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1. Introduction
Natural bromophenols are commonly found in marine life [1]. Many biological functions including antioxidant [2–5], 
antimicrobial [6,7], and carbonic anhydrase (CA) inhibition have been investigated for them and their derivatives [8–14].

Bromophenols 1-9 seen in Figure 1 are natural bromophenols [2,15–18]. Natural bromophenols 1 and 2 were isolated 
from the Halopitys incurvus algae of the Rhodomelaceae [15] and the red algae of Rhodomelaceae confervoides [16], 
respectively. From these natural bromophenols 1–9, we reported the first synthesis as well as various biological activities 
such as carbonic anhydrase of 3–9 in our previous studies (Figure 1) [5,11,13].

Oxidative stress is associated with an imbalance between the antioxidants and the reactive oxygen species (ROS) 
in the body. This situation is known to cause the development of many chronic diseases [19–21]. The excess formation 
of free radicals and ROS cause degenerative damage to vital cellular molecules including carbohydrates, proteins, 
lipids, and nucleic acids [22–24]. As a result, oxidative stress and ROS are known as important environmental factors 
leading to many chronic diseases such as cancer, cardiovascular diseases, immunodeficiency syndrome, obesity, age-
related pathologies, arteriosclerosis, and diabetes mellitus [25,26]. Even at low concentrations, antioxidants are quite 
effective at counteracting the detrimental effects of both oxidative stress and ROS. Phenolic compounds obtained 
from natural sources, especially those found in plants, exhibit a wide range of biological activity. They have also been 
intensely investigated due to their possible antioxidant and biological abilities [27–29]. Antioxidants are chemicals that 
are preferentially oxidized, preventing or completely inhibiting the oxidation of other oxidizable compounds which, 
once oxidized, may be hazardous effects on food or pharmacological products [30,31]. The most common synthetic 
antioxidants approved for use in food today are butylated hydroxyanisole (BHA) and butylated hydroxytoluene 
(BHT), tertiary-butylhydroquinone, and propyl gallate [32,33]. On account of the serious safety concerns regarding 
petrochemical antioxidants, there is an increasing demand for natural or naturally derived antioxidants due to their 
positive effects on human health [34]. In this way, natural antioxidants and their derivatives play an important role in 
living systems and in human health. Moreover, antioxidants also have an important role as therapeutic effects in many 
chronic diseases [35].
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The synthesis of the bromophenols 1 and 2 is desirable because they are natural products that are potentially vital 
compounds for many biological processes. For this reason, the synthesis of compounds 1 and 2, as well as their derivatives, 
was performed and the resulting compounds were investigated for their antioxidant properties using various bioanalytical 
methods.

2. Result and discussion
2.1. Chemistry
Natural bromophenols 1 and 2 both contain a benzylic acid group, as well as two Br and two -OH groups at varied positions 
around the ring (Figure 1). To obtain these products and derivatives, vanillin (10), 3,5-dimethoxybenzaldehyde (13) and 
(3,4-dimethoxyphenyl)methanol (14) were chosen as starting compounds. Benzyl bromides 11, 12, 15, and 16 are already 
known and were synthesized by established methods in the literature (Scheme 1) [36–40].

According to the known procedure [41], substitution nitrile substituted compounds 17–20 were obtained from their 
corresponding bromides 11, 12, 15, and 16 (Scheme 2). As expected, in 1H-NMR spectra, an upfield shift is shown in the 
benzylic hydrogens of compounds 17–20 owing to the decreased electron-withdrawing nature of the nitrile group. Also, 
all data belonging to them suggested structures (Scheme 2). 

The nitrile groups in the 17–20 were then hydrolyzed under basic conditions (NaOH in the EtOH/H2O) (Scheme 2). 
The obtained compounds are carboxylic acids (21–24), as is evidenced by the appearance of carbonyl groups ranging 
between 170–177 ppm in their 13C-NMR spectra. Furthermore, the appearance of peaks around 10.5 ppm in the 1H-NMR 
spectra of compounds 21 and 24 is indicative of the conversion of these nitrile groups into the corresponding carboxylic 
acid groups (Scheme 2).

Bromophenols are important compounds because of biologically active [1–16]. Bromophenols 1 and 2 are more 
important because they are both biologically active and natural products [15,16]. The compounds 22 and 23 are precursor 
compounds for natural bromophenol compounds 1 and 2.

Finally, the synthesis of bromophenols 1, 2 was performed by treating 22 and 23 with BBr3. Similarly, the reactions of 
the compounds 21 and 24 with BBr3 yielded bromophenol derivatives 25 and 26 (Scheme 2). 

In addition to the benzylic acid-containing bromophenols 1, 2, 25, and 26, benzyl nitrile containing bromophenols 
27 and 28 were also sought after due to their important biologic activities. Therefore, their synthesis was carried out by 
treating compounds 18 and 20 with BBr3 (Scheme 3). NMR data of bromophenol derivatives 1, 2, and 25–28 are consistent 
with their structures. 
2.2. Biological activities 
2.2.1. Reducing power results
Reducing power can donate the capacity of bioactive biological compounds that act as reductants and inactivate ROS and 
oxidant agents [42]. Fe3+ reduction ability assay measures the reducing potential of the compounds. Fe3+ ions addition to 
bromophenol derivatives 1, 2, and 17–28 occur in blue colored complex of Fe4[Fe(CN-)6]3. This complex demonstrated 
absorbance at 700 nm [43,44]. As a result of the complex, the yellow color of samples varies from green to blue according 
to the effectiveness of test compounds [45]. In this sense, bromophenol derivatives 1, 2 and 17–28 demonstrated potent 

Scheme 1. Synthesis of benzyl bromides 11, 12, 15, and 16.
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and efficient reducing ability by using the Fe[Fe(CN-)6]3, Cu2+ and Fe3+-TPTZ reduction abilities. For measuring of 
reduction ability of bromophenol derivatives 1, 2, and 17–28, Fe3+-Fe2+ transformation was realized according to Oyaizu’s 
method [46]. As given in Table 1 and Figure 1A, bromophenol derivatives 1, 2, and 17–28, demonstrated efficient Fe3+ 
reducing capability. Since the reducing potencies and radical scavenging capacities of bromophenol derivatives 17–24 are 
relatively lower due to the structure-activity relationship, they will not be considered much in the discussion part. The 
other bromophenol derivatives 17–24 demonstrated moderate Fe3+ reducing ability ranging from 0.253 ± 0.004–0.463 ± 
0.010 when compared to standards. Generally, the antioxidant properties of the test sample are compared with standard 
antioxidants. Many compounds are used as standards for this purpose. In addition, the standard selection and criteria are 
also related to the stability, price, and solubility of the standard antioxidant in the solvent environment [47]. The increased 
absorbance shows the complex formation and increased enhanced reducing effect (Figure 2A). The results clearly show 
that bromophenol derivatives 1, 2, and 17–28 have strong Fe3+ reducing effects with e- donating properties for neutralizing 
free radicals and ROS. They can apply in biochemical and biological systems to reduce oxidative stress or damage.

Aside Fe3+-TPTZ reduction abilities, Cu2+ reducing of bromophenol derivatives 1, 2, and 17–28 are given in Table 1 and 
Figure 2B. A positive correlation was observed between the Cu2+ reducing and bromophenol derivatives 1, 2, and 17–28 as 
concentration-dependently (20–60 μg/mL). At the concentration of 60 μg/mL, Cu2+ reducing capability of bromophenol 
derivatives 1, 2, and 17–28 and standards were declined as following orders (Table 1 and Figure 2B): 1 (1.896 ± 0.002, r2: 
0.6828) > BHA (1.864 ± 0.015, r2: 0.9854) ≈ 25 (1.853 ± 0.003, r2: 0.6573) > Trolox (1.829 ± 0.004, r2: 0.6061) > α-Tocopherol 
(1.795 ± 0.003, r2: 0.9747) > BHT (1.744 ± 0.003, r2: 0.7642) > 26 (1.642 ± 0.002, r2: 0.9589) > 27 (1.538 ± 0.110, r2: 0.9015) 
> 28 (1.609 ± 0.12, r2: 0.9589) > 2 (1.345 ± 0.002, r2: 0.9507). The Fe3+ reducing effects of bromophenol derivatives 1, 2, 
and 17–28 and standards declined as following orders: 28 (1.856 ± 0.002, r2: 0.8206) > 1 (1.775 ± 0.003, r2: 0.8992) > BHA 
(1.744 ± 0.004, r2: 0.7114) ≈ 25 (1.743 ± 0.002, r2: 0.6555) > 26 (1.704 ± 0.002, r2: 0.7336) > 27 (1.663 ± 0.003, r2: 0.8012) > 
Trolox (1.648 ± 0.007, r2: 0.8992) > BHT (1.563 ± 0.003, r2: 0.8358) > α-Tocopherol (1.473 ± 0.003, r2: 0.9499) > 2 (0.877 ± 
0.020, r2: 0.9463). The other bromophenol derivatives 17–24 exhibited weaker Cu2+ reducing capability between in 0.253 
± 0.004-0.445 ± 0.001 when compared to standard reducing agents. The CUPRAC test had low-cost and is a rapid, stable 
and selective assay for different antioxidants, regardless of chemical type and hydrophobicity [48].

Aside Fe3+ and Cu2+ reduction properties of bromophenol derivatives 1, 2, and 17–28, they had powerful reducing 
potentials in FRAP assay (Figure 1C and Table 2). Reducing ability of bromophenol derivatives 1, 2, and 17–28 was found to 
be in descending order of 25 (2.455 ± 0.004, r2: 0.8362) > BHA (2.254 ± 0.004, r2: 0.7435) > BHT (2.146 ± 0.002, r2: 0.8599) 
> 26 (2.016 ± 0.002, r2: 0.7929) > 1 (1.996 ± 0.002, r2: 0.7367) ≈ Trolox (1.993 ± 0.004, r2: 0.9494) > 27 (1.894 ± 0.002, r2: 
0.8755) > 28 (1.605 ± 0.001, r2: 0.8889) > α-Tocopherol (1.497 ± 0.002, r2: 0.8531) > 2 (0.744 ± 0.002, r2: 0.8929). The other 
bromophenol derivatives 17–24 showed relatively weaker Fe3+-TPTZ reducing ability between in 0.304 ± 0.004-0.667 ± 0.002 
when compared to standard reducing compounds. As mentioned in prior reduction assay, high reducing absorbance shows 
high reducing ability of the complex. The FRAP method is realized in an acidic medium to protect iron ions solubility [49].

 

 

 

Scheme 2. As bromophenols, synthesis of 2-phenylacetic acid derivatives from the corresponding 
bromides via their nitriles. 
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Scheme 2. As bromophenols, synthesis of 2-phenylacetic acid 
derivatives from the corresponding bromides via their nitriles.

Figure 1. Some natural bromophenols.
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2.2.2. Radicals scavenging results 
DPPH· and ABTS·+ scavenging assays are among the most convenient spectrophotometric scavenging methods. Both 
assays were used to determine the antioxidant abilities and radical scavenging capacities of plants, foods, and beverages 
[50]. The percent inhibition depends on the concentrations of oxidizers such as antioxidants and radicals, the ratios 
of solvent and reagent used, incubation time, temperature, and also the presence of hydrogen, metal, and water in the 
antioxidant test systems [51]. On the other hand, IC50 is called the effective concentration that causes 50% removal of 
oxidants such as radicals in antioxidant studies. It is often used to assess the antioxidant activity [47]. For DPPH radical 
scavenging were found to be in following order: BHT (IC50: 4.12 µg/mL, r2: 0.9690) > 25 (IC50: 4.27 µg/mL, r2: 0.9016) 
> 1 (IC50: 6.41 µg/mL, r2: 0.9961) > 27 (IC50: 6.86 µg/mL, r2: 0.9018) > 28 (IC50: 10.66 µg/mL, r2: 0.9652) > BHA (IC50: 
11.17 µg/mL, r2: 0.9030) > Trolox (IC50: 11.75 µg/mL, r2: 0.8513) > α-Tocopherol (IC50: 23.89 µg/mL, r2: 0.9732) > 2 (IC50: 
30.13 µg/mL, r2: 0.9457) > 26 (IC50: 231.00 µg/mL, r2: 0.9652). On the other hand, the other bromophenol derivatives 
17–24 demonstrated relatively weak DPPH radical scavenging ability and found IC50 values between 17.32–346.50 
µg/mL when compared to standard radical scavengers. A lower IC50 value demonstrates a higher DPPH· scavenging 
ability (Table 2 and Figure 1D). In another study, DPPH radical scavenging activity of nineteen bromophenols from 
Rhodomela confervoides was realized. Among these bromophenols, bromophenols 1 was also studied. It was shown that 
bromophenols 1 had IC50 value of 19.84 µM for DPPH radical scavenging activity. Also, it was demonstrated that the 
metabolites with ortho-dihydroxy groups on the aromatic ring generally display higher activity than the compounds 
having a single free hydroxyl group on the ring [16,52]. The bromophenol derivatives 1, 2, and 17–28 exhibited effective 
ABTS·+ removing ability. As given in Table 2 and Figure 1E, bromophenol derivatives 1, 2, and 17–28 effectively scavenged 
ABTS radicals as concentration-dependently (20–60 µg/mL, p < 0.001). EC50 values of bromophenol derivatives 1, 2, 
and 17–28 in ABTS·+ scavenging assay were found to be in descending order of 25 (IC50: 9.36 µg/mL, r2: 0.6059) > Trolox 
(IC50: 9.36 µg/mL, r2: 0.6119) ≈ 26 (IC50: 9.49 µg/mL, r2: 0.8680) > 1 (IC50: 9.90 µg/mL, r2: 0.6119) > 28 (IC50: 10.19 µg/mL, 
r2: 0.6496) > 27 (IC50: 10.28 µg/mL, r2: 0.6654) > 2 (IC50: 10.66 µg/mL, r2: 0.8511) > BHA (IC50: 14.74 µg/mL, r2: 0.7129) 
> BHT (IC50: 15.75 µg/mL, r2: 0.9986) > α-Tocopherol (IC50: 12.15 µg/mL, r2: 0.7950). On the other hand, the other 

Table 1. Fe3+, Cu2+ and Fe3+-TPTZ reducing ability of bromophenol derivatives 1, 2, and 17–28 and standards at 
60 μg/mL concentration

Antioxidants
Fe3+ reducing Cu2+ reducing Fe3+-TPTZ reducing

λ700 r2 λ 450 r2 λ 593 r2

BHA 1.744 ± 0.004 0.7114 1.864 ± 0.015 0.9854 2.254 ± 0.004 0.7435
BHT 1.563 ± 0.003 0.8358 1.774 ± 0.003 0.7642 2.146 ± 0.002 0.8599
α-Tocopherol 1.473 ± 0.003 0.9499 1.795 ± 0.003 0.9747 1.497 ± 0.002 0.8531
Trolox 1.648 ± 0.007 0.8992 1.829 ± 0.004 0.6061 1.993 ± 0.004 0.9494
1 1.775 ± 0.003 0.6791 1.896 ± 0.002 0.6828 1.996 ± 0.002 0.7367
2 0.877 ± 0.020 0.9463 1.345 ± 0.005 0.9507 0.744 ± 0.002 0.8929
17 0.312 ± 0.009 0.9023 0.303 ± 0.002 0.7484 0.453 ± 0.002 0.8902
18 0.445 ± 0.001 0.9557 0.506 ± 0.010 0.5767 0.404 ± 0,004 0.9627
19 0.377 ± 0.003 0.9544 0.430 ± 0.009 0.8159 0.407 ± 0.002 0.7252
20 0.355 ± 0.001 0.9542 0.716 ± 0.002 0.7199 0.344 ± 0.002 0.9844
21 0.355 ± 0.003 0.9290 0.666 ± 0.002 0.8792 0.667 ± 0.002 0.8175
22 0.253 ± 0.004 0.9321 0.265 ± 0.001 0.9579 0.304 ± 0.004 0.9683
23 0.302 ± 0.001 0.9460 0.726 ± 0.002 0.8705 0.403 ± 0.003 0.9321
24 0.463 ± 0.010 0.9264 0.665 ± 0.003 0.9843 0.578 ± 0.010 0.8693
25 1.743 ± 0.002 0.6555 1.853 ± 0.003 0.6573 2.455 ± 0.004 0.8362
26 1.704 ± 0.002 0.7336 1.642 ± 0.002 0,9589 2.016 ± 0.002 0.7929
27 1.663 ± 0.003 0.8012 1.538 ± 0.110 0.9015 1.894 ± 0.002 0.8755
28 1.856 ± 0.002 0.8206 1.609 ± 0.120 0.9589 1.605 ± 0.001 0.8889
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bromophenol derivatives 17–24 demonstrated relatively weak DPPH radical scavenging ability and found IC50 values 
when compared to standard radical scavengers. As DPPH in radical scavenging, a lower IC50 value shows higher ABTS·+ 
scavenging ability. In a previous study, it was shown that 2.87 mM TEAC ABTS·+ scavenging ability. In this study, the 
isolated nineteen bromophenols were found effective radical scavenging potential against ABTS cation radicals [16]. 
Already, it is well-known that ABTS radical scavenging properties of antioxidants can attribute H-donating effect [53].

3. Conclusion
As a result, after bromides 11, 12, 15, and 16 were synthesized, the acids including natural products were obtained via the 
corresponding nitriles 17–20. Chronic diseases, mutagenesis, DNA damage, carcinogenesis, and inhibition of pathogenic 
bacterial growth are generally associated with the scavenging of ROS and free radical propagation in living systems. 
Antioxidant activity is used as an effective and common parameter for medicinal bioactive components and newly 

Table 2. Half maximal scavenging concentration (IC50, μg/mL) for DPPH• 
scavenging and ABTS•+ scavenging effects of bromophenol derivatives 1, 2, and 
17–28 and standards.

Compounds DPPH• scavenging ABTS•+ scavenging 

IC50* r2 IC50* r2

BHA 14.74 0.7129 11.17 0.9030
BHT 15.75 0.9986 4.12 0.9690
α-Tocopherol 12.15 0.7950 23.89 0.9732
Trolox 9.36 0.6575 11.75 0.8513
1 9.90 0.6119 6.41 0.9961
2 10.66 0.8511 30.13 0.9457
17 173.25 0.9145 173.25 0.8727
18 231.00 0.7611 346.50 0.9371
19 17.32 0.9865 231.00 0.9134
20 346.50 0.9735 115.50 0.8320
21 231.00 0.8642 173.25 0.9078
22 138.60 0.9851 173.25 0.9722
23 33.00 0.8860 231.00 0.9675
24 138.60 0.9810 138.60 0.8109
25 9.36 0.6059 4.27 0.9016
26 9.49 0.8680 231.00 0.9652
27 10.28 0.6654 6.86 0.9018
28 10.19 0.6496 10.66 0.9652

Scheme 3. Synthesis of bromophenol derivatives 27 and 28 from the compounds 18 and 20.
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synthesized biologically important molecules. For this reason, natural products 1 and 2, including their derivatives 25 and 
26 were synthesized through the conversion of benzyl bromides 11–16 into the corresponding nitriles 17–20 followed by 
base catalyzed hydrolysis and demethylation. In addition to these products, benzyl nitriles 27 and 28 were also synthesized 
through direct demethylation of 18 and 20. Once these bromophenol derivatives were obtained 1, 2, and 17–28 they were 
assessed for their antioxidant ability and compared with established antioxidants including, BHA, α-tocopherol, BHT, and 
Trolox.

4. Experimental section
4.1. General procedures
Chemicals (including solvents) used in the experiments and data of the synthesized compounds (such as NMR and HRMS) 
were performed as previously stated. [14,54]. Reagent benzyl bromides 11, 12, 15, and 16 were prepared in known ways 
in the literature [36–40]. 
4.2. Synthesis
4.2.1. Synthesis of 2-(3-bromo-4,5-dimethoxyphenyl)acetonitrile (17): Standard procedure for the substitution reaction 
with KCN
KCN (315 mg, 4.84 mmol) was added to the stirred solution of bromide 11 (500 mg, 1.61 mmol) in EtOH (20 mL). 
After refluxing of the solution at 80 °C for 16 h, termination of the reaction, removal of the solvent under vacuum and 

Figure 2. Different antioxidant assay for bromophenol derivatives 1, 2, and 17–28: A. Fe3+ reducing 
method, B. Cu2+ reducing method, C. Fe3+-TPTZ reducing method, D. DPPH· scavenging method, 
E. ABTS•+ scavenging method.
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extraction of reside with EtOAc (2 × 20 mL) were performed, respectively. Then, combination and drying over Na2SO4 of 
organic phases and evaporation of the solvent under vacuum were carried out. After purification of the residue by column 
chromatography on silica gel (10 g) using EtOAc:hexane (1:9) eluent, the product 17 (270 mg, 65%, white solid) was 
obtained. Mp: 76–77°C; 1H NMR (400 MHz, CDCl3): 7.08 (s, 1H, ArH), 6.80 (s, 1H, ArH), 3.88 (s, OMe, 3H), 3.84 (s, OMe, 
3H), 3.68 (s, CH2, 2H); 13C NMR (100 MHz, CDCl3): 154.26, 146.58, 127.04, 124.31 (CH), 118.31, 117.61 (C). 111.54 (CH), 
60.84 (OMe), 56.43 (OMe), 23.28 (CH2); IR (CH2Cl2, cm–1): 2939, 2251, 1570, 1491, 1416, 1274, 1141, 1046 cm–1; HRMS 
(m:z): calcd. for [C10H10

79BrNO2]
+: 254.9895; found 254.9896, Rf: 0.51; EtOAc:hexane: (3:7). 

4.2.2. Synthesis of 2-(2,3-dibromo-4,5-dimethoxyphenyl)acetonitrile (18)
Using standard procedure written in 4.2.1, the product 18 (280 mg, 65%, yellow solid) was obtained. Mp: 121–122 °C; 1H 
NMR (400 MHz, CDCl3): 7.08 (s, 1H, ArH), 3.91 (s, OCH3, 3H), 3.87 (s, CH2, 2H), 3.86 (s, OCH3, 3H); 13C NMR (100 
MHz, CDCl3): 153.09, 147.83, 127.10, 122.78, 117.00, 117.06, 112.51 (CH), 60.83 (OCH3), 56.60 (OCH3), 26.72 (CH2); IR 
(CH2Cl2, cm–1): 2930, 2246, 1652, 1477, 1412, 1378, 1322, 1265, 1210, 1058, 1002; HRMS (m:z): calcd. for [C10H9

79Br2NO2]
+: 

332.9000; found 332.9003; Rf: 0.5; EtOAc:hexane: (15:85)
4.2.3. Synthesis of 2-(2,6-dibromo-3,5-dimethoxyphenyl)acetonitrile (19)
Using standard procedure written in 4.2.1, the product 19 (650 mg, 75%, yellow solid) was obtained. Mp: 198–199 °C; 1H 
NMR (400 MHz, CDCl3): 6.53 (s, ArH, 1H), 4.18 (s, 2H), 3.92 (s, OCH3, 6H); 13C NMR (100 MHz, CDCl3): 156.48, 131.62, 
115.76, 105.50, 96.96 (CH), 56.73 (2 OCH3), 26.25 (CH2); IR (CH2Cl2, cm–1): 2935, 2246, 1574, 1453, 1339, 1220, 1080, 
1068 cm–1; HRMS (m:z): calcd. for: [C10H9

79Br2NO2]
+: 332.9000; found 332.9001; Rf: 0.46; EtOAc:hexane: (3:7).

4.2.4. Synthesis of 2-(2,3,6-tribromo-4,5-dimethoxyphenyl)acetonitrile (20)
Using standard procedure written in 4.2.1, the product 20 (530.00 mg, 80%, white solid) was obtained. Mp: 161–162°C; 1H 
NMR (400 MHz, CDCl3): 4.22 (s, CH2, 2H), 3.92 (s, OCH3, 3H), 3.91 (s, OCH3, 3H); 13C NMR (100 MHz, CDCl3): 152.60, 
151.28, 127.88, 122.88, 122.45, 120.76, 115.63, 61.24 (OCH3), 61.20 (OCH3), 28.22 (CH2); IR (CH2Cl2, cm–1): 2935, 2246, 
1372, 1092, 1047, 1008 cm–1; HRMS (m:z): calcd. for: [C10H8

79Br3NO2]
+: 410.8105; found: 410.8108; Rf: 0.74; EtOAc:hexane: 

(3:7).
4.2.5. Synthesis of 2-(3-bromo-4,5-dimethoxyphenyl)acetic acid (21): Standard procedure for the hydrolysis reaction 
A solution of 17 (500 mg, 1.95 mmol) in EtOH (12 mL) and H2O (8 mL) was added to NaOH (780 mg, 19.52 mmol). After 
the reaction was allowed to stir for 24 h at 100 °C and was cooled to RT, removal of the solvent under vacuum, and then 
acidification of the reaction mixture with addition of cold HCl solution (1.0 M, 0 °C) until pH of the solution adjusted 
to 2.0 were performed. Respectively, extraction of the mixture with EtOAc (2 × 20 mL), combination and drying over 
Na2SO4 of organic phases and evaporation of the under vacuum, removal of the solvent under vacuum, and the product 
21 (430 mg, 80%, yellow solid) was obtained. Mp: 106–107 °C; 1H NMR (400 MHz, CDCl3): 10.68 (s, CO2H, 1H), 7.05 
(s, ArH, 1H), 6.77 (s, ArH, 1H), 3.85 (s, OCH3, 3H), 3.83 (s, OCH3, 3H), 3.56 (s, CH2, 2H); 13C NMR (100 MHz, CDCl3): 
177.63 (CO), 153.83 (C), 145.97 (C), 130.41 (C), 125.72 (CH), 117.85 (C), 113.09 (CH), 60.80 (OCH3), 56.33 (OCH3), 
40.65 (CH2); IR (CH2Cl2, cm–1): 3446, 1646, 1569, 1490, 1273, 1142, 1046 cm–1; HRMS (m:z): calcd. for: [C10H11

79BrO4]
+: 

273.9841 found 273.9842, Rf: 0.23; EtOAc:hexane: (3/7).
4.2.6. Synthesis of 2-(2,3-dibromo-4,5-dimethoxyphenyl)acetic acid (22)
Using standard procedure written in 4.2.5, the product 22 (420 mg, 80%, yellow solid) was obtained. Mp: 140–141°C; 
1H-NMR (400 MHz, CDCl3): 11.40-10.00 (m, COOH), 6.84 (s, ArH, 1H), 3.86 (s, CH2, 2H), 3.86 (s, OCH3, 3H), 3.84 (s, 
OCH3, 3H); 13C-NMR (100 MHz, CDCl3): 176.68 (CO), 152.69 (C), 147.29 (C), 130.91(C), 122.05 (C), 118.51 (C), 114.40 
(CH), 60.74 (OCH3), 56.45 (OCH3), 43,26 (CH2); IR (CH2Cl2, cm–1): 3447, 1634, 1472, 1424, 1381, 1310, 1263, 1202, 1163, 
1060, 1004; HRMS (m:z): calcd. for: [C10H10

79Br2O4]
+: 351.8945, found 351.8955; Rf: 0.17, EtOAc:hexane: (3:7).

4.2.7. Synthesis of 2-(2,6-dibromo-3,5-dimethoxyphenyl)acetic acid (23)
Using standard procedure written in 4.2.5, the product 23 (495 mg, 78%, white solid) was obtained. Mp: 235–236 °C 
(231–232 °C) [55]; 1H-NMR (400 MHz, acetone-d6): 6.71 (s, ArH, 1H) 4.02 (s, CH2, 2H), 3.82 (s, OCH3, 6H); 13C-NMR 
(100 MHz, acetone-d6):  170.29 (CO), 157.11 (2 C), 136.82 (C), 106.52 (2 C), 97.46 (CH), 57.04 (2 OCH3), 42.93 (CH2); IR 
(CH2Cl2, cm–1): 3330, 1702,1574, 1427, 1330, 1217, 1096 cm–1; HRMS (m:z): calcd. for: [C10H10

79Br2O4]
+: 351.8946; found: 

351.8951; Rf: 0.45; MeOH:CH2Cl2:(5:95).
4.2.8. Synthesis of 2-(2,3,6-tribromo-4,5-dimethoxyphenyl)acetic acid (24)
Using standard procedure written in 4.2.5, the product 24 (250 mg, 60%, white solid) was obtained. Mp: 162–163 °C; 
1H-NMR (400 MHz, CDCl3): 10.80–10.30 (m, CO2H, 1H), 4.27 (s, CH2, 2H), 3.90 (s, OCH3, 3H), 3.90 (s, OCH3, 3H); 
13C-NMR (100 MHz, CDCl3): 175.62 (CO), 151.43 (C), 150.65 (C), 131.37 (C), 123.29 (C), 121.55 (C), 121.21 (C), 60.89 
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(OCH3), 60.86 (OCH3), 44.10 (CH2); IR (CH2Cl2, cm–1): 3444, 2935, 1703, 1651, 1395, 1285, 1093, 1010; HRMS (m/z): 
calcd. for: [C10H9

79Br3O4]
+: 429.8051, found 429.8057, Rf: 0.30; EtOAc/Hexane: (3/7).

4.2.9. Synthesis of 2-(3-bromo-4,5-dihydroxyphenyl)acetic acid (25): Standard procedure for the demethylation 
reaction with BBr3
A solution of BBr3 (728 mg, 2.91 mmol) in CH2Cl2 (10 mL) was added to a stirring solution of the compound 21 (400 mg, 
1.45 mmol) CH2Cl2 (5 mL) under N2 (g) at RT, and then the mixture was stirred at the same condition for 16 h. Termination 
of the reaction mixture and then slow addition of H2O (3 mL) over 15 min at 0 °C, removal of the solvent under vacuum, 
the addition of H2O (15 mL) again and extraction of the mixture with EtOAc (2 × 25 mL) were done, respectively. After 
combination and drying over Na2SO4 of organic phases and evaporation of the solvent under vacuum were performed, the 
bromophenol 25 (290 mg 85%, brown solid) was obtained.

Mp: 166–167°C; 1H-NMR (400 MHz, acetone-d6): 8.70–8.50 (m, OH, 1H), 8.00–7.85 (m, OH, 1H), 6.96 (d, J = 2.0 
Hz, ArH, 1H)), 6.83 (d, J = 2.0 Hz, ArH, 1H)), 3.48 (s, CH2, 2H); 13C-NMR (100 MHz, acetone-d6): 172.24 (CO), 145.79 
(C), 142.02 (C), 127.69 (C), 124.39 (CH), 115.90 (CH), 109.13 (C), 39.48 (CH2); IR (CH2Cl2): 3523, 3309, 3204, 1702, 
1496, 1434, 1289, 1093 cm–1; Rf: 0.25, MeOH:CH2Cl2: (5:95). HRMS (m:z): calcd. for: [C8H7

79BrO4-H]+: 244.9449; found 
244.9454;
4.2.10. Synthesis of the natural product 2-(2,3-dibromo-4,5-dihydroxyphenyl)acetic acid (1)
Using standard procedure written in 4.2.9, the natural product 1 (310 mg, 85%, brown solid) purified from EtOAc:hexane 
was obtained. Mp: 157–158 °C, (156–157 °C) [15]; 1H-NMR (400 MHz, acetone-d6): 6.97 (s, ArH, 1H), 3.75 (s, CH2, 2H); 
13C-NMR (100 MHz, acetone-d6): 170.94 (CO), 144.59 (C), 127.86 (C), 117.36 (C), 117.24 (CH), 116.57 (C), 112.77 (C), 
42.01 (CH2); IR (CH2Cl2): 3275, 1471, 1403, 1277, 1217, 1192, 1066, 1023; Rf: 0.40, MeOH:CH2Cl2: (15:85). HRMS (m:z): 
calcd. for: [C8H7

79Br81BrO4-H]+: 324.8534; found 324.8549.
4.2.11. Synthesis of 2-(2,6-dibromo-3,5-dihydroxyphenyl)acetic acid (2)
Using standard procedure written in 4.2.9, the natural product 2 (148 mg, 80%, brown solid) was obtained. Mp: 151–152 
°C (191 °C) [16]; 1H-NMR (400 MHz, acetone-d6): 9.10-8.65 (s, OH, 2H), 6.60 (s, ArH, 2H), 3.98 (s, CH2, 2H); 13C-NMR 
(100 MHz, acetone-d6): 170.38 (CO), 154.70 (2 C), 136.65 (CH), 104.66 (2 C), 103.28 (C), 42.99 (CH2); IR (CH2Cl2): 
3616, 3445, 3199, 1706, 1432, 1200, 1093 cm–1; Rf: 0.42; MeOH:CH2Cl2: (15:85); HRMS (m:z) calcd for [C8H7

79Br2O4 - H]+: 
322.85546; found: 322.85543. 
4.2.12. Synthesis of 2-(2,3,6-tribromo-4,5-dihydroxyphenyl)acetic acid (26)
Using standard procedure written in 4.2.9, the bromophenol 26 (230 mg, 82%, white solid) was obtained. Mp: 190–191 
°C; 1H-NMR (400 MHz, acetone-d6): 7.00–6.60 (m, OH, 3H), 4.16 (s, CH2, 2H); 13C-NMR (100 MHz, acetone-d6): 170.76 
(CO), 144.51 (C), 144.01 (C), 128.49 (C), 118.31 (C), 113.99 (C), 113.57 (C), 44.22 (CH2); IR (CH2Cl2): 3525, 3305, 3212, 
1652, 1401, 1197, 1093 cm–1; Rf: 0.17, MeOH:CH2Cl2: (15:85); HRMS (APCI–TOF) (m:z) calcd for [C8H4N

79Br2
81BrO2 - 

H]-: 402.76392; found: 402.76672.
4.2.13. Synthesis of 2-(2,3-dibromo-4,5-dihydroxyphenyl)acetonitrile (27)
Using standard procedure written in 4.2.9, the bromophenol 27 (95.0 mg, 69%, brown solid) was obtained. Mp 158–159 
°C; 1H-NMR (400 MHz, acetone-d6): 9.18 (bs, OH, 1H), 8.60 (bs, OH, 1H), 7.14 (s, ArH, 1H), 3.95 (CH2, 2H); 13C-NMR 
(100 MHz, acetone-d6): 145.27 (CN), 144.67 (C), 123.52 (C), 117.62 (C), 115.71 (CH), 115.47 (C), 113.67 (C), 25.32 (CH2); 
IR (CH2Cl2): 3517, 3445, 3354, 1647, 1628, 1413, 1093; HRMS (m:z) calcd for [C8H5

79Br81BrNO2 + H2O + H]+: 325.8850; 
found: 325.87671.
4.2.14. Synthesis of 2-(2,3,6-tribromo-4,5-dihydroxyphenyl)acetonitrile (28)
Using standard procedure written in 4.2.9, the bromophenol 28 (120.0 mg, 65%, brown solid) was obtained. M.p: 193–194 
°C; 1H-NMR (400 MHz, acetone-d6): 4.15 (s, CH2, 2H); 13C-NMR (100 MHz, acetone-d6): 145.50, 144.43, 124.28, 117.61, 
116.88, 114.04, 112.84, 28.06 (CH2); IR (CH2Cl2): 3521, 3312, 2324,1404, 1092 cm–1; Rf: 0.42, MeOH:CH2Cl2: (5:95); HRMS 
(APCI – TOF) (m/z) calcd for [C8H4NBr3O2 + Na]+: 405.76899; found: 405.78860.
4.3. Biological assay (Antioxidant activity)
Fe3+-reducing effects of the compounds were realized by Fe3+(CN-)6 reducing [46] as given previously [56]. Cu2+ reducing 
effect of the bromophenol compounds was realized according to a prior study [57] as detailed given [58,59]. FRAP method 
of the bromophenol compounds is realized by reducing of Fe3+-TPTZ complex in an acidic environment [60]. The DPPH 
radical removing effects of the bromophenol compounds were done according to the method of Blois [61] as given 
previously [62–64]. ABTS radical scavenging of bromophenol compounds is performed according to Gulcin’s methods 
[65–67]. The radical scavenging capacities (RSC) of the bromophenol compounds were calculated as follows: RSC (%) = 
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(1-Ac/Ad) × 100 [4,68,69]. Where Ac and Ad are the absorbances of control and the compounds. IC50 was obtained from 
the graph, which plotted inhibition percentage against the bromophenol compounds concentrations (μg/mL) [35,70,71].

Acknowledgment
The authors thank Christopher A. Sojdak (Upenn, University of Pennsylvania, USA) for proofreading.

References

1. Zhao J, Fan X, Wang S, Li S, Shang S et al. Bromophenol derivatives from the red alga Rhodomela confervoides. Journal Natural Products 
2004; 67 (6): 1032-1035. doi: 10.1021/np030546

2. Duan XJ, Li XM, Wang BG. Highly brominated mono- and bis-phenols from the marine red alga Symphyocladia latiuscula with radical-
scavenging activity. Journal Natural Products 2007; 70: 1210-1213. doi: 10.1021/np070061b

3. Balaydin HT, Gulcin I, Menzek A, Goksu S, Sahin E. Synthesis and antioxidant properties of diphenylmethane derivative bromophenols 
including a natural product. Journal of Enzyme Inhibition and Medicinal Chemistry 2010; 25: 685-695. doi: 10.3109/14756360903514164

4. Cetinkaya Y, Gocer H, Menzek A, Gulcin I. Synthesis and antioxidant properties of (3,4-dihydroxyphenyl)(2,3,4-trihydroxyphenyl)
methanone and its derivatives. Archiv der Pharmazie  2012; 345: 323-334. doi: 10.1002/ardp.20110027

5. Rezaei M, Bayrak C, Taslimi P, Gulcin I, Menzek A. The first synthesis and antioxidant and anticholinergic activities of 1-(4,5-dihydroxybenzyl)
pyrrolidin-2-one derivative bromophenols including natural products. Turkish Journal of Chemistry 2018; 42: 808-825. doi: 10.3906/kim-
1709-34

6. Choudhary M, Patel RN, Rawat SP. Synthesis, structural characterization, superoxide dismutase and antimicrobial activities studies of 
copper (II) complexes with 2-(E)-(2-(2-aminoethylamino) methyl)-4-bromophenol and (19E, 27E)-N1, N2-bis (phenyl (pyridine-2-yl)-
methylene)-ethane-1, 2-diamine as ligands. Journal of Molecular Structure 2014; 1070: 94-105. doi: 10.1016/j.molstruc.2014.04.018

7. Bharti S, Choudhary M, Mohan B, Rawat SP, Sharma SR et al. Syntheses, characterization, superoxide dismutase, antimicrobial, crystal 
structure and molecular studies of copper (II) and nickel (II) complexes with 2-((E)-(2, 4-dibromophenylimino) methyl)-4-bromophenol 
as Schiff base ligand. Journal of Molecular Structure 2017; 1049: 846-861. doi: 10.1016/j.molstruc.2017.07.101

8. Balaydin HT, Senturk M, Goksu S, Menzek A. Synthesis and carbonic anhydrase inhibitory properties of novel bromophenols and 
their derivatives including natural products: Vidalol B. European Journal of Medicinal Chemistry 2012; 54: 423-428. doi: 10.1016/j.
ejmech.2012.05.025

9. Cetinkaya Y, Gocer H, Gulcin I, Menzek A. Synthesis and carbonic anhydrase isoenzymes inhibitory effects of brominated 
diphenylmethanone and its derivatives. Archiv der Pharmazie 2014; 347: 354-359. doi: 10.1002/ardp.201300349

10. Boztas M, Cetinkaya Y, Topal M, Gulcin I, Menzek A et al. Synthesis and carbonic anhydrase isoenzymes I, II, IX, and XII inhibitory 
effects of dimethoxy-bromophenol derivatives incorporating cyclopropane moieties. Journal of Medicinal Chemistry 2015; 58: 640-650. 
doi: 10.1021/jm501573b

11. Bayrak C, Taslimi P, Gulcin I, Menzek A. The first synthesis of 4-phenylbutenone derivative bromophenols including natural products and 
their inhibition profiles for carbonic anhydrase, acetylcholinesterase and butyrylcholinesterase enzymes. Bioorganic Chemistry 2017; 72: 
359-366. doi: 10.1016/j.bioorg.2017.03.001

12. Artunc T, Cetinkaya Y, Gocer H, Gulcin I, Menzek A et al. Synthesis of 4-[2-(3,4-dimethoxybenzyl)cyclopentyl]-1,2-dimethoxybenzene 
derivatives and evaluations of their carbonic anhydrase isoenzymes inhibitory effects. Chemical Biology & Drug Design 2016; 87: 594-607. 
doi: 10.1111/cbdd.12695

13. Bayrak C, Taslimi P, Karaman HS, Gulcin I, Menzek A. The first synthesis, carbonic anhydrase inhibition and anticholinergic activities of some 
bromophenol derivatives with S including natural products. Bioorganic Chemistry 2019; 85: 128-139. doi: 10.1016/j.bioorg.2018.12.012

14. Boztas M, Taslimi P, Yavari MA, Gulcin I, Sahin E et al. Synthesis and biological evaluation of bromophenol derivatives with cyclopropyl 
moiety: Ring opening of cyclopropane with monoester. Bioorganic Chemistry 2019; 89: 103017. doi: 10.1016/j.bioorg.2019.103017

15. Nanteuil, GD, Mastagli P. A bromophenol in the red alga Halopitys incurvus. Phytochemistry 1981; 20: 1750-1751. 

16. Li K, Li XM, Gloer JB, Wang BG. Isolation, characterization, and antioxidant activity of bromophenols of the marine red alga Rhodomela 
confervoides. Journal of Agricultural and Food Chemistry 2011; 59: 9916-9921. doi: 10.1021/jf2022447

17. Li K, Li XM, Ji NY, Gloer JB, Wang BG. Natural bromophenols from the marine red alga Polysiphonia urceolata (rhodomelaceae): structural 
elucidation and DPPH radical-scavenging activity. Bioorganic Medicinal Chemistry 2007; 15: 667-6631. doi: 10.1016/j.bmc.2007.08.023

18. Li K, Li XM, Gloer JB, Wang BG. New nitrogen-containing bromophenols from the marine red alga Rhodomela confervoides and their 
radical scavenging activity. Food Chemistry 2012; 135: 868-872. doi: 10.1016/j.foodchem.2012.05.117



BAYRAK et al. / Turk J Chem

1414

19. Taslimi P, Gulcin I. Antioxidant and anticholinergic properties of olivetol. Journal of Food Biochemistry 2018; 42 (3): e12516. doi: 10.1111/
jfbc.12516

20. Maharramova G, Taslimi P, Sujayev A, Farzaliyev F, Durmaz L et al. Synthesis, characterization, antioxidant, antidiabetic, anticholinergic, 
and antiepileptic properties of novel N-substituted tetrahydropyrimidines based on phenylthiourea. Journal of Biochemical and Molecular 
Toxicology 2018; 32 (12): e22221. doi: 10.1002/jbt.22221

21. Eruygur N, Atas M, Tekin M, Taslimi P, Kocyigit UM et al.  Screening the in vitro antioxidant, antimicrobial, anticholinesterase and 
antidiabetic activities of Turkish endemic Achillea cucullata (Asteraceae) from ethanol extract. South African Journal of Botany 2019; 120: 
141–145. doi: 10.1016/j.sajb.2018.04.001

22. Oztaskin N, Kaya R, Maras A, Sahin E, Gulcin I et al. Synthesis and characterization of novel bromophenols: Determination of their 
anticholinergic, antidiabetic and antioxidant activities. Bioorganic Chemistry 2019; 87: 91-102. doi: 10.1016/j.bioorg.2019.03.010

23. Bursal E, Aras A, Kilic O, Taslimi P, Goren AC et al. Phytochemical content, antioxidant activity and enzyme inhibition effect of Salvia 
eriophora Boiss. & Kotschy against acetylcholinesterase, α-amylase, butyrylcholinesterase and α-glycosidase enzymes. Journal of Food 
Biochemistry. 2019; 43 (3): e12776. doi: 10.1111/jfbc.12776

24. Gulcin I, Tel AZ, Goren AC, Taslimi P, Alwasel SH. Sage (Salvia pilifera): Determination its polyphenol contents, anticholinergic, 
antidiabetic and antioxidant activities. Journal of Food Measurement and Characterization 2019;13(3): 2062-2074. doi: 10.1007/s11694-
019-00127-2

25. Gulcin I, Kaya R, Goren AC, Akincioglu H, Topal M et al. Anticholinergic, antidiabetic and antioxidant activities of Cinnamon 
(Cinnamomum verum) bark extracts: Polyphenol contents analysis by LC-MS/MS. International Journal of Food Properties 2019; 22 (1): 
1511-1526. doi: 10.1080/10942912.2019.1

26. Cetin Cakmak K, Gulcin I. Anticholinergic and antioxidant activities of usnic acid-an activity-structure insight. Toxicology Reports 2019; 
6: 1273-1280. doi: 10.1016/j.toxrep.2019.11.003

27. Altay A, Tohma H, Durmaz L, Taslimi P, Korkmaz M et al. preliminary phytochemical analysis and evaluation of in vitro antioxidant, 
antiproliferative, antidiabetic and anticholinergics effects of endemic gypsophila taxa from turkey. Journal of Food Biochemistry 2019; 43 
(7): e12908. doi: 10.1111/jfbc.12908

28. Gulcin I, Goren AC, Taslimi P, Alwasel SH, Kilic O et al. anticholinergic, antidiabetic and antioxidant activities of Anatolian pennyroyal 
(Mentha pulegium)-analysis of its polyphenol contents by LC-MS/MS. Biocatalysis and Agricultural Biotechnology 2020; 23: 101441. doi: 
10.1016/j.bcab.2019.101441

29. Turkan F, Atalar MN, Aras A, Gulcin I, Bursal E. ICP-MS and HPLC analyses, enzyme inhibition and antioxidant potential of Achillea 
schischkinii sosn. Bioorganic Chemistry 2020; 94: 103333. doi: 10.1016/j.bioorg.2019.103333

30. Taslimi P, Koksal E, Goren AC, Bursal E, Aras A et al. Anti-alzheimer, antidiabetic and antioxidant potential of Satureja cuneifolia and 
analysis of its phenolic contents by LC-MS/MS. Arabian Journal of Chemistry 2020; 13 (3): 4528-4537. doi: 10.1016/j.arabjc.2019.10.002

31. Gulcin I. Antioxidants and antioxidant methods-an updated overview. Archives of Toxicology 2020; 94 (3): 651-715. doi: 10.1007/s00204-
020-02689-3

32. Artunc T, Menzek A, Taslimi P, Gulcin I, Kazaz C et al. Synthesis and antioxidant activities of phenol derivatives from 1,6-bis(dimethoxyphenyl)
hexane-1,6-dione. Bioorganic Chemistry 2020; 100: 103884. doi: 10.1016/j.bioorg.2020.103884

33. Polat Kose L, Bingol Z, Kaya R, Goren AC, Akincioglu H et al. Anticholinergic and antioxidant activities of avocado (Folium 
perseae) leaves - Phytochemical content by LC-MS/MS analysis. International Journal of Food Properties 2020; 23 (1):878-893. doi: 
10.1080/10942912.2020.1761829

34. Bursal E, Taslimi P, Goren AC, Gulcin I. Assessments of anticholinergic, antidiabetic, antioxidant activities and phenolic content of Stachys 
annua. Biocatalysis and Agricultural Biotechnology, 2020; 28: 101711. doi: 10.1016/j.bcab.2020.101711

35. Z. Bingol, Kiziltas H, Goren AC, Polat Kose L, Topal M et al. Antidiabetic, anticholinergic and antioxidant activities of aerial parts of 
shaggy bindweed (Convulvulus betonicifolia miller subsp.)-profiling of phenolic compounds by LC-HRMS. Heliyon 2021; 7: e06986. doi: 
10.1016/j.heliyon.2021.e06986 

36. Ford PW, Davidson BS. Synthesis of varacin, a cytotoxic naturally occurring benzopentathiepin isolated from a marine ascidian. Journal 
of Organic Chemistry 1993; 58: 4522-4523. doi: 10.1021/jo00069a006

37. Furstner A, Stelzer F, Rumbo A, Krause H. Total synthesis of the turrianes and evaluation of their DNA-cleaving properties. Chemistry – A 
European Journal 2002; 8: 1856-1871. doi: 10.1002/1521-3765(20020415)8:8<1856::AID-CHEM1856>3.0.CO;2-R

38. Akbaba Y, Balaydin HT, Goksu S, Sahin E, Menzek A. Total synthesis of the biologically active, naturally occurring 3,4-dibromo-5-[2-
bromo-3,4-dihydroxy-6-(methoxymethyl)benzyl]benzene-1,2-diol and regioselective o-demethylation of aryl methyl ethers. Helvetica 
Chimica Acta 2010; 93: 1127-1135. doi. 10.1002/hlca.200900300



BAYRAK et al. / Turk J Chem

1415

39. Mori T, Bando H, Kanaiwa Y, Amiya T, Kurata K. A simple synthesis of methyl ethers of tribromophenols from the red alga Symphyocladia 
latiuscla. Chemical & Pharmaceutical Bulletin 1983; 31: 1754-1756. doi: 10.1248/cpb.31.1754

40. Balaydin HT, Akbaba Y, Menzek A, Sahin E, Goksu S. First and short syntheses of biologically active, naturally occurring brominated 
mono- and dibenzyl phenols. Arkivoc 2009; XIV 75-87. doi: 10.3998/ark.5550190.0010.e07

41. Sundaresan AK, Ramamurthy V. Making a difference on the excited state chemistry by controlling free space within a nanocapsule: 
Photochemistry of 1-(4-alkylphenyl)-3-phenylpropan-2-ones.  Organic Letters 2007; 9: 3575-3578. doi: 10.1021/ol0713990

42. Kiziltas H, Bingol Z, Goren AC, Alwasel SH, Gulcin I. Anticholinergic, antidiabetic and antioxidant activities of Ferula orientalis L.-
Analysis of its polyphenol contents by LC-HRMS. Records of Natural Products 2021; 15(6): 513-528. doi: 10.25135/rnp.236.21.02.1983

43. Gulcin I, Kufrevioglu OI, Oktay O, Buyukokuroglu ME. Antioxidant, antimicrobial, antiulcer and analgesic activities of nettle (Urtica 
dioica L.). Journal of Ethnopharmacology 2004; 90: 205-215. doi: 10.1016/j.jep.2003.09.028

44. Bae JH, Park YJ, Namiesnik J, Gulcin I, Kim TC et al. Effects of artificial lighting on bioactivity of sweet red pepper (Capsicum annuum L.). 
International Journal of Food Science & Technology 2016; 51(6): 1378-1385. doi: 10.1111/ijfs.13116

45. Gulcin I, Mshvildadze V, Gepdiremen A, Elias R. Antioxidant activity of saponins isolated from ivy: α-hederin, hederasaponin-C, 
hederacolchiside-E and hederacolchiside F. Planta Medica 2004; 70: 561-563. doi: 10.1055/s-2004-827158

46. Oyaizu M. Studies on product of browning reaction prepared from glucose amine. Japanese journal of nutrition 1986; 44: 307-315. doi: 
10.5264/eiyogakuzashi.44.307

47. Tomczyk MO. How to express the antioxidant properties of substances properly? Chemical Papers 2021; 75: 6157-6167. doi: 10.1007/
s11696-021-01799-1

48. Gulcin I. Measurement of antioxidant ability of melatonin and serotonin by the DMPD and CUPRAC methods as trolox equivalent. 
Journal of Enzyme Inhibition and Medicinal Chemistry 2008; 23 (6): 871-876. doi. 10.1080/14756360701626223

49. Gulcin I, Tel AZ. Kirecci E. Antioxidant, antimicrobial, antifungal and antiradical activities of Cyclotrichium niveum (Boiss.) manden and 
scheng.  International Journal of Food Properties, 2008; 11(2): 450-471. doi: 10.1080/10942910701567364

50. Bursal E, Gulcin I. Polyphenol contents and in vitro antioxidant activities of lyophilized aqueous extract of kiwifruit (Actinidia deliciosa). 
Food Research International, 2011; 44 (5): 1482-1489. doi. 10.1016/j.foodres.2011.03.031

51. Koksal E, Gulcin I. Antioxidant activity of cauliflower (Brassica oleracea L.). Turkish Journal of Agriculture and Forestry 2008; 32 (1): 65-
78.

52. Polat Kose L, Gulcin I, Goren AC. Namiesnik J, Ayala ALM et al. LC-MS/MS analysis, antioxidant and anticholinergic properties of galanga 
(Alpinia officinarum hance) rhizomes. Industrial Crops and Products, 2015; 74: 712–721. doi: 10.1016/j.indcrop.2015.05.034

53. Gulcin I, Topal F, Ozturk Sarikaya SB, Bursal E, Bilsel G et al. Polyphenol contents and antioxidant properties of medlar (Mespilus germanica 
L.).  Records of Natural Products. 2011; 5 (3): 158-175.

54. Bayrak C, Menzek A. The first synthesis of phenylpropanoid derivative bromophenols including natural products: Formation of an indene 
derivative compound. Tetrahedron 2020; 76: 131016. doi. 10.1016/j.tet.2020.131016

55. Morishita E, Shibata. Metabolic Products of Fungi. XXVII. Synthesis of racemic ustilaginoidin A and its related compounds. (2). Synthesis 
of racemic ustilaginoidin A. Chemical & Pharmaceutical Bulletin 1967; 15; 1765-1771. doi: 10.1248/cpb.15.1772

56. Topal M, Gocer H, Topal F, Kalin P, Polat Kose LP et al. Antioxidant, antiradical and anticholinergic properties of cynarin purified 
from the illyrian thistle (Onopordum illyricum L.). Journal of Enzyme Inhibition and Medicinal Chemistry 2016; 31 (2): 266-275. doi: 
10.3109/14756366.2015.1018244

57. Apak R. Calokerinos A. Gorinstein S. Segundo MA. Hibbert DB et al. Methods to evaluate the scavenging activity of antioxidants toward 
reactive oxygen and nitrogen species. Journal Pure and Applied Chemistry 2022; 94 (1): 87–144 doi: 10.1515/pac-2020-0902

58. Serbetci Tohma H, Gulcin I. Antioxidant and radical scavenging activity of aerial parts and roots of Turkish liquorice (Glycyrrhiza glabra 
L.). International Journal of Food Properties, 2010; 13 (4); 657-671. doi: 10.1080/10942911003773916

59. Gulcin I. Antioxidant properties of resveratrol: A structure-activity insight. Innovative Food Science and Emerging Technologies 2010; 11: 
210-218. doi: 10.1016/j.ifset.2009.07.002 

60. Gulcin I, Elias R, Gepdiremen A, Chea A. Topal F. Antioxidant activity of bisbenzylisoquinoline alkaloids from Stephania 
rotunda: Cepharanthine and fangchinoline. Journal of Enzyme Inhibition and Medicinal Chemistry 2010; 25 (1): 44-53. doi: 
10.3109/14756360902932792

61. Blois MS. Antioxidant determinations by the use of a stable free radical. Nature 1958; 26: 1199-1200. doi: 10.1038/1811199a0

62. Talaz O, Gulcin I, Goksu S, Saracoglu N. Antioxidant activity of 5,10-dihydroindeno[1,2-b]indoles containing substituents on 
dihydroindeno part. Bioorganic & Medicinal Chemistry 2009; 17 (18): 6583-6589. doi: 10.1016/j.bmc.2009.07.077

https://doi.org/10.1248/cpb.31.1754


BAYRAK et al. / Turk J Chem

1416

63. Gulcin I. Antioxidant activity of L-Adrenaline: An activity-structure insight. Chemico-Biological Interaction 2009; 179 (2-3): 71-80. doi: 
10.1016/j.cbi.2008.09.023

64. Gulcin I. Antioxidant activity of food constituents: An overview. Archives of Toxicology 2012; 86 (3): 345-391. doi: 10.1007/s00204-011-
0774-2

65. Gulcin I, Elmastas M, Aboul-Enein HY. Antioxidant activity of clove oil-A powerful antioxidant source. Arabian Journal of Chemistry 
2012; 5 (4): 489-499. doi: 10.1016/j.arabjc.2010.09.016

66. Ak T, Gulcin I. Antioxidant and radical scavenging properties of curcumin. Chemico-Biological Interaction 2008; 174: 27-37. doi: 
10.1016/j.cbi.2008.05.003

67. Elmastas M, Gulcin I, Isildak O, Kufrevioglu OI, Ibaoglu K et al. Antioxidant capacity of bay (Laurus nobilis L.) leaves extracts. Journal of 
the Iranian Chemical Society 2006; 3 (3): 258-266. 

68. Gulcin I, Elias R, Gepdiremen A, Taoubi K, Koksal E. Antioxidant secoiridoids from fringe tree (Chionanthus virginicus L.). Wood Science 
and Technology 2009; 43 (3-4): 195–212. doi: 10.1007/s00226-008-0234-1

69. Gulcin I. Antioxidant activity of eugenol-a structure and activity relationship study. Journal of Medicinal Food 2011; 14 (9): 975-985. doi: 
10.1089/jmf.2010.0197

70. Bursal E, Koksal E, Gulcin I, Bilsel G, Goren AC. Antioxidant activity and polyphenol content of cherry stem (Cerasus avium L.) determined 
by LC-MS/MS. Food Research International 2013; 51 (1): 66-74. doi: 10.1016/j.foodres.2012.11.022

71. Polat Kose L, Gulcin I. Evaluation of the antioxidant and antiradical properties of some phyto and mammalian lignans. Molecules 2021; 
26: 7099. doi: 10.3390/molecules26237099 



BAYRAK et al. / Turk J Chem

1

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

3.54.04.5
f1 (ppm)

CN
O

O
Br
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1H-NMR spectrum of the compound 17 (400 MHz, CDCl3)
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13C-NMR spectrum of the compound 17 (100 MHz, CDCl3).

HRMS spectrum of the compound 17.
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1H-NMR spectrum of the compound 18 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 18 (100 MHz, CDCl3).

HRMS spectrum of the compound 18.
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1H-NMR spectrum of the compound 19 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 19 (100 MHz, CDCl3).

HRMS spectrum of the compound 19.
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1H-NMR spectrum of the compound 20 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 20 (100 MHz, CDCl3).

HRMS spectrum of the compound 20.
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1H-NMR spectrum of the compound 21 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 21 (100 MHz, CDCl3).
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HRMS spectrum of the compound 21.
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1H-NMR spectrum of the compound 22 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 22 (100 MHz, CDCl3).
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HRMS spectrum of the compound 22.
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1H-NMR spectrum of the compound 23 (400 MHz, acetone-d6).
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13C-NMR spectrum of the compound 23 (100 MHz, acetone-d6).

HRMS spectrum of the compound 23.
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1H-NMR spectrum of the compound 24 (400 MHz, CDCl3).
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13C-NMR spectrum of the compound 24 (100 MHz, CDCl3).

HRMS spectrum of the compound 24.
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1H-NMR spectrum of the compound 25 (400 MHz, acetone-d6).
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13C-NMR spectrum of the compound 25 (100 MHz, acetone-d6).
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HRMS spectrum of the compound 25.
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1H-NMR spectrum of the natural product 1 (400 MHz, acetone-d6).
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13C-NMR spectrum of the natural product 1 (100 MHz, acetone-d6).
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HRMS spectrum of the compound 1.

HO

OH

CO2H

Br

Br

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

8.48.68.89.09.29.4
f1 (ppm)

HO

OH

CO2H

Br

Br

0102030405060708090100110120130140150160170180190200210
f1 (ppm)

1H-NMR spectrum of the natural product 2 (400 MHz, 
acetone-d6).

13C-NMR spectrum of the natural product 2 (100 MHz, 
acetone-d6).

HRMS spectrum of the compound 2.
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1H-NMR spectrum of the compound 26 (400 MHz, acetone-d6).
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13C-NMR spectrum of the compound 26 (100 MHz, acetone-d6).

HRMS spectrum of the compound 26.
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1H-NMR spectrum of the compound 27 (400 MHz, acetone-d6).
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13C-NMR spectrum of the compound 27 (100 MHz, acetone-d6).



BAYRAK et al. / Turk J Chem

11

HRMS spectrum of the compound 27.
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1H-NMR spectrum of the compound 28 (400 MHz, acetone-d6).
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13C-NMR spectrum of the compound 28 (100 MHz, acetone-d6).

HRMS spectrum of the compound 28.


