;  

UV-vis (MeOH): λ (log ε) = 203 (4.29), 288 (4.29), 

359 (4.29), 313 (3.29) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 11.12 (s, 1H, 

NH), 8.13 (d, J = 1.9 Hz, 1H, 6-H), 7.66 (d, J = 1.7 

Hz, 1H, 4-H) ppm; 13C NMR (100 MHz, DMSO-d6): 

δ = 183.2 (C-3), 159.5 (C-2), 152.0 (C-7a), 146.7 (C-

6), 126.2 (C-4), 120.7 (C-3a), 114.9 (C-5), 79.9 (C-7) 

ppm;  

MS (ESI, MeOH): m/z (%) = 349.9 ([M-H] -, 100), 

382.4 ([M-H+MeOH]-, 29); analysis calcd for 

C8H3BrINO2 (351.93): C 27.30, H 0.84, N 3.98; found 

C 27.11, H 1.07, N 3.78.  
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5-Bromo-6-fluoroisatin (16g) 

Compound 16g (0.236 g, 75%) was obtained as an 

orange solid; RF = 0.35 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 239–242°C;  

IR (KBr): ν = 3448br, 3196m, 3104w, 3066w, 1766s, 

1750vs, 1736s, 1718s, 1624vs, 1478m, 1442m, 

1380w, 1328s, 1278m, 1234m, 1212w, 1172s, 1090w, 

1010m, 904m, 886m, 746m, 676m, 660m cm-1;  

UV-vis (MeOH): λ (log ε) = 212 (4.10), 251 (4.10), 

406 (3.10) nm;  
1H NMR (500 MHz, DMSO-d6): δ = 11.28 (s, 1H, 

NH), 7.87 (d, J = 7.0 Hz, 1H, 4-H), 6.92 (d, J = 8.9 

Hz, 1H, 7-H) ppm; 13C NMR (125 MHz, DMSO-d6): 

δ = 181.9 (d, J = 1.2 Hz, C-3), 163.9 (d, J = 255.0 Hz, 

C-6), 159.7 (s, C-2), 152.5 (d, J = 13.0 Hz, C-7a), 

130.3 (d, J = 3.1 Hz, C-4), 116.4 (d, J = 3.0 Hz, C-3a), 

110.1 (d, J = 23.5 Hz, C-5), 102.1 (d, J = 28.3 Hz,  

C-7) ppm; 19F NMR (470 MHz, DMSO-d6): δ =  

-91.66 (dd, J = 8.8, 6.9 Hz) ppm;  

MS (ESI, MeOH): m/z (%) = 242 ([79M-H]-), 274 

([79M-H+MeOH]-);  

analysis calcd for C8H3BrFNO2 (244.02): C 39.38, H 

1.24, N 5.74; found C 39.16, H 1.45, N 5.55.  

5-Bromo-7-fluoroisatin (16h)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:3) gave compound 16h (0.012 g, 4%) as an 

amorphous brown solid; RF = 0.37 (silica gel, n-

hexane/ethyl acetate, 7:3); mp = 219–222°C;  
1H NMR (500 MHz, DMSO-d6): δ = 11.66 (s, 1H, 

NH), 7.87 (dd, J = 9.7, 1.7 Hz, 1H, 6-H), 7.56 (d, J = 

1.4 Hz, 1H, 4-H) ppm; 13C NMR (125 MHz, DMSO-

d6) δ = 181.9 (s, C-3), 158.8 (s, C-2), 147.2 (d, J = 

249.9 Hz, C-7), 136.8 (d, J = 13.3 Hz, C-7a), 126.9 

(d, J = 20.7 Hz, C-6), 123.1 (d, J = 3.6 Hz, C-4), 121.6 

(d, J = 4.3 Hz, C-3a), 113.5 (d, J = 6.8 Hz, C-5) ppm; 
19F NMR (470 MHz, DMSO-d6): δ = -130.60 (d, J = 

9.7 Hz, F) ppm;  

MS (ESI, MeOH): m/z (%) = 242 ([79M-H]-);  

analysis calcd for C8H3BrFNO2 (244.02): C 39.38, H 

1.24, N 5.74; found 39.11, H 1.47, N 5.63. 

5,7-Dibromo-4-chloroisatin (17a)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) gave 17a (0.018 g, 5%) as a red solid; RF 

= 0.51 (silica gel, n-hexane/ethyl acetate, 7:4);  

mp = 240–244°C;  
1H NMR (400 MHz, DMSO-d6): δ = 11.56 (s, 1H, 

NH), 8.23 (s, 1H, 6-H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ = 213.8 (C-3), 158.7 (C-2), 154.6 (C-

7a), 149.9 (C-4), 142.2 (C-6), 130.1 (C-3a), 115.9 (C-

5), 103.8 (C-7) ppm; MS (ESI, MeOH): m/z (%) = 

361.8 ([35/79/81M+H]+, 26), 391.9 

([35/79/79M+Na+MeOH]+, 55), 335.9 ([35/79/79M-H]-, 

48), 367.7 ([35/79/79M-H+MeOH]-, 14);  

analysis calcd for C8H2Br2ClNO2 (339.37): C 28.31, 

H 0.59, N 4.13; found C 28.03, H 0.86, N 4.97  

5,7-Dibromo-6-chloroisatin (17b)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) gave 17b (0.010 g, 3%) as a slightly 

orange solid; RF = 0.59 (silica gel, n-hexane/ethyl 

acetate, 7:4); mp = 188–193°C;  

1H NMR (500 MHz, DMSO-d6): δ = 11.55 (s, 1H, 

NH), 7.90 (s, 1H, 4-H) ppm;  
13C NMR (125 MHz, DMSO-d6): δ = 181.9 (C-3), 

159.6 (C-2), 150.0 (C-7a), 141.0 (C-6), 127.4 (C-4), 

119.2 (C-3a), 115.0 (C-5), 106.5 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 335.9 ([35/79/79M-H]-, 

54), 367.7 ([35/79/79M-H+MeOH]-, 8);  

analysis calcd for C8H2Br2ClNO2 (339.37): C 28.31, 

H 0.59, N 4.13; found C 28.04, H 0.76, N 4.00.  

5,7-Dibromo-4-iodoisatin (17c)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:4) gave 17c (0.03 g, 8%) as a red solid; RF 

= 0.63 (silica gel, n-hexane/ethyl acetate 7:4);  

mp = 234–238°C;  
1H NMR (400 MHz, DMSO-d6): δ = 11.36 (s, 1H, 

NH), 8.12 (s, 1H, 6-H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ = 181.5 (C-3), 158.6 (C-2), 150.3 (C-

7a), 140.6 (C-6), 124.5 (C-3a), 123.5 (C-5), 105.4 (C-

4), 100.0 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 427.9 ([79/79M-H]-, 44), 

459.6 ([79/79M-MeOH]-, 25);  

analysis calcd for C8H2Br2INO2 (430.82): C 22.30, H 

0.47, N 3.25; found C 22.13, H 0.69, N 3.03. 

5,7-Dibromo-6-iodoisatin (17d)  

Column chromatography (silica gel, n-hexane/ethyl 

acetate, 7:3) afforded compound 17d (0.011 g, 3%) as 

a lightly orange solid; RF = 0.43 (silica gel,  

n-hexane/ethyl acetate 7:3); mp 225–228°C;  
1H NMR (500 MHz, DMSO-d6): δ = 11.37 (s, 1H, 

NH), 7.78 (s, 1H, 4-H) ppm; 13C NMR (125 MHz, 

DMSO-d6): δ = 182.6 (C-3), 159.7 (C-2), 147.7  

(C-7a), 125.3 (C-4), 123.0 (C-5), 122.2 (C-3a), 120.7 

(C-7), 114.0 (C-6) ppm;  

MS (ESI, MeOH): m/z (%) = 427.9 ([M-H]-, 50), 

459.7 ([M-H+MeOH]-, 18);  

analysis calcd for C8H2Br2INO2 (430.82): C 22.31, H 

0.47, N 3.25; found: 21.98, H 0.74, N 3.02.  

4.2.4 General procedure D 

To a solution of the isatin (1 eq.) in EtOH at 35°C a 

solution of hydroxylammonium chloride (1.4 eq.) in 

water (1 mL) was added. The solution was heated to 

80°C until the reaction was completed (as indicated 

by TLC) 7. Upon cooling (ice) the product 

precipitated; it was filtered off, washed with water and 

dried.  

4-Chloroisatin-3Z-oxime (18)  

Compound 18a (0.44 g, 81%) was obtained as a 

yellow solid; RF = 0.25 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 231–233°C;  

IR (KBr): ν = 3244s, 3194s, 3082m, 3002m, 2936m, 

2852w, 1702vs, 1654w, 1622m, 1600s, 1588s, 1484m, 

1444s, 1426m, 1404m, 1318m, 1292m, 1250m, 

1224w, 1172s, 1146m, 1072m, 1044m, 1036m, 972m, 

940m, 770s, 734m, 722m cm-1;  

UV-vis (MeOH): λ (log ε) = 210 (4.19), 228 (4.19), 

254 nm (3.49), 260 (4.19), 300 (3.49) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.47 (s, 1H, 

NOH), 10.90 (s, 1H, NH), 7.29 (t, J = 8.0 Hz, 1H, 6-

H), 7.04 (d, J = 8.2 Hz, 1H, 5-H), 6.81 (d, J = 7.8 Hz, 

1H, 7-H) ppm; 13C NMR (125 MHz, DMSO-d6):  
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δ = 157.2 (C-2), 143.2 (C-3), 142.3 (C-7a), 131.6  

(C-6), 127.1 (C-4), 122.9 (C-5), 116.5 (C-3a), 108.8 

(C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 197.1 ([M+H]+, 26), 

219.0 ([M+Na]+, 100), 314.9 ([3M+K+H]2+, 32), 

414.8 ([2M+Na]+, 47), 195.0 ([M-H]-, 100), 230.8 

([M+35Cl]-, 7), 390.6 ([2M-H]-, 15);  

analysis calcd for C8H5ClN2O2 (196.59): C 48.88, H 

2.56, N 14.25; found C 48.66, H 2.75, N 13.99. 

6-Chloroisatin-3Z-oxime (18b)  

Compound 18b (0.42 g, 66%) was obtained as a 

yellow solid; RF = 0.14 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 246–250°C;  

IR (KBr): ν = 3422m, 3210s, 3178s, 2908m, 1736vs, 

1716s, 1622s, 1508w, 1480w, 1440m, 1370w, 1340m, 

1286w, 1246w, 1218w, 1186w, 1112w, 1076m, 1020s, 

818m, 666m cm-1;  

UV-vis (MeOH): λ (log ε) = 259 (4.31), 296 (4.01), 

365 (3.31) nm; 1H NMR (500 MHz, DMSO-d6): δ = 

13.45 (s, 1H, NOH), 10.83 (s, 1H, NH), 7.92 (d, J = 

8.1 Hz, 1H, 4-H), 7.06 (dd, J = 8.1, 1.9 Hz, 1H, 5-H), 

6.89 (d, J = 1.9 Hz, 1H, 7-H) ppm; 13C NMR (125 

MHz, DMSO-d6): δ = 164.3 (C-2), 143.9 (C-3), 143.3 

(C-7a), 136.1 (C-6), 128.2 (C-4), 121.8 (C-5), 114.7 

(C-3a), 110.3 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 197.1 ([M+H]+, 100), 

219.1 ([M+Na]+, 94), 314.1 ([3M+H+K]2+, 13), 329.7 

([3M+H+K+MeOH]2+, 19), 393.1 ([2M+H]+, 13), 

415.9 ([2M+Na]+, 34), 195.0 ([M-H]-, 100), 412.9 

([2M-2H+Na]-, 3);  

analysis calcd for C8H5ClN2O2 (196.59): C 48.88, H 

2.56, N 14.25; found C 48.59, H 2.72, N 13.94.  

4-Iodoisatin-3Z-oxime (18c)  

Compound 18c (0.16 g, 71%) was obtained as a 

yellow solid; RF = 0.26 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 234–236°C;  

IR (KBr): ν = 3266s, 3168s, 3128s, 3074s, 3048m, 

3014m, 2900m, 2838m, 2742m, 2690m, 2564w, 

1704vs, 1620m, 1596s, 1574s, 1482m, 1436s, 1404m, 

1318s, 1288m, 1258s, 1220m, 1172s, 1128m, 1114m, 

1078m, 1040s, 960s, 916m, 764s, 724m, 702s, 656m, 

638m cm-1;  

UV-vis (MeOH): λ (log ε) = 204 (4.12), 237 (4.12), 

258 (4.12), 313 (3.42) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.48 (s, 1H, 

NOH), 10.78 (s, 1H, NH), 7.47 (d, J = 7.9 Hz, 1H, 5-

H), 7.02 (t, J = 7.9 Hz, 1H, 6-H), 6.87 (d, J = 7.7 Hz, 

1H, 7-H) ppm; 13C NMR (100 MHz, DMSO-d6): δ = 

157.6 (C-2), 143.2 (C-3), 142.4 (C-8), 132.8 (C-6), 

131.6 (C-5), 121.4 (C-3a), 109.7 (C-7), 87.0 (C-4) 

ppm;  

MS (ESI, MeOH): m/z (%) = 289.1 ([M+H]+, 86), 

311.0 ([M+Na]+, 93), 342.5 ([M+Na+MeOH]+, 28), 

451.9 ([3M+K+H]+, 43), 598.6 ([2M+Na]+, 100), 

287.1 ([M-H]-, 100);  

analysis calcd for C8H5IN2O2 (288.04): C 33.36, H 

1.75, N 9.73; found C 33.11, H 1.92, N 9.53. 

 

 

6-Iodoisatin-3Z-oxime (18d)  

Compound 18d (0.10 g, 57%) was obtained as a 

yellow solid; RF = 0.15 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);          

mp = 260–262°C;  

IR (KBr): ν = 3420m, 3240s, 2906w, 1726vs, 1682m, 

1664m, 1610vs, 1468m, 1428m, 1352m, 1318m, 

1286m, 1246w, 1186w, 1112m, 1030s, 894m, 860m, 

816m, 758m, 730m, 680m, 658m cm-1;  

UV-vis (MeOH): λ (log ε) = 262 (4.17), 304 (4.17) 

366 (3.47) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.44 (s, 1H, 

NOH), 10.75 (s, 1H, NH), 7.69 (d, J = 7.9 Hz, 1H, 5-

H), 7.40 (d, J = 7.9 Hz, 1H, 4-H), 7.21 (s, 1H, 7-H) 

ppm; 13C NMR (125 MHz, DMSO-d6): δ = 164.1 (C-

2), 143.7 (C-3), 143.6 (C-7a), 130.8 (C-5), 128.3 (C-

4), 118.6 (C-7), 115.3 (C-3a), 98.6 (C-6) ppm;  

MS (ESI, MeOH): m/z (%) = 289.1 ([M+H]+, 100), 

311.0 ([M+Na]+, 85), 576.7 ([2M+H]+, 23), 596.5 

([4M+K+H]2+, 37), 598.6 ([2M+Na]+, 57), 287.1 ([M-

H]-, 100), 596.6 ([2M-2H+Na]-, 4);  

analysis calcd for C8H5IN2O2 (288.04): C 33.36, H 

1.75, N 9.73; found C 33.16, H 1.96, N 9.57. 

7-Chloroisatin-3Z-oxime (18e)  

Compound 18e (0.30 g, 46%) was obtained as a 

yellow solid; RF = 0.20 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);          

mp = 255–260°C (lit.: 34 300°C);  

MS (ESI, MeOH): m/z (%) = 197.1 ([M+H]+, 16), 

213.9 ([M+NH4]+, 15), 219.0 ([M+Na]+, 30), 250.6 

([M+Na+MeOH]+, 8), 392.8 ([2M+H]+, 16), 414.8 

([2M+Na]+, 100), 416.8 ([M+37M+Na]+, 66), 195.0 

([35M-H]-, 100). 

7-Iodoisatin-3Z-oxime (18f)  

Compound 18f (0.39 g, 94%) was obtained as a 

yellow solid; RF = 0.21 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 270–272°C;  

IR (KBr): ν = 3314m, 3188s, 3154s, 3074m, 2926m, 

2882m, 2782m, 2658w, 2360w, 2030w, 1748vs, 

1634m, 1604s, 1572m, 1454m, 1420s, 1386w, 1336s, 

1290w, 1218m, 1172m, 1124m, 1060w, 1020vs, 

790m, 730m, 682s cm-1;  

UV-vis (MeOH): λ (log ε) = 228 (3.54), 235 (4.24), 

254 (4.24), 260 (4.24), 304 (4.24), 372 (3.54) nm; 1H 

NMR (400 MHz, DMSO-d6): δ = 13.51 (s, 1H, NOH), 

10.67 (s, 1H, NH), 7.96 (d, J = 7.3 Hz, 1H, 4-H), 7.71 

(d, J = 8.0 Hz, 1H, 6-H), 6.83 (t, J = 7.7 Hz, 1H, 5-H) 

ppm; 13C NMR (125 MHz, DMSO-d6): δ = 164.7 (C-

2), 145.7 (C-3), 144.7 (C-7a), 141.1 (C-6), 126.8 (C-

4), 124.5 (C-5), 117.2 (C-3a), 76.2 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 289.1 ([M+H]+, 84), 

305.8 ([M+NH4]+, 95), 311.0 ([M+Na]+, 100), 326.7 

([M+K]+, 54), 342.5 ([M+Na+MeOH]+, 39), 287.0 

([M-H]-, 100);  

analysis calcd for C8H5IN2O2 (288.04): C 33.36, H 

1.75, N 9.73; found C 33.07, H 1.96, N 9.48. 

6-Fluoroisatin-3Z-oxime (18g)  

Compound 18g (0.17 g, 75%) was obtained as a 

yellow solid; RF = 0.15 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  
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mp = 255–257°C;  

IR (KBr): ν = 3420m, 3174s, 2920m, 1736vs, 1666m, 

1628vs, 1606m, 1496m, 1448s, 1372s, 1344m, 1328m, 

1300m, 1268w, 1250w, 1234w, 1186m, 1134s, 1096s, 

1022vs, 854m, 816m, 786m, 768m, 744m, 716m, 668s 

cm-1;  

UV-vis (MeOH): λ (log ε) = 255 (4.19), 291 (3.89), 

258 (3.19) nm;  
1H NMR (500 MHz, DMSO-d6): δ = 13.29 (s, 1H, 

NOH), 10.83 (s, 1H, NH), 7.96 (dd, J = 8.4, 5.9 Hz, 

1H, 4-H), 6.80 (ddd, J = 10.0, 8.4, 2.4 Hz, 1H, 5-H), 

6.69 (dd, J = 9.2, 2.4 Hz, 1H, 7-H) ppm; 13C NMR 

(125 MHz, DMSO-d6): δ = 164.7 (C-2), 164.0             

(d, J = 248.5 Hz, C-6), 144.8 (d, J = 12.8 Hz, C-7a), 

143.2 (d, J = 2.3 Hz, C-3), 129.0 (d, J = 10.3 Hz, C-

4), 112.6 (d, J = 2.8 Hz, C-3a), 108.4 (d, J = 22.7 Hz, 

C-5), 98.5 (d, J = 27.3 Hz, C-7) ppm; 19F NMR (470 

MHz, DMSO-d6)F: δ = -105.69 (td, J = 9.6, 5.9 Hz) 

ppm;  

MS (ESI, MeOH): m/z (%) = 181.1 ([M+H]+, 100), 

197.9 ([M+NH4]+, 12), 203.0 ([M+Na]+, 50), 234.5 

([M+Na+MeOH]+, 10), 243.7 ([M+Na+MeCN]+, 44), 

360.9 ([2M+H]+, 95), 382.9 ([2M+Na]+, 95), 179.1 

([M-H]-, 100), 236.8 ([M-H+Na35Cl]-, 20), 246.9 

([M+35Cl+MeOH]-, 20);  

analysis calcd for C8H5FN2O2 (180.14): C 53.34, H 

2.80, N 15.55; found C 53.02, H 3.05, N 15.31. 

7-Fluoroisatin-3Z-oxime (18h)  

Compound 18h (0.41 g, 74%) was obtained as a 

yellow solid; RF = 0.17 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 224–227°C;  

IR (KBr): ν = 3566m, 3420m, 3374m, 3210s, 3208s, 

3096s, 2870s, 2646m, 1724vs, 1682m, 1644s, 1598m, 

1496s, 1448s, 1338s, 294m, 1260s, 1208s, 1052m, 

1022s, 946s, 796m, 726m, 714m, 678s, 588m cm-1; 

UV-vis (MeOH): λ (log ε) = 236 (4.15), 246 (4.15), 

292 (4.15), 324 (4.15), 333 (4.15) nm;  
1H-NMR (500 MHz, DMSO-d6): δ = 13.53 (s, 1H, 

NOH), 11.20 (s, 1H, NH), 7.79 (d, J = 7.5 Hz, 1H, 4-

H), 7.29 (ddd, J = 10.5, 8.5, 0.9 Hz, 1H, 6-H), 7.03 

(ddd, J = 8.4, 7.6, 4.7 Hz, 1H, 5-H) ppm; 13C NMR 

(125 MHz, DMSO-d6): δ = 171.9 (C-2), 164.2 (C-3), 

146.3 (d, J = 242.8 Hz, C-7), 143.5 (d, J = 3.8 Hz, C-

4), 129.5 (d, J = 13.2 Hz, C-7a), 123.0 (dd, J = 15.6, 

4.5 Hz, C-5), 118.9 (d, J = 17.3 Hz, C-6), 118.4 (d, J 

= 4.4 Hz, C-3a) ppm; 19F NMR (470 MHz, DMSO-

d6): δ = -133.06 (dd, J = 10.5, 4.7 Hz) ppm;  

MS (ESI, MeOH): m/z (%) = 181.1 ([M+H]+, 100), 

198.0 ([M+NH4]+, 67), 203.1 ([M+Na]+, 96), 219.0 

([M+K]+, 13), 234.7 ([M+Na+MeOH]+, 13), 179.1 

([M-H]-, 100);  

analysis calcd for C8H5FN2O2 (180.14): C 53.34, H 

2.80, N 15.55; found C 53.00, H 3.13, N 15.28. 

6,7-Difluoroisatin-3Z-oxime (18i)  

Compound 18i (0.11 g, 45%) was obtained as a 

yellow solid; RF = 0.18 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 264–266°C;  

IR (KBr): ν = 3420m, 3410m, 3194m, 3098m, 3038m, 

2926m, 2826m, 2660w, 2548w, 1744vs, 1698m, 

1652m, 1628s, 1524s, 1446m, 1420m, 1358s, 1296m, 

1270m, 1248m, 1226m, 1156m, 1046s, 1014s, 936m, 

820m, 734m, 690m, 626m cm-1; UV-vis (MeOH): λ 

(log ε) = 248 (4.08), 292 (4.08), 356 (3.38) nm;  
1H NMR (500 MHz, DMSO-d6): δ = 13.54 (s, 1H, 

NOH), 11.47 (s, 1H, NH), 7.78 (ddd, J = 8.5, 4.7, 1.3 

Hz, 1H, 4-H), 7.01 (ddd, 11.4, 8.3, 7.2 Hz, 1H, 5-H) 

ppm; 13C NMR (125 MHz, DMSO-d6): δ = 164.3 (C-

2), 151.8 (dd, J = 249.1, 10.0 Hz, C-6), 142.7 (t, J = 

3.0 Hz, C-3), 135.1 (dd, J = 246.5, 17.1 Hz, C-7), 

131.6 (dd, J = 9.5, 4.0 Hz, C-7a), 123.7 (dd, J = 8.5, 

3.7 Hz, C-4), 114.3 (t, J = 3.0 Hz, C-3a), 109.8 (d, J = 

18.7 Hz, C-5) ppm; 19F NMR (470 MHz, DMSO-

d6)H: δ = -132.86 (ddd, J = 21.4, 11.5, 4.7 Hz, F6), -

157.46 (ddd, 3J = 21.5, 7.2, 1.5 Hz, F7) ppm;  

MS (ESI, MeOH): m/z (%) = 199.0 ([M+H]+, 16), 

215.9 ([M+NH4]+, 27), 221.0 ([M+Na]+, 64), 415.9 

([4M+K+H]2+, 53), 418.8 ([2M+Na]+, 100), 197.1 

([M-H]-, 100), 416.9 ([2M-2H+Na]-, 10);  

analysis calcd for C8H4F2N2O2 (166.13): C 57.83, H 

2.43, N 16.87; found C 57.61, H 2.68, N 16.64. 

4,5-Dimethylisatin-3Z-oxime (18j)  

Compound 18j (0.17 g, 64%) was afforded as a 

yellow solid; RF = 0.11 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 264–266°C;  

IR (KBr): ν = 3448s, 3422s, 3198s, 3058m, 2922m, 

2878m, 1700vs, 1624s, 1560w, 1458m, 1386w, 

1336w, 1298w, 1252w, 1194w, 1112m, 1036m, 

1016m cm-1;  

UV-vis (MeOH): λ (log ε) = 254 (4.09), 259 (4.09), 

300 (4.09), 379 (3.39 nm;  
1H NMR (500 MHz, DMSO-d6): δ = 13.10 (s, 1H, 

NOH), 10.49 (s, 1H, NH), 7.70 (s, 1H, 6-H), 6.67 (s, 

1H, 7-H), 2.20 (s, 3H, 4`-H), 2.15 (s, 3H, 5´-H) ppm; 
13C NMR (125 MHz, DMSO-d6): δ = 165.3 (C-3), 

144.8 (C2), 141.4 (C-7a), 141.3 (C-4), 130.0 (C-5), 

128.3 (C-6), 114.3 (C-3a), 111.9 (C-7), 20.7 (C-5´), 

19.4 (C-4´) ppm;  

MS (ESI, MeOH): m/z (%) = 191.1 ([M+H]+, 75), 

213.1 ([M+Na]+, 67), 305.1 ([3M+K+H]+, 12), 320.7 

([3M+K+H+MeOH]2+, 6), 380.9 ([2M+H]+, 20), 

400.0 ([4M+K+H]2+, 25), 402.9 ([2M+Na]+, 100), 

189.1 ([M-H]-, 100), 401.1 ([2M+2H+Na]-, 10); 

analysis calcd for C10H10N2O2 (190.20): C 63.15, H 

5.30, N 14.73; found C 62.87, H 5.56, N 14.47. 

5,6-Dimethylisatin-3Z-oxime (18k)  

Compound 18k (0.16 g, 74%) was obtained as an 

orange solid; RF = 0.13 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 269–272°C;  

IR (KBr): ν = 3196s, 3054s, 2972m, 2948m, 2920m, 

2880m, 1702vs, 1622s, 1458s, 1430m, 1392m, 1374m, 

1334m, 1296w, 1250w, 1194m, 1168w, 1112m, 

1034m, 1014s, 988m, 828m, 816m, 780m, 732m, 

672m, 638m cm-1;  

UV-vis (MeOH): λ (log ε) = 254 (4.36), 259 (4.36), 

300 (4.36), 383 (3.36) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.03 (s, 1H, 

NOH), 10.49 (s, 1H, NH), 7.72 (s, 1H, 4-H), 6.66 (s, 

1H, 7-H), 2.22 (s, 3H, 6´-H), 2.16 (s, 3H, 5´-H)) ppm; 
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13C NMR (100 MHz, DMSO-d6): δ = 164.7 (C-2), 

144.3 (C-3), 140.9 (C-7a), 140.8 (C-6), 129.4 (C-5), 

127.8 (C-4), 113.8 (C-3a), 111.3 (C-7), 20.2 (C-6´), 

18.9 (C-5´) ppm;  

MS (ESI, MeOH): m/z (%) = 191.1 ([M+H]+, 99), 

213.1 ([M+Na]+, 68), 305.1 ([3M+K+H]+, 13), 320.7 

([3M+K+H+MeOH]2+, 12), 380.9 ([2M+H]+, 29), 

400.0 ([4M+K+H]2+, 44), 402.9 ([2M+Na]+, 100), 

189.1 ([M-H]-, 100), 400.9 ([2M+2H+Na]-, 8); 

analysis calcd for C10H10N2O2 (190.20): C 63.15, H 

5.30, N 14.73; found C 62.96, H 5.58, N 14.42. 

4-Bromoisatin-3Z-oxime (18l)  

Compound 18l (0.28 g, 85%) was obtained as a 

yellow solid; RF = 0.23 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3); mp = 

230–232°C (lit.: 35 234–236°C);  

MS (ESI, MeOH): m/z (%) = 241.1 ([M+H]+, 78), 

263.1 ([M+Na]+, 100), 239.1 ([M-H]-, 100), 274.9 

([M+35Cl]-, 29).  

6-Bromoisatin-3Z-oxime (18m)  

Compound 18m (0.16 g, 78%) was obtained as a 

yellow solid; RF = 0.15 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 224–226°C;  

IR (KBr): ν = 3384s, 3220s, 3178s, 2900m, 2864m, 

1726vs, 1616vs, 1508m, 1474m, 1438s, 1372m, 

1336m, 1294w, 1278w, 1244w, 1212w, 1188w, 

1112w, 1062w, 1018s, 860m, 816m, 664m cm-1;  

UV-vis (MeOH): λ (log ε) = 261 (4.29), 297 (3.00), 

364 (3.29) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.47 (s, 1H, 

NOH), 10.81 (s, 1H, NH), 7.85 (d, J = 8.1 Hz, 1H, 4-

H), 7.21 (d, J = 8.1 Hz, 1H, 5-H), 7.02 (s, 1H, 7-H) 

ppm; 13C NMR (125 MHz, DMSO-d6): δ = 164.2 (C-

2), 144.9 (C-3), 143.4 (C-7a), 128.4 (C-6), 124.8 (C-

4), 124.7 (C-5), 114.9 (C-3a), 113.1 (C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 243.1 ([81M+H]+, 78), 

265.0 ([81M+Na]+, 100), 504.7 ([281M+Na]+, 49), 

239.0 ([79M-H]-, 100), 502.7 ([279M-2H+Na]-, 5); 

analysis calcd for C8H5BrN2O2 (241.04): C 39.86, H 

2.09, N 11.62; found C 39.64, H 2.21, N 11.37.  

 7-Bromoisatin-3Z-oxime (18n)  

Compound 18n (0.44 g, 82%) was obtained as a 

yellow solid; RF = 0.20 (silica gel, toluene/n-

heptane/ethyl acetate/formic acid, 80:20:10:3);  

mp = 260–264°C;  

IR (KBr): ν = 3178s, 3156s, 3072s, 2892m, 2878m, 

2790m, 1732vs, 1634m, 1616vs, 1580m, 1472m, 

1454m, 1428s, 1342s, 1294w, 1224m, 1172s, 1134m, 

1044s, 816m, 790m, 728m, 690s cm-1;  

UV-vis (MeOH): λ (log ε) = 227 (3.49), 244 (3.49), 

256 (4.19), 298 (3.49), 372 (3.49) nm;  
1H NMR (400 MHz, DMSO-d6): δ = 13.56 (s, 1H, 

NOH), 10.98 (s, 1H, NH), 7.95 (d, J = 7.4 Hz, 1H, 6-

H), 7.55 (d, J = 8.2 Hz, 1H, 4-H), 6.98 (dd, J = 8.2, 

7.5 Hz, 1H, 5-H) ppm; 13C NMR (100 MHz, DMSO-

d6): δ = 164.2 (C-2), 143.8 (C-3), 141.7 (C-7a), 134.5 

(C-6), 125.9 (C-4), 123.7 (C-5), 117.5 (C-3a), 102.6 

(C-7) ppm;  

MS (ESI, MeOH): m/z (%) = 241.1 ([79M+H]+, 100), 

257.9 ([79M+NH4]+, 99), 263.0 ([79M+Na]+, 96), 

294.6 ([79M+Na+MeOH]+, 25), 239.0 ([79M-H]-, 

100);  

analysis calcd for C8H5BrN2O2 (241.04): C 39.86, H 

2.09, N 11.62; found C 39.51, H 1.96, N 11.42. 
 

5. Molecular Modelling 
 

Crystal structure of the eeAChE (PDB = 1C2O) was 

retrieved from protein databank (rscb.org). The 

enzyme was prepared according to usual procedures. 

Polar hydrogen atoms were added, water molecules 

removed, and Gasteiger charges were added. The 

Ligand minimisation and preparation was performed 

with MMFF94 force field in Datawarrior. Open Babel 

was used creating the pdbqt files for Autodock. 

Calculations were performed with Autodock4 36. Grid 

Center: 35.180, 72.374, -87.078, Grid Points 126, 

126, 126 with 0.225 Angstroms spacing. Lamarckian 

genetic algorithm with standard GA parameters: 

population size = 250; number of evaluations = 

25000000; number of generations 27000; GA runs = 

10. Analysis of the docking poses was done with 

MGLTools 1.5.6; figures were created with PyMOL. 
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