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Supplementary Data

Spectroscopic data and structural analysis of the synthesized compounds

Compound 1: (E)-1-(2-hydroxyphenyl)-3-(5-bromo-4-hydroxy-3-methoxyphenyl)-prop-2-en-1-one 
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The IR spectrum of compound 1 (Figure 1) showed a broad peak at 3264 cm-1 which is characteristics of hydroxyl (O-H) group stretching. The two peaks at 3101 and 3071 cm-1 attributed to olefinic and aromatic C-H stretching, respectively. The peak due to carbonyl group stretching was observed at lower wave number of 1675 cm-1, which is an indication of a decrease in its double bond character (resonance) induced by conjugation with the double bond. 


[image: image2]
Figure 1: IR spectrum of compound 1 in KBr

The 1H NMR of compound 1 (Figure 2A and B) showed a peak at δ 7.94 ppm (dd) which is attributed to the aromatic proton on C-6'. The dd splitting was due to its coupling with two chemically non-equivalent protons on C-5' and C-4'. The coupling constant of 8.1 Hz indicates its coupling with adjacent proton on C-5' also called vicinal coupling, and the coupling constant of 1.7 Hz indicated its coupling with a proton on C-4' also called four bond coupling (4J). The proton on C-6' showed a downfield chemical shift (δ 7.94 ppm) due to diamagnetic anisotropy effect of the aromatic pi system and adjacent carbonyl group. The doublet peak at δ 7.80 ppm which is integrated for one proton with a coupling constant of 15.3 Hz is attributed to the proton on alpha carbon. This coupling constant value confirms the trans configuration of the compound. The α proton appeared downfield to the β proton because it experiences both sp2 hybridization and diamagnetic anisotropy effect of the carbonyl functional group more than β proton. The doublet peak at δ 7.66 ppm is due to resonance of aromatic proton on C-6. The coupling constant value of 1.8 Hz is indicator of its four-bond coupling with the proton on C-2. It appeared downfield because of the deshielding effect of the electron withdrawing atom bromine on adjacent carbon. The ddd (doublet of doublet of doublets) systems occurring at δ 7.52 and 6.97 ppm are due to resonance of protons on C-4' and C-5', respectively. The proton on C-4' resonates at higher frequency than the proton on C-5' because it is found at para position to the carbonyl group (so experience its deshielding effect) and at meta position to the hydroxyl group (so doesn’t experience its shielding effect). Since the hydroxyl group increases electron density at ortho and para positions, the proton on C-5' experience this effect and appear upfield. These two protons appeared as ddd system because they undergo coupling with three chemically non-equivalent protons, two vicinal couplings and one four bond coupling, resulting in three different coupling constant values. The multiplet peak between δ 7.38-7.28 ppm integrated for two protons accounts for the protons on C-2 and C-β. Further analysis of this multiplet peak revealed two doublet peaks with a coupling constant of 1.8 and 16.0 Hz which were accounted for the protons on C-2 and C-β, respectively. The resonance of the proton on C-3' was observed as a multiplet between δ 7.11 and 7.02 ppm. The broad peaks at δ 6.65 and 4.01 ppm accounted for the hydroxyl protons at C-2' and C-4, respectively. The singlet peak at δ 4.0 ppm integrated for three protons was a characteristic peak of methoxy group. 
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Figure 2A: 1H NMR spectrum of compound 1 in CDCl3
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Figure 2B: 1H NMR spectrum of compound 1 in CDCl3
Compound 2: (E)-1-(2,4-dichlorophenyl)-3-(2-hydroxy-3-methoxyphenyl)prop-2-en-1-one

[image: image5]
The IR spectrum of compound 2 (Figure 3) displayed a broad peak at 3416 cm-1 due to stretching of O-H functional group and the peaks at 3141 cm-1 and 3085 cm-1 were indicators of the presence of olefinic and aromatic C-H stretching, respectively. The medium intensity peaks appearing at 1636 cm-1 and 1599 cm-1 were due to C=O and C=C stretching, respectively. The band occurring at 981 cm-1 indicated that the vinylic system has trans (E) configuration.


[image: image6]
Figure 3: IR spectrum of compound 2 in KBr

The 1H NMR spectrum of compound 2 is seen in Figure 4A and B. The downfield shift at δ 7.76 ppm integrated for one proton accounted for the proton on the alpha carbon. The coupling constant value (J=16.2 Hz) confirmed the trans configuration of the compound. The high chemical shift value of this proton was due to the diamagnetic anisotropy effect of the carbonyl group. The doublet peak at δ 7.48 ppm integrated for one proton attributed to the proton on C-3'. It appeared downfield due to deshielding effect of the electronegative chlorines on adjacent carbons, and the coupling constant value (J=1.9 Hz) indicated its four bond  coupling (4J) with C-5' proton. The resonance of the proton on C-6' occurred at δ 7.45 ppm as doublet with a coupling constant of 8.2 Hz. The dd signal displaying at δ 7.35 ppm was due to resonance of proton on C-5'. It occurred as dd system because it undergoes two spin spin splittings. The first spin spin splitting was with C-6' proton, which is a vicinal coupling with a coupling constant of 8.2 Hz. The second spin spin splitting was with C-3' proton, which is a four bond coupling with a coupling constant of 1.9 Hz. The doublet peak at δ 7.29 ppm integrated for one proton with a coupling constant of 16.2 Hz attributed to beta hydrogen. The resonance of the proton on C-6 occurred as dd system at δ 7.14 ppm whereas the multiplet peak between δ 6.93 and 6.85 ppm integrated for two protons accounted for protons on C-4 and C-5. These protons appeared upfield due to presence of elctron donating groups on adjacent carbons. The resonance of proton on hydroxyl group appeared as a broad singlet peak at δ 6.32 ppm. The characteristic singlet peak appearing at δ 3.92 ppm integrated for three protons attributed to the protons of methoxy group. 
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Figure 4A: 1H NMR spectrum of compound 2 in CDCl3
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Figure 4B: 1H NMR spectrum of compound 2 in CDCl3
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Figure 5: 13C NMR spectrum of compound 2 in CDCl3
The 13C NMR of compound 2 showed 16 well resolved peaks (Figure 5). The weak intensity peak at δ 193.27 ppm was due to resonance of carbonyl carbon (C=O) and the upfield peak at δ 56.24 ppm is due to the carbon of methoxy group.

From DEPT-135 spectra of compound 2 (Figure 6), 9 peaks (δ 141.90, 130.43, 130.15, 127.17, 126.85, 121.11, 119.86, 112.51, and 56.24) were observed as positive of which one being for the CH3 group (δ 56.24) while the others for CH groups. In addition, there were no negative peaks indicating the absence of CH2 groups in the structure. All the seven quaternary carbons, C-1', C-2', C-4', C-1, C-2, C-3, and carbony carbon were not detected in the spectrum.
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Figure 6: DEPT-135 spectrum of compound 2 in CDCl3
Compound 3: (E)-1-(2-hydroxyphenyl)-3-(2-hydroxy-3-methoxyphenyl) prop-2-en-1-one 

[image: image11] 

The peak at 3334 cm-1 in IR spectra of compound 3 (Figure 7) was because of O-H stretching. The overtone of bands occurring between 2000 and 1640 cm-1 was indicator of presence of aromatic ring in the compound. The peaks due to stretching of carbonyl group (C=O) and alkene (C=C) were seen at 1629 and 1605 cm-1, respectively. The trans geometry of the vinylic system was confirmed by the peak appearing at 970 cm-1.

The 1H NMR spectrum of compound 3 (Figure 8A and B) displayed a doublet peak at δ 8.16 ppm integrated for one proton, and was attributed to the vinyl proton on alpha carbon. Similar to others the coupling constant of 15.6 Hz was indicator of its spin spin splitting with adjacent trans proton. The peak due to resonance of 6'-H was seen at δ 7.97 ppm and appeared as dd system with a coupling constant of 8.0 Hz (due to 3J coupling with 5'-H) and 1.2 Hz (due to 4J coupling with 4'-H). The beta hydrogen resonates at δ 7.95 ppm and appeared as doublet with a coupling constant of 15.5 Hz which further confirms their existence in (E) trans configuration. The two multiplet peaks between δ 7.54 – 7.49 ppm and δ 7.23 – 7.20 ppm were attributed to the protons on C-4' and C-5', respectively. The dd signal at δ 7.05 ppm was assigned for the aromatic proton on C-6. The multiplet peak between δ 6.99 and 6.89 ppm integrated for three protons assigned for the protons on C-3',4,5. The peaks at δ 6.41, 3.97 and 3.94 ppm were assigned for 2'-OH, 3- OCH3 and 2-OH, respectively. 


[image: image12]
Figure 7: IR spectrum of compound 3 in KBr
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Figure 8A: 1H NMR spectrum of compound 3 in CDCl3
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Figure 8B: 1H NMR spectrum of compound 3 in CDCl3
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Figure 9: 13C NMR spectrum of compound 3 in CDCl3

The 13C NMR spectrum of compound 3 showed 16 well resolved peaks (Figure 9). The downfield peak at δ 194.44 ppm was due to the carbonyl carbon and the upfield peak at δ 56.28 ppm was due to the carbon of methoxy group.

In DEPT-135 spectrum of compound 3 (Figure 10), 10 peaks (δ 140.92, 136.16, 129.83, 122.22, 121.63, 119.82, 118.77, 118.52, 112.31, 56.28) were appeared as positive peaks. Out of these, the peak at δ 56.28 was due to CH3 while the other 9 peaks were due to CH groups. The absence of negative peaks in the DEPT-135 spectrum indicated that there were no CH2 groups in the structure. For all quaternary carbons, C-1', C-2', C-1, C-2, C-3, and carbonyl carbon peaks were not observed in DEPT-135 spectrum. 
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Figure 10: DEPT-135 spectrum of compound 3 in CDCl3
Compound 4: (E)-1-(2,4-dichlorophenyl)-3-(4-hydroxy-3,5-dimethoxyphenyl) prop-2-en-1-one

[image: image17]
As shown in Figure 11, the IR stretching of O-H and aliphatic C-H appeared at 3317 and 3117 cm-1, respectively. The signal due to the α, β- unsaturated carbonyl group was seen at 1651 and 1602 cm-1, which accounts for C=O and C=C stretching, respectively. The weak intensity peak at 976 cm-1 confirmed trans (E) configuration of the compound.

The 1H NMR spectrum of compound 4 is presented in Figure 12A and B. The upfield intense and sharp singlet peak observed at δ 3.91 ppm and integrated for six protons (6H) was attributed to the protons on the two chemically equivalent methoxy groups on C-3 and C-5. The singlet peak at δ 3.95 ppm, integrated to one proton was attributed to the hydroxyl proton. The absorption of the two chemically equivalent protons on C-2 and C-6 was seen at δ 6.80 ppm, which appeared as singlet and integrated for two protons. They appeared at lower chemical shift value due to the shielding effect of methoxy groups on adjacent carbons. The peak at δ 6.95 ppm which appeared as doublet and integrated for one proton accounted for the vinyl Hβ proton. The coupling constant (J) value of 16.0 Hz confirmed trans configuration of the vinyl protons. The chemical shift of protons on alpha carbon and C-5' appeared as multiplets between δ 7.30 and 7.36 ppm. 

Further analysis of this multiplet peak showed one dd with a coupling constant of 8.2 Hz (3J) and 1.9 Hz (4J) which indicated that this proton is located between two protons that undergo the respective splitting patterns, this information directs to the proton on C-5ʹ. In addition, it showed a doublet peak with a coupling constant of 16.0 Hz which accounted for the proton on the alpha carbon. The signal due to absorption of proton on C-6' appeared as doublet at δ 7.41 ppm and occurred downfield due to diamagnetic anisotropy effect of the carbonyl group. The chemical shift value at δ 7.47 ppm was accounted for the absorption of proton on C-3'. The peak appeared downfield due to deshielding effect of chlorines on the adjacent carbons. The coupling constant value (J=1.9 Hz) indicated that this proton undergoes four bond coupling (4J).


[image: image18]
Figure 11:  IR spectrum of compound 4 in KBr
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Figure 12A: 1H NMR spectrum of compound 4 in CDCl3
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Figure 12B: 1H NMR spectrum of compound 4 in CDCl3
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Figure 13: 13C NMR spectrum of compound 4 in CDCl3

The 13C NMR of compound 4 (Figure 13) showed 14 well resolved peaks. The signal due to resonance of carbonyl carbon was seen at δ 192.74 ppm and that of methoxy carbon was seen at δ 56.38 ppm.

The DEPT-135 spectrum of compound 4 (Figure 14) showed 7 positive peaks (δ 147.56, 130.24, 130.11, 127.25, 124.02, 105.75, 56.38). Similarly, the lack of negative peaks in the DEPT-135 spectrum of compound 4 confirmed absence of methylene (CH2) group in the structure.  
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Figure 14: DEPT-135 spectrum of compound 4 in CDCl3
Compound 5: (E)-1-(2,4-dichlorophenyl)-3-(5-bromo-4-hydroxy-3-methoxyphenyl) prop-2-en-1-one 

[image: image23]
The IR spectra of compound 5 (Figure 15) showed broad band at 3320 cm-1 which was characteristics of O-H stretching. The absorption peaks at 3140, 3092, 1656 and 1607 cm-1 were due to olefinic C-H stretching, aromatic C-H stretching, carbonyl (C=O) stretching and olefinic C=C stretching, respectively. The peak at 972 cm-1 was indicator of trans (E) configuration of vinylic system.

The 1H NMR spectrum of compound 5 (Figure 16A and B) showed a doublet peak at δ 7.47 ppm with a coupling constant of 1.9 Hz was attributed to the proton on C-3'. The downfield shift of this proton was due to deshielding effect of the two chlorine atoms on ortho positions. The signal at δ 7.42 ppm which appeared as doublet and integrated for one proton was attributed to the 6'-H. This proton showed a characteristic vicinal coupling constant of 8.2 Hz. The proton on C-6 appeared at a chemical shift of δ 7.36 ppm with a coupling constant of 2.0 ppm, was indicator of a four-bond coupling (4J) with a proton on C-2. The multiplet peak between δ 7.34 and 7.28 ppm integrated for two protons accounted for the protons on C-5' and α-C. The proton on C-2 showed signal at δ 7.01 ppm and appeared as doublet with a coupling constant of 1.9 Hz. The proton on C-2 appeared upfield relative to the proton on C-6 because of the shielding effect of the electron donating group (OCH3) on C-2 proton whereas the relative downfield chemical shift of the proton on C-6 was due to deshielding effect of the electron withdrawing group at ortho position.  

The doublet peak at δ 6.94 ppm integrated for one proton was attributed to the beta proton. This proton undergoes spin spin splitting with a coupling constant of 16.00 Hz, which confirmed trans configuration of the compound. The peaks due to resonance of hydroxyl proton and methoxy protons appeared as singlet at δ 6.45 and 3.94 ppm, respectively.
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Figure 15:  IR spectrum of compound 5 in KBr
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Figure 16A: 1H NMR spectrum of compound 5 in CDCl3
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Figure 16B: 1H NMR spectrum of compound 5 in CDCl3
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Figure 17: 13C NMR spectrum of compound 5 in CDCl3

The 13C NMR of compound 5 showed 16 well resolved peaks (Figure 17). The downfield peak at δ 192.40 ppm was due to resonance of the carbonyl carbon (C=O) and the upfield peak at δ 56.49 ppm was due to carbon of methoxy group.

The DEPT-135 spectrum of compound 5 (Figure 18) showed 8 positive peaks, of which one at δ 56.49 ppm being due to OCH3 group while the remaining being due to the seven CH groups. The absence of negative peaks in the DEPT-135 spectrum of compound 5 indicated that there are no CH2 groups in the structure. Peaks due to quaternary carbons (C-1', C-2', C-4', C-1, C-3, C-4, C-5 and carbonyl carbon) were not observed in the DEPT spectrum.
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Figure 18: DEPT-135 spectrum of compound 5 in CDCl3
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