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Abstract: A convenient synthesis of six phenolic diarylpropanes has been formulated. A CuBr2-catalyzed 

regioselective reaction was the key step for bromination of the arylpropanes. All the compounds showed good 

cytotoxicity to the human lung cancer A549 cell line. However, only one of these compounds induced apoptosis 

and a G1 cell cycle arrest by augmenting cellular ROS status. Introduction of bromo-substitution at the aryl 

groups increased the cytotoxicity significantly, but that was mainly due to necrosis. 
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1. Introduction 

Arylpropanoids are the major family of ‘polyphenols’ and constitute a large part of our daily 

diet. These are found throughout the plant kingdom, and are produced in response to biotic or abiotic 

stresses. Using human cell cultures in vitro, and in vivo animal models, the phenylpropanoids have 

been shown to modulate molecular and cellular processes
1
. 

 
Hence there has been increasing interest in 

these compounds as anticancer, anti-virus, anti-inflammatory, and antibacterial agents as well as UV 

screens for cosmetic products. Some of these compounds are reported to reduce the doses of 

antibiotics and eliminate drug resistance
2
.
 
Of particular interest is the cancer chemopreventive and 

anti-tumor-promoting effects of some phenylpropanoids
3, 4

.
 
The combination of phenylpropanoids with 

5-fluorouracil showed good anti-cancer property against human cervical cancer (HeLa) cell line
5
.
 

Chalcones are one of the abundant natural phenylpropanoids displaying various pharmacological 

effects, and are potential leads for the new safer drugs
6
. Some natural chalcones showed cytotoxicity

7
 

against prostate cancer cells and inhibition to cathepsins that are emerging therapeutic targets for 

anticancer drug development
8
.
   

Cancer is a major worldwide problem and the second leading cause of mortality in developed 

countries
9, 10

. Due to the toxicity and drug resistance, development of effective new cancer therapies is 

an important goal in medicinal chemistry
11, 12

.
 
Incorporation of various substituents in the chalcone 

rings may offer better anti-cancer agents, devoid of the side effects. Organobromine compounds are 

isolated in large numbers from natural sources
13

,
 
and several of them show a wide range of 

pharmaceutical profile such as antibiotic activity
14

, cytotoxicty and calcium channel activation 

property
15

, and lipoxygenases inhibition
16

.
 
However, reports about the effect of halogen incorporation 

in the chalcone B ring on the anti-neoplastic property are contradictory. For example, some B-ring 
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bromo-substituted chalcones showed excellent cytotoxicity against the A549 cell line at very low 

concentrations (10
-4

 to 10
-5

 M)
17 

while incorporation of a 4-fluoro, but not a 4-bromo group at chalcone 

B ring improved the topoisomerase I, and cathepsins B and L inhibitory activities
18

.
 
On the other hand, 

the nature of the halogen (Br or F) substitution at C3 of the epipolythiodiketopiperazine alkaloids did 

not show any definite trend on their cytotoxicity 
19

. 
 

Recently, isolation of three new 1-3 and one known 4 1,3-diarylpropanes (Figure 1) 

from the MeOH extract of stems of the vine Combretum griffithii (Combretaceae) has been reported
20

. 

The aqueous decoction of the plant (known as “Khaminkhruea”
21 

in Thai stems is traditionally used by 

local people for hepatitis treatment
22

. The 1,3-diarylpropanes 1-4 from C. griffithii stem extract were 

toxic to the KB oral human epidermal carcinoma cell line, with the relative potency as 3 >> 1 ~ 4 > 

extract >> 2. Compound 3 was also cytotoxic against human NCI-H187 (IC50 = 1.08 µg/mL) and 

MCF7 (IC50 = 6.75 µg/mL) cancer cell lines. Compound 4 inhibited Mycobacterium tuberculosis (MIC 

3.13 µg/mL), but none of these showed any activity against Plasmodium falciparum.   

 

 
 

Figure 1.  Chemical structure of the 1,3-diarypropanes from C. griffithii stem. 

 

Identification of novel and selective anticancer agents remains an important and challenging 

goal in pharmacological research. In search of new compounds with strong antiproliferative activity 

and simple molecular structure, we synthesized six 1,3-diarylpropanes with different substitutions at 

the phenyl rings and evaluated their anti-cancer activity against the human non-small cell lung cancer 

(A549) cell line. Our primary aim was to examine the effect bromination on the proliferation of the 

A549 cells. To this end, the anti-cancer activity of two non-brominated 8a-b and four brominated 9-12 

diarylpropanes were compared. Given the importance of the phenolic moiety in anti-cancer property, 

we selected the compounds with phenolic groups at both the aromatic rings. Likewise, the compounds 

9-12 possessed brominated aromatic rings. Further, the effect of some additional substitutions on the 

biological activity of the bromodiarylpropanes was also investigated.  

 

2. Results and discussion  

The initial motivation of the present work stems from our interest in natural and synthetic anti-

neoplastic agents
23-28

.
 
For the past several years, our group is interested synthesizing molecules 

containing the calixarene scaffold to study their ionophoric and host-guest inclusion properties for 

neutral molecules. In particular, exploration of the multifunctional spaces of bridged calixarenes and 

homocalixarenes are of special interest
29-32

. Many of these calixarene derivatives are easily amenable 

from suitably substituted diarylpropanes. Hence the selection of the target compounds was dictated in 

terms of their utility for the present studies as well as some homocalixarenes. 

Chemistry: The synthesis (Scheme 1) commenced by the Aldol condensation of the 

acetophenones 5a or 5b with the aldehydes 6a or 6b respectively using ethanolic KOH as the base. 

This furnished the chalcones 7a and 7b in 73% and 75% yields respectively. Catalytic hydrogenation 

of the alkene function in 7a and 7b over 10% Pd-C in acetic acid directly afforded the diarylpropanes 

8a (84%) and 8b (72%) via concomitant reduction of the benzylic ketone moiety. Recently, we have 

found that the combination of CuBr2/CH3CN can brominate various phenolic compounds exclusively 

at the para-position
33

.
 
Application of this protocol with 8a produced the required dibromo compound 9 

in almost quantitative yield. MgCl2-catalyzed formylation of 9 led to the formation of a mixture of 

monoformyl 10 and diformyl 11 derivatives in ~2:3 ratio
34

.  Reduction of 11 with NaBH4 in MeOH 

proceeded uneventfully to furnish the dicarbinol 12 in 71% yield. 
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Scheme 1. Synthesis of phenolic diarylpropanes (8-12) 

 
Biology: Lung cancer is the second leading cause of cancer-related deaths all over the world, with low 

survival rates in advanced stages
35, 36

. The poor prognosis is largely attributable to the inherent or 

acquired resistance in cancer cells against conventional chemotherapy. Hence, we examined the anti-

proliferative potential of the diarylpropanes 8-12 against the highly invasive and metastatic human 

lung cancer A549 cells. Our MTT results at 48 h revealed that with respect to vehicle treated controls, 

all the compounds dose-dependently reduced viabilities of the A549 cells (Figure 2a). Based on a 

detailed dose-dependent MTT assay (Figure 2b) the growth inhibitory IC50 value of 8a was found to be 

66.1 ± 3.3 µM. Under identical conditions, the IC50 value of the positive control, curcumin was 29.1 ± 

2.4 µM. The phase-contrast microscopy (Figure 3) showed that amongst

 

 

 

 

 

 

 

 
  
 

                                                 

                                              (A)                                                                          (B) 

 
Figure 2. Dose-dependent cytotoxicity of the diarylpropanes 8a/b-12 against human lung carcinoma 

A549 cells. (A) Effect of compounds 8a/b-12. (B) Effect of compound 8a over a wide dose range. 
Cells (1 × 104/well), grown in 96-well plates were treated with vehicle (0.1% DMSO) or increasing 

concentrations of the test compounds. The cell viability was assessed by the MTT assay after 48 h. 

The results are expressed in percentage survival considering that of the vehicle-treated control cells as 

100. The experiments were repeated three times with similar results. All determinations were made in 

four replicates, and the values are means ± S. E. M. *P<0.01, **P<0.001 compared to vehicle control. 
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Figure 3. Alteration of A549 cells morphology as revealed by phase-contrast microscopy. The A549 

cells (1 × 10
5
 /well) in 6-well plates were treated with vehicle (0.1% DMSO) or the test compounds for 

24 h, and visualized under a phase contrast microscope after washing with PBS. The experiments were 

repeated three times with similar results, and a representative image is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Detection of apoptosis/necrosis in the treated A549 cells by fluorescence microscopy. Cells 

were incubated with vehicle (0.1% DMSO) or the test compounds 3 h, stained with Hoechst 33342 and 

PI, and analyzed under Axioskop II Mot plus (Zeiss) microscope (40 × optics). The experiments were 

repeated three times with similar results, and a representative image is shown. 
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the test compounds only 8a (75 µM) and to some extent 8b (10 µM) induced significant 

morphological changes in the A549 cells, as the number of shrinking cells or those with blebbed  

membranes was notably increased after a 48 h. The other compounds induced necrosis, an undesirable 

mode of cell death. This was further confirmed by fluorescence microscopy after staining with 

Hoechst and propidium iodide (PI) (Figure 4). The nuclei of necrotic cells are characterized by red 

fluorescence on PI staining, while the nucleus of all the cells show blue fluorescence due to Hoechst 

staining. Our results showed significant necrosis at 3 h in the cells treated with the compounds 8b-12 

even at a low concentration (10 µM). The phase-contrast and fluorescence microscopy results, 

obtained with higher concentrations of 8b-12 showed complete cell disruption (data not shown). 

Hence we did not determine the growth inhibitory IC50 values of 8b-12 despite the impressive MTT 

results (Figure 2a) that showed the relative potency of the test compounds as 11>9>10>12>8b>8a. 

Since only 8a did not induce any necrosis in the A549 cells, it was chosen for all subsequent studies.  

Amongst the test samples, the 5/5' positions of 8b are substituted with two different alkyl 

groups, while compounds 9-12 contain bromine substitutions in the aromatic ring/s. These will make 

them more lipophilic compared to compound 8a that is devoid of any 5/5' substitution. As a result, 

compounds 8b and 9-12 may predominantly accumulate at the cell membrane rather than at the 

mitochondria and/ or nucleus that is required for inducing apoptosis. Instead, these compounds may 

rupture the cell membrane, leading to necrosis.  

 

Table 1. Dose-dependent effect of 8a on A549 cell cycle 

Phase Cell population (%) 

Vehicle 

 

8a (µM) 

  25 50 75 100 

% G1 57 62 67 80
* 

90
*
 

% S 27 25 21 13
*
 6

**
 

% G2 16 13 12 7
* 

4
**

 

The values are mean of two independent experiments. *P<0.01, **P<0.001 compared to vehicle control. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Dose-dependent apoptosis induction in the A549 cells by 8a as revealed by flow cytometry. 

The A549 cells were treated with 8a (0-100 µM) for 24 h. Twenty thousand cells in each treatment 

were acquired using a flow cytometer, and the DNA content of the nuclei was registered on a 

logarithmic scale. The Sub-G1 region (RN1) represents the percentage of cells undergoing apoptosis. 

The experiments were repeated three times with similar results. All determinations were made in three 

replicates, and the values are means ± S. E. M. *P<0.001 compared to vehicle control. A 

representative figure is shown. 

 

Studies have demonstrated that apoptosis induction plays the most vital role in the cancer 

treatment
37

. Dysregulation in apoptotic pathways has been implicated in the development and 

progression of malignant tumors as well as occurrence of chemo-resistant phenotypes
38, 39

.
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Figure 6. Apoptosis induction in the A549 cells by 8a as revealed by annexin V/PI assay. The A549 

cells (1 × 10
5
 / well) were treated with vehicle (0.1% DMSO) or 8a (50 or 75 µM) for 8 h. The washed 

cells in PBS were stained with annexin V and PI, and the annexin positive cells were counted with a 

fluorescence microscope. A representative figure is shown. The experiments were repeated three times 

with similar results, all determinations were made in six replicates, and the error bars show the 

standard errors. *P<0.01 compared to control. 
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Figure 7. ROS generation in the A549 cells by 8a. The cells (1 × 105/well), treated with vehicle (0.1% 

DMSO) or 8a (75 µM) or H2O2 (25 µM) for different times (1 h and 2.5 h) were incubated with 

DCFH-DA, and the ROS level analyzed by flow cytometry. A representative figure is shown. The 

experiments were repeated three times with similar results, all determinations were made in six 

replicates, and the error bars show the standard errors. *P<0.01 compared to control. 
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present study, apoptosis induction by 8a was confirmed by quantifying the sub G1 population in the 

cells, treated with different concentrations (25, 50, 75 and 100 µM) of 8a at 24 h (Table 1). A dose-

dependent increase in the sub-G1 cell population in the flow cytometry revealed induction of apoptosis 

by 8a. Compared to control, the increase in the sub-G1 phase cell population ranged from 22-67% 

when the compound concentration was raised from 50-100 µM (Figure 5). Under the same conditions, 

the known anti-cancer drug, camptothecin (2 µM) increased the sub-G1 cell population by 36.5±2.4%, 

compared to control. The annexin V/PI protocol measures the translocation of phosphatidyl serine 

from the inner to the outer leaflet of the plasma membrane, one of the earliest features of apoptosis. 

Consistent with the sub-G1 results, treatment of the A549 cells with 8a increased annexin V positive 

cells, revealing apoptosis induction. Compared to the mean florescence intensity (MFI) of the vehicle-

treated cells was 0.921 that was significantly (P<0.01) increased to 1.51 and 1.58 respectively in the 

cells, incubated with 8a (50 and 75 µM) for 8 h (Figure 6). 

The reactive oxygen species (ROS) often acts as the signal for apoptosis in many cell types
40

.
 

Hence, the constitutively up-regulated ROS levels, originating from metabolic alterations in malignant 

cells provides an opportunity for developing selective redox chemotherapeutics
41

.
 
Several anti-cancer 

agents act via ROS-mediated apoptosis induction. ROS may modulate both anti-apoptotic, and pro-

apoptotic effects to restrict tumorigenicity and malignant progression
42, 43

.
 
In the present studies, 

treatment of the cells with 8a (75 µM) or the positive control, H2O2 (25 µM) increased the ROS 

generation time-dependently (Figure 7). Compared to the control cells, the ROS increase (29%) by 

H2O2 was more than that (17%) by 8a at 1 h. However, at 2.5 h 8a and H2O2 increased the ROS level 

by 68% and 48% respectively. This suggested that ROS is a potential factor in the cytotoxicity of 8a to 

the A549 cells.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Cell cycle analysis of the A549 cells after treatment with 8a. The A549 cells were treated 

with 8a (0-100 µM) for 24 h. Twenty thousand cells in each treatment were acquired using a flow 

cytometer, and the DNA content of the nuclei was registered on a linear scale. A representative figure 

is shown. The experiments were repeated three times with similar results. All determinations were 

made in three replicates, and the values are means ± S. E. M. *P<0.01 compared to vehicle control.  
 

Inhibition of deregulated cell cycle progression is an effective strategy to halt in cancer 

progression
44, 45

.
 
Hence we analyzed the possible inhibitory effect of 8a (25, 50, 75 and 100 µM) on 

cell cycle progression at 24 h. A dose-dependent G1 arrest was induced by 8a, the effect being more 

pronounced (P < 0.001) at a dose of ≥75 µM (Figure 8). This was revealed from the increase in the G1 

population, associated with the decrease in the percentage of cells in the S-and G2-phases. Taken 

together, 8a was found to cause cell death of the A549 cells principally by cell cycle arrest in the G1 

phase, which might induce cell apoptosis. However, a detailed molecular mechanism is far from clear 

and requires further exploration. 
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3. Experimental Section  

3.1. General experimental conditions 

 

The chemicals, used for synthesis were procured from Fluka (Seelze, Germany) and Lancaster (UK). 

Other reagents were of AR grade. All anhydrous reactions were carried out under an Ar atmosphere, 

using freshly dried solvents. The IR spectra as thin films were scanned with a Jasco model A-202 FT-

IR spectrometer. The 
1
H NMR (200 MHz) and 

13
C NMR (50 MHz) spectra were recorded with a 

Bruker AC-200 spectrometer. The chemicals/biochemicals used for the biological experiments were 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), propidium iodide (PI), N-

acetylcysteine (NAC), annexin-V kit (all from Sigma Chemicals, St. Luois, MO),  Dulbecco’s 

modified Eagle’s medium (DMEM, HiMedia, Mumbai), DCFH-DA (Life Technologies, Carlsbad, 

CA) and fetal bovine serum (FBS, Gibco Life Technologies, Carlsbad, CA). 

 

3.2. Synthesis  

 

3.2.1. Synthesis of the chalcones (7a-b): To a solution of 5a/5b (50 mmol) and 6a/6b (50 mmol) in 

EtOH (10 mL) was added KOH in EtOH (40%, 100 mL). The resultant yellow solution was heated at 

60 °C till completion of the reaction (cf. TLC, 8-12 h), the mixture poured into ice-water, carefully 

acidified with aqueous 6N HCl, and extracted with EtOAc (3 × 50 mL). The combined organic 

extracts were washed with H2O (2 × 30 mL), brine (2 × 5 mL), dried (Na2SO4), and concentrated in 

vacuo. The residue was purified by column chromatography (silica gel, 7% EtOAc/hexane) to afford 

pure 7a/7b.  

 

3.2.1.1. (E)-1,3-Bis(2-hydroxyphenyl)prop-2-en-1-one (7a): yield: 73%; orange solid; mp 157-158 °C; 

IR (CHCl3): ν  3329, 3019, 1685, 1630, 1604, 1578, 1488, 1458, 1341, 1304, 1214, 1092, 1066, 1024, 

989, 863 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 5.95 (broad s, 1H, Ar-OH), 6.83-7.04 (m, 4H), 7.30-

7.33 (m, 1H), 7.45-7.53 (m, 1H), 7.60 (dd, J = 7.8, 1.4 Hz, 1H), 7.84 (d, J = 15.7 Hz, 1H), 7.93 (dd, J 

= 8.1, 1.5 Hz, 1H), 8.20 (d, J = 15.7 Hz, 1H), 12.92 (s, 1H, chelated Ar-OH); 
13

C NMR (50 MHz, 

CD3COCD3): δ 116.7, 118.5, 119.3, 120.3, 120.5, 122.2, 129.8, 130.6, 132.8, 136.7, 141.4, 157.8, 

164.0, 194.8; Anal. Calcd. for C15H12O3: C, 74.99; H, 5.03%. Found: C, 75.16; H, 4.73 %.   

  

3.2.1.2. (E)-3-(5-tert-Butyl-2-hydroxyphenyl)-1-(2-hydroxy-5-methylphenyl)prop-2-en-1-one (7b): 

yield: 75%; orange solid; mp 173-174 °C; IR (CHCl3): ν 3584, 3210, 3019, 2955, 1634, 1586, 1547, 

1489, 1414, 1341, 1308, 1287, 1261, 1214, 1176, 1135, 1111, 1030, 985, 943 cm
-1

; 
1
H NMR (200 

MHz, CDCl3): δ 1.33 (s, 9H), 2.34 (s, 3H), 6.79 (d, J = 8.4 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 7.29-

7.33 (m, 2H), 7.54-7.69 (m, 2H), 7.85 (d, J = 15.6 Hz, 1H), 8.1 (d, J = 15.6 Hz, 1H), 12.83 (broad s, 

1H, chelated Ar-OH); 
13

C NMR (50 MHz, CD3COCD3): δ 20.4, 31.7, 34.6, 116.8, 118.7, 120.6, 121.9, 

127.1, 128.6, 130.4, 130.6, 138.0, 142.5, 143.4, 156.1, 162.4, 195.2; Anal. Calcd. for C20H22O3: C, 

77.39; H, 7.14%. Found: C, 77.54; H, 7.44%.  

 

3.2.2. Synthesis of 1,3-diarylpropanes (8a-b): A suspension of the chalcone 7a (20 mmol) and 10% 

Pd-C (0.8 g) in glacial acetic acid (100 mL) was stirred under a slight positive pressure of H2 at 

ambient temperature. After completion of the reaction, the mixture was passed through a pad of celite, 

and the eluate was concentrated in vacuo. The residue was purified by column chromatography (silica 

gel, 15% EtOAc/hexane) to afford pure 8a. In a similar way, 8b was obtained from 7b. 

 

3.2.2.1. 1,3-Bis(2-hydroxyphenyl)propane (8a)
46

: yield: 84%; light brown solid; mp 95-96 °C; IR 

(CHCl3): ν 3600, 3398, 3019, 2929, 2859, 1590, 1502, 1489, 1455, 1326, 1215, 1168, 1105, 1043, 930, 

876 cm
-1

;
 1
H NMR (200 MHz, CDCl3): δ 1.96 (quint, J = 7.6 Hz, 2H), 2.68 (t, J = 7.6 Hz, 4H), 4.92 

(broad s, 2H, Ar-OH), 6.76 (d, J = 8.0 Hz, 2H), 6.82-6.90 (m, 2H), 7.04-7.16 (m, 4H); 
13

C NMR (50 

MHz, CDCl3): δ 29.7, 30.0, 115.4, 120.7, 127.0, 128.4, 130.1, 153.4;  Anal. Calcd. for C15H16O2: C, 

78.92; H, 7.06%. Found: C, 79.10; H, 7.11%.  
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3.2.2.2. 1-(2-Hydroxy-5-methylphenyl)-3-(2-hydroxy-5-tert-butylphenyl)propane (8b): yield: 72%; 

colorless solid; mp 74-75 °C; IR (CHCl3): ν 3401, 3016, 2962, 2863, 1705, 1610, 1509, 1421, 1268, 

1218, 1126, 1111, 818 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 1.27 (s, 9H), 1.91-2.05 (m, 2H), 2.25 (s, 

3H), 2.60-2.70 (m, 4H), 3.52 (broad s, 2H, Ar-OH), 6.68 (t, J = 7.6 Hz, 2H), 6.85-6.94 (m, 2H), 7.06-

7.14 (m, 2H); 
13

C NMR (50 MHz, CDCl3): δ 20.3, 29.9, 30.3, 30.4, 31.4, 33.8, 115.2, 115.5, 123.7, 

127.1, 127.4, 127.8, 128.3, 129.8, 130.8, 143.4, 150.8, 150.9; Anal. Calcd. for C20H26O2: C, 80.50; H, 

8.78%. Found: C, 80.16; H, 8.61%. 

   

3.2.3. 1,3-Bis(5-bromo-2-hydroxyphenyl)propane (9): A solution of 8a (0.46 g, 2.0 mmol) and CuBr2 

(1.88 g, 8.4 mmol) in dry MeCN (10 mL) was stirred at ambient temperature till the completion of the 

reaction (cf. TLC, 8 h). The reaction mixture was concentrated in vacuo, H2O (20 mL) was added to 

the mixture, extracted with EtOAc (2 x 10 mL), and the extract was passed through a pad of celite. 

The celite bed was washed with EtOAc (2 × 5 mL) and the organic extract washed with H2O (2 × 10 

mL) brine (5 mL), and dried (Na2SO4). Removal of the solvent in vacuo followed by purification by 

column chromatography (silica gel, 15% EtOAc/ hexane) of the residue afforded pure 9. yield: 98%; 

colorless solid; mp 132-133 °C; IR (CHCl3): ν 3602, 3233, 3019, 2927, 2859, 1492, 1455, 1428, 1321, 

1214, 1171, 1123 cm
-1

;
 1

H NMR (200 MHz, CDCl3): δ 1.90 (quint, J = 7.5 Hz, 2H), 2.62 (t, J = 7.5 

Hz, 4H), 4.92 (broad s, 2H, Ar-OH), 6.63 (d, J = 8.4 Hz, 2H), 7.16 (dd, J = 8.4, 2.5 Hz, 2H), 7.23-7.24 

(m, 2H); 
13

C NMR (50 MHz, CDCl3): δ 29.2, 29.5, 112.8, 117.0, 129.9, 130.5, 132.8, 152.6; Anal. 

Calcd. for C15H14Br2O2: C, 46.66; H, 3.65; Found: C, 47.04; H, 3.65%.    

  

3.2.4. Formylation of 9: To a stirred solution of 9 (3.89 g, 10 mmol), Et3N (7.80 mL, 56 mmol), and 

anhydrous MgCl2 (5.90 g, 62 mmol) in dry MeCN (100 mL) was added paraformaldehyde (2.16 g, 72 

mmol) in portions. The mixture was refluxed for 8 h, cooled to room temperature, acidified with 

aqueous 3N HCl, and extracted with Et2O (3 × 15 mL). The ether layer was washed with H2O (2 × 10 

mL), brine (5 mL), and dried (Na2SO4). Removal of the solvent in vacuo followed by purification by 

column chromatography (silica gel, 10% EtOAc/ hexane) of the residue afforded pure 10 and 11.  

 

3.2.4.1. 1-(5-Bromo-3-formyl-2-hydroxyphenyl)-3-(5-bromo-2-hydroxyphenyl)propane (10): yield: 

33%; colorless solid; mp 135-136 °C; IR (CHCl3): ν 3584, 3325, 3019, 2922, 2859, 1714, 1658, 1608, 

1493, 1446, 1269, 1214, 1042 cm
-1

; 
1
H NMR (200 MHz, CDCl3): δ 1.87-1.95 (m, 2H), 2.59-2.73 (m, 

4H), 4.94 (broad s, 1H, Ar-OH), 6.62 (d, J = 8.4 Hz, 1H), 7.13-7.18 (m, 1H), 7.22 (m, 1H), 7.48-7.51 

(m, 2H), 9.80 (s, 1H), 11.23 (s, 1H, chelated Ar-OH); 
13

C NMR (50 MHz, CDCl3): δ 28.7, 29.2, 29.8, 

111.1, 111.3, 117.2, 122.0, 129.9, 131.5, 132.8, 134.0, 134.1, 139.5, 154.8, 158.9, 197.4; Anal. Calcd. 

for C16H14Br2O3: C, 46.41; H, 3.41; Found: C, 46.63; H, 3.65%. 

 

3.2.4.2. 1,3-Bis(5-bromo-3-formyl-2-hydroxyphenyl)propane (11): yield: 47%; colorless solid; mp 

156-157 °C; IR (CHCl3): ν 3390, 3019, 2932, 2842, 1731, 1658, 1606, 1437, 1263, 1214, 1047, 998 

cm
-1

;
 1
H NMR (200 MHz, CD3COCD3): δ 1.97 (quint, J = 7.7 Hz, 2H), 2.74 (t, J = 7.7 Hz, 4H), 7.64 

(d, J = 2.4 Hz, 2H), 7.80 (d, J = 2.4 Hz, 2H), 9.97 (s, 2H), 11.36 (s, 2H, chelated Ar-OH); 
13

C NMR 

(50 MHz, CD3COCD3): δ 30.4, 31.3, 111.3, 122.4, 134.0, 134.5, 139.8, 159.2, 197.8; Anal. Calcd. for 

C17H14Br2O4: C, 46.18; H, 3.19; Found: C, 46.32; H, 3.22%.   

 

3.2.5. 1,3-Bis(5-bromo-2-hydroxy-3-hydroxymethylphenyl)propane (12): To an ice-cooled solution of 

11 (0.88 g, 2 mmol) in dry MeOH (10 mL) was added NaBH4 (0.08 g, 2 mmol) and the mixture and 

stirred at 0 °C till complete consumption of 11 (cf. TLC, 3 h). The reaction was quenched with 

aqueous saturated NH4Cl solution (5 mL) and concentrated in vacuo. The residue was extracted with 

EtOAc (3 × 10 mL), the organic extract washed with H2O (2 × 10 mL) and brine (5 mL), and dried 

(Na2SO4). Removal of the solvent in vacuo followed by purification by column chromatography (silica 

gel, 30% EtOAc/hexane) of the residue afforded pure 12. yield: 71%; colorless solid; mp 174-175 °C; 

IR (CHCl3): ν 3395, 3297, 3019, 2927, 2854, 1468, 1451, 1427, 1353, 1214, 1020 cm
-1

;
 1
H NMR (200 

MHz, CD3COCD3): δ 1.89 (quint, J = 7.7 Hz, 2H), 2.67 (t, J = 7.7 Hz, 4H), 4.80 (d, J = 4.8 Hz, 4H), 

5.14 (t, J = 4.8 Hz, 2H, CH2-OH), 7.12 (d, J = 2.5 Hz, 2H), 7.20 (d, J = 2.5 Hz, 2H), 8.45 (s, 2H, Ar-
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OH);  
13

C NMR (50 MHz, CD3COCD3): δ 29.5, 30.0, 62.4, 110.9, 127.7, 128.5, 131.2, 131.9, 153.4;  

Anal. Calcd. for C17H18Br2O4: C, 45.77; H, 4.07; Found: C, 45.90; H, 3.96%.   

 

3.3. Biological assays 

 

3.3.1. Cell culture  

 

The A549 cell line, procured from National Centre for Cell Science, Pune, India were cultured in 

DMEM medium, supplemented with 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin. 

The cells were grown at 37 °C under an atmosphere of 5% CO2.  

 

3.3.2. MTT assay 

 

Viabilities of the control cells and those treated with various concentrations of the test compounds 

were determined at 48 h by the MTT reduction assay
47

. Briefly, cells (1 × 10
4
/well) grown in 96-well 

plates were incubated overnight at 37 °C under an atmosphere of 5% CO2. Next day the cells were 

incubated with vehicle (0.1% DMSO) or various concentrations of the test compounds for 48 h. The 

cells were washed once with PBS, MTT solution (0.5 mg/mL, 100 µL) was added to each well and 

kept at 37 °C for 6 h. The formazan crystals in the viable cells were solubilized with 0.01 N HCl (100 

µL) containing 10% SDS and the absorbance at 550 nm.  

 

3.3.3. Cell morphology study  

 

The A549 cells (1 × 10
5
 /well) in 6-well plates were incubated with vehicle (0.1% DMSO) or the test 

compounds for 24 h. The cells were washed twice with PBS and seen under a phase contrast 

microscope. Representative fields of the cells were photographed using an Axioskop II Mot plus 

(Zeiss) microscope. 

 

3.3.4. Fluorescence microscopy 

 

DNA double staining was used to differentiate between apoptotic and necrotic cells. Cells were treated 

with different compounds for 3 h, and subsequently stained with Hoechst 33342 (20 mM) and PI (50 

mg/mL) for 15 min. Cells were washed, mounted with 70% glycerol, and analyzed under an Axioskop 

II Mot plus (Zeiss) microscope (40 × optics). 

 

3.3.5. Flow cytometry  

 

We analyzed hypodiploid DNA content as a marker for apoptosis by flow cytometry, after staining 

with PI. The cells incubated with 8a (0-100 µM) for 24 h were washed with cold PBS and fixed in 

70% chilled ethanol. Further, the cells were washed two times with cold PBS, incubated with PI (400 

µg/mL) and RNAse A (200 µg/mL) in 1 mL hypotonic buffer (0.1% sodium citrate and 0.1% Triton 

X-100) for 30 min at 37 °C, and analyzed with a Pertec CyFlow® Space flow cytometer using the 

FlowJo program. Cellular debris was excluded from the analyses by raising the forward scatter 

threshold, and the DNA content of the nuclei was registered on a logarithmic scale. At least 2 × 10
4
 

cells of each sample were analyzed. The apoptotic nuclei appeared as broad hypodiploid DNA peaks. 

For cell cycle analysis, the DNA content of the nuclei was registered on a linear scale. 

 

3.3.6. Annexin V assay 

 

The PS translocation in the A549 cells was detected using an annexin V apoptosis detection kit as per 

the manufacturer’s instructions. Briefly, the untreated and 8a (50 and 75 µM)-treated cells (1 × 

10
5
/well) were incubated for 8 h, the cells were washed two times with cold PBS, resuspended in a 

binding buffer (1 mL) and stained with annexin V (5 µL). After incubating for 15 min at room 

temperature in the dark, the annexin V-positive cells were counted using a Pertek FAC Scan flow 
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cytometer. The increase in the mean fluorescence intensity (MFI) reflected the annexin V positive 

cells. 

 

3.3.7. ROS assay 

 

The ROS levels in the cells were estimated from the ROS-mediated fluorescence enhancement of the 

cell permeable oxidation sensitive probe, DCFH-DA
48

. The cells (1 × 10
5
/well), treated with 8a (75 

µM) for 1 h and 2.5 h were scraped, centrifuged at 750 × g, and washed three times with PBS. After 

incubating with DCFH-DA (final concentration 5 µM) in PBS for 20 min at 37 °C, the cells were 

washed three times with cold PBS and analyzed using a Pertek FACScan flow cytometer. H2O2 (25 

µM) was used as the positive control.  

 

 

4. Conclusion 

Overall, our present findings showed pronounced cytotoxicity of six synthesized 

diarylpropanes, against the human lung cancer A549 cells. However, the activity of the brominated 

diarylpropanes (9-12) was primarily via necrosis. Nevertheless consistent with the previous report, our 

results also established the importance of OH groups at the phenyl rings in the anti-cancer property of 

the test compounds. Previously none of the naturally occurring diarylpropanes exhibited any toxicity 

to the lung cancer NCI-H187 cells, although some of them were very effective against human 

epidermoid carcinoma (KB) cells
20

. Interestingly, our results established that 8a can induce apoptosis 

to the A549 cells that was mechanistically rationalized in terms of cell cycle arrest and ROS 

generation. The activity of 8a was also compared with an anti-cancer drug camptothecin. The positive 

outcome of the in vitro study could form a strong basis for the development of some diarylpropanes as 

novel agents for human lung cancer prevention and/or intervention. However, this warrants further in 

vitro evaluation of other analogues of 8a to potentiate the activity so that these can be used for in vivo 

studies at pharmacologically achievable doses. In this regard, appropriate substitutions at the phenyl 

rings might arrange the aryl groups at a desired dihedral angle between them to improve their binding 

with tubuline such as phenstatin, combretastatin, and podophylotoxin. This might reduce their MIC for 

inhibiting the cancer cell proliferation.  
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