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A Novel Synthetic Method for 3-Hydroxyhomoisoflavanone
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A novel synthetic method was developed for 3-hydroxyhomoisoflavanone. Treatment of aryl-
lithium 14 to aldehyde 13 which was obtained from dihydroxylation of 10, followed by cy-
cloetherification to give 3-hydroxyhomoisoflavanones.
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INTRODUCTION

Brazilin was isolated from Caesalpinia sappan L.
(Leguminosae) (Cheveul et al, 1808; Namikoshi et al.,
1987) which has long been used as traditional Chinese
medicine. In the course of systematic screening for bio-
logical activity, brazilin was shown to have antibac-
terial activity (Pratt et al, 1959), antiinflammatory ac-
tivity (Hikino et al, 1977) and hypoglycemia activity
(Moon et al., 1990). Structurally similar derivative, (+)-
haematoxylin (Chevreul et al, 1824) was isolated from
Haematoxylon campechianum (Leguminosae). Hae-
matoxylin exhibited the inhibition activity of the Bo-
vine-Lens aldose reductase (Moon et al, 1985) and
120 times higher sweatness than sucrose (Arnoldi et
al, 1995). The structure of both brazilin and hae-
matoxylin as polyhydroxybenzindenopyrans is classi-
fied to tetracyclic homoisoflavanoid. The biosynthetic
precusors of 1a,b were known as homoisoflavanones
2a,b. The pharmacological potentiailty attracted chem-
ists to synthesize these tetracyclic homoisoflavanoids
1a,b and its derivatives. Many synthetic methods has
been reported for intermediates 2a,b (Farkas et al,
1968; Krishnamurty ef al, 1974; Chatterjea et al,
1979; Davis et al, 1990) which can be futher trans-
formed to 1a,b by reduction and acid catalyzed cycl-
ization. Most of synthetic methods employed 3 or 4 as
intermediate which was transformed to 3-hydroxyho-
moisoflavanone derivatives by aldol condensation with
corresponding benzaldehyde moiety. Different appro-
ach was accomplished by Chatterjea et a/ in 1974.
They used intramolecular Friedel Craft type cycliza-
tion of cyanohydrin intermediate 5 as a key step.
Now we report a new synthetic methodology for 3-hy-
droxyhomoisoflavanone via OsQO,-dihydroxylation and
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Fig. 1. Chemical structure of brazilin and haematoxylin.
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Fig. 2. Intermediates for 3-hydroxyhomoisoflavanone.

intramolecular etherification.
MATERIALS AND METHODS

IR spectra were recorded on a Perkin-Elmer 1710
FT spectrometer. 'H-NMR spectra were measured on
a Bruker WP 80 SY or JEOL JNM-GCX 400 spectro-
meter. Mass spectra were recorded on a VG Trio-2
GC-MS El method at 70 eV or a JMS AX505WA by
Cl method at 200 eV. Chemical shifts (8) are in parts
per million (ppm) relatives to Me,Si, and coupling con-
stants (/ values) are in hertz.

The solvents and reactants were of the best comm-
ercial grade available and were used without further
purification unless noted. Tetrahydrofuran was distil-
led from Na and benzophenone.

Ethyl 2,3-dihydroxy-2-benzylpropionate (11)

To a solution of 4-methylmorpholine N-oxide (1.35
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g, 11.542 mmol) and osmium tetroxide (67 mg, 0.528
mmol) in acetone-tert-butanol-water (2.5:1:12.5) mix-
ture (64 mL) was added 10 (2.0 g, 10.513 mmol).
The reaction was stirred at room temperature (18 h).
Sodium thiosulfate (87 mg) and florisil (10 g) were
added, stirred (10 min) and filtered. The fiitrate was
neutralized with 1 N aqueous HCI solution, and con-
centrated /n vacuo. The residue was diluted with
ethyl acetate (100 mL), washed with brine (30 mL)
and dried over anhydrous magnesium sulfate (2 g).
The excess solvent was removed /n vacuo and the
residue was purified by column chromatography (SiO,,
33% ethyl acetate-hexane) to give a colorless oil 11:
yield, 2.03 g (86%); IR (neat) 3445, 2983, 1732 cm"1;
"H-NMR (400 MHz, CDCl) 1.29 (t, ~7.2 Hz, 3 H),
227 (bs 1 H), 2,89. d, =F13.6 Hz, 1 H), 2.99 d, =
13.6 Hz, 1 H), 3.70 (d, =11.0 Hz, 1 H), 3.92 d, &
11.0 Hz, 1 H), 4.18-424 (m, 2 H), 7.18-7.30 (m, 5
H); MS (El) 224 [M], 206 {M-H,0]".

Ethyl 2,3-O-isopropylidenedioxy-2-benzylpropionate (12)

To a tetrahydrofuran solution (15 mL) of 11 (1.19 g,
5.306 mmol) and p-toluenesulfonic acid monohydrate
(100 mg, 0.53 mmol) was added 2,2-dimethoxypro-
pane (1.11 g, 10.62 mmol). The reaction was stirred
at room temperature (20 h) and concentrated in va-
cuo. The residue was diluted with ethyl acetate (100
ml), washed with aqueous NaHCO,; (30 ml), water
(30 mL) and brine (30 mL) and dried over anhydrous
magnesium sulfate (2 g). The excess solvent was re-
moved /n vacuo and the residue was purified by co-
lumn chromatography (Si0Q,, 17% ethyl acetate-hex-
ane) to give a colorless caramel 12: yield, 1.16 g
(83%); IR (neat) 2987, 1739 cm”; 'H-NMR (400 MHz,
CDCly) 1.22 (t, 7.6 Hz, 3 H), 1.28 (s, 3 H), 1.43 (s,
3 H), 3.04 (d, #14.0 Hz, 1 H), 3.19 (d, ~14.0 Hz, 1
H), 3.91 (d, =8.8 Hz, 1 H), 4.13-4.22 (m, 2 H), 4.34
(d, 8.8 Hz, 1 H), 7.21-7.30 (m, 5 H); MS (El) 264
M]”.

2,3-O-lsopropylidenedioxy-2-benzylpropionaldehyde
13)

To a toluene solution (1 mL) of 12 (20 mg, 1.18
mmol) was added 1 M diisobutylaluminum hydride
(0.08 ml, 0.08 mmol) at -78°C. The reaction was stirr-
ed at -78°C (0.5 h). The reaction was quenched with
water and extracted with diethyl ether (25 mL x 2).
The ether solution was washed with brine (10 mlL)
and dried over anhydrous magnesium sulfate (1 g).
The excess solvent was removed in vacuo and the
residue was purified by column chromatography (SiO,,
17% ethyl acetate-hexane) to give a colorless oil 13:
yield, 10 mg (60%); IR (neat) 2988, 1732 cm’; 'H-
NMR (400 MHz, CDCl;) 1.25 (s, 3 H), 1.42 (s, 3 H),
2.90 (d, =14.0 Hz, 1 H), 3.09 (d, £14.0 Hz, 1 H),
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3.82 (d, =8.8 Hz, 1 H), 4.22 (d, 8.8 Hz, 1 H), 7.19-
7.31 (m, 5 H), 9.67 (s, 1 H); MS (+CI) 221 [M + 1]".

1-[2-(2-Methoxyethoxymethoxy)-4-methoxyphenyl]-2-
benzyl-2,3-isopropylidene-dioxypropanol (15)

To a tetrahydrofuran solution (5 mL) of 1-bromo-2-(2-
methoxyethoxymethoxy)-4-methoxybenzene (428 mg,
1.470 mmol) was added 1.2 M n-butyllithium (1.2
ml, 1.47 mmol) at -78°C. The reaction was stirred at
-78°C (0.3 h). 13 (323 mg, 1.47 mmol) was added to
the reaction and stirred at room temperature (18 h).
The reaction was quenched with water and extracted
with diethyl ether. The ether solution was washed
with brine and dried over anhydrous magnesium sul-
fate. The excess solvent was removed /n vacuo and
the residue was purified by column chromatography
(Si0,, 50% ethyl acetate-hexane) to give a colorless
caramel 15: yield, 292 mg (45%); IR (neat) 3467,
2939 cm’”'; 'H-NMR (400 MHz, CDCl,) 0.78 (s, 3 H),
1.24 (s, 3 H), 1.51 (bs, 1 H), 2.51 (d, £14.0 Hz, 1 H),
3.14 (d, =14.0 Hz, 1 H), 3.28 (s, 3 H), 3.42-3.57 (m,
4 H), 3.67(d, =8.8Hz, 1H),4.15(d, 8.8 Hz, 1 H),
5.07 (s, 1 H), 5.14-5.20 (m, 2 H), 6.54 (dd, 2, 8.4
Hz, 1T H), 6.69 (d, =2 Hz, 1 H), 7.08-7.22 (m, 5 H),
7.44 d, =8.4 Hz, 1 H); MS (EI) 432 [M]".

2-Benzyl-2,3-isopropylidenedioxyethyl [2'-(2-methoxye-
thoxymethyl)-4'-methoxy] phenyl ketone (16)

To a methylenechloride suspension (3 ml) of PCC
(218 mg, 0.979 mmol) and sodium acetate (17 mg,
0.210 mmol) was added 15 (292 mg, 0.660 mmol).
The reaction was stirred at room temperature (16 h),
diluted with ether (50 mL), passed through the florisil
and silica gel layer and dried over anhydrous mag-
nesium sulfate (1 g). The excess solvent was removed
in vacuo and the residue was purified by column
chromatography (SiO,, 33% ethyl acetate-hexane) to
give a colorless caramel 16: yield, 204 mg (70%); IR
(neat) 2952, 1610 cm™; 'H-NMR (400 MHz, CDCL,)
0.896 (s, 3 H), 1.12 (s, 3 H), 3.03 (d, =14.0 Hz, 1 H),
3.38 (s, 3 H), 3.48 (d, F14.0 Hz, 2 H), 3.57 (t, 2.4
Hz, 2 H), 3.85 (t, =2.4 Hz, 2 H), 3.96 (d, 8.8 Hz, 1
H), 4.31 (d, £8.8 Hz, 1 H), 5.24 (s, 2 H), 6.45 (dd, £
24,88 Hz, 1H), 677 (d, 24 Hz, 1 H), 707 d, E
8.8 Hz, 1 H), 7.23-7.29 (m, 5 H); MS (El) 430 [M]".

2-Benzyl-2,3-dihydroxyethyl 2'-hydroxy-4'methoxyphenyl
ketone (17)

A concentrated HC|-methanol (1:16) solution (2 mL)
of 16 (66 mg, 0.149 mmol) was stirred at 50°C (2 h).
The reaction was concentrated, diluted with ethyl ace-
tate (50 mL), washed with brine (10 mL) and dried
over anhydrous magnesium sulfate (1 g). The excess
solvent was removed in vacuo and the residue was
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purified by column chromatography (SiO,, 33% ethyl
acetate-hexane) to give a colorless caramel 17: yield,
42 mg (98%); IR (neat) 3436, 2926, 1625 cm’; 'H-
NMR (80 MHz, CDCL,) 1.60 (bs, 3 H), 3.26 (d, =14.0
Hz, 1 H), 3.70 (d, £14.0 Hz, 2 H), 3.85 (s, 3 H), 3.87
(m, 1 H), 4.26 (m, 1 H), 6.47 (dd, 2.4, 9.8 Hz, 1 H),
7.11-7.25 (m, 6 H), 8.24 (d, £9.8 Hz, 1 H); MS (El)
302 [M]™.

3-Tosyloxy-2-hydroxy-2-benzylethyl 2'-hydroxy-4'-me-
thoxyphenyl ketone (18)

A chloroform solution (1.76 mL) of 17 (14 mg, 0.049
mmol), p-toluenesulfonyl cholride (13.2 mg, 0.069
mmol) and pyridine (0.235 mg, 0.003 mmol) was stirr-
ed at room temperature (43 h). The excess solvent
was removed /in vacuo and the residue was purified
by column chromatography (SiO,, 33% ethyl acetate-
hexane) to give a colorless caramel 18: yield, 12.4 mg
(55%), IR (neat) 3469, 1626 cm'; 'H-NMR (400 MHz,
CDCI) 2.16 (s, 2 H), 2.43 (s, 3 H), 3.14 (d, /=14.0 Hz,
1H), 3.26(d, F14.0Hz, 1 H), 3.85 (t, =2.4 Hz, 2 H),
396 (s, 3 H), 423 (d, 9.6 Hz, 1 H), 453 (d, £9.6
Hz, 1 H), 6.35 (dd, 2.4, 9.2 Hz, 1 H), 6.40 (d, 2.4
Hz, 1 H), 7.00-7.02 (m, 2 H), 7.15-7.18 (m, 3 H), 7.28
(d, =80 Hz, 1 H), 7.69 (d, =8.0 Hz, 1 H), 8.10 d, £
9.2 Hz, 1 H); MS (El) 457 [M]".

3-Hydroxy-7-methoxyhomoisoflavanone (6)

A methanol solution (1 mL) of 18 (12.4 mg, 0.0272
mmol) and potassium carbonate (6 mg, 0.043 mmol)
was stirred at room temperature (5 h). The reaction
solution was concentrated in vacuo, diluted with
ethyl acetate (50 ml), washed with water (10 mlL)
and brine (10 mL) and dried over anhydrous mag-
nesium sulfate (1 g). The excess solvent was removed
in vacuo and the residue was purified by column
chromatography (SiO,, 25% ethyl acetate-hexane) to
give a white solid 6: yield, 5.7 mg (74%); IR (neat)
3464, 1619 cm™; 'H-NMR (400 MHz, CDCl;) 1.56 (s,
1H), 294, =140, 1 H), 3.01 d, =14.0, 1 H), 3.88
(s, 3H), 409 d, F11.0Hz, 1 H), 4.27 (d, ~11.0 Hz,
1T H), 649 (d, 2.4 Hz, 1 H), 6.67 (dd, £2.4, 9.2 Hz,
1 H), 7.20-7.32 (m, 5 H), 7.82 (d, 9.2 Hz, 1 H); MS
(ED) 284 [M]”, 266 [M-H,0]".

RESULTS AND DISCUSSION

Our retrosynthetic analysis is outlined in Scheme 1.
3-Hydroxyhomoisoflavanone 6 was prepared via three
key reaction ; Dihydroxylation of 10, Addition of lithi-
ate 14 to aldehyde 13 and Intramolecular etherifica-
tion of 18. Diol 11 was prepared by dihydroxylation
of o,B-unsaturated ester 10 using catalytic amount of
OsO, and 4-methylmorpholine N-oxide. Then the diol
11 was protected with acetonide and the following
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reduction with DIBAL-H generated aldehyde 13. Treat-
ment of 13 with 14 provided 15 followed by ox-
idation with PCC to give ketone 16. Acetonide and
MEM group of 16 were deprotected simultaneously
with 2% methanolic HCl solution. Selective tosylation
of 17 furnished 18 and the following intramolecular
etherification gave 6. In summary, 3-hydroxyhomoiso-
flavanone 6 was prepared through 8 steps from 10 in
overall yield 5.9%. High yield of OsO,-catalytic dihy-
droxylation in preparation of diol 11 gave advantage
for industrial application. Especially this method can
be applied to prepare C(3)(5)-6 by asymmetric dihy-
droxylation. The asymmetric synthesis of C(3)($5)-6 is
currently being investigated.
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Scheme 1. Retrosynthetic analysis for 3-hydroxyhomoisofla-

vanone.
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Scheme 2. Synthetic route to 3-hydroxyhomoisoflavanone.
Reaction condition: (@) NMO, OsQ,, tertBuOH, H,0, ace-
tone, rt, 18 h; 86%; (b) 2,2-dimethoxypropane, p-TsOH,
THF, rt, 20h; 83%; (c) DIBAL-H, toluene, -78°C, 30 min;
60%; (d) 14, THF, -78°C to rt, 18h; 56%; (e) PCC, NaOAc,
CH,Cl,, rt, 16h; 79%; () 2% HCI in MeOH, 50°C, 2 h; 98%;
(g) p-TsCl, pyridine, CHCl;, rt, 43 h; 55%; (h) K,CO,, MeOH,
rt, 5 h; 74%.
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