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Synthesis of (6 ) homoisoflavanone and corresponding homoisoflavane
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aDepartment of Medicinal Chemistry, School of Pharmaceutical Engineering, Shenyang Pharmaceutical
University, Shenyang 110016, China; bThe Research Institute of Traditional Chinese Medicines and

Natural Products, Jinan University, Guangzhou 510632, China

(Received 4 January 2007; final version received 24 April 2008 )

The total synthesis of racemic 3-(40-methoxybenzyl)-7,8-methylenedioxy-chroman-4-one, a
homoisoflavanone with antimycobacterial activity isolated recently from Chlorophytum
inornatum, was described. During this research, the first approach for the conversion of
homoisoflavonoids into homoisoflavanes was also developed.
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1. Introduction

Natural homoisoflavanone compounds,

which possess the 3-benzyl-substituted chro-

man ring system as a common framework,

have been isolated from a wide variety of

natural sources and exhibit a broad range of

biological activities, such as anti-angiogenic

activity [1], COX-1 and COX-2 inhibitory

activity [2], etc. A new natural homoiso-

flavanone (Figure 1) (S)-3-(40-methoxyben-

zyl)-7,8-methylenedioxy-chroman-4-one (1)

was isolated from Chlorophytum inornatum,

which exhibited minimum inhibitory values

ranging from 16 to 256mg/ml against four

strains of fast-growing mycobacteria [3]. It is

well known that the genus Mycobacterium

is responsible for tuberculosis (TB) and TB is

still a very common infectious disease

worldwide, particularly in developing

countries [4]. In consideration of the reported

antimycobacterial activity as well as the lack

in the literature of any described total

synthesis of either the racemic or optical

homoisoflavanone (1), we developed a

practical route to synthesize the racemic

homoisoflavanone ((^ ) 1). During this

research, we also found a new and straight-

forward approach to homoisoflavane via the

Pd/C-catalyzed hydrogenation/hydrogenoly-

sis of the corresponding homoisoflavone.

2. Results and discussion

Several methods for the synthesis of homo-

isoflavanones have been reported in the

literatures, which were mainly based on (i)

the Friedel–Crafts acylation of racemic or

optical 2-benzyl-3-phenoxypropanoic acids

in the presence of trifluoroacetic acid and

trifluoroacetic anhydride [5], (ii) the catalytic

hydrogenation of 3-benzylidenechroman-4-

ones obtained via the aldol condensation of 4-

chromanones with benzaldehydes [6], (iii) the

Michael-type addition of 2-benzyl-1-(2-

hydroxyphenyl)prop-2-en-1-one derivatives

[7], and (iv) the catalytic hydrogenation of

homoisoflavones that could be prepared from

dihydrochalcones [8]. In the present work, we

employed method (iv) as our strategy for the

synthesis of the racemic homoisoflavanone

((^ ) 1), which is described in Scheme 1.
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Our synthetic work commenced with the

commercially available benzene-1,2,3-triol (3)

that was acetylated by Ac2O in the presence of

traces of concentrated H2SO4 affording ketone

(4) in 79.7% yield [9]. The synthesis of

intermediate (5) had been reported in the

literature by treating 4 with CH2I2 and K2CO3

in acetone with a yield less than 10% [10].

When we carried out this reaction using

CH2Cl2 as an alkylating agent in DMF under

reflux, we obtained 5 in 17.1% yield. The aldol

condensation of 5 with 4-methoxybenzalde-

hyde under alkaline condition in EtOH

afforded chalcone (6) in 61.8% yield, and

following hydrogenation using Pd/C as the

catalyst in THF at room temperature gave

dihydrochalcone (7) in 84.5% yield. It had

been reported that the conversion of dihy-

drochalcones into the corresponding homoiso-

flavones could be achieved by treating them

with (MeO)2CHNMe2 [8], HCOOEt/Na [11],

DMF/MeSO2Cl [12], or DMF/PCl5 [13]. All

methods described above had been tested for

the preparation of homoisoflavone (8), and the

last one was proved to be the most efficient.

Thus, the treatment of 7 with DMF and PCl5
in the presence of Lewis acid, BF3·Et2O,

afforded 8 in 71.0% yield. The next step for the

synthesis of homoisoflavanone ((^) 1) was the
catalytic hydrogenation of homoisoflavone (8).

In the pursuit for a suitable catalyst, we came

across the use of Raney Ni and Pd/C, two

commonly used catalysts in hydrogenation.

Raney Ni-catalyzed hydrogenation of 8 in

EtOH at atmosphere pressure and room

temperature for 12 h gave the racemic homo-

isoflavanone ((^) 1) in 80.1% yield, which

was identical in 1H NMR and MS with the

natural product 1. However, when we carried

out this reaction employing Pd/C as the

catalyst in either MeOH or EtOAc, we

obtained an unexpected compound as the

main product, which was confirmed to be

homoisoflavane (2) by the ESI-MS and 1H

NMR spectra (Scheme 2). This result demon-

strated that homoisoflavone (8) could be

Scheme 1. Reagents and conditions: (a) Ac2O, H2SO4, reflux, 1 h; (b) CH2Cl2, K2CO3, DMF, reflux, 10 h;
(c) 4-methoxybenzaldehyde, 10% NaOH aq, EtOH, rt, 8 h; (d) H2, Pd/C, THF, rt, 10 h; (e) DMF, BF3·Et2O,
PCl5, 4 h; and (f) H2, Raney Ni, EtOH, rt, 10 h.

Scheme 2. Reagents and conditions: (g) H2, Pd/C, MeOH, 12 h.
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converted into homoisoflavane (2) directly via

Pd/C-catalyzed hydrogenation/hydrogenoly-

sis. The influence of solvent, reaction time,

and amount of catalyst Pd0 on the yield of

homoisoflavane (2) was then examined briefly

to optimize the synthetic procedure. The best

result with 88.8% yield was obtained when the

substrate 8 was reacted in MeOH under H2 at

atmosphere pressure and room temperature in

the presence of Pd/C (0.67 equiv.) for 12 h.

Homoisoflavane is a set of rare natural

products isolated from several plants of the

Agavaceae family, including Dracaena cinna-

bari [14], D. draco [15], D. cochinchinensis

[16], D. loureiri [17], and Agave americana

[18], some of which exhibit interesting and

useful biological activities, such as proteasome

inhibitory activity [19] and antioxidant activity

[20]. However, to date, only a few synthetic

methods for the preparation of homoisofla-

vanes have been documented [21]. Moreover,

to the best of our knowledge, the straightfor-

ward approach to homoisoflavanes from

homoisoflavonoids, a family of compounds

that could be synthesized conveniently, had

never been reported.

In summary, the first total synthesis of

racemic natural homoisoflavanone ((^) 1) had

thus been achieved with a sequence of six steps

in 4.0% overall yield. In addition, a new and

convenient synthetic approach to homoiso-

flavanes via the Pd/C-catalyzed hydrogena-

tion/hydrogenolysis of homoisoflavones had

been developed. The application of these

methodologies toward the homoisoflavanones

and homoisoflavones related to the natural

product 1 for their structure–activity relation-

ships is currently in progress.

3. Experimental

3.1 General experimental procedures

Melting points were determined using a hot-

stage microscope and are uncorrected. The
1H- and 13C-NMR spectra were taken in

CDCl3 solution on Bruker ARX-300 spec-

trometers with TMS as the internal reference

(Bruker BioSciences, Massachusetts, USA).

The MS spectra were obtained using Quattro

Microe spectrometers. Column chromatog-

raphy was run on silica gel (200–300mesh)

from Qingdao Ocean Chemicals (Qingdao,

China). Elemental analyses (C and H) were

performed by the Jilin University (Chang-

chun, China). Unless otherwise noted, all the

materials were obtained from commercially

available sources and were used without

further purification.

3.2 1-(2,3,4-Trihydroxyphenyl)ethanone (4)

According to the literature [9], 1-(2,3,4-

trihydroxyphenyl)ethanone (4) was syn-

thesized with a yield 79.7%, m.p. 171–1738C

(169–1728C [9]).

3.3 1-(4-Hydroxybenzo[d][1,3]dioxol-5-
yl)ethanone (5)

1-(2,3,4-Trihydroxyphenyl)ethanone (4) was

treated as the starting material according to

the literature [10] using N,N-dimethylforma-

mide and dichloromethane instead of acetone

and methylene iodide. Compound 5 was

obtained in 17.1% yield as a white powder;

m.p. 84–868C (85–868C [10]); 1H NMR

(300MHz, CDCl3) d: 2.58 (s, 3H, ZCH3),

6.08 (s, 2H, ZOCH2OZ), 6.48 (d, 1H,

J ¼ 8.4Hz, Ar-H), 7.39 (d, 1H, J ¼ 8.4Hz,

Ar-H), 12.30 (s, 1H, ZOH).

3.4 20-Hydroxy-30,40-methylenedioxy-4-
methoxychalcone (6)

20-Hydroxy-30,40-methylenedioxy-4-methox-

ychalcone (6) was prepared via a method

similar to the literature [10] with a yield of

61.8%; m.p. 142–1448C (143–1458C [10]);
1H NMR (300MHz, CDCl3) d: 3.85 (s, 3H,

Figure 1. Chemical structure of natural
homoisoflavanone (1).
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ZOCH3), 6.02 (s, 2H, ZOCH2OZ), 6.48 (d,

1H, J ¼ 8.7 Hz, Ar-H), 6.90 (d, 2H,

J ¼ 9.0Hz, Ar-H), 7.38 (d, 1H, J ¼ 16.8Hz,

a-H), 7.55 (d, 2H, J ¼ 9.0Hz, Ar-H), 7.80 (d,

1H, J ¼ 16.8 Hz, b-H), 8.02 (d, 1H,

J ¼ 8.7Hz, Ar-H), 14.04 (s, 1H, ZOH). MS

(ESI) m/z: 299 [M þ H]þ.

3.5 20-Hydroxy-30,40-methylenedioxy-4-
methoxydihydrochalcone (7)

Compound 6 (1.27 g, 4.26mmol) was dis-

solved in THF (40ml) and to this was added

10% Pd/C (0.13 g). The mixture was stirred at

room temperature under H2 atmosphere for

10 h. After filtration, the liquid was concen-

trated in vacuo and the residue obtained was

purified by column chromatography over

silica gel to give 7 (1.08 g, 84.5%) as a white

powder; m.p. 82–848C; 1H NMR (300MHz,

CDCl3) d: 3.03 (t, 2H, b-CH2, J ¼ 7.5Hz),

3.21 (t, 2H, a-CH2, J ¼ 7.5Hz), 3.86 (s, 3H,

ZOCH3), 6.04 (s, 2H, ZOCH2OZ), 6.48 (d,

1H, J ¼ 8.7 Hz, Ar-H), 6.90 (d, 2H,

J ¼ 9.0Hz, Ar-H), 7.55 (d, 2H, J ¼ 9.0Hz,

Ar-H), 8.02 (d, 1H, J ¼ 8.7Hz, Ar-H), 14.01

(s, 1H, ZOH). MS (ESI) m/z: 323

[M þ Na]þ. Elemental analysis: Found: C,

67.91%; H, 5.40%; Calcd for C17H16O5: C,

67.99%; H, 5.37%.

3.6 3-(40-Methoxybenzyl)-7,8-methylene-
dioxy-4H-chromen-4-one (8)

A mixture of 7 (0.91 g, 3.01mmol) and

BF3·Et2O (1.2ml, 9.02mmol) was cooled to

8–108C and DMF (4.6 ml) was added

dropwise for 5min. In another flask, DMF

(8ml) was cooled to 108C and PCl5 (0.939 g,

4.50mmol) was added in small portions. The

mixture was then allowed to stand at room

temperature for 20min. The light yellow-

colored solution was then added to the above

reaction mixture slowly at 20–238C. The

mixture was stirred at room temperature for

4 h and poured into boiling dilute HCl slowly

and cooled. The solution was extracted with

EtOAc (3 £ 50 ml) and the combined

organic layer was washed with water

(20ml), brine (20ml), and dried over sodium

sulfate. The residue obtained after the

evaporation of the solvent was chromato-

graphed over silica gel column to give 8

(0.66 g, 71.0%) as a white solid; m.p. 164–

1668C; 1H NMR (300MHz, CDCl3) d: 3.73

(s, 2H, ZCH2ZAr), 3.79 (s, 3H, ZOCH3),

6.16 (s, 2H, ZOCH2OZ), 6.85 (d, 2H,

J ¼ 8.7Hz, Ar-H), 6.93 (d, 1H, J ¼ 8.4Hz,

Ar-H), 7.21 (d, 2H, J ¼ 8.7Hz, Ar-H), 7.51

(s, 1H, ZOCHv), 7.81 (d, 1H, J ¼ 8.4Hz,

Ar-H). 13C NMR (CDCl3) d: 30.8, 55.3,

103.2, 107.1, 114.0, 114.0, 120.0, 120.5,

124.5, 130.0, 130.0, 130.4, 134.4, 141.5,

152.1, 152.1, 158.3, 176.5. MS (ESI) m/z: 311

[M þ H]þ. Elemental analysis: Found: C,

69.74%; H, 4.51%; Calcd for C18H14O5: C,

69.67%; H, 4.55%.

3.7 3-(40-Methoxybenzyl)-7,8-methylene-
dioxy-chroman-4-one (1)

To a solution of 8 (0.20 g, 0.68mmol) in

EtOH (10ml) was added the suspension of

Raney Ni (0.04 g) in EtOH (0.5ml). The

mixture was stirred at room temperature for

10 h, and then it was filtered. The removal of

the solvent yielded a residue that was purified

by column chromatography over silica gel to

give 1 (0.17 g, 80.1%) as a white powder;

m.p. 105–1078C; 1H NMR (300MHz,

CDCl3) d: 2.74 (dd, 1H, J ¼ 13.5, 10.5 Hz,

ZCH2ZAr,), 2.86 (m, 1H,ZCHZ), 3.21 (dd,

1H, J ¼ 13.5, 4.2 Hz, ZCH2ZAr), 3.83 (s,

3H, ZOCH3), 4.27 (dd, 1H, J ¼ 11.4, 7.2 Hz,

ZOCH2Z), 4.44 (dd, 1H, J ¼ 11.4, 3.9 Hz,

ZOCH2Z), 6.12 (s, 2H, ZOCH2OZ), 6.64

(d, 1H, J ¼ 8.4Hz, Ar-H), 6.89 (d, 2H,

J ¼ 8.7Hz, Ar-H), 7.19 (d, 2H, J ¼ 8.7Hz,

Ar-H), 7.62 (d, 1H, J ¼ 8.4Hz, Ar-H). 13C

NMR (CDCl3) d: 31.8, 48.0, 55.4, 69.9,

102.7, 103.3, 114.1, 114.1, 117.5, 123.2,

130.1, 130.1, 130.2, 134.6, 145.5, 153.8,

158.4, 192.0. MS (ESI) m/z: 313 [M þ H]þ.

Elemental analysis: Found: C, 69.10%; H,

5.23%; Calcd for C18H16O5: C, 69.22%; H,

5.16%.
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3.8 3-(40-Methoxybenzyl)-7,8-methylene-
dioxychroman (2)

A solution of 8 (0.20 g, 0.68mmol) in EtOH

(10ml) and 10% Pd/C (0.02 g) were stirred

at room temperature for 12 h, and then it

was filtered. The liquid was concentrated

under removed pressure and the residue was

purified by column chromatography over

silica gel to give 2 (0.18 g, 88.8%) as a white

solid; m.p. 94–968C; 1H NMR (300MHz,

CDCl3) d: 2.28 (m, 1H, ZCHZ), 2.42–2.78

(m, 4H, ZCH2ZAr), 3.80 (s, 3H, ZOCH3),

3.87 (dd, 1H, J ¼ 10.2, 8.7 Hz, ZOCH2Z),

4.24 (dd, 1H, J ¼ 10.2, 3.0 Hz, ZOCH2Z),

5.94 (d, 2H, J ¼ 3.0Hz, ZOCH2OZ), 6.40

(d, 1H, J ¼ 8.1Hz, Ar-H), 6.48 (d, 1H,

J ¼ 8.1Hz, Ar-H), 6.85 (d, 2H, J ¼ 8.4Hz,

Ar-H), 7.10 (d, 2H, J ¼ 8.4Hz, Ar-H). 13C

NMR (CDCl3) d: 30.5, 34.3, 37.0, 55.3, 70.3,

101.4, 101.4, 113.9, 113.9, 116.9, 121.9,

129.9, 129.9, 131.2, 134.2, 139.1, 146.9,

158.2. MS (ESI) m/z: 321 [M þ Na]þ.

Elemental analysis: Found: C, 72.39%; H,

6.04%; Calcd for C18H18O4: C, 72.47%; H,

6.08%.
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