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Naringenin and apigenin are natural flavonoids that dif-

fer structurally only by the presence or absence of a dou-

ble bond between carbons 2 and 3 (Fig. 1).

Flavonoids are secondary metabolites of plants and

fungi, and are found in many foods, such as vegetables

and fruits.1,2 Flavonoids have been reported to therapeu-

tically benefit cardiovascular disease,3 cancer,4 and inflamma-

tion,5 among others, and have been well known for the

prevention of oxidative stress in the human body.6 In addi-

tion, they are being studied as therapeutic agents for var-

ious diseases.7

Among the flavonoids, naringenin, which has a flava-

none structure, is found mainly in grapes, citrus fruits, and

herbs, and is considered to be beneficial for human health.

In addition, it is known to exhibit various biological and

pharmacological activities, including antioxidant, antican-

cer, antiviral, antibacterial, anti-lipogenic and cardiopro-

tective effects6−14 (Figure 2).

Naringenin is also known to enhance memory and

reduce beta-amyloid and tau proteins in mouse models of

Alzheimer’s disease.15 In addition, naringenin causes apop-

tosis in adipocytes, resulting in anti-lipogenic activity,16

and studies have shown it to lower plasma and liver cho-

lesterol levels.17

On the other hand, apigenin has been observed to sup-

press various cancers through a number of effects, includ-

ing cell-cycle arrest and apoptosis.18

When introduced into the body, flavonoids become

methylated, sulfated, glucuronidated, and phenolated through

phase-two metabolism.19 Since oral administration of

flavonoids is difficult due to a lack of absorption in the

gastrointestinal tract,20 the synthesis of derivatives that

improve their absorption rates and activities in the body is

necessary in order to increase their potential as therapeu-

tic agents.

Herein, we studied methods for the alkylation and acy-

lation of the 7-hydroxy group of naringenin. In addition,

we also studied the conversions of these compounds into

the corresponding apigenin derivatives. 

The 7-hydroxy group of naringenin (1) has previously

been alkylated using alkyl iodides, but in yields lower

than 35%.21,22 In order to improve the yield, we used dial-

kyl sulfates instead of alkyl iodides to produce the 7-O-

monoalkylated naringenin products 2–5 in yields of 80–

92% (Scheme 1). Furthermore, when naringenin was reacted

with an alkyl anhydride in pyridine as the base and solvent,

Figure 1. Chemical structures of naringenin and apigenin.
Scheme 1. Reagents and conditions: i) R2SO4, K2CO3, DMF, r.t.,

12h, 80~92%.

Figure 2. The flavanone skeleton.
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7,4-O-diacylated or 7,4',5-O-triacylated naringenin was

synthesized.23 In order to synthesize a 7-O-monoacylated

naringenin derivative,24 the reaction was carried out using

pyridine as a base in THF as the solvent, with products 6–9

obtained in yields of 53–73% (Scheme 2).

The attempted selective alkylation or acylation of the 7-

hydroxyl group of apigenin either failed to proceed or gave

the corresponding product in yields of less than 20%. In

order to obtain a compound in which an alkyl group or an

acyl group was introduced at the 7-hydroxy group of api-

genin, we converted the substituted naringenins 2–9 to the

corresponding apigenins.25,26 Hence, eight apigenin deriv-

atives 10–17 were synthesized by oxidizing the previously

prepared eight naringenin derivatives with DDQ in yields of

60–95%.

Since various pharmacological effects of flavonoid com-

pounds have been actively studied. It is also important to

study the synthesis of flavonoid derivatives to confirm these

pharmacological effects. Although the 7-hydroxy group of

naringenin had been alkylated in low yields (20–35%) in

previous studies, in this study the products were obtained in

yields of 80–92% using dialkyl sulfates instead of alkyl iodides

as the alkylating agents, while this hydroxy group was mono-

acylated using pyridine and an alkyl anhydride in THF as

the solvent in yields of 53–73%.

Direct alkylation and acylation methods were used in

attempts to directly alkylate or acylate the 7-hydroxyl

group of apigenin, but these reaction did not progress or

provided products in yields of less than 20%. Consequently,

7-alkyl or acyl substituted naringenin derivatives 2–9 were

oxidized using DDQ to give the corresponding alkyl- or

acyl substituted derivatives of apigenin 10–17 in yields of

60–95%.

In summary, eight 7-alkoxy or 7-acyloxy derivatives of

naringenin were synthesized, while the corresponding api-

genin derivatives were prepared by oxidizing these sub-

stituted naringenins. 

EXPERIMENTAL

General

Reagents and solvents were purchased from Aldrich,

TCI, Alfa-aesar, Samchun, etc. and used without purification.

Reactions were monitored by thin-layer chromatography

carried out on 0.25 mm Merck silica gel plates (60F254)

using UV light as the 254 nm agent. For the separation of

samples by flash chromatography using Merck silica gel 60

(40–63 µm). 1H NMR spectra were obtained using a JEOL

superconducting magnet JMTC-400/54/JJ/YH (400 MHz).

Chemical shifts were recorded in ppm downfield from

tetramethylsilane (TMS), and coupling constant (J) values

are given in Hertz.

Experimental Procedure

General procedure for 7-O-alkylated naringenin deriva-

tives 2~5 (Scheme 1): Dialkyl sulfate (1 mmol) and potassium

carbonate (1 mmol) were added to a solution of naringenin

1 (1 mmol) in DMF (3 mL). The mixture was stirred at room

temperature for 12 h. The resulting mixture was diluted with

water (70 mL) and extracted with EtOAc (100 mL×2). The

organic layer was washed with brine (30 mL). The organic

layer was dried over anhydrous MgSO4 and filtered. The fil-

trate was concentrated under reduce pressure. The crude mate-

rial was purified by SiO2 column chromatography using n-

hexane:EtOAc or CH2Cl2:EtOAc as eluent to give the nar-

ingenin derivatives.

5-Hydroxy-2-(4-hydroxy-phenyl)-7-methoxy-chro-

man-4-one (2): Column chromatography using CH2Cl2:

EtOAc=50:1 as eluent to give 2 (99 mg, 92%). 1H-NMR

(400 MHz, CDCl3) δ: 2.80 (1H, dd, J = 17.2, 3.0 Hz), 3.12

(1H, m), 3.80 (3H, s), 5.14 (1H, s), 5.36 (1H, dd, J = 13.0,

2.8 Hz), 6.06 (2H, dd, J = 11.7, 2.1 Hz), 6.88 (2H, d, J =

8.5 Hz), 7.33 (2H, d, J = 8.5 Hz), 12.00 (1H, s); HRMS(ES+)

calcd for C16H15O5: 287.0914, Found: 287.0917.

7-Ethoxy-5-hydroxy-2-(4-hydroxy-phenyl)-chroman-

4-one (3): Column chromatography using n-hexane:

Scheme 2. Reagents and conditions: i) Alkyl anhydride, pyri-
dine, THF, r.t., 6-12h, 53-73%.

Scheme 3. Reagents and conditions: i) DDQ, 1,4-dioxane, reflux,
9h, 60~95%.
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EtOAc=4:1 as eluent to give 3 (298 mg, 90%).; 1H-NMR

(400 MHz, CDCl3) δ: 1.41 (3H, t, J = 7.0 Hz), 2.79 (1H,

dd, J = 17.2, 2.9 Hz), 3.12 (1H, m), 4.05 (2H, d, J = 14.0 Hz),

5.10 (1H, s), 5.36 (1H, dd, J = 13.0, 2.8 Hz), 6.04 (2H, dd,

J = 12.1, 2.1 Hz), 6.88 (2H, d, J = 8.5 Hz), 7.33 (2H, d, J =

8.5 Hz), 12.00 (1H, s); HRMS(ES+) calcd for C17H17O5:

301.1071, Found: 301.1071.

5-Hydroxy-2-(4-hydroxy-phenyl)-7-propoxy-chroman-

4-one (4): Column chromatography using n-hexane:

EtOAc=6:1 as eluent to give 4 (293 mg, 84%).; 1H-NMR

(400 MHz, CDCl3) δ: 1.02 (3H, t, J = 7.4 Hz), 1.82 (2H, m),

2.79 (1H, dd, J = 17.2, 2.9 Hz), 3.11 (1H, m), 3.93 (2H, t, J

= 6.6 Hz), 4.98 (1H, s), 5.35 (1H, dd, J = 13.0, 2.8 Hz),

6.05 (2H, dd, J = 11.0, 2.0 Hz), 6.88 (2H, d, J = 8.4 Hz),

7.33 (2H, d, J = 8.4 Hz), 12.00 (1H, s); HRMS(ES+) calcd

for C18H19O5: 315.1227, Found: 315.1222.

7-Butoxy-5-hydroxy-2-(4-hydroxy-phenyl)-chroman-

4-one (5): Column chromatography using CH2Cl2:EtOAc

=50:1 as eluent to give 5 (290 mg, 80%).; 1H-NMR (400

MHz, CDCl3) δ: 0.97 (3H, t, J = 7.4 Hz), 1.49 (2H, m), 1.77

(2H, m), 2.79 (1H, dd, J = 17.2, 2.9 Hz), 3.11 (1H, m), 3.97

(2H, t, J = 6.5 Hz), 5.07 (1H, s), 5.36 (1H, dd, J = 13.0, 2.8

Hz), 6.05 (2H, dd, J = 11.1, 2.0 Hz), 6.88 (2H, d, J = 8.5 Hz),

7.33 (2H, d, J = 8.4 Hz), 12.00 (1H, s); HRMS(ES+) calcd

for C19H21O5: 329.1384, Found: 315.1380.

General procedure for 7-O-acylated naringenin deriva-

tives 6~9 (Scheme 2): Alkyl anhydride (1 mmol) and pyr-

idine (1 mmol) were added to a solution of naringenin 1 (1

mmol) in THF (5 mL). The mixture was stirred at room

temperature for 6 h. The resulting mixture was diluted with

water (70 mL) and extracted with EtOAc (100 mL×2). The

organic layer was washed with brine (30 mL). The organic

layer dried over anhydrous MgSO4 and filtered. The filtrate

was concentrated under reduce pressure. The crude mate-

rial was purified by column chromatography using CH2-

Cl2:EtOAc=50:1 as eluent to give the naringenin derivatives.

Acetic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-chro-

man-7-yl ester (6): yield 6 (254 mg, 73%).; 1H-NMR

(400 MHz, CDCl3) δ : 2.31 (3H, s), 2.82 (1H, dd, J = 17.2,

2.8 Hz), 3.07 (1H, m), 5.41 (1H, dd, J = 12.9, 2.8 Hz), 6.00

(2H, d, J = 6.0 Hz), 7.15 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J

= 8.4 Hz), 12.00 (1H, s); HRMS(ES+) calcd for C17H15O6:

315.0863, Found: 315.0866.

Propionic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-chro-

man-7-yl ester (7): yield 7 (240 mg, 66%).; 1H-NMR

(400 MHz, CDCl3) δ: 1.28 (3H, t, J = 7.5 Hz), 2.63 (2H, q,

J = 7.5 Hz), 2.83 (1H, dd, J = 17.2, 2.9 Hz), 3.08 (1H, m),

5.42 (1H, dd, J = 13.0, 2,7 Hz), 5.98 (2H, d, J = 5.3 Hz),

7.15 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J = 8.4 Hz), 12.00

(1H, s); HRMS(ES+) calcd for C18H17O6: 329.1020,

Found: 329.1021.

Butyric 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-chro-

man-7-yl ester (8): yield 8 (227 mg, 60%).; 1H-NMR

(400 MHz, CDCl3) δ: 1.05 (3H, t, J = 7.4 Hz), 1.83 (2H, m),

2.57 (2H, t, J = 7.4 Hz), 2.82 (1H, dd, J = 17.2, 3.0 Hz), 3.08

(1H, m), 5.42 (1H, dd, J = 13.0, 2.7 Hz), 5.98 (2H, d, J =

5.6 Hz), 7.15 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J = 8.4 Hz),

12.00 (1H, s); HRMS(ES+) calcd for C19H19O6: 343.1176,

Found: 343.1178.

Octanoic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-chro-

man-7-yl ester (9): yield 9 (233mg, 53%).; 1H-NMR (400

MHz, CDCl3) δ: 0.90 (3H, t, J = 6.5 Hz), 1.37 (8H, m),

1.78 (2H, m), 2.58 (1H, t, J = 7.5 Hz), 2.81 (1H, dd, J =

16.6, 1.7 Hz), 3.07 (1H, m), 5.40 (1H, d, J = 11.2 Hz), 5.98

(2H, d, J = 6.3 Hz), 7.14 (2H, d, J = 8.2 Hz), 7.45 (2H, d, J

= 8.2 Hz), 12.00 (1H, s); HRMS(ES+) calcd for C23H27O6:

399.1802, Found: 399.1803.

General procedure for 7-O-alkylated or acylated api-

genin derivatives 10~17 (scheme 3): DDQ (3 mmol) were

added to a solution of compound 2~9 (1 mmol) in 1,4-

dioxane (10 mL). The mixture was stirred at 120 oC for

9 h. The resulting mixture was diluted with water (70 mL)

and extracted with EtOAc (100 mL×2). The organic layer

was washed with brine (30 mL). The organic layer dried

over anhydrous MgSO4 and filtered. The filtrate was con-

centrated under reduce pressure. The crude material was

purified by column chromatography using n-hexane:EtOAc

or n-hexane:acetone as eluent to give the apigenin derivatives.

5-Hydroxy-2-(4-hydroxy-phenyl)-7-methoxy-chromen-

4-one (10): Column chromatography using n-hexane:ace-

tone=4:1 as eluent to give 10 (73 mg, 70%).; 1H-NMR

(400 MHz, DMSO-d6) δ: 3.83 (3H, s), 6.34 (1H, d, J = 2.0 Hz),

6.74 (1H, d, J = 1.96 Hz), 6.82 (1H, s) 6.90 (2H, d, J = 8.7 Hz),

7.94 (2H, d, J = 8.7 Hz), 10.36 (1H, s), 12.93 (1H, s); HRMS

(ES+) calcd for C16H13O5: 285.0757, Found: 285.0758.

7-Ethoxy-5-hydroxy-2-(4-hydroxy-phenyl)-chromen-

4-one (11): Column chromatography using n-hexane:

EtOAc=2:1 as eluent to give 11 (60 mg, 60%).; 1H-NMR

(400 MHz, DMSO-d6) δ: 1.34 (3H, t, J = 6.8 Hz), 4.14

(2H, d, J = 6.92 Hz), 6.31 (1H, s), 6.72 (1H, s), 6.81 (1H, s),

6.90 (2H, d, J = 8.4 Hz), 7.93 (2H, d, J = 8.4 Hz), 10.35

(1H, s), 12.91 (1H, s); HRMS(ES+) calcd for C17H15O5:

299.0914, Found: 299.0914.

5-Hydroxy-2-(4-hydroxy-phenyl)-7-propoxy-chromen-

4-one (12): Column chromatography using n-hexane:

EtOAc=2:1 as eluent to give 12 (62 mg, 62%).; 1H-NMR

(400 MHz, DMSO-d6) δ: 0.97 (3H, t, J = 7.4 Hz), 1.76 (2H,

m), 4.04 (2H, t, J = 6.6 Hz), 6.32 (1H, d, J = 2.0 Hz), 6.73
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(1H, d, J = 2.0 Hz), 6.81 (1H, s), 6.90 (2H, d, J = 8.7 Hz),

7.93 (2H, d, J = 8.7 Hz), 10.33 (1H, s), 12.90 (1H, s); HRMS

(ES+) calcd for C18H17O5: 313.1071, Found: 313.1068.

7-Butoxy-5-hydroxy-2-(4-hydroxy-phenyl)-chromen-

4-one (13): Column chromatography using n-hexane:

EtOAc=2:1 as eluent to give 13 (50 mg, 67%).; 1H-NMR

(400 MHz, DMSO-d6) δ: 0.92 (3H, t, J = 7.4 Hz), 1.45

(2H, m), 1.72 (2H, m), 4.07 (2H, t, J = 6.5 Hz), 6.32 (1H,

d, J = 2.0 Hz), 6.74 (1H, d, J = 2.0 Hz), 6.81 (1H, s), 6.90

(2H, d, J = 8.8 Hz), 7.94 (2H, d, J = 8.7 Hz), 10.35 (1H, s),

12.91 (1H, s); HRMS (ES+) calcd for C19H19O5: 327.1227,

Found: 327.1221.

Acetic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H

chromen-7-yl ester (14): Column chromatography using

n-hexane:EtOAc=2:1 as eluent to give 14 (97 mg, 95%).;
1H-NMR (400 MHz, DMSO-d6) δ: 2.27 (3H, s), 6.18 (1H,

s), 6.49 (1H, s), 6.94 (1H, s), 7.32 (2H, d, J = 8.6 Hz), 8.10

(2H, d, J = 8.6 Hz), 10.90 (1H, s), 12.78 (1H, s); HRMS

(ES+) calcd for C17H13O6: 313.0707, Found: 313.0700.

Propionic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H-

chromen-7-yl ester (15): Column chromatography using

n-hexane:EtOAc=2:1 as eluent to give 15 (95 mg, 94%).;
1H-NMR (400 MHz, DMSO-d6) δ: 1.13 (3H, t, J = 6.6 Hz),

2.62 (2H, t, J = 7.0 Hz), 6.19 (1H, s), 6.49 (1H, s), 6.95

(1H, s), 7.32 (2H, d, J = 8.0 Hz), 8.10 (2H, d, J = 8.1 Hz),

10.90 (1H, s), 12.78 (1H, s); HRMS (ES+) calcd for C18H17O6:

329.1020, Found: 329.1026.

Butyric 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H-

chromen-7-yl ester (16): Column chromatography using

n-hexane:EtOAc=2:1 as eluent to give 16 (95 mg, 95%).;
1H-NMR (400 MHz, DMSO-d6) δ: 0.96 (3H, t, J = 7.4

Hz), 1.68 (2H, m), 2.58 (2H, t, J = 7.2 Hz), 6.49 (1H, d, J

= 1.7 Hz), 6.88 (1H, s), 6.93 (2H, d, J = 8.2Hz), 7.02 (1H,

d, J = 1.7 Hz), 7.96 (2H, d, J = 8.7 Hz), 10.90 (1H, s),

12.78 (1H, s); HRMS (ES+) calcd for C19H17O6: 341.1020,

Found: 341.1010.

Octanoic 5-hydroxy-2-(4-hydroxy-phenyl)-4-oxo-4H-

chromen-7-yl ester (17): Column chromatography using

n-hexane:EtOAc=2:1 as eluent to give 17 (90 mg, 89%).;
1H-NMR (400 MHz, DMSO-d6) δ: 0.85 (3H, t, J = 7.5Hz),

1.25 (8H, d, J = 16.9Hz), 1.65 (2H, m), 2.59 (2H, t, J = 7.4

Hz), 6.59 (1H, d, J = 1.8 Hz), 6.89 (1H, s), 6.93 (2H, d, J =

8.6 Hz), 7.02 (1H, d, J = 1.8 Hz), 7.96 (2H, d, J = 8.7 Hz), 10.90

(1H, s), 12.78 (1H, s); HRMS (ES+) calcd for C23H25O6:

397.1646, Found: 397.1643.
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