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Chapter 3: Synthesis

3.2.4 Synthesis of flavanones

3.2.4.1 The ‘simple’ flavanone

The simple flavanone (12F) was synthesized via the Claisen Schmidt condensation of
commercially available 2’-hydroxy-acetophenone and benzaldehyde in base (KOH) to
form the chalcone (12C) intermediate (yield 78%), this was then cyclized, again under
basic conditions, using sodium acetate, to form the corresponding flavanone 12F (yield
92.8%). Scheme 3.8 below displays the complete reaction mechanism. Compounds 12C
and 12F are known, and the characteristic signals for both the chalcone and the
corresponding flavanone were compared with the identified structures referenced in Sci-
Finder respectively [105, 106].
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Scheme 3.8: Reaction mechanism for the synthesis of the ‘simple flavanone’ (12F)
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3.2.4.2 Hydroxyflavanones and methoxy-hydroxy flavanones

All flavanones (13F — 18F) were prepared in good yields (89 — 95 %) via the route
synthesis discussed previously. An equimolar mixture of the relevant aldehyde and
acetophenone in ethanol (95 %) was treated with KOH at 40 °C for 4 hours to produce the
chalcone intermediates (13C - 18C). Crude products were purified by column
chromatography and confirmed by NMR spectroscopy. The structural elucidation of
compounds 13C — 15C was achieved by comparing them with references found on Sci-
finder, the chalcone moiety can easily be identified by observing two pairs of trans-
coupled doublets in regions 7.50-7.90 ppm [107-109]. Compounds 16C — 18C were found

to be novel as no references to them were found on Sci-Finder.

The chalcone intermediate, in ethanol, was treated with sodium acetate and stirred under
reflux for 24 hours to produce the corresponding benzyloxy flavanones (13D — 15D) and
benzyloxy methoxy flavanones (16D — 18D). The structure of compound 13D was
compared to 4’-Benzyloxyflavanone prepared by Cabrera et al, in their investigation into
antitumor agents [107]. Compounds 14D - 18D were found to be novel as no references to
them were found on Sci-finder. The procedure, although seemingly simple needed some
fine tuning in order for the reasonable yields of above 85 % to be achieved. Demasking of
the benzyl groups for all flavanones was achieved using catalytic hydrogenation. The
flavanones were dissolved in ethyl acetate and treated with Pd/C as the heterogeneous
catalyst under a hydrogen atmosphere for 5 hours at room temperature to produce
hydroxyl-flavanones 13F - 15F (Scheme 3.10) and hydroxyl methoxyflavanones
16F — 18F (Scheme 3.11).
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Chalcone (11C) was the representative precursor for synthesis of the corresponding
hydroxyl flavanone (11F) (Scheme 3.9).

Scheme 3.9:  Synthesis of hydroxy flavanone 11F. Reagents and conditions: i) sodium

acetate, under reflux for 24 hours.
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Scheme 3.10: Synthesis of hydroxyl flavanones 13F — 15F. Reagents and conditions: i)
KOH/EtOH at 40 °C for 4 hours. ii) Sodium acetate, under reflux for 24
hours. iii) Catalytic hydrogenation, Pd/C, ethyl acetate, 5 hours
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Scheme 3.11: Synthesis of hydroxyl methoxy flavanones 13F — 15F. Reagents and
conditions: i) KOH/EtOH at 40 °C for 4 hours. ii) Sodium acetate, under
reflux for 24 hours. iii) Catalytic hydrogenation, Pd/C, ethyl acetate, 5 hours

3.24.3 Discussion
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Deprotection of benzyloxy flavanones 13D — 18D by catalytic hydrogenation produced
flavanones 13F — 18F in good yields (90 - 98 %). The tHNMR spectra of all flavanones
12F — 18F were all characterized by the presence of two two-proton triplets, in the range of
2.95-3.30 ppm, assigned to the hydrogens of H-3 (J = 7.2 Hz) and H-2 (J = 7.2 Hz) which
confirms cyclisation. The H-2 triplets occur at a higher field, 2.95-3.03 ppm, in comparison
to the H-3 triplets, 3.17-3.34 ppm, due to the deshielding effects of the electron
withdrawing carbonyl group causing the chemical shift ofH-3 to appear further downfield.
The resonance signals for the hydroxyl groups appear downfield as expected. However the
signals for the OH groups at position 6’ appear significantly downfield, 11.85-12.87 ppm,
with respect to the other OH signals for OH groups at positions 4’, 5°, 3 and 4
(6.50 — 10.34 ppm). The strong deshielding of the resonances of OH protons at position 6’
is due to intramolecular hydrogen bonding with the peri-carbonyl group. In the case of
hydroxyl methoxy flavanones 16F — 18F, the resonance signals for the methoxy groups
appear up field as expected, in the region of 3.78 - 3.90 ppm. The aromatic protons for all
flavanones 12F — 18F appear in the range of 5.50 - 7.50 ppm. The *C NMR spectra, all
displayed single signals in the region of & 201-205.6, which is indicative of a ketone
carbonyl group. The 3- and 2-C atoms with respect to the carbonyl group in the pyran ring
gave rise to signals in the range of 30 and 75 ppm. Again the resonance signal for the3-C
appears at a higher field than the 2-C since the 2-C is directly attached to an Oxygen. Table
3 represents a summary of the various diagnostic signals for the flavanones discussed vide
infra. The above mentioned flavanones have been structurally compared with their
respective compounds found in literature, and their tHNMR and *C NMR signals were
found to be indicative of the Flavanone structure [110-112].
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Rg Rs (12F) R1=R2=R3=R4=R5=R6=H
(13F) R1=R2=R3=R4 =R6 =H,R5 = OH
R, 0
Ry (14F) R1=R2=R3=R5=R6 =H, R4 = OH
R (15F) R1=R3=R5=0H,R2=R4=R6 =H
2
R | (16F) R1=R3 =R5=H, R2 = OH, R4 =R6 = OMe
3
(17F) R1=R3 =H, R2 = OH, R4 =R5 = R6 = OMe
(18F) R1=R2=OH, R3=H, R4 =R5=R6 = OMe
Compound H-3 H- 2 OH OMe C-2 C-3 Cc=0 C-OH
12F 3.24 3.03 2°=11.93 - 3879 2697 20561 €2’ =156.69
t,J=7.2 Hz t, J=7.2 Hz 5=94 C5’ =153.47
13F 3.17 2.98 2’6’ =12.87 - 453 2697 2014 €2’ =159.00
t,J=7.2 Hz t,J=7.2 Hz 4=10.34 C5° =126.40
C6’ =143.20
14F 3.17 2.98 2°61H 12187 3 453 2697 2014 €2’ =159.00
t,J=7.2 Hz t,J=7.2 Hz 4 =1034 C5° =126.40
C6’ =143.20
15F 3.17 2.98 2’6’ =12.87 - 453 2697 2014 €2’ =159.00
t,J=7.2 Hz t,J=7.2 Hz 4 =1034 C5° =126.40
C6’ =143.20
16F 3.32 2.96 2°6’=1185  3.81-3.90 453 2697 2014 €2’ =159.00
t,J=7.2 Hz t,J=7.2 Hz 4 =650 C4’ =126.40
C6’ =143.20
17F 3.17 2.98 2’=1287  383-390 443 2687 2014 €2’ =159.00
t,J=7.2 Hz t,J=7.2 Hz 4 =10.34 C4’ =155.8
18F 3.21 2.99 2’=1193  383-390 453 2697 2014 €2’ =159.00
t,J=7.2 Hz t, J=7.2 Hz 5 =7.63 C5° =155.8
Table 3.2: Characteristic spectroscopic data of Flavanones (12F — 18F)
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3.3.  Synthesis of 6- and 8-Prenyl Flavanones

The synthesis of prenylated flavanones 19F and 20F was achieved by gradually treating
Naringenin (14F) with boron trifloride etherate and 2-hydrox-2-methylbutane in dioxin at
room temperature for 24 hours. This reaction resulted in the formation of two products,
which could be separated chromatographically and identified as 8-C- prenylnaringenin and
6-C- prenylnaringenin in moderate yields of 36 % and 40 % respectively (Scheme 3.12).

Scheme 3.12: The synthesis of prenylated flavanones 19F and 20F, Reagents and
conditions, 1) boron trifloride etherate and 2-hydrox-2-methylbutane in

dioxin at room temperature for 24 hours

3.3.1 Discussion

The flavanone skeleton of compounds 19F and 20F was easily identified using
'H NMR spectroscopy by the characteristic sets of doublets of doublets at 515.25 — 5.39
(J =12.0 and 4.5 Hz) for H-2a, at 6 2.68 — 2 .99 (J = 17 and 4.5 Hz) for H-3e [113]. A
third methylene doublet of doublets is observed in the range of & 3.08 — 3.09 (J = 17.3 and
13.0 Hz) for H — 3a, in which the large coupling is due to geminal coupling between proton
H — 3a and H — 3e. The prenyl groups were identified by two singlets corresponding to the
two methyl groups, appearing up field in the range of 1.67 — 1.82 ppm, as well as a
prominent two proton doublet in the range of 3.35 — 3.37 ppm corresponding to H-1"".
Singlets corresponding to H-6 for compound 19F and H-8 for compound 20F were
observed in the range of § 5.99 — 6.02 ppm. The HNMR spectra for 19F and 20F were

understandably quite similar. However, according to literature they may be distinguishable
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by comparing the & values of the singlets for H-6and H-8, with the latter appearing slightly
downfield in all similar cases published [113]. Based on this premise, compound 19F was
characterized as 8-C- prenylnaringenin (singlet appeared at 5.99 ppm, H-6), and compound
20F as 6-C- prenylnaringenin (singlet appeared at 6.02 ppm, H-8). Downfield
exchangeable singlets at 6 12.00 ppm and 12.39 ppm, characteristic of the chelated OH
was observed for 19F and 20F respectively. Table 4 provides a summary of the
comparative *H NMR spectra for the two isomers illustrating their similarities and subtle

differences as measured on a 200 MHz spectrometer.
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OH
19F 20F
Position
OH O
2 5.71dd, J=13.0, 3.1Hz 5.39 dd, J=13.0, 3.1Hz
3 2.70 dd, J=16.3, 3.4Hz, H-3a 2.68 dd, J=16.3, 3.4Hz, H-3*
2.99dd, J=16.3, 13.0Hz, H-3e | 2.89dd, J=16.3, 13.0Hz, H-3e

5-OH 12.40, s 12.00, s

6 5.99,s -
7-0OH 11.22,s 11.01, s

8 2 6.02, s

2’ 7.33, d, J=8.4Hz 7.32,d, J=8.4Hz

3 6.88, d, J=8.4Hz 6.88, d, J=8.4Hz
4’ -0OH 9.67,s 9.60, s

5 6.88, d, J=8.4Hz 6.88, d, J=8.4Hz

6 7.33, d, J=8.4Hz 7.32,d, J=8.4Hz

17 3.35, d, J=8.0Hz, 3.36, d, J=8.0Hz,

2” 5.25-5.37, m 5.20-5.39, m

4 1.815, s 1.72,s

5” 1.756, s 1.67,s

Table 3.3:  'H NMR Spectroscopic data of Prenylated flavanoids 19F and 20F
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CHAPTER 4

4. EXPERIMENTAL

4.1 Materials
4.1.1 Purification of solvents
All solvents used for reactions and preparative chromatography, were distilled prior to use.

Other reagents obtained from commercial sources were used without further purification.

4.1.2 Chromatographic Separations

Preparative column chromatography was carried out on dry-packed columns using Merck
silica gel (particle size 0.2 - 0.5 mm) as adsorbent and Merck silica gel 60
(0.063- 0.2 mm) as the stationary phase. Mixtures of ethyl acetate and hexane were used as

eluent.

4.1.3 Physical and Spectroscopic Data
All melting points were obtained on a FISCHER-JOHNS melting point apparatus and are

uncorrected.

Proton nuclear magnetic resonance (*H NMR) and carbon nuclear magnetic resonance (**C
NMR) spectroscopy were used for structural determination of all ligands. *H and *C NMR
spectra were recorded using a Varian Gemini 2000spectrometer and chemical shifts are
indicated in ppm.(*H, 200MHz; 3C, 50MHz).The spectra were run at ambient temperature
in deuterated chloroform (CDClIs) solution, with CHCIs at § 7.26 for *H NMR spectra and
& 77.00 for 3C-NMR spectra as internal standards. Sample signals are relative to the
resonance of residual protons on carbons in the solvent. Samples were prepared weighing
out between 30 — 60 mg of sample and dissolved in deuterated chloroform (CDCIs). In the
NMR spectra, assignments of signals with the same superscripts are interchangeable.

29 [P (13 2

Splitting patterns are designated as “s”, “d”, “t”, “q”, “m” and “bs”. These symbols

indicate “singlet”, “doublet”, “triplet”, “quartet”, “multiplet” and “broad singlet”. FT-IR

measurements were used to determine the presence of functional groups in all final stage
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unprotected chalcones and flavanones. The ATR-IR measurements were carried out on a
Perkin-Elmer Spectrum 100 FTIR spectrometer.

4.1.4 Other General Procedures

The term “residue obtained upon work-up” refers to the residue obtained when the organic
layer was separated, dried over magnesium sulphate (MgSO4) followed by filtration and

the removal of solvent by evaporation.

4.2 Characterization

4.2.1 Pyran protected acetophenones and benzaldehydes

5-Dihydropyranyl-2-hydroxyacetophenone (1)

OH
s
7 I
O
1)

To a solution of 2, 5-dihydroxyacetophenone (1.38g; 10 mmol) and PPTS (30mg) in
CHCl, (20ml), 3, 4-dihydro-2-H-pyran (10.5g; 124 mmol) was added. The resulting
mixture was stirred for 6 hours at room temperature. The residue obtained upon work-up
was chromatographed using EtOAc: hexane (1:4) as eluent to afford the product (1) as
white thick solid (1.86g; 100% based on 0.21 g recovered starting material).

'H NMR (200 MHz, CDClI3) & ppm 1.90 (m, 6H, 3'-, 4- and 5'-H), 2.61 (s, 3H, CH3CO),
3.60 (m, 1H, 6'-Ha), 3.90 (m, 1H, 6'-He), 5.31(t, 1H, J=3.2 Hz, 2'-H), 6.91 (d, 1H,
J=8.8Hz, 3-H), 7.24 (dd, 1H, J=8.8 and 3.0 Hz, 4-H), 7.41 (d, 1H, J=3.0 Hz, 6-H).
13C NMR § 18.8, 25.2, 26.6, 30.6, 61.8, 96.4, 113.4, 118.6, 118.7, 132.2, 148.9, 150.9 and
204.0. HRMS: Calc. For C13H1604 = 236.2637. Found: = 236.2636
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4-Dihydropyranylbenzaldehyde (5)

To a solution of 4-hydroxybenzaldehyde (1.22g; 10 mmol) and PPTS (30mg) in CH2Cl;
(20ml), 3, 4-dihydro-2-H-pyran (10.5g; 124 mmol) was added. The resulting mixture was
stirred for 6 hours at room temperature. The residue obtained upon work-up was
chromatographed using EtOAc: hexane (1:4) as eluent to afford the product (5) as a white
thick solid (1.149; 68%).

IH NMR (200 MHz, CDCl3) & ppm 1.75 (m, 6H, 3", 4'- and 5'-H), 3.65 (m, 1H, 6'-Ha),
3.95 (m, 1H, 6'-Hy), 5.50 (t, 1H, J=3.2 Hz, 2'-H), 7.15 (d, J=8.8Hz, 2H, H-3 and H-5), 7.24
(d, 2H, J=8.8Hz,H-2 and H-6) and 9.86 (s, 1H, ~CHO). *C NMR 5 18.8, 25.1, 30.3, 61.9,
96.4, 115.2,129.4, 131.1, 161.3 and 190.7.

HRMS: Calc. For C12H1403 = 206.2378.Found: = 206.2377

3-Dihydropyranylbenzaldehyde (6)

s
H
(@]
(6)

To a solution of 3-hydroxybenzaldehyde (1.22g; 10 mmol) and PPTS (30mg) in CH2Cl,
(20ml), 3, 4-dihydro-2-H-pyran (10.5g; 124 mmol) was added. The resulting mixture was
stirred for 6 hours at room temperature. The residue obtained upon work-up was
chromatographed using EtOAc: hexane (1:4) as eluent to afford the product (6)
(1.09q; yield 53%).

'H NMR (200 MHz, CDCls) § ppm 1.75 (m, 6H, 3'-, 4'- and 5'-H), 3.60 (m, 1H, 6'-Ha),
3.95 (m, 1H, 6'-Hp), 5.31(t, 1H, J=3.2 Hz, 2'-H), 7.30 (m, 1H, H-5), 7.36-7.43 (m, 3H, H-2
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, H-4 and H-6) and 9.97 (s, 1H, ~CHO). *C NMR § 18.8, 25.2, 30.2, 61.8, 96.5, 112.8,
120.4, 123.2, 130.0, 137.8, 158.6 and 192.2.
HRMS: Calc. For C12H1403 = 206.2378. Found: = 206.2377

4.2.2 MOM protected benzaldehyde

3-Methoxymethyleneoxybenzaldehyde (7)

()

To a stirred mixture of 3-hydroxybenzaldehyde (1.22g, 10mmol) and sodium hydride
(5.61g, 7mmol) in CH.Cl, (15ml), MOMBr (1.39g, 10.1mmol) was added drop wise. The
mixture was stirred at room temperature overnight, diluted with water (20ml), extracted
using CH2Cl> , washed with saturated NH4Cl1 (3 X 100ml) and evaporated to dryness. The
residue obtained upon work-up was chromatographed using EtOAc: hexane (1:4) as eluent
to afford 3-methoxymethylene-oxybenzaldehyde (7) as a brown solid (0.49g, yield 30%)
'H NMR (200 MHz, CDCls) & ppm: 3.49 (s, 3H, OCHj3), 5.23 (s, 2H, OCH,0CHs3), 7.29
(m, 1H, 4-H), 7.45 (t, 1H, J=7.2 Hz, 5-H), 7.52 (m, 2H, 2- and 6-H). 13C NMR §&: 56.2,
94.5,113.3,120.9, 123.0, 130.9, 137.9, 157.1 and 192.3.

HRMS: Calc. For CoH1003 = 166.1739. Found: = 166.1737
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4.2.3 Benzyl protection of acetophenones/benzaldehydes

4.2.3.1 General procedure for benzyl protection of acetophenones/bezaldehydes

To a solution of either the acetophenone or benzaldehyde in DMF (30 ml), K>COs
(3.6 mmol equiv) and the same mmol amount of benzyl bromide as the acetophenone or
benzaldehyde analogue was added. The reaction mixture was stirred for 3 hours at 80 °C.
The progress of the reaction was monitored by TLC. The reaction mixture was then poured
into water and extracted with ethyl acetate (EtOAc), and the organic portion was washed
with brine. The organic fraction was dried over anhydrous NaSO4, and the solvent was

removed in vacuo to afford a residue which was then chromatographed.

2-Hydroxy-5-benzyloxyacetophenone (2)

OH
OJ@/Y
O
2

2-Hydroxy-5-benzyloxyacetophenone (2) was synthesized from
2, 5-dihydroxyacetophenone (3.043g; 20 mmol), benzyl bromide (1.9 ml; 20 mmol)
andK>COs (10g) according to the general procedure used for benzyl protection. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 2-Hydroxy-5-benzyloxyacetophenone (2) as off-white thick solid (3.94g, 16
mmol, 81 % yield). *H NMR (200 MHz, CDCls) & ppm, 2.45 (s, 3H, CHs), 5.21 (s, 2H,
CHy), 6.72 (m, 2H, 3,4-H), 7.28 (s, 1H, 6-H), 7.44 (m, 4H, Ar), 11.77 (s, 1H, 2-OH); 3C
NMR (200 MHz, CDClIs) 6ppm, 30.1 (CHg), 71.0 (CH2), 115.1 (C-6), 116.6 (C-3), 119.8
(C-4), 122.1 (C-1), 127.0 —129.7 (5C-Ar), 141.9 (C-1"), 153.5 (C-5), 154.1 (C-2) and
205.6 (C=0). HRMS: Calc. For C1sH1403 = 242.2699. Found: = 242.2696

66



Chapter 4: Experimental

2-Hydroxy-4, 6-dibenzyloxyacetophenone (4)

N
Sy

O (0]

©

2-Hydroxy-4, 6-dibenzyloxyacetophenone 4) was synthesized from
2, 4, 6-trihydroxyacetophenone (3.36g; 20 mmol), benzyl bromide (3.8 ml; 40 mmol)
andK>COs (10g) according to the general procedure used for benzyl protection. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 2-hydroxy-4,6-dibenzyloxyacetophenone (4) as off-white solid (2.59g, 18 mmol,
37 % yield), *H NMR (200 MHz, CDCls) & ppm, 2.56 (s, 3H, CHs), 5.10 (s, 2H, CH>),
5.28 (s, 2H, CH>), 5.88 (s, 1H, 3-H), 6.36 (s, 1H, 5-H), 7.46 (m, 10H, 2xAr), 11.93
(s, 1H, 2-OH); *C NMR (200 MHz, CDCls):3ppm, 31.0 (CHzs), 71.1 (CHy), 71.3 (CHy),
93.6 (C-5), 94.7 (C-3), 102.3 (C-1), 127.0 — 130.4 (C-Ar), 141.6 (C-1"), 141.9 (C-1"), 162.5
(C-2), 165.6 (C-6), 166.7 (C-4) and 205.6 (C=0). HRMS: Calc. For C22H2004 = 348.3918.
Found: = 38.3915

4-Benzyloxybenzaldehyde (8)

4
L
(6]
(©)
4-Benzyloxybenzaldehyde (8) was synthesized from  4-hydroxybenzaldehyde
(2.449; 20 mmol), benzyl bromide (1.9 ml; 20 mmol) and K>COs (10g) according to the
general procedure used for benzyl protection. The residue obtained upon work-up was

chromatographed using ethyl acetate/ hexane (2:4) to afford
4-benzyloxybenzaldehyde (8) as brown thick solid (3.58g, 16.8 mmol, 84.4 % vyield)
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IH NMR (200 MHz, CDCls) & ppm, 5.18 (s, 2H, CH2), 6.88 (d, J = 7.6 Hz, 2- and 6-H),
7.46 (m, 5H, Ar), 7.96 (d, J = 7.6 Hz, 3- and 5-H) and 10.21 (s, 1H, CHO); 13C NMR
(400 MHz, CDCls) 8ppm, 71.32 (CH2), 115.20 (C-3, C-5), 127.0 -129.9 (C-2', C-3', C-4',
C5 and C-6), 12857 (C-1), 13111 (C-2, C-6), 136.6 (C-1), 165.78
(C-5), 203.66 (C=0). HRMS: Calc. For C14H120; = 212.2439. Found: = 212.2437

3,4-Dibenzyloxybenzaldehyde (9)

3, 4-Dibenzyloxybenzaldehyde (9) was synthesized from 3, 4-dihydroxybenzaldehyde
(2.76g; 20 mmol), benzyl bromide (3.8 ml; 20 mmol) and K>CO3s (10g) according to the
general procedure used for benzyl protection. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford
3,4-dibenzyloxybenzaldehyde (9) as brown thick solid (4.96g, 15.6 mmol, 77.9 % yield),
'H NMR (200 MHz, CDCls): 6 ppm, 5.22 (s, 4H, 2xCHz, ), 7.14 (dd, 1H, J = 6.4 and 2.0
Hz, 3-H),7.21 (d, 1H,J=2.0 Hz, 6-H),7.29 (d, 1H, J=6.4 Hz, 2-H), 7.42 (m, 10H,
Ar), 10.28 (s, 1H, CHO); 3C NMR (200 MHz, CDCIl3) dppm, 71.3 (CH), 71.4 (CHy),
114.2 (CHy), 115.1 (CH), 123.8 -130.1(C-2’, C-3', C-4', C-5', C-6', C-2", C-3", C-4", C-
5", C-6"),130.2 (C-1), 136.0 (C-1"), 137.2 (C-1"), 150.8 (C-3), 154.2 (C-4) and 200.2
(C=0). HRMS: Calc. For C21H1803 = 318.3658. Found: = 318.3655
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4.2.4 Synthesis of Chalcones

4.2.4.1 General procedure for the synthesis of Chalcones

To a solution of the substituted acetophenone (10 mmol) in EtOH (10ml-20ml), KOH
(40 mmol) and benzaldehyde (10-12 mmol) was added. The resulting mixture was stirred
at 40 °C for 4-5h and the progression of the reaction was monitored by TLC. After all
reactants were consumed, the reaction mixture was poured into water and made acidic
using 2M HCI solution. The reaction mixture was then extracted with ethyl acetate
(EtOAC), and the organic portion washed with brine. The organic fraction was dried over
anhydrous NaSOs, filtered and the solvent was removed in vacuo. The compound was
purified by column chromatography of the residue on silica gel with petroleum ether: ethyl

acetate (4:1) as eluent.

2'-Hydroxychalcone (12C)

|

A

(12c)
2'-Hydroxychalcone (12C) was synthesized from 2’-hydroxyacetophenone (1.36g; 10
mmol) and benzaldehyde (1.17g; 11 mmol) according to the general procedure for
chalcone synthesis. The residue obtained upon work-up was chromatographed using ethyl
acetate/ hexane (1:4) to afford 2"- hydroxychalcone (12C) as brown crystals (1.75g, 7.8
mmol, 78 % vyield) Mp =86 °C (Lit.[114] Mp = 86-88 °C). IR cm® : 1576 (C=0).
IH NMR (200 MHz, CDCls): & ppm = 6.95(d, 1H, J=2.0 Hz, 3--H), 7.44-7.99 (m, 8H, a-
H, Ar-H), 8.01 (d, 1H, J = 15.5 Hz, , p-H), 8.12 (d,1H, J=2.0 Hz, 6'-H), 9.45 (s, 1 H, 2"
OH). C NMR (200 MHz, CDCls): 8 ppm = 118.0 (3-H), 120.2 (C-a), 121.4, 126.8,
126.9, 128.6, 129.0, 129.4,131.3, 135.0, 136.8 (C-Ar) 145.9 (C-B), 164.0 (C-2'), 194.1
(C=0). HRMS: Calc. For C15H1202 = 236.2653. Found: = 236.2651
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2'-Hydroxy-4, 5'-dihydropyranyl-chalcone (11)

o__oO
o LT
()
o}
(11)
2'-Hydroxy-4, 5'-dihydropyranyl-chalcone (11) was synthesized from 2'- hydroxy-5-
dihydropyranyl-acetophenone (1.17g; 5 mmol) and 4-dihydropyranyl-benzaldehyde
(1.03g; 5.5 mmol) according to the general procedure for chalcone synthesis. The residue
obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to afford
2'-Hydroxy-4, 5'-dihydropyranyl-chalcone (11) as a red thick solid (1.78g, 4.2 mmol,
83.9 % yield) 'H NMR (200 MHz, CDCls): & ppm 1.40-2.16 (m, 12H, 3", 4", 5", 3", 4",
and 5"-H), 3.65 (m, 2H, 6"-Ha and 6"-Ha ), 3.90 (m, 2H, 6"-He and 6"-He ), 5.34 (m,
1H, 2"-H), 5.48 (m, 1H, 2"-H), 6.96 (d, 1H, J=9.0 Hz, H-3"), 7.14 -7.39 (m, 5H, 4, 2-3-
5- and 6-H), 7.57 (d, 1H, J=16.0 Hz, B-H), 7.59 (d, 1H, J=2.0 Hz, 6'-H), 7.88 (d, 1H,
J=16.0 Hz, , a-H), 12.44 (s, 1H, 2’-OH). *C NMR &: 18.7(2C), 25.1(2C), 30.2(2C), 61.9
(2C), 96.5 (2C), 112.2, 115.9 (2C), 117.2, 118.0, 119.3, 127.4, 129.8 (2C), 135.3, 144.7,
149.4, 155.3, 156.1 and 192.6 (C=0). HRMS: Calc. For CisH2s0s = 424.4862.
Found: = 424.4861

2'-Hydroxy-4-benzyloxychalcone (13C)

Ov©
on 1]
¢

1

(13C)
2'-Hydroxy-4-benzyloxychalcone (13C) was synthesized from 2'-hydroxyacetophenone
(1.36; 10 mmol) and 4- benzyloxybenzaldehyde (2.33g; 11 mmol) according to the general
procedure used for chalcone synthesis. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford
2'- hydroxy-4-benzyloxychalcone (13C) as a orange thick solid (2.7g, 8.2 mmol,
81.8 % yield). *H NMR (200 MHz, CDCls) § ppm: 5.15 (s, 2H, CH>), 6.62 (d, 2H, J=6.0
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Hz, , 3-, 5-H), 6.97 (m, 1H, 3'-H ), 7.35-7.46 (m, 7H, Ar-H), 7,55 (d, 1H,J=16.0 Hz, a-H),
771 (d, 2H, J=6.0 Hz, 2-6-H ), 7.81 (d, 1H, J=16.0 Hz, B-H), 8.11
(d, 1H, J=2.0 Hz, 6-H ), 9.83 (s, 1H, 2-OH). 3C NMR (200 MHz, CDCls) dppm
70.23(CHz), 113.19 (C-35), 11640 (C-3), 121.09 (C-a), 121.89 (C-5), 127.12
(C-2"6"), 127.46 (C-1'), 127.5 - 129.0 (Aryl-Cs) 132.29 (C-B "), 136.56 (C-4"), 159.88 (C-
4), 192.22 (C=0). HRMS: Calc. For C2;H1s0s = 342.3872. Found: = 342.3870

2'-Hydroxy-3,4-dibenzyloxychalcone (14C)

(14c)
2'-Hydroxy-3, 4-dibenzyloxychalcone (14C) was synthesized from
2'-hydroxyacetophenone (1.36g; 10 mmol) and 4, 5- dibenzyloxybenzaldehyde
(3.5g 11 mmol) according to the general procedure used for chalcone synthesis. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 2'-Hydroxy-3, 4-dibenzyloxychalcone (14C) as yellowish brown solid (3.67g, 8.4
mmol, 84.2 % vyield). 'H NMR (200 MHz, CDCl3) & ppm 5.16 (s, 4H, 2xCH,),
6.69 (m, 2H, 2- and 5-H), 6.82 (d, 1H, J=2.0 Hz, 3'-H ), 6.94 (dd, 1H, J= 6.0 and 2.0 Hz,
5-H),7.19 (m, 2H, 4'- and 5'-H), 7.33-7.48 (m, 10H, Ar-H), 7.59 (d, 1H, J=16.0 Hz, o-
H), 7.68 (d, 1H, J=2.0 Hz, 6'-H ), 7.91 (d, 1H, J=16.0 Hz, f-H) and 9.89 (s, 1H, 2'-OH).
13C NMR (200MHz, CDCls) éppm 71.3 (2xCH.), 114.14 (C-2,5), 116.57 (C-1'), 117.98
(C-3Y), 121.04 (C- 37), 121.39 (C-a), 123.40 (C- 6), 127.0 - 129.0 (10Cs of 2xPh rings,
4xAryl Cs), 141.2( C-1" and C-1") , 153.9 and 154.0 ( C-3 and C-4), 154.3 (C-2'),
189.7 (C=0). HRMS: Calc. For C29H2404 = 436.4985. Found: = 436.4982
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2'-Hydroxy-4', 4, 6'-benzyloxychalcone (15C)

(15C)

2'-Hydroxy-4', 4,  6'-tribenzyloxychalcone  (15C) was  synthesized  from
2'-hydroxy-4', 6’-dibenzyloxyacetophenone (1.74q; 5 mmol) and 4-
benzyloxybenzaldehyde (1.27g; 6 mmol) according to the general procedure used for
chalcone synthesis. The residue obtained upon work-up was chromatographed using ethyl
acetate/ hexane (1:4) to afford 2'-hydroxy-4', 4, 6’ - tribenzyloxychalcone (15C) as
orange solid (2.269, 4.2 mmol, 83.7 % yield). 'H NMR (200 MHz, CDCls) & ppm: 5.10 (s,
4H, CHy), 5.19 (s, 2H, CHy), 6.06 ( d, 1H, J=2.0 Hz, 3"-H), 6.29 ( d, 1H,J=2.0 Hz. 5-H),
6.82 (d, 2H, J= 6.0 Hz, 3,5-H ), 7.35-7.49 (m, 15H, Ar-H), 7.56 (d, 1H, J=16.0 Hz, o-H),
7.72 (d, 2H, J= 6.0 Hz, 2,6-H), 7.91 (d, 1H, J=16.0 Hz, B-H), 9.79 (s, 1H, 2-OH). 13C
NMR (200 MHz, CDCls) éppm 71.2, 71.2, 71.2 (CH2), 92.8 (C-5"), 93.3 (C-3"), 103.4 (C-
1, 113.1 (C-3,5), 122.1 (C- @), 127.03 (C-2,6), 127.42 (C-B), 127.5 (C-1) 127.72, 127.78
127.80, 127.88, 127.88, 127.9, 129.2, 129.2, 129.3, 129.9, 141.2 , 141.2, 141.3 (C-Ar),
156.6 (C-29, 163.0 (C-6", 169.2 (C-49, 189.9 (C=0).
HRMS: Calc. For C3sH3005 = 542.6204. Found: = 542.6203

2'-Hydroxy-5'-benzyloxy-2, 5-dimethoxychalcone (16C)

MeO
OH O
O | OMe
o
ol

(16C)

2'-Hydroxy-5'-benzyloxy-2,  5-dimethoxychalcone (16C) was synthesized from
2'-hydroxy-5'-benzyloxyacetophenone (1.21g, 5 mmol) and 2, 5-dimethoxybenzaldehyde
(0.91g, 5.5 mmol) according to the general procedure used for chalcone synthesis. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:5) to

afford 2'-Hydroxy-5'-benzyloxy-2,5-methoxychalcone (16C) as yellowish orange thick
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solid (1.64g , 4.2 mmol, 84.0 % yield). 'H NMR (200 MHz, CDCls) & ppm: 3.78 (s, 3H,
OCHs), 3.81 (s, 3H, OCHs), 5.16 (s, 2H, CHy), 6.85 (m, 4H, 3',4',3, 4-H),7.15 (m, 2H, 6'-
H and 6-H), 7.35-7.46 (m, 5H, Ar-H), 7.69 (d, 1H, J=16.0 Hz, a-H), 8.11 (d, 1H, J=16.0
Hz, B-H), 9.42 (s, 1H, 2’-OH). *C NMR (400 MHz, CDCIls3) & ppm: 55.8(OCHj3), 55.8
(OCH3),71.7 (CH,),111.2 (C-6),113.6 (C-3), 114.6 (C-4),115.8 (C-6'), 116.0 (C-1') 117.9
(C-1), 119.2 (C-3), 121.6 (C-4,123.8 (C-a), 127.7, 127.7, 127.8, 129.5, 129.7 (Ar-C),
144.4 (C-B), 148.9 (C-2), 151.3 (C-2),153.7 (C-5), 154.0 (C-5),155.0 (C-2"), 187.6 (C=0).
HRMS: Calc. For C24H220s = 390.4285. Found: = 390.4283

2'-Hydroxy-5'-benzyloxy-2, 4, 5-trimethoxychalcone (17C)
MeO OMe
O o O OMe
ppeeg
(0]
(170)
2'-Hydroxy-5'-benzyloxy-2, 4, 5-trimethoxychalcone (17C) was synthesized from
2'-hydroxy-5'-benzyloxyacetophenone (1.21g, 5 mmol) and 2,4,5-trimethoxybenzaldehyde
(0.98g, 5.5 mmol) according to the general procedure used for chalcone synthesis. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:5) to
afford 2'-hydroxy-5'-benzyloxy-2, 4, 5-trimethoxychalcone (17C) as yellowish orange
oil (1.78g , 4.2 mmol, 84.4% yield). '"H NMR (200 MHz, CDCls) & ppm: 3.74 (s, 3H,
OCHza), 3.76 (s, 3H, OCH?3),3.81 (s, 3H, OCHs3), 5.21 (s, 2H, CH), 6.18 (s, 1H, 3-H), 6.27
(s, 1H, 6-H),6.78 (d, 1H,J=2 Hz, 6'-H), 6.88 (d, 1H, J=6.0Hz, 3'-H), 7.15 ( d, 1H, J=2.0
Hz, 6'-H), 7.24 ( dd, 1H, J =6.0 and 2.0 Hz, 4'-H), 7.35-7.46 (m, 5H, Ar-H), 7.69 (d, 1H,
J=16.0 Hz, o-H), 811 (d, 1H, J=16.0 Hz, P-H), 9.42 (s, 1H, 2-OH).
13C NMR (200 MHz, CDCls3)é ppm: 54.8 (OCHs3), 54.8 (OCHs3),54.3 (OCHs3),71.6 (CHy),
101.3 (C-3), 109.3 (C-19, 112,3 (C-6), 113.2 (C-6"), 115.3 (C-3"), 118.9 (C-4"),120.1 (C-1),
123.8 (C-a), 127.7, 127.7, 127.8, 129.5, 129.7(Ar-C), 141.4 (C-1"), 142.4 (C-5), 145.4 (C-
B), 149.9 (C-2), 150.3 (C-4), 153.9 (C-5), 154.9 (C-2"), 197.6 (C=0)
HRMS: Calc. For C24H2205 = 420.4545. Found: = 420.4542
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2'-Hydroxy-4', 6'-dibenzyloxy-2, 4, 5-trimethoxychalcone (18C)

(18C)

2'-Hydroxy-4',6'-dibenzyloxy-2,4,5-trimethoxychalcone (18C) was synthesized from
2'-hydroxy-4',6'-dibenzyloxyacetophenone (1.74q, 5 mmol) and
2,4,5-trimethoxybenzaldehyde (1.08g, 5.5 mmol) according to the general procedure used
for chalcone synthesis. The residue obtained upon work-up was chromatographed using
ethyl acetate/ hexane (1:5) to afford 2'-hydroxy-4',6'-dibenzyloxy-2,4,5-
trimethoxychalcone (18C) as yellowish orange solid (2.25g , 4.3 mmol, 85.0 % yield).
'H NMR (2000 MHz, CDCls) & ppm: 354 (s, 3H, OCHj3),
3.66 (s, 3H, OCHs3),3.71 (s, 3H, OCHj3), 5.21 (s, 2H, CH), 5.23 (s, 2H, CH2), 5.98
(d, 1H, J=2.0 Hz,3-H), 6.25 (d, 1H, J=2.0 Hz,5'-H),6.45 (s, 1H, 3-H), 7.29-7.56 (m, 12H,
2xAr-H, o-H and 6-H), 826 (d, 1H, J=16.0 Hz, P-H), 9.62 (s, 1H, 2-OH).
13C NMR (200 MHz, CDCls3) 54.2 (OCHs), 54.8 (OCHs3),54.9 (OCHs3),72.7, 72.7 (CH>),
92.5 (C-5"), 95.4 (C-3", 102.2 (C-3), 109.0 (C-1", 112.1 (C-6), 113.5 (C-6"), 120.3 (C-1),
122.0 (C-a), 127.7, 127.7, 127.7, 127.8, 127.9, 127.9, 129.5, 129.5, 129.6, 129.6 (Ar-C),
141.4 (C-1"), 1416 (C-1"),145.8 (C-p), 147.9 (C-2), 151.9 (C-4), 151.9 (C-5),
153.3 (C-4), 155.0 (C-2"), 189.8 (C=0). HRMS: Calc. For CzH307; = 526.5764.
Found: = 526.5761

4.2.4.2 General procedure for Pyran deprotection

The pyran, 5mmol, was dissolved in THF (25 mL) and then treated with concentrated HCI
(3 drops) and stirred at 25° C. The reaction was monitored by TLC and after all reactants
were consumed, the reaction mixture was poured into water (100 mL) and extracted with
ethyl acetate (EtOAc). The organic fraction was dried over anhydrous Na>SOs, and the
solvent was removed in vacuo. The compound was purified by column chromatography on

silica gel with petroleum ether: ethyl acetate (4:1).
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2', 4, 5'-trihydroxychalcone (11C)

OH
e
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e

0
2', 4, 5'-trihydroxychalcone (11C) was synthesized from 2'-2'-Hydroxy-4, 5'-
dihydropyran-chalcone (1.17g; 5 mmol) and 4-Benzyloxybenzaldehyde (1.03g; 5.5 mmol)
according to the general procedure for chalcone synthesis. The residue obtained upon
work-up was chromatographed using ethyl acetate/ hexane (1:4) to afford
4, 5" —Dihydropyran-chalcone as an orange crystals (1.78g, 4.2 mmol, 83.9 % vyield).
Mp 215 °C (lit.[118]218 °C); IR cm™ : 3460 (—OH), 1698 (C=0), 1616, 1523 (aromatic).
'H NMR (200 MHz, CDCl3) & ppm = 6.60 (d, 2H, J=6.0 Hz, H-3 and H-5), 6.85(dd, 1H, J
=6.0 and 2.0 Hz, H-4"), 7.12 (d, 1H, J=2.0 Hz, H-3"), 7.27(d,2H, J = 6.0 Hz, H-2 and
H-6) , 7.32 (s, 1H, H-6), 7.69 (d, 1H, J=16.0 Hz, a-H), 8.01 (d, 1H, J = 155 Hz, , p-
H),11.34 (s, 1H, 4-OH and 5-OH), 1189 (s, 1H, 2-OH).
HRMS: Calc. For C1sH1204 = 256.2534 Found: = 256.2537

4.2.5 Synthesis of Flavanones

4.2.5.1 General procedure for Flavanone synthesis

The 2'-hydroxychalcones were dissolved in EtOAc (10-20ml). To this solution 500mg of
sodium acetate was added and the resulting mixture was stirred under reflux for 5 hours.
The progression of the reaction was monitored by TLC. After all reactants were consumed,
the reaction mixture was poured into water and extracted with ethyl acetate (EtOAc). The
organic medium was washed with brine, dried over anhydrous Na,SQO4, and the solvent
was removed in vacuo. The resulting compound was purified by column chromatography

on silica gel with petroleum ether: ethyl acetate (4:1) as eluent to afford the final product.
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4', 6 —Dihydroxyflavanone (11F)

(11F)

4', 6-Dihydroxyflavanone (11F) was synthesized from 2', 4, 5'-trihydroxychalcone (11C)
(1.0g, 3.9 mmol) according to the general procedure used for flavanone synthesis. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 4',6-dihydroxyflavanone (11F) as yellow crystals (0.79g, 3.0 mmol, 79 % vyield);
Mp = 189 - 192 °C (Lit.[115] Mp = 191 °C); IR cm™ :1679(C=0), 1617, 1540 (aromatic).
IH NMR (200 MHz, CDCls) & ppm: 3.17 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.39 (dd, 1H, J=16.3, 3.4Hz, H-3a), 555 (dd, 1H, J=13.0, 3.1Hz, H-2a),
6.60 (d, 2H, J=6.0 Hz, H-3' and H-5"), 6.85(dd, 1H, J =6.0 and 2.0 Hz, H-7), 7.12 (d, 1H,
J=2.0Hz, H-8),7.27(d,2H,J=6.0 Hz, H-2'and H-6"), 7.32 (s, 1H, H-5), 11.34 (s, 1H,
4'-0OH), 11.39 (s, 1H, 6'-OH). *°C NMR (200 MHz, CDClIs) & ppm: 42.0 (C-3), 79.0 (C-2),
115.3 (C-5), 115.6 (C-8), 116.9 (C-3', 5'), 120.9 (C-6), 120.4 (C-4a), 129.4 (C-5), 132.9
(C-7), 134.2 (C-1"), 146.7 (C-4"), 146.8 (C-5"), 156.8 (C-8a), 196.9 (C=0).

HRMS: Calc. For C1sH1204 = 256.2534. Found: = 256.25

2-phenyl-2, 3-dihydro-4H-chromen-4-one (Flavanone) (12F)

CL

(@]
(12F)

2-phenyl-2, 3-dihydro-4H-chromen-4-one (12F) was synthesized from
2'-hydroxychalcone (1.12g, 5 mmol) according to the general procedure for flavanone
synthesis. The residue obtained upon work-up was chromatographed using ethyl acetate/
hexane (1:4) to afford 2-phenyl-2,3-dihydro-4H-chromen-4-one (12F) as brownish white
crystals (1.04g, 4.6 mmol, 92.8 % vyield); Mp 76 °C (lit.[116] 77-78 °C); IRcm™ : 1715
(C=0); *H NMR (200 MHz, CDCl3) & ppm: 2.99 (dd, 1H, J=16.3, 13.0Hz, H-3e), 3.14
(dd, 1H, J=16.3, 3.4Hz, H-3a), 553 ( dd, 1H, J=13.0, 3.1Hz, H-2a),
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6.67 (d, 1H, J = 6.0 Hz, 8-H),6.81 (d, 1H, J =6.0 Hz, H-5), 6.95 (t, 1H, J = 6.0 Hz, 6-H),
7.23-7.39 (m, 5H, Aryl ring), 7.62 (t, 1H, J=6.0 Hz, H-7). 13C NMR (200 MHz, CDCls)
dppm: 27.0 (C-3), 45.3 (C-2), 116.7, 119.4, 120.4, 120.5, 129.0, 129.4, 130.0, 131.3, 132.5,
135.0, 136.8 (C-Ar), 164.0 (C-8a), 194.4 (C=0).HRMS: Calc. For Ci5H1202 = 224.2546.
Found: = 224.2545

4'-Benzyloxyflavanone (13D)

o
. L
Q0
(0]
(13D)

4'-Benzyloxyflavanone (13D) was synthesized from 2-hydroxy-4’-benzyloxychalcone
(1.0g, 3 mmol) according to the general procedure used for flavanone synthesis. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 4'-benzyloxyflavanone (13D) [117] as yellow crystals (0.93g, 2.8 mmol, 93 %
yield) '"H NMR (200 MHz, CDClz) & ppm: 3.18 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.32 (dd, 1H, J=16.3, 3.4Hz, H-3a), 5.15 (s, 2H, CH>), 5.43 ( dd, 1H, J=13.0, 3.1Hz, H-
2a), 6.78 (d, 2H, J = 6.0 Hz, 3-5-H), 6.88 (d, 1H, J = 6.0 Hz, 8-H),
6.95 (t, 1H, J = 6.0 Hz , 6-H), 7.10 (d, 2H, J = 6.0 Hz, 2H, 2'-,6-H), 7.36-7.54 (m, 7H,
Aryl-H and H-5 and H-7). 13C NMR (200 MHz, CDCls) & ppm: 42.57 (C-3), 68.31 (CH),
78.04 (C-2), 114.2 (C-8), 115.7 (C-3'5"), 120.2 (C-6), 120.5 (C-4a), 127.3 (C-2", C-6"),
127.7 (C-4"), 128.3 (C-2', C-6"), 129.3 (C-3", C5"), 129.7(C-5), 132.5 (C-7), 132.9 (C-1),
142.0 (C-1"), 156.8 (C-8a), 159.9 (C-4"), 196.5 (C=0)
HRMS: Calc. For C22H1803 = 332.3906. Found: = 332.3904
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3', 4’-Dibenzyloxyflavanone (14D)

o
o
o

|
0

(14D)

3, 4'—dibenzyloxyflavanone (14D) was synthesized from 2'-Hydroxy-4, 5-
dibenzyloxychalcone (14C) (2.18g, 5 mmol) according to the general procedure used for
flavanone synthesis. The residue obtained upon work-up was chromatographed using ethyl
acetate/ hexane (1:4) to afford 3',4’-dibenzyloxyflavanone (14D) as yellow thick solid
(2.01g, 4.6 mmol, 92 % vyield) *H NMR (200 MHz, CDCls) & ppm: 3.22 (dd, 1H, J=16.3,
13.0Hz, H-3e), 3.39 (dd, 1H, J=16.3, 3.4Hz, H-3a), 5.15 (s, 4H, 2xCH>), 5.43 ( dd, 1H,
J=13.0, 3.1Hz, H-2a), 6.54 ( d, 1H, J=2.0 Hz, 2'-H), 6.69 (d, 1H, J = 6.0 Hz, 5'-H),
6.90 (dd, 1H, J =6.0 and 2.0 Hz, 6’-H), 6.95 (m, 2H, 6- and8-H), 7.32-7.55 (m, 12-H, Ar).
13C NMR (200 MHz, CDCls) & ppm: 42.07 (C-3), 68.31 (CH2), 68.3 (CH>), 78.46 (C-2),
111.78 (C-59, 114.3 (C-8), 116.7 (C-3"), 120.2 (C-2Y, 120.5 (C-4a, C-6), 127.2 (C-2", C-
6", C-2", C-6™), 127.9 (C-4", C-4"), 129.3 (C-5", C5™), 129.9(C-5), 133.8 (C-7), 134.3 (C-
19, 141.0 (C-1", C-1"), 149.7 (C-4") 150.4 (C-5"), 156.9 (C-8a), 198.29 (C=0). HRMS:
Calc. For CogH2404 = 436.4985. Found: = 436.4984

4', 5, 7- Tribenzyloxyflavanone (15D)

(15D)
4’5, 7- Tribenzyloxyflavanone (15D) was synthesized from 2'-hydroxy- 4, 4', 6-

tribenzyloxychalcone (15C) (2.0g, 3.7 mmol) according to the general procedure used for
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flavanone synthesis. The residue obtained upon work-up was chromatographed using ethyl
acetate/ hexane (1:4) to afford 4', 5, 7- tribenzyloxyflavanone (15D) as yellowish brown
solid (1.72g, 3.2 mmol, 86 % yield) .!H NMR (200 MHz, CDCls) & ppm 3.18 (dd, 1H,
J=16.3, 13.0Hz, H-3e), 3.32 (dd, 1H, J=16.3, 3.4Hz, H-3a), 5.12 (s, 4H, 2XCH2), 5.23 (s,
2H, CH2),5.43 ( dd, 1H, J=13.0, 3.1Hz, H-2a), 6.14 (s, 2H, 6- and8-H),
6.82 (d, 2H, J = 6.0 Hz, 3, 5-H), 7.13(d, 2H, J = 6.0 Hz, 2-,6-H), 7.32-7.49 (m, 15-
H, Ar). 13C NMR (200 MHz, CDCls) & ppm: 42.6 (C-3), 68.9 (CH2), 69.2 (CH>), 69.5
(CHa), 70.2 (C-2), 92.1 (C-6), 92.8 (C-8),100.9 (C-4a), 114.7 (C-3'5"), 127.1, 127.2 127.2,
127.4, 128.3, 128.38, 128.4, 129.2, 129.2, 129.3, 129.9, 130.1, 130.2, 130.2, 133.0 141.2,
141.3, 141.3 (C-Ar), 157.2 (C-8a), 159.3 (C-4'), 162.3 (C-5), 165.3 (C-7), 197.2 (C=0).
HRMS: Calc. For C3sH3005 = 542.6204. Found: = 542.6201

6-Benzyloxy-2’, 5’-dimethoxyflavanone (16D)

MeO
ST
O OMe
P [
o)

(16D)

6-Benzyloxy-2', 5'-dimethoxyflavanone (16D) was synthesized from 2'-hydroxy-6'-
benzyloxy-2, 5-methoxychalcone (16C) (1.5g, 3.8 mmol) according to the general
procedure used for flavanone synthesis. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford 6-benzyloxy-2', 5'-
dimethoxyflavanone (16D) as yellowish brown solid (1.29g, 3.3 mmol, 86 % yield).

'H NMR (400 MHz, CDCl3)s ppm  3.18 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.33 (dd, 1H, J=16.3, 3.4Hz, H-3a), 3.69 (s, 3H, OCHs), 3.85 (s, 3H, OCHj3),
5.18 (s, 2H, CH>), 5.21 (.dd, J=13.0 and 3.4 Hz, H-2a), 6.40 ( m, 3H, 3', 4', 6'-H), 6.76 (dd,
1H, J=6.0 and 2.0 Hz, H-7), 7.10 (d, 1H, J=6.0 Hz H-8), 7.29 (d, 1H, J=2.0 Hz, H-5), 7.36
— 7.58 (m, 5H, Ar-H). *C NMR (200 MHz, CDCls3 ppm: 43.1 (C-3), 56.2 (CH3), 57.2
(CHs), 70.4 (CHy), 72.3 (C-2), 112.1 (C-6"), 113.6 (C-5), 115.3 (C-8), 116.1 (C-3"), 119.7
(C-7), 122.6 (C-4a), 127.4, 127.6, 127.8, 127.3, 141.8(C-Ar), 141.2 (C-1"), 149.1 (C-
8a),149.7 (C-2"), 152.9(C-6),153.2(C-5),196.9 (C=0).

HRMS: Calc. For C24H120s = 390.4285. Found: = 390.4283
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6-Benzyloxy-2', 4', 5'-trimethoxyflavanone (17D)
MeO OMe
.
O OMe
© |
o}

(17D)

6-Benzyloxy-2', 4', 5'-trimethoxyflavanone (17D) was synthesized from 2'-hydroxy-6'-
benzyloxy-2, 4, 5-methoxychalcone (17C) (1.5g, 3.6 mmol) according to the general
procedure used for flavanone synthesis. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford 6-benzyloxy-2', 4', 5'-
trimethoxyflavanone (17D) as yellowish-green thick solid (1.42g, 3.4 mmol, 94.6 %
yield) 'H NMR (200 MHz, CDCls) éppm 3.13 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.38 (dd, 1H, J=16.3, 3.4Hz, H-3a), 3.69 (s, 3H, OCHs), 3.71 (s, 3H, OCHj3),
3.76 (s, 3H, OCHs3), 5.13(s, 2H, CH>), 5.17 ( dd, 1H, J=13.0 and 3.4 Hz, H-2a)6.10 (s, 1H,
3-H), 6.52 (s, 1H, 6'-H),6.85 (dd, 1H, J=6.1 and 2.0 Hz, H-7), 7.10 (d, 1H, J=6.1, 8-H),
7.30 (d, 1H, J=2.0 Hz, H-5) and7.36 — 7.58 (m, 5H, Ar-H). 13C NMR (200 MHz, CDCl3)5
ppm: 43.0 (C-3), 56.1 (CHg), 57.2 (CH3), 57.2 (CH3), 70.9 (CH>), 73.5 (C-2), 101.8 (C-3),
1124 (C-6"), 113.3(C-5), 1153 (C-8), 119.7 (C-7), 120.1 (C-1), 1226
(C-4a), 126.6, 126.7, 126.9, 127.2, 142.7(C-Ar), 141.6 (C-1"), 142.7 (C-5), 149.1
(C-8a),149.7 (C-4"), 150.3 (C-2"), 153.9(C-6), 198.2 (C=0).HRMS: Calc. For Cz5H240¢ =
420.4545. Found: = 420.4542

5, 7- Dibenzyloxy-2’', 4’, 5'-trimethoxyflavanone (18D)

(18D)
5, 7-dibenzyloxy-2', 4', 5'-trimethoxyflavanone (18D) was synthesized from 2'-hydroxy-5',
7'-benzyloxy-2, 4, 5-trimethoxychalcone (18C) (1.5g, 2.8 mmol) according to the general
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procedure used for flavanone synthesis. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford
5, 7-dibenzyloxy-2’, 4', 5'-trimethoxyflavanone (18D) as yellowish-green thick solid
(1.45g, 2.75 mmol, 96.7 % yield) 'H NMR (200 MHz, CDCls) dppm 3.14 (dd, 1H,
J=16.3, 13.0Hz, H-3e), 3.37 (dd, 1H, J=16.3, 3.4Hz, H-3a), 3.58 (s, 3H, OCH3), 3.61 (s,
3H, OCHg), 3.66 (s, 3H, OCHz), 5.12 (s, 2H, CH>), 5.16 (s, 2H, CH>), 5.48 ( dd, 1H,
J=13.0 and 3.4 Hz, H-2a), 6.13 (s, 1H, H-3), 6.22 (s, 1H, H-6"), 6.35 (d, 1H, J=2.0 Hz,
H-8) , 6.39 ( d, 1H,J=2.0 Hz.H-7), , 7.26 — 7.52 (m, 10H, Ar-H). C NMR (200 MHz,
CDCl3)3 ppm: 42.4 (C-3), 57.0 (CHs3), 57.2 (CHs3), 57.2 (CH3), 69.9(CH>), 67.1 (CH>),
73.2 (C-2), 91.8 (C-6), 92.8 (C-8), 101.3 (C-4a), 102.1 (C-3"), 113.4 (C-6"), 121.7 (C-1",
126.6, 126.7, 126.9, 126.9, 128.6, 128.7, 128.7, 129.0, 142.7, 142.8 (C-Ar), 142.9 (C-5",
148.9 (C-4), 151.3(C-2"), 159.2 (C-8a), 161.9(C-5), 197.2 (C=0). HRMS: Calc. For
C32H3007 = 526.5764. Found: = 526.5762

4.2.5.2 General procedure for Debenzylation.

Cleavage of the benzyl ethers was performed by catalytic hydrogenation over Pd/C. The
protected chalcone/flavanoid (1 gm) was dissolved in ethyl acetate (10ml) and to this 10%
Pd/C (20 mg) was added. The apparatus was opened and flushed with hydrogen. Two
vacuum/H: cycles to replace the air inside with hydrogen was completed. The mixture was
vigorously stirred at room temperature under hydrogen pressure for 24 h. The progression
of the reaction was monitored by TLC and when all reactants were consumed the reaction
mixture was filtered using a membrane filter (Millipore, Millex_-LH, 0.45 mm) and the

filtrate was concentrated to provide the crude product.

4'-Hydroxyflavanone (13F)

l OH
Cr

5

(13F)
4'-Hydroxyflavanone (13F) was synthesized from 4 -benzyloxyflavanone (13D)
(1.0g, 3mmol) according to the general procedure used for benzyl de-protection. The
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residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 4'-hydroxyflavanone (13F) [119]as yellowish white crystals(0.69¢g, 2.9 mmol, 95.8
% vield). Mp 190 °C (lit.[119] 192-193 °C). IR cm™ : 3459 (—OH), 1699 (C=0), !H NMR
(200 MHz, CDCl3) & ppm: 3.18 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.32 (dd, 1H, J=16.3, 3.4Hz, H-3a), 553 ( dd, 1H, J=13.0, 3.1Hz, H-2a),
6.68 (d, 2H, J = 6.0 Hz, H-3'and H-5"), 6.85 (d, 1H, J = 6.0 Hz, H-8), 6.95 (t, 1H, J = 6.2
Hz, H-6), 7.10 (d, 2H, J = 6.2 Hz, H-2' and H-6"), 7.41-7.54 (m, 2H, H-5 and H-7).
13C NMR (200 MHz, CDCls) & ppm: 42.55 (C-3), 78.94 (C-2), 115.3 (C-8), 115.72
(C-3',5"), 120.38 (C-6), 120.54 (C-4a), 128.35 (C-2', C-6"), 129.76 (C-5), 132.5 (C-1"),
132.91 (C-7), 156.74 (C-8a), 157.76 (C-4"), 196.89 (C=0). HRMS: Calc. For C15H1203 =
240.2540. Found: = 240.2543

3', 4 -Dihydroxyflavanone (14F)

OH
gy
O OH

g
(14F)

3', 4’- dihydroxyflavanone (14F) was synthesized from 3', 4’-di-benzyloxyflavanone (14D)
(1.5g, 3. 4 mmol) according to the general procedure used for benzyl de-protection. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 3', 4’-dihydroxyflavanone (14F) as yellowish-brown crystals (0.80g, 3.1 mmol,
90.9 % yield).Mp 177 °C (lit. [120] 175 - 177 °C). IR cm™ : 3347 (-OH), 1712 (C=0),
1589, 1549 (aromatic). *H NMR (200 MHz, CDCls) & ppm 3.15 (dd, 1H, J=16.3, 13.0Hz,
H-3e), 3.41 (dd, 1H, J=16.3, 3.4Hz, H-3a), 5.59 ( dd, 1H, J=13.0, 3.1Hz, H-2a),
6.44 (d, 1H, J=2.0Hz, H-2"), 6.49 (d, 1H,J = 6.0 Hz, H-4"), 6.58 (dd, 1H, J = 6.0 and 2.0
Hz, H-6", 6.85(d, 1H, J=7.0 Hz, H-8),6.98 (t, 1H, J =7.0 H-6), 7.47 (d, 1H, J = 7.0 Hz,
5-H), (t, 1H, J = 7.0Hz, H-7), 11.34 (s, 1H, OH), 11.39 (s, 1H, OH).23C NMR (200 MHz,
CDCl3) & ppm: 42.8 (C-3), 79.1 (C-2), 114.2 (C-2' and C-6"), 115.7 (C-8), 120.4 (C-6),
1204 (C-4a), 1278 (C-3), 1294 (C-5), 1329 (C-7), 1342 (C-1),
146.7 (C-4"), 146.8 (C-5"), 156.8 (C-8a), 196.9 (C=0)

HRMS: Calc. For C15H1204 = 256.2534. Found: = 256.2530
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4', 5, 7 Trihydroxyflavanone (15F)

OH O
(15F)
4', 5, 7 Trihydroxyflavanone (15F) was synthesized from 4', 5, 7-tribenzyloxyflavanone
(1.5 g, 2.8 mmol) according to the general procedure used for benzyl de-protection. The
residue obtained upon work-up was chromatographed using ethyl acetate/ hexane (1:4) to
afford 4', 5, 7-trihydroxyflavanone (15F) as yellow crystals (0.69g, 2.5 mmol, 92 %
yield). Mp 247 °C (lit. [121] 247 - 249 °C). IR cm™ : 3446 (-OH), 1698 (C=0), 1616,
1540 (aromatic), *H NMR (200 MHz, CDCls) & ppm 3.13 (dd, 1H, J=16.3, 13.0Hz, H-3e),
3.29 (dd, 1H, J=16.3, 3.4Hz, H-3a), 5.42 ( dd, 1H, J=13.0, 3.1Hz, H-2a), 5.76 (s,1H, 6-H),
5.89 (s,1H, H-8)6.72 (d, 2H, J = 6.3 Hz, H-3"and H-5'), 7.13 (d, 2H, J = 6.3 Hz, H-2- and
H-6"), 9.79 (s, 1H, 4'-0H),11.34 (s, 1H, 7-OH) and 11.39 (s, 1H, 5-OH). *C NMR (200
MHz, CDClz) dppm 43.7 (C-3), 70.2 (C-2), 94.1 (C-8), 95.3 (C-6), 101.9 (C-4a),116.0 (C-
35), 1281 (C-2'6), 1329 (C-1), 1572 (C-4), 159.3 (C-8a), 162.8
(C-5), 164.2 (C-7), 196.8 (C=0).HRMS: Calc. For CisH120s = 272.2528.
Found: = 272.2525

6-Hydroxy-2', 5’-dimethoxyflavanone (16F)

MeO
o 1
O OMe
HO

OI
(16F)
6-Hydroxy-2', 5'-dimethoxyflavanone (16F) was synthesized from
6-benzyloxy-2', 5'-dimethoxyflavanone (1.0g, 2.56 mmol) according to the general
procedure used for benzyl de-protection. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford
6-hydroxy-2', 5'-dimethoxyflavanone (16F) as red-brown thick solid (0.72g, 2.4 mmol,
94 % yield). *H NMR (400 MHz, CDClIs) & ppm 2.88 (dd, 1H, J=16.3, 3.4Hz, H-3a), 3.00

(dd, 1H, J=16.3, 13.0Hz, H-3e), 3.80 (s, 3H, OCHs), 3.84 (s, 3H, OCHs), 5.78 (dd, 1H,
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J=13.0, 3.1Hz, H-2a), 6.72 (s, 1H, 6-OH), 6.87 (m, 2H, H-3' and H-4"), 6.98 (d, 1H, J=6.8
Hz, H-8), 7.12 (dd, 1H,J=6.8, 2.0 Hz, H-7), 7.24(s, 1H, H-2"), 7.42 (d, 1H, J=2.0 Hz, H-5).
13C NMR (400 MHz, CDCls) 3ppm 43.7 (C-3), 55.8 (2'-OCHs), 56.0 (5'-OCHs), 74.7 (C-
2), 111.1 (C-5), 111.6 (C-3), 112.6 (C-4"), 113.7 (C-8), 119.5 (C-4a), 124.9 (C-7), 128.6
(C-1'), 149.9 (C-5), 150.1 (C-6"), 150.4 (C-2"), 153.8 (C-6), 156.4 (C-8a), 193.4 (C=0).
HRMS: Calc. For C17H160s = 300.3059. Found: = 300.3056

6-Hydroxy-2', 4*, 5'-trimethoxyflavanone (17F)

MeO. OMe
o 1)
O OMe
HO

!
(17F)

6-Hydroxy-2',  4',  5-trimethoxyflavanone  (17F) was  synthesized  from
6-benzyloxy-2', 4', 5'-trimethoxyflavanone (1.0g, 2.4 mmol) according to the general
procedure used for benzyl de-protection. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford
6-hydroxy-2', 4', 5'-trimethoxyflavanone (17F) as yellow crystals (0.70g, 2.1 mmol,
89.1 % yield).Mp 175 °C (lit. [122] 175 - 177 °C). IR cm™ : 3458 (-OH), 1698 (C=0),
1616, 1540 (aromatic). *H NMR (400 MHz, CDClIs) & ppm:3.00 (dd, 1H, J=16.3, 13.0Hz,
H-3e), 3.23 (dd, 1H, J=16.3, 3.4Hz, H-3a),3.84 (s, 3H, OCH?3), 3.86 (s, 3H, OCH3), 3.90
(s, 3H, OCHs3), 5.70 (dd, 1H, J=13.0 and 3.4 Hz, H-2a), 6.54 (s, 1H, H-3'), 6.77 (s, 1H, H-
6 , 6.88 (d, 1H, J=6.0Hz, H-8), 7.26 (dd, 1H, J=6.0 and 2.0 Hz, H-7), 7.06 (d, 1H,J=2.0
Hz.H-5) 7.63 (s, 1H, 6-OH). 3C NMR (200 MHz, CDCl3) éppm 26.97 (C-3), 45.3 (C-2),
56.5 (OCHg), 57.3 (OCHs3), 58.1 (OCHs), 100.2 (C-3), 1125 (C-7, C-6'), 118.2 (C-1",
119.5 (C-), 122.3 (C-8), 126.4 (C-4"), 143.2 (C-5), 150.9 (C-4"), 151.8 (C-6), 155.8 (C-5),
159.0 (C-2'), 201.4 (C=0). HRMS: Calc. For C1gH180s = 330.3319. Found: = 330.3317
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5, 7-Dihydroxy-2', 4', 5'-trimethoxyflavanone (18F)

OH O

(18F)

5, 7-Dihydroxy-2', 4', 5'-trimethoxyflavanone (18F) was synthesized from 5, 7-
dibenzyloxy-2', 4', 5'-dimethoxyflavonone (1.0g, 1.9 mmol) according to the general
procedure used for benzyl de-protection. The residue obtained upon work-up was
chromatographed using ethyl acetate/ hexane (1:4) to afford 5, 7-dihydroxy-2', 4°, 5'-
trimethoxyflavanone (18F) as reddish-brown thick solid (0.62g, 1.79 mmol, 94 % yield).
IR cm™ : 3468 (—-OH), 1668 (C=0). 'H NMR (400 MHz, CDCl3) § ppm 2.83 (dd, 1H,
J=16.3, 13.0Hz, H-3e), 3.00 (dd, 1H, J=16.3, 3.4Hz, H-3a), 3.84 (s, 3H, OCHz), 3.90 (s,
3H, OCHj3), 3.94 (s, 3H, OCHg), 5.76 (dd, 1H, J=13.0, 3.1Hz, H-2a), 6.03 (s, 2H, H-6 and
H-8), 6.57 (s, 1H, H-3", 7.10 (s, 1H, H-6"), 9.43 (s, 1H, 7-OH), 12.15 (s, 1H, 5-OH).
13C NMR (400 MHz, CDCls) éppm: 42.4 (C-3), 55.9 (OCHgs), 56.09 (OCHs), 56.4
(OCHBg), 75.4 (C-2), 95.9 (C-8), 96.9 (C-6), 102.6 (C-3"), 103.1 (C-4a), 118.8 (C-6"), 119.6
(C-1'), 144.2 (C-5), 151.0 (C-4"), 151.8 (C-2"), 165.5 (C-5), 165.8 (C-8a) 167.7 (C-7) 197.8
(C=0). HRMS: Calc. For C1sH1807 = 346.3313. Found: = 346.3312

85



Chapter 4: Experimental

4.2.6 Synthesis of Prenylflavanones

8-C-Prenylnaringenin (19F) 6-C Prenylnaringenin (20F)

(19F) (20F)
To a stirred solution of naringenin (1.1g, 4mmol) in dioxan (8ml) was added gradually
BFs-etherate (0.6ml, 4.8mmol) at room temperature. To this solution, 2-methyl-but-3-en-2-
ol (0.8ml, 7.6mmol) was added and the resulting solution was stirred at room temperature
overnight. The residue obtained upon work-up was chromatographed using EtOAc: hexane
(1:3) as eluent to afford three fractions.
Fraction A: yellow thick solid (0.38g, 28 % vyield) and was characterized as
8-C-prenylnaringenin. *H NMR (200 MHz, CDCls): 1.76 , 1.82 (2xs, 3H each , Me2C=),
2.77 (dd, 1H, J=16.0 and 4.0Hz, , H-3a), 3.08 (dd, 1H, J=16.0 and 12.0Hz, H-3e ),
3.35 (d, 2H, J=8.0Hz, H-1"), 5.25-5.37 (m, 2H, H-2 and H-2"), 5.99 (s, 1H, H-6),
6.88 (d, 2H, J=8.4Hz, H-3' and H-5), 7.33 (d, 2H, J=8.4Hz, H-2' and H-6") and
12.40 (s, 1H, chelated 5-OH). HRMS: Calc. For CxH200s = 340.3698.
Found: = 340.36.95
Fraction B: vyellow thick solid (0.44g, 32 % vyield) and was characterized as
6-C-prenylnaringenin. *H NMR (200 MHz, CDCls): 1.67, 1.72 (2xs, 3H each , MexC=),
2.89 (m, 2H, H-3a and H-3e) , 3.35 (d, 2H, J=8.0Hz, H-1"), 5.20-5.39 (m, 2H, H-2 and H-
2"), 6.02 (s, 1H, H-8), 6.88 (d, 2H, J=8.4Hz, H-3'and H-5", 7.32 (d, 2H, J=8.4Hz, H-2'
and H-6") and 12.00 (s, 1H, chelated OH).HRMS: Calc. For CH200s = 340.3698, Found:
= 340.36.95
Fraction C upon crystallization afforded the starting material, Naringenin
(0.51g, 37 % yield)
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4.3 Electrochemistry

4.3.1 Preparation of solutions

Phosphate buffer solution was prepared by mixing appropriate volumes of 0.1Msodium
dihydrogen phosphate (NaH2POs) and 0.1M sodium hydrogen phosphate (Na;HPO4) with
ultra-pure water with a conductivity of 5.5 X 10-6 S.m-1 to produce the desired pH.
Ethanol was selected as the most suitable solvent, all chalcones and Flavanones were
dissolved in absolute ethanol to produce various concentration ranges between 0.049 and
0.22 M.

4.3.2 Voltammetric measurements

For electrochemical measurements, a three electrode cell consisting of a 3 mm diameter
glassy carbon working electrode, a platinum wire auxiliary electrode, and an Ag/AgCl
(3 M NacCl) reference electrode were used. The surface of the glassy carbon electrode was
freshly polished with 1.0 um, 0.05 um and 0.3 pm alumina powder on a micro cloth pad,
rinsed with distilled water and degreased with ethanol in an ultrasonic bath because of
possible film formation and memory effects [123]. The GCE was also electrochemically
cleaned with 1M H,SO4 and rinsed with distilled water. After electrochemical cleaning of
the GCE, the required volume of sample was added by micro pipette into supporting
electrolyte. The potentials were recorded against the silver-silver chloride electrode as a
reference electrode used in conjunction with the platinum electrode placed in a 50 ml
volume glass cell together with the glassy carbon electrode. Phosphate buffer (5ml) of pH
~ 7 was used as the supporting electrolyte. The scan was taken in a potential range of —
1500 mV and + 1500 mV with the following scan rates 20, 50 and 100 mV/s for cyclic
voltammetric measurement and the scan was taken in the same potential window with a
frequency of 15 hertz for square wave measurements. Prior to each measurement, the
background currents were measured in phosphate buffer alone and subtracted from the
currents measured with compound added in phosphate buffer. In order to minimize
adsorption onto the electrode surface, measurements were performed immediately after the
addition of the compound. The sample in the electrochemical cell was de-aerated by
purging with high purity argon during electrochemical measurements. All experiments
were carried out at room temperature. For square wave measurements, determination of the

flavonoids was carried out at a frequency of 15 Hz, step potential 20 mV/s with phosphate
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buffer of pH 7 as supporting electrolyte. For smoothing and baseline correction the

software Origin 7 was employed.
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CHAPTER 5

5. ELECTROCHEMISTRY

5.1 Introduction

Cyclic Voltammetry and square wave voltammetry were used to investigate flavonoid
characteristics by the peak potential, number and position of peaks at those potentials, the
current heights at each peak potential for all flavanoids. Square wave voltammetry, as
expected, proved to more sensitive and therefore the peak potentials in its voltammograms
were used to determine the oxidation peak potentials. According to literature, the first
anodic peak will provide us with the most useful information about the compound’s
antioxidant activity, it is suggested that the lower the oxidation potential of the first anodic
peak the greater the ability of a compound to donate an electron and hence behave as an
antioxidant [124, 125]. This was rationalized on the basis that both electrochemical
oxidation and hydrogen donating free radical-scavenging involve the breaking of the same
phenolic bonds between oxygen and hydrogen, producing the phenoxyl radical and H',
which consists of an electron and an H + ion [126]. This will be the main focus, and the
antioxidant activity of all flavanoids was determined by comparing the oxidation potential

of this first anodic peak.

The antioxidant activity of flavonoids and their metabolites in vitro depends upon the
arrangement of functional groups about the nuclear structure. In this study we have
investigated a number of structural variants namely: a) the number and position of
hydroxyl groups attached to the flavanoid backbone; b) the importance of the a, f double
bond functionality; c) the effect of ring closure; d) the effects of methoxy groups
introduced to the flavanoid backbone; and finally e) the effect of prenyl groups introduced
to the flavanoid backbone.
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Compound 12F: Flavanone (2-phenyl-2, 3-dihydro-4H-chromen-4-one)

40

1/ pA
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Figure 5.1:  Cyclic voltammogram of compound 12F, scan rate 100 mV/s.
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Figure 5.2:  Square wave voltammogram of compound 12F, scan rate 20 mV/s.
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Figure 5.1 shows the cyclic voltammogram of compound 12F, recorded when the potential
sweep was started from -1500 mV to +1500 mV and reversed at a scan rate of 100mV/s.
The corresponding reduction peak points to reversibility. The square wave voltammogram
of compound 12F (Figure 5.2) shows two sets of peaks; one at 24.4 mV and the other at
776 mV. The first peak at 24.4 mV was observed in the blank run (without addition of
sample) as well and was consequently ignored. This initial peak was consistently observed
throughout the study, and its peak potential was ignored unless there was clear evidence of
oxidation occurring in that specific potential range. The second peak, as shown, is not that
clearly defined. However it was validated by performing a number of scans using the
specific concentration of 100 UM to observe its repeatability.

Compound 13F: 4’-Hydroxyflavanone

1/pA

J T J T y J T J T J
-1500 -1000 -500 0 500 1000 1500

E/mV (Ag / AgCl)

Figure 5.3:  Cyclic voltammogram of compound 13F, scan rate 100 mV/s.
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Figure 5.4: Square wave voltammogram of compound 13F, scan rate 20 mV/s.

Figure 5.3 shows the cyclic votammogram of 4’-Hydroxyflavanone, recorded when the
potential sweep began from 1500 mV to + 1500 mV. A distinct peak at 780 mV was
observed. The square wave voltammograms between 12F and 13F showed a very close
similarity and consequently it would appear that the addition of a hydroxyl group at

position 4’ has had little or no effect to the oxidation potential of the favanoidal system.
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Compound 14F: 3’, 4’-dihdroxyflavanone
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Figure 5.5: Cyclic voltammogram of compound 14F, scan rate 100 mV/s.
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Figure 5.6: Square wave voltammogram of compound 14F, scan rate 20 mV/s.
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The cyclic voltammogram (Figure 5.5) shows oxidation of the ortho-dihydroxy-phenol
groups which results in the formation of a semi-stabile ortho-quinone, which becomes
reduced in the reversed scan, appearing as a cathodic peak. The square wave
voltammogram of compound 14F (Figure 5.6) shows a defined peak at 596 mV, and a

secondary peak at 1108 mV, which indicates secondary oxidation.

5.2 Comparative Assessment

The B-ring hydroxyl configuration does appear to be a significant factor determining the
radical scavenging ability of flavonoids. Hydroxyl groups on the B-ring in general are able
to donate an electron to form either hydroxyl, peroxyl or peroxy nitrite radicals, and
stabilizing them, giving rise to a relatively stable flavonoid radical system [127]. By
comparing the square wave voltammograms of compounds 12F, 13F and 14F one is able
to obtain a greater understanding of the structure-reactivity relationship, namely, what

effect the addition of hydroxyl groups on the B-ring has on the oxidation potential.

OH OH
Ne i Ned
soagio -

| | I
o) 0o o)

14 - Compound 12F
Compound 13F
Compound 14F

124

| 596 mV
- \ \
< 104 \
8 780 mV
6 -
776 mV
4 T T T T T T T T T T T
1500  -1000 -500 0 500 1000 1500

E/mV (vs. Ag/ AgCl)

Figure 5.7: Superimposition of the square wave voltammograms of compounds 12F, 13F
and 14F
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By comparing the oxidation potential of compound 12F (776 mV) and compound 13F
(780 mV) it is clear that the addition of a hydroxyl group at position 4’ on the B-ring had
very little effect on the oxidation potential. As the oxidation potential is directly related to
antioxidant activity we can assume that the two compounds would perform fairly similarly
in vitro. In compound 14F on the other hand, with an additional hydroxyl group at position
5’ compared to 13F, a much lower oxidation potential (596 mV) for the first anodic peak
was observed, which again according to literature, would correspond with a higher
antioxidant activity [124, 125]. This result was expected as it has been suggested in the
literature that the higher the number of hydroxyl groups on the B ring, the more enhanced
the flavonoid activity would be [128]. The square wave voltammogram of Compound 14F
also shows a secondary anodic peak at the potential 1108 mV. It is known that oxidation of
phenolic groups occur at moderate too high positive potentials forming a phenoxy radical
or a phenoxonium ion that can successively undergo different secondary reactions [129].
The secondary peaks can be attributed to secondary oxidations occurring within the

compound.

In terms of increasing antioxidant activity, the compounds may thus be arranged as

follows:

[
W
N
()

12F 13F 14F
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Compound 11D: 2, 5, 4’-trihydroxy dihydrochalcone
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Figure 5.8: Cyclic voltammogram of compound 11D, scan rate 100 mV/s.
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Figure 5.9: Square wave voltammogram of compound 11D, scan rate 20 mV/s.
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Figure 5.8 shows the cyclic voltammogram of compound 11D, recorded when the
potential sweep was begun from -1500 mV to +1500 mV and reversed at a scan rate of 100
mV/s. The square wave voltammogram of compound 11D (Figure 5.9) shows a very timid

peak at 680 mV. Again multiple scans where conducted to test the validity of this peak.

Compound 11C: 2, 5, 4-trihydroxychalcone
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Figure 5.10: Cyclic voltammogram of compound 11C, scan rate 100 mV/s.
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Figure 5.11: Square wave voltammogram of compound 11C, scan rate 20 mV/s.

The square wave voltammogram of compound 11C (Figure 5.10) shows three sets of
defined peaks; one at -1124 mV, the second at 672 mV and the third at 1248 mV.
Interestingly the first anodic peak marked as 1 in the voltammogram occurs at a very low

oxidation potential which suggests high antioxidant activity [125].
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Compound 11F: 4’, 6-Dihydroxyflavanone

30

-10 4

20 -ff

-30 J T J T J T J T y T J
-1500 -1000 -500 0 500 1000 1500

E /mV (vs. Ag / AgClI)

Figure 5.12: Cyclic voltammogram of compound 11F, scan rate 100 mV/s.
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Figure 5.13: Square wave voltammogram of compound 11F, scan rate 20 mV/s.
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The square wave voltammogram of compound 11F (Figure 5.13) shows three sets of
defined peaks; the first at 8 mV marked as 1 in the voltammogram, the second at 348 mV
and the third at 552 mV. The first anodic peak occurs in the potential range of the ‘ghost
peak’ found in the blank scan. However there was clear evidence of oxidation occurring
and therefore this peak was not ignored. Again this experiment was repeated to ensure the

validity of the peak occurring at 8 mV.

5.3 Comparative Assessment
By comparing the square wave voltammograms of compounds 11D, 11C and 11F one can
obtain an improved understanding of the structure-reactivity relationship, namely, the

importance of the a, f double bond functionality and the effect of ring closure.
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Figure 5.14: Superimposition of the square wave voltammograms of compounds 11D,
11C and 11F at a scan rate of 20mV/s.
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This comparison has presented fascinating results. It is clear by comparing the
2, 5, 4’-trihydroxy dihydrochalcone 11D (680 mV) with the 4°, 6-dihydroxyflavanone 11F
(8 mV) that ring closure has significantly lowered the oxidation potential and therefore one
can expect the flavanone to have a higher antioxidant activity than its corresponding
dihydrochalcone. The first anodic peak for compound 11C, 2, 5, 4’-trihydroxychalcone,
proved to have the lowest oxidation potential (-1124 mV). Such a low oxidation potential
renders 2, 5, 4’-trihydroxychalcone a highly potent antioxidant, with a powerful reducing
ability. This result proves that the a, B unsaturated double bond has a significant effect on
the oxidation potential, and therefore the antioxidant activity is significantly enhanced by
its presence. A study by Rice-Evans et al. found that conjugation between the A- and B-
rings permits a resonance effect of the aromatic nucleus that lends stability to the flavonoid

radical and is therefore critical in optimizing the phenoxyl radical-stabilizing effect [130].

In terms of increasing antioxidant activity, the compounds may be arranged as follows:
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Compound 16F: 6-Hydroxy -2°, 5’-dimethoxy flavanone
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Figure 5.15: Cyclic voltammogram of compound 16F, scan rate 100 mV/s.
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Figure 5.16: Square wave voltammogram of compound 16F, scan rate 20 mV/s.
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Figure 5.16 shows the cyclic voltammogram of compound 16F at a scan rate of a
100mV/s. The square wave voltammogram of compound 16F (Figure 5.16) shows five
sets of peaks, with four defined peaks in the potential range of 0 — 600 mV. The first
anodic peak occurs at 36 mV, the second at 188 mV, the third at 396 mV and the fourth at
560 mV.

Compound 17F: 6-Hydroxy -2°, 4°, 5°-trimethoxy flavanone
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Figure 5.17: Cyclic voltammogram of compound 17F, scan rate 100 mV/s.
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Figure 5.18: Square wave voltammogram of compound 17F, scan rate 20 mV/s.

The square wave voltammogram of compound 17F (Figure 5.18) shows five sets of peaks,
of which four defined peaks are found in the potential range of 0 — 600 mV. The first
anodic peak occurs at 24mV, the second at 164 mV, the third at 376 mV and the fourth at
540 mV.
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Compound 18F: 5, 7-dihydroxy-2°, 4°, 5°-trimethoxy flavanone
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Figure 5.19: Cyclic voltammogram of compound 18F, scan rate 100 mV/s.
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Figure 5.20: Square wave voltammogram of compound 18F, scan rate 20 mV/s

106



Chapter 5: Electrochemistry

The square wave voltammogram of compound 18F (Figure 5.20) shows five sets of peaks,
with four defined peaks occurring in the potential range of 0 — 600 mV. The first anodic
peak occurs at -108 mV, the second at 32 mV, the third at 176 mV and the fourth at 852
mV.

54 Comparative Assessment
By comparing the square wave voltammograms of compounds 16F, 17F and 18F we can
obtain an improved understanding of the structure-reactivity relationship, namely, what

effect the addition of methoxy groups on the B-ring have on the oxidation potential.
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Figure 5.21: Superimposition of square wave voltammogram of compounds 16F, 17F and
18F.
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There are clear differences between the voltammograms of the polyhydroxylated and
polymethoxylated flavonoids. There is an increase in the number of anodic peaks observed
as well as a remarkable shift of the first anodic peak to a lower region. Therefore we can
conclude that the addition of methoxy groups on the B-ring makes an improvement on the
antioxidant ability of such flavanones. The addition of the methoxy group is most likely to
affect both hydrophobicity and molecular planarity due to steric affects [131]. These
changes could lead to an increase in antioxidant ability. When comparing compounds 16F
and 17F, we observe that the addition of a methoxy group at position 4’ has lowered the
potential of the first anodic peak to some extent. Compound 18F, with two hydroxyl
groups on the A-ring at positions 5 and 7, has the lowest peak potential and therefore in the
series studied is the best antioxidant. Therefore it seems a specific ratio of hydroxyl groups

to methoxy groups might play a role.

In terms of increasing antioxidant activity, the compounds are arranged as follows:
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=y oo J
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Compound 15F: 5, 7, 4’-trihydroxyflavanone (Naringenin)
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Figure 5.22: Cyclic voltammogram of compound 15F, scan rate 100 mV/s.
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Figure 5.23: Square wave voltammogram of compound 15F, scan rate 20 mV/s.
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The square wave voltammogram of compound 15F (Figure 5.23) shows two undefined
peaks in the range of 500 -1000 mV, with the first peak occurring at 748mV and the
second at 820mV.

Compound 20F: 5, 7, 4’-trihydroxy-6-isoprenylflavanone

—0uM
—34 M
20 + 68 uM
—102 M
136 .M
<
> oA
20
T g T 1 T
900 0 900

E /mV (vs. Ag/ AgCl)

Figure 5.24: Cyclic voltammogram of compound 20F, scan rate 100 mV/s.
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Figure 5.25: Square wave voltammogram of compound 20F, scan rate 20 mV/s.
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The square wave voltammogram of compound 20F (Figure 5.25) shows on defined peak
at 688mV.

Compound 19F: 5, 7, 4’-trihydroxy-8-isoprenylflavanone
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Figure 5.26: Cyclic voltammogram of compound 19F, scan rate 100 mV/s.
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Figure 5.27: Square wave voltammogram of compound 19F, scan rate 20 mV/s.
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Again we have witnessed a single peak at 676mV in the square wave voltammogram of
compound 19F (Figure 5.27).

5.5 Comparative Assessment
By comparing the square wave voltammograms of compounds 15F, 19F and 20F we can
obtain an improved understanding of the structure-reactivity relationship, namely, what

effect the addition of a prenyl group, on the A-ring, will have on the oxidation potential.
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Figure 5.28: Superimposition of square wave voltammogram of compounds 15F, 19F
and 20F.
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The voltammograms of the three compounds suggests that the addition of the prenyl group,
on the A-ring, has had very little effect on the anodic peak potential. There is a very small
difference in potentials between compounds, 6- prenyl naringenin and
8 — prenyl naringenin, with the former having the lower peak potential. The anodic peak
for compound 14F, Naringenin, is much broader than compounds 19P and 20P; however
initial oxidation seems to occur in the 665 — 675 mV region which is concurrent with the
both 6- and 8-Prenyl naringenin. What is clear however is the fact that the oxidation peaks
for the prenylated naringenins are both more intense and sharper indicating a cleaner

oxidation pathway and thus a better antioxidant behaviour.
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CHAPTER 6

6. CONCLUSION

6.1  Synthesis

12 flavonoid compounds were prepared in order to carry out electrochemical analysis.
These compounds consist of one dihydrochalcone (11D), two hydroxy chalcones (10C and
11C), eight flavanones (11F — 18F) and finally two prenylated flavanones (19F and 20F).
Initial strategies involved finding suitable protecting groups for both the acetophenone and
benzaldehyde starting materials. Use of dihydropyran ethers as protecting groups
produced reasonable yields. However the products and starting materials were found to
decompose over time if not protected from exposure to acidic fumes. The MOM-Br
reagent, when opened appeared to be decomposing in the container, and subsequently
produced low yields of MOM-protected benzaldehydes. For these reasons the benzyl
protecting group was preferred, and subsequent reactions produced good yields and

products all appeared to be stable.

Claisen Schmidt condensation between the protected hydroxyacetophenones with protected
hydroxybenzaldehydes proved to be ideal for the formation of chalcone intermediates.
Chalcone vyields improved when the reaction temperature was increased from room
temperature to 40 °C. The Chalcone intermediates later underwent oxidative cyclisation,
using sodium acetate in EtOH to form hydroxyl protected flavanones, as a single product
in high yields. Acid hydrolysis using HCI was used to demask the pyran protecting groups,
whereas catalytic hydrogenation proved to be ideal for removing the benzyl protecting

groups for formation of the pure flavanoids.
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6.2  Electrochemical analysis

The study continued with the electrochemical analysis of the prepared flavonoids
belonging to four flavonoid sub-classes viz., the dihydrochalcones; chalcones; flavanones
and prenylated flavanones. The antioxidant activity of flavonoids is related to its ability to
donate electrons to stabilize free radicals and therefore its measured oxidation potential
renders a useful variable to calculate or postulate its antioxidant activity. The mid-point
potentials (EY2) of the flavanoids were determined by cyclic and square wave voltammetry.
CV and SWV are advantages because they require small amounts of sample, are easy to
operate and have short analysis times as compared to other methods. In the case of square
wave voltammetry, due to the fast analysis time, a better current response was observed
and therefore less interference was expected on the electrode process as compared to cyclic
voltammetry. Hence the data from the square wave voltammograms was preferred and
used to determine the oxidation potentials. For all flavonoids, there was a single reduction
peak at a potential slightly lower than the first peak potential. It is thus logical to conclude
that this peak was a result of the reduction of the product of the oxidized functional group

corresponding to the first oxidation peak potential.

6.2.1 Relationship between antioxidant activity and structure

6.2.1.1 The effect of substituents

The type of substituent, number and spatial arrangement is perhaps a greater determinant
of antioxidant activity than the flavanone backbone alone. Consistent with many other
studies we have confirmed that addition of hydroxyl groups, on the B-ring, substantially
influences the antioxidant activity of flavanones. There was no observable change with the
addition of one hydroxyl group at position 4’, however compound 14F, 4°, 5’-
dihydroxyflavanone showed a large decrease in oxidation potential when compared to the
4’-hydroxyflananone. We observed that increasing the number of hydroxyl groups on the
B-ring caused a lower oxidation potential and therefore an increase in antioxidant activity.
Furthermore it is clear that B-ring hydroxyl substitution is possibly a greater determining
factor than A-ring hydroxyl substitution. We also noted that a combination of methoxy
groups on the B-ring and hydroxyl groups on the A ring had increased the antioxidant
activity of the flavanone backbone, even more so than the flavanones with many hydroxyl

groups such as Naringenin. The addition of a prenyl group on to Naringenin showed a
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modest change to the oxidation potential and therefore has had very little effect on the
antioxidant activity. However these additions were on the A-ring only and future work

could possibly deal with additions onto the B-ring.

6.2.1.2 The effect the a, p unsaturated double bond and ring closure

When  comparing compounds 2, 5, 4’-trihydroxy dihydrochalcone and
4’, 6-dihydroxyflavanone, we observe that ring closure has significantly lowered the
oxidation potential and therefore one could expect the flavanone to have a higher
antioxidant activity than its corresponding dihydrochalcone. However the 2, 5, 4’-
trihydroxychalcone, which is in the open ring form, and having the a, B unsaturated double
bond, had the lowest oxidation potential and therefore the greatest antioxidant activity.
These results suggest that the flavonones, which has a ring C form as well as having the a,
B unsaturated double bond between C2 and C3, could be the skeletal framework for future

investigations.
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