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S1 : Synthesis and NMR Data 

Synthesis of 3,9-Dibromophenanthrene (2) 

The reagents used in the reactions were supplied commercially by Aldrich and Merck. 

To a solution of 9-bromophenanthrene (1) (1.0 g, 3.89 mmol) in dichloromethane (7 mL) at -18 

°C, molecular bromine (0.475 g, 2.97 mmol,1.1 eq) was added via syringe. The mixture was allowed to 

stand at -18 °C, protected with a drying tube (containing blue silica gel and NaOH), until consumption 

of the molecular bromine (13 d).  

The solvent and unreacted bromine was evaporated under reduced pressure. The crude product 

was subjected to recrystallization procedures in a mixture of CH2Cl2 / hexane (5 mL: 2 mL) at room 

temperature. Crystals that formed after one day were collected as white needles (169 mg, 13% yield). 

Further attempts to obtain more crystals from the supernatant was unsuccessful.  

 3,9-Dibromophenanthrene (2): White needle crystals, Yield 13%. m.p.: 144-146 oC (lit. m.p. 

143.5 °C6 and 144-145 °C7). Rf = 0.73 (hexane). 1H-NMR (400 MHz, CDCl3): 1H-NMR (400 MHz, 

CDCl3): δ 8.78 (s, 1H), 8.61- 8.58 (m, 1H), 8.39- 8.37 (m, 1H), 8.06 (s, 1H), 7.76-7.66 (m, 4H). 13C-

NMR (400 MHz, CDCl3): δ131.2, 130.7, 130.6, 130.4, 130.1, 129.9, 129.2, 128.19, 128.17, 127.8, 

125.7, 122.9, 122.2, 121.3. IR (νmax, cm-1): 2360, 1583, 1482, 1404, 1082, 1016, 914, 875, 856, 806, 

748, 713. GC/MS m/z: 334/336/338 [M-2H]+, 256 [M-Br]+, 176 [M-2Br]+. 

The 1H-NMR, 13C-NMR, and 1H-NMR spectra of the crude product and the title compound were 

recorded and displayed in Figures. S1, S2 and S3, respectively.  

The molecular structures and ratios of the other compounds in the crude product were 

determined by using the NMR values of the known dibromphenantrenes and 3,9-dibromophenanthrene 

(2). According to 1H-NMR analysis of the crude product, we observed a mixture of 3,9-

dibromophenanthrene (2), 1,9-dibromophenanthrene (3) and 9,10-dibromophenanthrene (4) in 

approximately 1:1:0.4 ratio, with few or no starting compound. This ratio was determined from the 

relative area of the signals at δ 8.05, 7.90 and 8.50 in the 1H-NMR spectrum (Fig. S1). The 1H-NMR 

spectrum exhibited the expected aromatic signals for the three dibromides. Two doublets at δ 7.90 and 

δ 8.63 and a triplet at δ 7.51 agree with the ortho substitution on A ring of the phenanthrene of the 1,9-

dibromophenanthrene 3. In addition, we could distinguish the signal of the other aromatic protons in 

1,9-dibromophenanthrene (3) at δ 8.68-8.66 (m), δ 8.59 (s), δ 8.43-8.40 (m) and δ 7.77-7.65 (m). The 

formation of 9,10-dibromophenanthrene (4) could be confirmed by crude product’s 1H-NMR spectrum, 

where the signals of the aromatic protons appear at δ 8.68-8.66 (m), δ 8.51-8.49 (m) and, δ 7.77-7.65 

(m). These values are consistent with literature values.18 

The 1H-NMR and 13C-NMR spectroscopic data of the 3,9-dibromophenanthrene (2) are in good 

agreement with 9-bromophenanthrene (1). Since the signal seen at δ 8.06 ppm shows a close value with 

the peak seen as δ 8.10 in 9-bromphenanthrene (1), it can be thought to belong to H10. There is another 

singlet in the spectrum. Accordingly, the structures will belong to one of the structures shown in Scheme 

2. When we examine the spectrum of 9-bromphenanthrene (1), it is seen that H5 and H8 protons in the 

ring sharing the same space as brom give multiplet and the signal of H8 proton shifts to a very low field 

due to the γ-gauche effect of bromine. However, H1 and H4 in the other ring are observed as doublets. 

This observation is consistent with structure A. Because we can say that two multiplets at δ 8.39-8.37 

and δ 8.61-8.58 ppm were attributed to the protons in the ring (H5 and H8) that share the same space 

with bromine. H4 resonated as a singlet at δ 8.78. Because of the γ-gauche effect between H4 and H5, H4 

gives a signal in the lower field (δ 7.76-7.66). 

https://www.sciencedirect.com/topics/chemistry/substance-spectroscopy
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Scheme 1. The molecular structures of A, B, C, D. 

The 1H-NMR values of 3-bromphenanthrene (3)19 confirm our explanation, especially for H1 

and H4 protons. Because, while the H4 proton resonance at δ 8.70 ppm, the proton H1 gives a signal at 

7.83-727 ppm. The 13C-NMR spectrum of (2) exhibited 14 signals, 6 of which are quaternary, in 

agreement with the proposed structure. The aromatic carbon atoms resonated at δ 131.2, 130.7, 130.6, 

130.4, 130.1, 129.9, 129.2, 128.2 (128.19), 128.2 (128.17), 127.8, 125.7, 122.9, 122.2 and 121.3. 
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Figure S1 : 1H NMR spectrum of the crude product (400 MHz, CDCl3) 
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Figure S2 : 1H NMR spectrum of 3,9-dibromophenanthrene (2) (400 MHz, CDCl3) 
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Figure S3 :  13C NMR spectrum of 3,9-dibromophenanthrene (2) (100 MHz, CDCl3) 
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S2: X-ray Crystallaographic  Data 
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