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Genistein (5) when heated with prenyl bromide in the presence of methanolic methoxide yields 7,4’-di-O-prenyl-
(6), 6,8-diprenyl- (7), and 6-prenyl- (8) genisteins separable by column chromatography. Structures of these
compounds have been established by their nmr spectra and those of their derivatives. Oxidative cyclization of 8
with DDQ affords natural alpinum isoflavone (1) and a similar reaction of 7 gives a mixture of natural osajin
(2) and warangalone (3) which have been separated by column chromatography and identified by mass spectra.

Four isopentenylated derivatives of genistein are known
to occur in nature. Among these, alpinum isoflavone? (1)
is the monoisopentenylated genistein and has a linear
2,2-dimethylpyran ring condensed with the ring A. The
other three compounds are diisopentenylated derivatives.
Thus osajin3 (2) has a prenyl unit in the 6 position and an
angular 2,2-dimethylpyran ring condensed with the ring
A, whereas warangalone? (3, also called scandenone®) and
chandalonet (4) have a linearly condensed 2,2-dimethyl-
pyran ring besides a prenyl unit. Their structures have
been given mainly on the basis of their degradations and
spectral data and by synthesis of their 4’-methyl ethers.®
However, none of them has been synthesised as such. This
has now been accomplished in all cases except chandal-
one.
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Genistein” (5) has been treated with prenyl bromide in
the presence of methanolic methoxide, when a mixture of
several products resulted as shown by tlec. However col-
umn chromatography yielded only three pure products.
The first eluate gave an oily liquid which could not be
crystallized but was homogeneous as shown by tlc and
identical with the product obtained by reaction of genis-
tein with 2 mol of prenyl bromide in the presence of
K2CO3 and acetone. Its nmr spectrum in CDCls suggested
it. to be 7,4’-di-O-prenylgenistein (6). Thus there are two
singlets at 6 1.77 and 1.82 of two gem-dimethyl groups,
one multiplet centered at & 4.63 of four methylenoxy pro-

tons, another multiplet centered at § 5.53 of two methine
protons, and two doublets (J = 2 Hz) at § 6.68 and 6.42 of
two aromatic protons in the 6 and 8 positions, besides
other signals of rings B and C.
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The second eluate was identified as 6,8-diprenylgenis-
tein (7) as follows. Elemental analysis revealed the pres-
ence of two prenyl residues. All the three hydroxyls were
indicated to be free by the formation of its triacetate [nmr
(CDCla) 6 2.31, 2.37, and 2.43 (3 s, 3 -OCOCHj3] and di-
methyl ether (9) showing positive ferric reaction and nmr
singlets at § 3.78 and 3.83 of two methoxy groups. Both
the prenyl units are therefore attached to the nucleus,
which was further confirmed and found to be in the con-
densed benzene ring by its nmr spectrum and that of its
acetate and dimethyl ether (see Experimental Section).
Thus there were no aromatic protons of ring A but at the
same time there were signals of all the four aromatic pro-
tons of ring B. The structure 7 was further established by
comparing its dimethyl ether (9) with an authentic sam-
ple prepared from 6,8-diprenylbiochanin A5 (10) by meth-
ylation with diazomethane.

The third prenylation product analyzed for a monopren-
yl derivative of genistein. Since it formed a triacetate
(nmr 3 s at § 2.35, 2.38, and 2.45 of three acetoxy groups),
it was inferred that all three hydroxyls were free. The
prenyl unit was indicated in the condensed benzene ring
by its nmr spectrum and that of its triacetate (see Experi-
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mental Section). Thus.it showed only one singlet of one.

aromatic proton of ring A and two pairs of doublets of four
aromatic protons of ring B, besides signals of other pro-
tons. Hence the third prenylation product could be either

6- or 8-prenylgenistein. The former location of the prenyl

unit (see structure 8) was established in two ways. (1)
When it was methylated with 2 mol of dimethyl sulfate in
the presence of K2COjs and acetone, it formed a 7,4’-di-
methyl ether which was found identical in melting point,
mixture melting point, and tlc with authentic 5-hydroxy-
7,4’-dimethoxy-6-prenylisoflavone.> (2) The dimethyl
ether (11) on treatment with formic acid gave a cyclic
product (12) as shown by its negative ferric reaction and
its nmr spectrum. Thus the nmr spectrum in CCly shows
two triplets of two methylene groups at § 1.75 and 2.60, (J
= 6.5 Hz) besides other expected signals (see Experimen-
tal Section). Had it been a 8-C-prenyl derivative, cycliza-
tion would not have taken place. '
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Although products with C-preny! and O-prenyl units in
the ring A have only been isolated in the above experi-
ment, the side phenyl might also have been affected and
one of the products could be the 6,3’-diprenyl derivative.
However, its isolation was not successful and thus synthe-
sis of chandalone could not be achieved.

The above synthetic 6-C-prenylgenistein (8) has been
oxidatively cyclized with DDQ in benzene medium, when
it gave alpinum isoflavone (1) whose properties (melting
point, tlc behavior, ir, nmr, and mass spectra) were iden-
tical with those described for the natural sample.

Similar oxidative cyclization of 6,8-diprenylgenistein (7)
vielded two products separable by column chromatogra-
phy. The first product had properties identical in all re-
spects with those given for natural warangalone* (3). The
linear nature of the pyran part was established by its
mass spectrum, which showed a fragment of mass ion m /e
349 [(M — 55)*], characteristic of o-prenyl phenols,? be-
sides other fragments (see Experimental Section). The
second product had properties identical in all respects
with those reported for natural osajin® (2). The angular
nature of the pyran part was established by its mass spec-
trum which did not show a (M — 55)* mass ion fragment,
but instead showed a (M — 56)* mass ion (m/e 348) char-
acteristic of o-prenyl phenols® besides other fragments
(see Experimental Section). '

Experimental Section?

Prenylation of Genistein (5). To a solution of genistein? (5, 4
g) in anhydrous methanol (150 ml) was added a methanolic solu-
tion in sodium methoxide (7 g of Na/100 ml) in methanol. The
solution was cooled, treated with prenyl bromide (8 ml), and re-
fluxed for 3 hr. After removal of the solvent in vacuo, the reaction
mixture was treated with crushed ice and acidified with dilute
HCI. The solid product was collected and examined on tlc using
solvent A, which showed the presence of a number of compounds.
It was subjected to column chromatography over silica gel and
the column was eluted successively with (1) benzene-light petro-
leum (1:1), (2) benzene-light petroleum (95:5), and (3) benzene-
ethyl acetate (75:25), giving fractions A-C.

Fraction A yielded 7,4’-di-O-prenylgenistein (6) as a thick oil
(0.3 g): reddish-brown ferric reaction; Rr 0.70 (solvent B); nmr 6
1.77, 1.82 2 8, 12, (CHa)2C+==), 4.63 (m, 4, -0OCHy), 5.53 (m, 2,
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-CH=), 6.38, 6.42 (2d, J = 2 Hz, two aromatic meta-coupled H in
positions 6 and 8), 6.95 (d, J = 9 Hz, 2, 2 aromatic H in positions
3" and 5'), 7.47 (d, J = 9 Hz, 2 H, 2 aromatic H in positions 2’
and 6'), and 7.73 (s, 1 H in position 2). It was found identical in
tle with the product obtained by reaction of genistein with 2 mol
of preny! bromide in the presence of K;CO3 and acetone.

Fraction B crystallized from ethyl acetate-light petroleum
mixture, affording 5,7,4’-trihydroxy-6,8-diprenylisoflavone (7) as
white, rhombic plates: mp 140°; intense green ferric reaction; Ry
0.66 (solvent B); nmr 6 1.87, 1.98 [2 broad s, 12, (CH3),C=], 3.55,
3.68 (2d, 4, J = 3 Hz, ArCH3), 5.42 (m, 2, -CH=), 6.95 (d, J =
9 Hz, 2 H in positions 3’ and 5%), 7.50 (d, J = 9 Hz, 2 H in posi-
tions 2’ and 6”), and 8.08 (s, 1 H in position 2).

Anal. Caled for CasHasOs5: C, 73.9; H, 6.5. Found: C, 74.4; H,
6.9.

The acetate prepared by acetic anhydride-pyridine method
cyrstallized from ethyl acetate-light petroleum mixture as color-
less needles: mp 190°; no ferric reaction; Ry 0.80 (solvent C); nmr
6 1.69, 1.79 [2 broad s, 12, (CH3),C==], 2.31, 2.37, and 2.43 (3 s, 9,
-OCOCH3), 3.25, 3.46 (2 d, J = 10 Hz, 4, ArCHy), 5.11 (m, 2, -
CH==), 719 (d, J = 9 Hz, 2 H in positions 3’ and 5’), 7.55 (d, J =
9 Hz, 2 H in positions 2’ and 6’), and 7.97 (s, 1 H in position 2).

Anal. Caled for Cs H3205: C, 69.9; H, 6.1. Found: C, 69.8; H,
5.8,

Fraction C crystallized from benzene, yielding 5,7,4’-trihy-
droxy-6-C-prenylisoflavone (8) as colorless needles (0.3 g): mp 221°;
intense geeen ferric reaction; Ry 0.52 (solvent B); nmr
(CD3COCD3) 6 1.68, 1.80 [2 s, 6, (CH3)2C=], 3.34 (d, J = 7 Hz, 2,
ArCHz), 5.27 (m, 1, ~-CH=), 6.44 (s, 1 H in position 8), 6.85 (d, J
= 9 Hz, 2 H in positions 8’ and 5'), 7.40 (d, J = 9 Hz, 2 H in po-
sitions 2’ and 6), and 7.95 (s, 1 H in position 2).

Anal. Caled for CyoHy50s5: C, 71.0; H, 5.4. Found: C, 71.5; H,
5.8.

The acetate prepated by the acetic anhydride-pyridine method
crystallized from ethyl acetate-light petroleum mixture as color-
less needles: mp 160°; no ferric reaction; Rr 0.60 (solvent D); nmr
6 1.74, 1.82 [2 s, 6, (CH3)2C==], 2.35, 2.38, and 2.45 3 s, 9, -
OCOCH3), 3.39 (d, J = 7 Hz, 2, ArCH>), 5.08 (m, 1, ~-CH=), 7.01
(d, J = 10 Hz, 2 H in positions 3’ and 5’), 7.33 (s, 1 H in position
8), 7.56 (d, J = 10 Hz, 2 H in positions 2’ and 6’), and 7.97 (s, 1 H
in position 2).

Anal. Caled for CagHo4Og: C, 67.3; H, 5.2. Found: C, 67.8; H,
5.1.

5-Hydroxy-7,4’-dimethoxy-6,8-diprenylisoflavone (9). Meth-
od 1. 5,7,4’-Trihydroxy-6,8-diprenylisoflavone (7, 100 mg) was re-
fluxed with dimethyl sulfate (2 mol, 0.5 ml), K2CO3 (0.5 g), and
acetone (15 ml) for 4 hr. The product (9) crystallized from metha-
nol as long, hexagonal plates: mp and mmp with the sample pre-
pared below 86°; green ferric reaction; Er 0.67 (solvent A); nmr
(CCly) 8 1.70, 1.80 [2 5, 12, (CH3)2C=], 3.40 (m, 4, ArCHy), 3.78,
3.83 (2 s, 6, -OCHs), 5.20 (m, 2, -CH=), 6.87 (d,J = 9 Hz, 2 H
in positions 3’ and 5}, 7.44 (d, J = 9 Hz,. 2 H in positions 2’ and
6’), and 7.94 (s, 1 H in position 2),

Anal. Caled for Cy7H300s: C, 74.6; H, 7.0. Found: C, 75.0; H,
6.9.

Method II. 5,7-Dihydroxy-4’-methoxy-6,8-diprenylisoflavone
(10, 10 mg) was dissolved in dry ether (5 ml) and treated with
freshly prepared diazomethane in ether, until the color of the so-
lution remained yellow. After the solution was kept overnight in
ice, ether was distilled off and the residue was crystallized from
methanol, when 9 was obtained as long, hexagonal plates, mp 86°.

5-Hydroxy-7,4’-dimethoxy-6-C-prenylisoflavone (11). 5,7,4'-
Trihydroxy-6-C-prenylisoflavone (8, 50 mg) on methylation with 2
mol of dimethyl sulfate gave 11 (30 mg), which crystallized from
benzene-light petroleum mixture as light yellow flakes: mp 123°
{1it.5 mp 122-123°); intense green ferric reaction; Ry 0.50 (solvent
A); identical in melting point and tlc behavior with an authentic
sample.

Anal. Caled for CoaHa205: C, 72.1; H, 6.1. Found: C, 71.8; H,
6.2. :

Formic acid cyclization of 11 yielded 7,4’-dimethoxy-6",6"'-
dimethyl-4",5"’-dihydropyranof{2'/,3":5,6]isoflavone ~ (12): mp
160° (1it.® mp 159-160°); no ferric reaction; R: 0.50 (solvent B);
nmr (CCly) 6 1.40 [s, 8, (CHa)2C<], 1.75, 2.60 (2't, J = 6.5 Hz, 4,
-CHa), 3.78, 3.83 (2 s, 6, -OCHj), 6.20 (s, 1 H in position 8), 6.82
(d, J = 9 Hz, 2 H in positions 3" and 5’), 7.40 (d, J = 9 Hz, 2H in
positions 2’ and 6’), and 7.62 (s, 1 H in position 2).

Anal. Caled for CaaHaeOs5: C, 72.1; H, 6.1. Found: C, 72.0; H,
6.0.

5,4’-Dihydroxy-6’/,6"’-dimethylpyrano(2'/,3":7,6]isoflavone
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(Alpinum Isoflavone, 1). To a solution of 8 (250 mg) in dry,
freshly distilled benzene (15 ml) was added DDQ (180 mg) and
the resulting red solution was refluxed for 30 min, when the color-
less hydroquinone separated out. The solid was fiitered while hot
and the residue was washed with hot, dry benzene. Removal of
benzene gave a residue which was purified by column chromatog-
raphy over silica gel. Elution with chloroform-ethyl acetate (9:1)
and crystallization from the same solvent mixture gave 1 (160
mg) as colorless plates: mp 216° (lit.2 mp 216°); intense green fer-
ric reaction; Ry 0.56 (solvent B); nmr § 1.48 [s, 6, (CH3)2C <],
-5.64, 6.78 (2 d, J = 10 Hz, 2, 2 olefinic H of pyran ring), 6.36 (s, 1
H in position 8), 6.87 (d, J = 9 Hz, 2 H in positions 3’ and 5'),
7.38 (d, J = 9 Hz, 2 H in positions 2’ and 6’), and 7.85 (s, Ll H in
position 2); mass spectrum m /e 336, 321, 295, 203, and 118.

Anal. Caled for CooHy605: C, 71.4; H, 4.8. Found: C, 70.9; H,
5.2,

The above data are completely identical with those reported?
for natural alpinum isoflavone. This was confirmed by comparing
the ir spectrum in detail with one, kindly supplied by Professor
Scheinmann, for a natural sample. They were completely identi-
cal. :

Further, the acetate prepared by the acetic anhydride-pyridine
method has the same properties as reported for the natural sam-
ple. Thus it crystallized from ethyl acetate-light petroleum mix-
ture as colorless needles: mp 219°; R; 0.42 (solvent B); nmr § 1.50
[s, 6, (CH3)2C<], 2.30, 2.44 (2 s, 6, -OCOCHs), 5.73, 6.52 (2d, J
= 10 Hz, 1 H, 2 olefinic H of pyran ring), 7.50 (d, J = 9 Hz, 2 H
in positions 2’ and 6), and 7.80 (s, 1 H in position 2).

Anal. Caled for Ca4H2007: C, 68.6; H, 4.8, Found: C, 68.1; H,
5.3. )

5,4’-Dihydroxy-8-prenyl-6"/,6’’-dimethylpyrano{2’/,3'":7,6]-

- isoflavone (Warangalone, 3) and 5,4’-Dihydroxy-6-C-prenyl-
6/,6’’-dimethylpyrano(2’/,3"/:7,8]isoflavone (Osajin, 2). 5,7,4'-
Trihydroxy-6,8-diprenylisoflavone (7, 0.5 g) on similar treatment
with DDQ gave a residue (0.3 g) which proved to be a mixture on
tle. It was purified by column chromatography over silica gel.
Elution with benzene-chloroform (94:6) gave the first few frac-
tions as a single entity which crystallized from methanol as cream
needles (100 mg): mp 160-163° (lit.* mp 163-165°); intense green
ferric reaction; R¢ 0.56 (solvent B); mass spectrum m /e 404, 389,
351, 349, 231, 181, 121, 118, and 55; ir vmax 3600, 3300, 1660, 1625,
and 1595 cm 1,

Anal. Caled for Co5H2405: C, 74.2; H, 6.0. Found: C, 73.9; H,
6.4,

These data agree with those described for natural warangalone*
(3), although direct comparison could not be made because of no-
navailability of the sample.

The later fractions eluted by benzene-chloroform (9:1) were
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found by tle to be a mixture of compounds. They were separated
by fractional crystallization from light petroleum (bp 60-80°)
when 2 was obtained as pale yellow crystals (50 mg): mp 190-192°
(lit.> mp 190-192.5°); intense green ferric reaction; Ry 0.52 (sol-
vent B); ir vmay 3390, 1645, 1615, 1580 ecm—1; mass spectrum m/e
404, 389, 351, 348, 333, 231, 181, 121, and 56.

Anal. Caled for CasH2405: C, 74.2; H, 6.0. Found: C, 739 H,
5.6,

These data were found identical with those described for natu-
ral osajin.® However, direct comparison could not be made be-
cause of nonavailability of the sample.
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When a §-carboxy ketone is treated with lead tetraacetate, oxidative decarboxylation occurs, and the corre-
sponding «,8-unsaturated ketone is produced in high yield. By use of this method, both cis- and trans-methyl-
octalones 10 and 8 are prepared. In addition, the method can be used to synthesize cross-conjugated dienones
such as 6, and phenols such as tetrahydro-3-naphthol (17) from the corresponding §-carboxy-o’,3’-unsaturated
ketones. Use of the method in natural product synthesis is illustrated in a total synthesis of (%)-mayurone (18).

' Mayurone is then further transformed into thujopsadiene (20) and thujopsene (19).

The oxidative decarboxylation of carboxylic acids is a
well-known reaction.! It has, however, received little syn-
thetic attention owing probably to the fact that a multi-
plicity of products usually result. Experimentally, the
best method for effecting the reaction is due to Kochi,2
who showed that good yields of olefins can be obtained by
employing lead tetraacetate (LTA) as the oxidant in the
presence of cupric ion. In the case of primary carboxylic

acids. good yields of terminal olefins result. The reaction
presumably proceeds via the following pathway.

LTA | -
RCH,CH,CO0H —=» RCH,CH,COPh(OAc), —

Cu2+

17t
RCHCH,» — RCHCH,¥ ——> RCH=CH,



