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Synthesis of hydroxy-substituted tetrachlorodibenzo[b,d]furans (TCDFs) 21 and 22 

The synthesis of the hydroxy-substituted-TCDFs 21 and 22 was effected according to a 

reported methodology using as key-step the electrophilic substitution of 2,3,6-trichloroanisole 

(20) by the diazonium salt from 4,5-dichloro-o-anisidine (19), followed by deprotection of the 

phenolic hydroxyls and subsequent intramolecular nucleophilic aromatic substitution [S1]. In the 

context of the present work, the required reactants for the assembly of the skeleton, namely 

compounds 19 and 20, were prepared from the commercially available 3,4-dichloroanisole (9) and 

2,3,6-trichlorophenol (S2), respectively, as follows (Scheme S1). Nitration of compound 9 was 

attempted using the system KNO3/conc. H2SO4 [S2], at 0 oC and then ambient temperature 

overnight, under the ratios substrate (9):KNO3 = 1:2.2, 1:1.5, 1:1.25, 1:1 and 1:0.9. The ratio 1:2.2 

produced exclusively the dinitro derivative 10 (Scheme 1), whereas the other ratios also produced 

the dinitro derivative as the main product along with 21%, 38%, 27% and 30% yield, respectively, 

of the targeted mononitro derivative S1 (Scheme 1). Compound 10 was also the sole product of 

the nitration reaction of anisole 1 using the system ammonium nitrate/trifluoroacetic anhydride 

[S3]. The reduction of nitro compound S1 was effected with hydrazine hydrate in the presence of 

ferric chloride trihydrate and activated C to give 4,5-dichloro-o-anisole (19) in 84% yield. On the 

other hand, protection of the hydroxyl group of phenol S2 was realized as the corresponding 

methyl ether 20 in 86% yield upon subjecting the former compound to Mitsunobu reaction with 

methanol. 
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Scheme S1. Synthesis of hydroxy-substituted tetrachlorodibenzo[b,d]furans 21 and 22. Reagents 

and conditions: (i) KNO3, 96% H2SO4, −10 oC, 1 h then 25 oC, 12 h, 38%; (ii) N2H4⋅H2O, FeCl3⋅6H2O 

(cat.), activated C, 80% aq. MeOH, 65–70 oC, 5 h, 84%; (iii) MeOH, Ph3P, iPrO2CN=NCO2iPr 

(DIAD), dry THF, 0 oC then 25 oC, 1 h, 86%; (iv) Me2CHCH2CH2ON=O, 120 °C, 6 h, 16%; (v) 1M 

BBr3 in DCM, dry DCM, -10 oC, 30 min then 25 oC, 4 h then 40 oC, 1 h, 63%; (vi) K2CO3, DMSO, 

155-160 oC, 8 h, then  FCC, 39% (21) and 23% (22). 
 

Coupling of compounds 19 and 20 was effected on treating their neat mixture with isopentyl 

nitrite at 120 oC for 6 h to produce in 16% yield an equimolar mixture of the two substituted 
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biphenyls 2,3,4’,5,5’-pentachloro-2’,4-dimethoxy-1,1’-biphenyl (S3) and 2,4,4’,5,5’-pentachloro-

2’,3-dimethoxy-1,1’-biphenyl (S4) [S1] which could not be separated by Flash Column 

Chromatography (FCC). This mixture was also found by H1-NMR to contain a small amount of 

the side product 3,4-dichloroanisole (9), which obviously resulted from the reduction of the 

corresponding intermediate diazonium salt. The afore mentioned mixture was treated with a 1M 

solution of BBr3 in dichloromethane (DCM) at −10 oC for 30 min and then sequentially at ambient 

temperature and reflux temperature for 4 h and 30 min, respectively [S2], to produce the also 

inseparable equimolar mixture of the corresponding dihydroxybiphenyls, namely 2,3,4’,5,5’-

pentachloro-2’,4-dihydroxy-1,1’-biphenyl (S5) and 2,4,4’,5,5’-pentachloro-2’,3-dihydroxy-1,1’-

biphenyl (S6), in 63% yield. This new mixture in DMSO was finally heated at 155–160 oC for 8 h, 

in the presence of potassium carbonate, to produce a crude mixture of the targeted hydroxy-

substituted-TCDFs 2,4,7’,8’-tetrachlorodibenzo[b,d]furan-3-ol (21) and 2,3,7’,8’-

tetrachlorodibenzo[b,d]furan-4-ol (22) [S1], from which the pure products (compounds 21 and 22) 

could be now separated by FCC and isolated in 39% and 23% yields, respectively. 
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Experimental procedures 

4,5-Dichloro-2-nitroanisole (S1) 

To a solution of 3,4-dichloroanisole (9) (1.5 g, 8.5 mmol) in conc. sulfuric acid (15 mL), kept at −10 

oC, potassium nitrate (1.1 g, 10.7 mmol) was added portion-wise within 1 h. The reaction mixture 

was further stirred at ambient temperature for 12 h. Then ice (150 g) was introduced whereby 

precipitation takes place. Dilution with H2O, extraction twice with ethyl acetate and washing of 

the combined organic phases once with an ice-cold 5% aqueous solution of NaHCO3, once with 

H2O and twice with brine, followed by drying (anhydrous Na2SO4) and evaporation under 

reduced pressure to dryness gave a brown oil, consisted of the product S1 and the corresponding 

dinitro compound 10 (Scheme 1). FCC of the mixture, using initially the system C, then the system 

E and finally eluent G,  provided pure compounds S1 and 10 (0.75 g). Yellow crystals. Yield 0.72 

g (38%). Rf (D): 0.25 for S1 and 0.40 for 10. 1H-NMR (600 MHz, CDCl3): δH 8.02 (s, 1H, H-3), 7.21 

(s, 1H, H-6), 3.99 (s, 3H, OMe) ppm. 13C-NMR (150 MHz, CDCl3): δC 152.0, 138.7, 127.1, 124.1, 115.6, 

57.2 ppm. 

4,5-Dichloro-o-anisidine (19)  

A suspension of nitroanisole S1 (0.69 g, 3.10 mmol), FeCl3.6H2O (25 mg) and activated C (25 mg) 

in MeOH (9 mL) and H2O (2 mL) was heated at 65-70 oC and then hydrazine hydrate (0.37 mL, 

7.60 mmol). The resulting mixture was stirred vigorously at the same temperature for 2 h and 

then three more times of 0.37 mL of hydrazine hydrate were added each time and the resulting 

mixture was stirred at that temperature for additional 1 h following each addition. Then it was 

diluted with ethyl acetate and extracted twice with a 5% aqueous solution of NaHCO3 and twice 

with brine. The organic layer was dried over anhydrous Na2SO4 and evaporated to dryness 

leaving a solid residue. FCC of the residue using eluent G gave pure anisidine 19. Pale yellow 

solid. Yield 0.5 g (84%). Rf (G): 0.33. 1H-NMR (600 MHz, CDCl3): δH 6.82 (s, 1H, H-3), 6.76 (s, 1H, 

H-6), 3.85 (s, 3H, OMe) ppm. 13C-NMR (150 MHz, CDCl3): δC 146.3, 136.0, 123.7, 120.2, 115.2, 112.1, 

55.3 ppm.  

2,3,6-Trichloroanisole (20) 

To a solution of phenol S2 (1.97 g, 10 mmol) in dry THF (20 mL) kept at 0 oC, Ph3P (2.89 g, 11 

mmol) and MeOH (0.61 mL, 15 mmol) were added sequentially, followed by the drop-wise 
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addition of DIAD (2.17 mL, 11 mmol). The reaction mixture was left to attain ambient temperature 

where it was kept for 1 h and then evaporated to dryness. Diethyl ether was added to the residue 

and the precipitated solid was filtered off and washed on the filter with cold diethyl ether. The 

filtrate was evaporated to dryness and the new residue was subjected to FCC, using the system 

B, to give pure anisole 20. White solid. Yield 1.81 g (86 %). Rf (B): 0.53. 1H-NMR (600 MHz, CDCl3): 

δH 7.26 (d, 3JH,H = 8.4 Hz, 1H, H-5), 7.20 (d, 3JH,H = 8.4 Hz, 1H, H-4), 3.93 (s, 3H, OMe) ppm. 13C-

NMR (150 MHz, CDCl3): δC 153.6, 132.2, 128.9, 128.4, 127.7, 125.9, 60.7 ppm.  

2,3,4’,5,5’-Pentachloro-2’,4-dimethoxy-1,1’-biphenyl (S3) and 2,4,4’,5,5’-pentachloro-3’,4-dimethoxy-

1,1’-biphenyl (S4) 

To a stirred melted mixture of anisidine 19 (0.44 g, 2.3 mmol) and anisole 20 (2.09 g, 9.9 mmol) 

kept at 120 oC, was added isopentyl nitrite (0.50 mL, 3.7 mmol) portion-wise within 30 min. The 

resulting reaction mixture was further stirred at the same temperature for 6 h and at ambient 

temperature for 12 h. The solidified residue was subjected to FCC using system H for elution and 

the fractions with Rf 0.33, for the same system, were combined and evaporated to dryness to leave 

0.14 g (ca. 16%) of an inseparable mixture of biphenyl isomers S3 and S4, containing small 

quantities of the side product 9 (by 1H-NMR), as a yellow oil. This mixture (NMR spectra are 

provided in pp. S-29 and S-30) was used as such into the next experiment. 

2,3,4’,5,5’-Pentachloro-1,1’-biphenyl-2’,4-diol (S5) and 2,4,4’,5,5’-pentachloro-1,1’-biphenyl-3’,4-diol 

(S6)  

To a cold (10 oC) solution of the afore mentioned mixture (0.14 g, 0.36 mmol) in dry DCM (0.20 

mL) was added 1M BBr3 in DCM (2.70 mL) and stirring was continued for 30 min at that 

temperature and for 2 h at ambient temperature. More 1M BBr3 solution (0.90 mL) was introduced 

and stirring was continued for additional 2 h at ambient temperature and 1 h at the refluxing 

point. Dilution with DCM, careful washing with ice-cold 5% aqueous NaHCO3 and then brine, 

drying (anhydrous Na2SO4) and evaporation under reduced pressure left an oily residue, which 

was subjected to FCC using system I. The fractions with Rf 0.16 for the same system were pooled 

and the solvents were evaporated under reduced pressure to leave  81 mg (63%) of an inseparable 

mixture of the regioisomeric diols S5 and S6 as a pale brown oil (NMR spectra are provided in 

pp. S-31 and S-32). This mixture was used as such into the next experiment.  
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2,4,7,8-Tetrachlorodibenzo[b,d]furan-3-ol (21) and 2,3,7,8- dibenzo[b,d]furan-4-ol (22)  

To a solution of the afore mentioned mixture of diols S5 and S6 (81 mg, 0.23 mmol) in dry DMSO 

(1.5 mL) was added potassium carbonate (64 mg, 0.46 mmol) and the resulting mixture was 

stirred with heating at 155–160 oC for 8 h under argon. The reaction mixture was then diluted 

with aqueous 5% citric acid and extracted thrice with ethyl acetate. The combined organic layers 

were washed twice with water and once with brine, dried (anhydrous Na2SO4) and evaporated 

to dryness to leave a residue, which was subjected to FCC using system K. The fractions with Rf 

0.16 for the same solvent system were pooled and solvents were removed under reduced pressure 

to give 29 mg (39%) of regioisomer 21, whereas the fractions with Rf 0.10 were also pooled and 

solvents were removed under reduced pressure to give 17 mg (23%) regioisomer 22. Both 

compounds were white solids. NMR spectra for both compounds are provided in pp. S-33 and S-

34, and S-35 and S-36, respectively. Regioisomer 21 was found by 1H-NMR to contain a small 

quantity of regioisomer 22 in the ratio 10:1, but used as such in the next experiment, that is 

Williamson etherification using the bromide DdeNH(CH2)3Br (see Materials and Methods 

section). It should be noted that the ΝΜR spectra for regioisomer 22 were recorded in CD3OD. 
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Figure S1. The UV spectrum (250–350 nm) of amino-substituted dioxin 17 in DMF. 
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Figure S2. The UV spectrum (275–350 nm), in DMF, of amino-substituted dioxin 17 before (green line) and after (red line) coupling 

with the carboxy-substituted magnetic beads. 



 
 

 S-43 

 

Figure S3. The ATR-FTIR spectrum of amino-substituted dioxin 17. 
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Figure S4. The ATR-FTIR spectrum of magnetic beads. 
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Figure S5. The ATR-FTIR spectrum of magnetic beads coated with the amino-substituted dioxin 17. 
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Figure S6. The ATR-FTIR spectrum of magnetic beads coated with ethanolamine.  


