CHEMISTRY OF ISOFLAVONE HETEROANALOGS.
11.# BENZODIOXANE ANALOGS OF CHALCONE, FLAVONE, AND ISOFLAVONE
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Benzodioxane analogs of chalcones and their epoxides have been prepared. Dif-
ferent types of analogs of natural flavonolignan — silibin — have been synthe-
sized from these compounds. The PMR spectra of the new compounds and the re-
sults. of the preliminary biological testings are reported and discussed.

A complex flavanoid (sibilin [2]) and itsrelated compounds (for example, hydrocarpine [3]),
in which the chromone or chromanone nucleus is bound to 2,3-disubstituted 1,4-benzodioxane
have been isolated from different types of plant material, The structure of silibin has been
established and confirmed by synthesis [4-7].
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Silibin Hydrocarpine

The increased interest in this group of compounds is due to their biological activity.
Thus, silibin has hepato-protective [2, 8], antiphalloidine [9], antiperoxide [10] activi-
ties and inhibits prostaglandin synthetase [11].

Natural silibin has a 3-hydroxy-3',4'-ethylenedioxyflavanoid structure. Hydrocarpine, which.
has been isolated later [3], is a derivative of 2-(6-benzodioxan~l,4~yl)chromone and has a
similar structure. Since compounds of this type and those with other degrees of oxidation
have not yet been prepared, we decided to synthesize structurally more simple benzodioxane
analogs of isoflavones (VI) and flavones (VII) and to study their chemical and biological prop-
erties. The key materials for the synthesis of these cdompounds were substituted 3,4-ethyl-
enedioxychalcones III and IV, obtained by an alkaline condensation of the corresponding o-
hydroxyacetophenones with 6-formyl-1,4-benzodioxane by a known method [12].

The benzodioxane analogs of chalcones III and IV are fairly high-melting crystalline sub-
stances with a yellow or orange color, which are readily soluble in organic solvents (Table
1). There are intense absorption bands in the 1636-1656 cm~* region in the IR spectra of
these compounds, corresponding to the stretching vibrations of the chalcone carbonyl group.

In the reaction of chalcones IV with hydrogen peroxide in an alkaline medium, epoxides
V are formed in good yields, which in contrast to the initial chalcones, are colorless crys-
talline substances, while stretching vibrations of the carbonyl in the molecules are shifted
to the 1664-1687 cm™! region :

*For article 10, see [1].
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TABLE 2. Physicochemical Constants of Benzodioxane Analogs
of Isoflavones and Flavones Via, d-k, Va-1l

IR spec~ . . T
trugi Found, % Empirical | Caleulated, % [y, .,
Com- mp, °C [V F 1 v —_— ’
pound p_,:ol, ] ormula %
em™ C H | Hal c H | Ha
via 1u6--197 ] 1624 738 1 47 | ~= | CuthOy 7291 43 | - B0
vid | 189100 | 1638 | 73,01 | 50 | ~~ | CiHuuOs 735 | 48 | — | 42
Vie 192193 | (634 698 | 4,7 | -~ | CisHuOs 697 | .45 | — 63
vif | 168169 | 1638 22,2 | Ci7HyBrQ, 223 | 87
VIg 171- 172 1638 650 | 40 | 115 |CyHCIO, | 648 ) 35 | 113 ] 41
Vi [200--210] 1640 6,7 | CyHFO, 68 | 43
VIi 1205--206 | 1639 47| 55 | — |CisHisO4 740 | 52 | =~ 61
Vij | 196197 1637 702 | 50 | — | CigHuOs 697 | 45 | o 57
Vik | 189--190| 1639 734 1 48 | — | €04 735 1] 48 | — 45
Vila | 184--185] 1646 728 | 45 | — |CyHE0, 729 | 43 | — 50
VIIb |205--2061 1646 66,0 | 37 | 108 1CHCIO, | 648 § 35 | 11,3 | 68
Vile 1213214 ] 1650 1,3 JCiHuClO, - 113 sl
VId |168--168 | 1644 734 1 50 | — {CiuaHu0,- 735 1 48 | — 55
vie |170--171] 1643 702 | 50 |~ |CieHWOs " | 69,71 45 | — 31
vI1E1239.-2401 1633 22,1 1C\;Hy BrO, 223 | 43
VII. g | 226-- 227 1241. 11,5 | C;zH; ClO, 11,3'] 50
1633
Vilh|213.- 214 }ggg. 6,8 | C;H, FO, 68 | 68
VITL]207-208] 1639 742 | 53 | — 1 CiHe04 40| 52 | ~ 64
VI 5194195 698 | 47 | ~ | CisHuOs 697 | 45 | — 28
V11 k|[195.-.196 7340 48 | —~ [CieHiO4 ] 735 48 | ~ 64
VII 1]216--217 20,3 1 C\;HoC10; 20,3 | 93

*Compounds VIa, i, j, k, and VIIe were crystallized from an
ethyl acetate-petroleum ether mixture; VId and VIIa from an
alcohol—octane mixture; VIf, g, and VIIc, i fromalcohol; VIIf,
g, h, j-1 from ethyl acetate; VIId from aqueous alcohol.

isoflavones VI are preferentially high-melting colorless crystalline substances. The
stretching vibrations of the carbonyl group in their molecules are present in the 1637~1650

cm™* region. The physical constants, spectral and analytical characteristics of compounds
VI, VII are listed in Table 2.

To confirm the structure and determine the configuration of chalcones I1II, IV, epoxides
V, flavones VII and isoflavones VI we used the PMR method in the presence of a lanthanide
shifting reagent (LSR), as well as the above indicated methods. In the spectra of chalcones
IITa-1, the signal of the hydroxyl proton is observed in the weakest field (13.4-14.2 ppm).
The type of the functional groups located in the vicinity has only slight influence on the
position of this signal. In several cases, the signals of aromatic protons of these com-
pounds form an unresolved multiplet in the 7.0-8.3 ppm region, In all the compounds, there
is a somewhat detached signal of a proton aligned with the carbonyl group (see Table 3). The
chemical shift (CS) for this proton is 8~8.3 ppm. The signals of the aromatic protons of
the benzodioxane ring form a multiplet with a center at 7.52-7.57 ppm, while the methylene
group signals give a singlet at 4.52-4.54 ppm. Attempts to simplify the spectrum by means
of LSR, europium-III tris-1,1,1,2,2,3,3~heptafluoro~7,7~dimehtyloctane~4,6-dionate [Eu(f0d);]
were unsuccessful, because of strong signal broadenings in the presence of LSR, which are
clearly due to the decomposition of the LSR by the action of strongly acidic phenol proton
of products IIIla-l. '

The spectra of the benzyl derivatives IVa, d-1 are also difficult to interpret. The
aromatic and olefinic protons give an unresolved multiplet in the 7~8 ppm region (see Table
3), but they can be simplified by the action of [EBu(fod);]. When this LSR is added, con-~
siderable paramagnetic lanthanide-induced shifts (LIS) of the NMR signals are observed.
Thus, the highest LIS are characteristic for the methylene proton signals of the benzyl
group, signals of the olefinic protons and the signal of the aromatic proton located at the
o-position with respect to the carbonyl group (see Table 3). From the shift values it fol-
lows that the coordination of LSR is brought about at two centers: at the ether oxygen atom
of the O-benzyl and at the carbonyl group (cf. [15-17]). The benzodioxane ring oxygen atoms
do not participate in the complexation with LSR, as follows from the absence of noticeable

150



TABLE 1. Physicochemical Constants of Benzodioxane Analogs of
Chalcones and Epoxides IIIa-1, IVa, d-1, Va, d-k

Com~ wp, °C | IR spec- Found, % Empirical Calculated, % Yield,
pound trum, 1 formula %
Vesgs Cm™ c H | Hal o H | Hal
1tla | 126—127 1638 72,3 50 | ~— Ci7H 1404 723 | 5.0 — 59
HIb | 172—173 1636 646 | 43 [ 11,3 | CyHCIOs | 645 [ 41 | 112 | 25
111c | 152—153 1642 64,5 | 42 | 112 | CrHCIOs | 645 | 4,1 | 112 | 97
1K [127—128 1637 728 | 56 | — | CisHy04 729 | 54 | 80
e {140—14] 1639 699 | 56 | — | CiaHiOs 693 ] 51 | — 57
ITIE | 140—141 1638 22,4 | Cy;7H3BrOy 22,1 | 96
118 |135—136 1638 647 | 43 [ 11,3 | CuHiClOs | 645 | 4,1 | 112 | 60
b 173174 1643 6,4 | CirHiFO, 63 ] 78
HIi {145—146 1640 736 { 56 | — | CioHisOs 735 | 58 | — 80
I3 | 80—8l 695 1{ 53 | — | CisHyOs 693 | 51 | — 58
111k }138—139 725 | 54 | — C1sH 1604 729 | 54 | — 90
1111 |187—188 20,2 | C7H2Cl20, 202 | 85
1Va [111—112 1658 769 | 53 | — | CaHzO; 774 | 54 | 90
1vd | 110111 1659 781 | 59 | —- | CosHaO4 777 ) 57 | — 83
IvVe | 113115 1644 74,7 54 | — CasHgyOs 74,6 5,5 — 94
IVE |124—125| 1648 18,0 | CosHyoBrO; 178 | 96
Ve [119—12] 1645 7051 47 | 89 | CoHClO, | 708 | 47 | 871 95
1Vh |118—119 1643 4,8 | CyHoFO, 51| 98
IVi | 98—99 1649 776 | 61 | — | CyHaO4 780 { 60 | — 95
IVJ 85—86 1648 74,6 5.5 — C25H2205 74,() 5.5 - 79
IVK [113—114 1645 779 | 57 | — | CusHaO, 777 57 | — 82
1V1|125—126 16,0 | CoeH15Cl04 161 | 94
V& [120—t2t 1677 744 | 53 | —~ | CauHaOs 742 1 52 | — 82
W (143144 1672 745 1 55 | — | CosHzoOs 746 | 55 | — 81
Ve | 101—102 1665 718 | 53 | — | CosHuOg 7181 53 | — 72
vE | 142143 1682 169 | CyHyoBrO; 1711 79
VE | 147149 1687 683 | 45 84 | CoHCiO; [ 687 | 45 | 84| €5
vh140--143 1678 4,7 | CasH1oFO5 47 | 81
Vi |134—135 1669 753 | 58 | — | CaHaOs 750 | 58 | — 87
V| 129—130 1665 720 | 54 | — | CasHpO, 718 | 53 | — 84
vEl120—121 1667 744 | 57 | = | CuHgnOs 7461 55 | — 75

*Compounds IIIa, b and V£, g, h were crystallized from an al-
cohol—ethyl acetate mixture; IIlc, e, h from acetic acid; IIId,
e, g, i, k, IVa-h, i, j, and Va, d, e, i~k from alcohol; ITTj
from hexane; IVk from aqueous alcohol; IV1 from ethyl acetate.
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I-VII a, ¢~k R* = H, b, 1 R = Cl; a, b, £-h, j-1 R®* = H, ¢
R® = Cl, d, 1 R® = CH,, e R® = OCHs; a-e R® = H, f R® = Br,
g, 1R* =Cl, hR® =F, i, k R® = CH;, j R® = OCH,
As the result of the rearrangement [13] of opoxides V under the influence of boron tri-
fluoride etherate, benzodioxane analogs of isoflavones VI were obtained in good yields,

Their isomers VII are formed from chalcones III by oxidative cyclization with selenium diox-
ide in amyl alcohol [14]. 1In contrast to the colored initial chalcones, flavones VII and
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TABLE 3. PMR Spectra* of Benzodioxane Analogs of Chalcones
I1Ila, c-1, IVa, d-k and Their Epoxides Va, d-k

] , ‘ Protons of the benzo-
Protons of the phenol part dioxane part.
Com" | 7-0H, i ,
pound| ¢ “o2 ~C-Cl-CH-,
2-0R, T 3-H 4-R? 5-R? 6H |_c-CH-CH—, Sen ”OCH’SCH’O””'
$ I N/
[¢]
Ila | 1358 |7,1—78|7,1—78]71—-781(828,dd [-g22; 781 [7,53 4,52
e | 1375 |7.32 — (732  j818d | 82% 771 .[755 4,54
1A | 1360 |[714,5 1250, s [714,5 [8,28,d | 78205778 - |7,53 4,53
Iile | 14,09 16,79 4,03, 8 {676 [81i;d 8,10; 7,65 |7.45 4,51
IIIf | 1347 (725,q 1795 d4d] — 8354 823 7,71 |7,57 4,55
I8 | 1348 |[7.31, 4 1780, 44, — [820,d 824; 771 |7,57 4,54
b | 1263 169—7,7169—77] — 169—77 | 7,84 6,9—7,7 4,38
i | 1350 [7,16,s 1240, s 1240, s 17968 8,22;'783 |7,57 4,54
mj | 1251 [68—74168—741387 s l68—74 | 7.84; 740 6874 4,32
Ik | 1266 |688,d |7.02, dd|2.38 s |7562,d 7.80; 7,59 7,20 433
1M1 | 13,39 — 749, 4d — |7,70,d 7,83; 7,26 7.;2; ¥ 4,32
V& [542; 7,70/ 7,0—8,0 [ 7,0—8,017,0~-8,018,09,d8 | 7,98, 766 |7.20 4,48
(5,6) (11,5) (8,3; 6,6) (6,0)
IV |b4l; 7,76{7,5—8,0|2,54, 8 |7,5—8,0(8,03,d | 804; 774 (7,19 4,48
{6,0) (L1) (10,8) (9,6; 4,5) (0,3)
Ve [5,35; 7,68 6,86 4,00, |68 [818, d | 784, s 7,20 445
(7.9 (0,4) (7,3) (4,1; 3,7) (0,2)
vEl537; 769175-81]75-81| — 817 a4 | 7.5-8i 7,24 4,50
(5,9) (7,3) (6,8; 4,2) 0.2)
IV8 |544; 7,70/ 7,0—8,0]7.0-80| - [8,08 9 | 70-80 7,0~8,0 4,54
(5,3) (8,4) (8,0; 4,4) (0,0)
Ivhi517; 7,22|69—7,7]| 69277 —. 16977 | 6977 6,977 4,33
(6,4) (10,4) (9,7; 6,0) (0.3)
IVi [543; 777|740, s |2,39, 8 [246, S(795, s | 795 s 7,25 4,52
(14,7) (38) 1(05) |0 [(163) (118, 7.3) (0,1)
V] {5,37; 7.6617,0--8,0|7,0-8,0(4,03, s [7,0--80 | 7,0-80 7,08—8,0 4,51
(7,9) (7.3) (4,1; 37) 0.2)
1Vk 5,35, 7,571 74—7,7| 74771246, s |745, ¢ | 783 751 |7.1 4,46
(8,2) 0,1y |(10,5) (8,6; 4,5) 0,1
Va i597; 7,56)7,33,4d 17478 | 74--78(8,12, ad | 4.64; 411 {7,058 4,43
vd |598; 758716, {250, s |7,16,dd 1810, 9 | 4.68; 4.09 , 4,46
Ve |525 7,60|681,8 [4,02, s |688dd 825 4 4,71; 407 {7,07 4,45
VE 1527, 75917,25,d [789 dd  — 824, q | 4,64 4,13 7,00, 4.49
V g (526; 7,567{725,d |7,72,dd - 18,07, 4,60; 4,16 |7,03, 8 4,46
Vh |50; 7,19/69-—-75(69—75| — 169—7, 442: 391 [6,71, 8 4,25
Vi 523 7,5617,11,s 12,28, 5 |234,s [7.93, s | 468: 405 {7,04,s 445
(7.0) (LO) 128 (70 (31; 28) _
Vj 15,23 757]7,5—-77|75—7714,00,8 |75--77 | 4,70; 411 |7,09,s 447
Vi [5,15; 748|7,16,d. 17,54, a4/2,39,8 [7,90,d 459; 404 707, s 4,37

*Units of measurement: &, ppm; the values of the specific
LIS are given in brackets; absence of a letter, multiplet,
+CS of 2-0CH,Ce¢Hs group protons.

+CS of 8-H proton.

LIS for the methylene proton signals of the benzodioxane ring. At a 0,2-0.3 molar ratio be-
tween LSR and the substrate, doublets of the two olefinic protons can be observed separately
in the PMR gpectra of products IVa, d-l1. The SSCC [spin—spin coupling contant] for these
protons, equal to 15 Hz, indicates a trans structure of all the chalcones obtained.

In the PMR spectra of epoxides Va, d-k, the most characteristic signals are the peaks
of methine protons of the oxirane ring in the form of doublets with a small 88CC (1-1.5 Hz).
One of the peaks is located at 4.55-4.70, and the other at 4.0~4.1 ppm. Changes in the na-
ture of the substituents in the molecules of the epoxides Va, d~k influence the disposition
of these signals in the spectrum very slightly (see Table 3). We assigned the signals of
oxirane protons on the basis of study of the interaction of LSR with compound Vi. The LIS
values found are shown in Table 3. It is seen that the maximal shifts are observed for sig-
nals of the epoxide ring protons, whereby one of the signals is shifted more strongly than
the other. At one side of the oxirane ring there is a carbonyl group, which, as also the
epoxide oxygen atom, is capable of undergoing complexation with LSR. We therefore ascribed
the signal for which a higher value of LIS is observed, to the methine proton located in the
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TABLE 4. PMR Spectra* of Benzodioxane Analogs of Isoflav~
ones VIa,- d~k and Flavones VIIa, c-1

Chromone ring protons Benzodioxane ring protons
Compound
2-H, s 5H and |8-H, |_ _
(s-H), 5| oH 6-R> 7-R2 sH | 7-H d 0CH, CH, 07,
¥
Via 831 [8,04,da: [7,2—77 (7,277 |72—77 6,9--7,2 4,29
viat 795 18,29,dd |7.3—76 |7.3—76 |7,3—76 6,9—7,2 431
vVid 834 7944 [67—74 [249,5 [67—74 | . 67—74 4,95
vidt | 783 1809,4 [67—74 |248,s [67—74 6,7—7.4 4,97
vie 825 |794,4 |67—7,2 392, [6,7—7° 6,7—7,2 4,30
vl £ 842 18,13, 4 — 7,88,dd |7,54,d ¢ 68—72 4,32
Vig 850 [8,03,d. — 777, {1,778 6,8—7,3 4,34
VI h 840 {74—7,7 — 7477 |74—-77 6,772 4,31
viit 791 1804, s 242, 5 [242,¢ [69--73 6,9—7,3 4,32
VI 8,39 |[747 389, s |747 747 6,7—7,2 4,30
vi 3t 792 (7634 393 s [67—74 [67-74 6,774 4,31
VI k 832 [783,d (2,09, s 746,88 |[746,S 6,7—7,1 422
VL k+:| 787 8004 (249, s [733, s |[733s 6,7—7,2 4,30
VIl a 6,87) 18,05 dd. |73—78 |73—78 17,378 |7,3--78 |7.01 - 4,37
vilat | (6,71) 821,44 (7377 7,3—77 |73—77 |7.3—77 {697 4,36
Vit ¢ (6,80) {797, 4 7,377 _— 783,d {7.3—77 1699 4,36
Vil d (6,75) [7.88, 4 7,377 1249, 73-77 |7.3--7.7 [6,97 4,36
VIL g+ | (659) |797. 4 [70-74 [251,8 |70—74 |70—74 1685 4,33
Vil e (6,79) {793, a4 |7,58 395 s (7,58 726, d |7,00 4,37
vilet | (661) 18,07, g- 7,36 392, s 7,36 68—7,1 16,8—7,1 4,36
VIT £ (6,79) {802, — 7,84, dd [7,60,d [7.46 6,95 4,36
VILET | (665) 18,30, 4 — 7,33, dd {7,275 [7.2—75 [694 4,33
VILEg, | (683) |79, d — 7,75, s |7,75,s |7.49 6,98 4,37
vir 8T 1 (666) 8,14, d — 72—77 |72—77 |72—77 1693 4,35
VII h (6,83) |7.4—79 — 74—179 |74—79 [74—7,9 16,98 4,35
vil ht | (6:63) [7.80 — 7,276 (7,276 [7.2—76 1694 4,33
vII i (6,74) (774,58 (2,38, 5 [2,38, 5 (746 7,46 7,00 4,36
VII i (666) |7.95, s [240,s 1240, s 7,29 ¢ |7,37, 4d 695 4,34
VI j (6,64) |7,51, d (391, 8 [7,32, dd (7,98,4 [7,32 6,91 4,33
VII k (6,77) |7,79, d 2,46, s |7,53 7,53 7,53 6,98 4,33
VvII k (6,66) [7,96, d (2,47, 8 [7,40 7,40 7,40 6,93 4,31
vil 1 (7,82) (8,30, 4 — 8,15, d — 7,82 7,20 4,53

*Absence of a letter) multiplet.

+The spectra of the compounds were measured in CDCls, in
unmarked cases, the PMR spectra of the same compounds were
measured in DMSO-Dse.

$The PMR spectrum was measured in CF3COOH.

vicinity of the carbonyl group. The CS of signals of other protons of epoxides Va, d-k are
similar to the CS of the corresponding signals of chalcones IVa, d-k.

In the PMR spectra of isoflavones VIa, d-k, the 2-H proton, located in the vicinity of
the heterocyclic oxygen atom, absorbs in the weakest field (8.2~8.4 ppm, in DMSO). The na-
ture of substituents R', R®, and R® practically does not influence its CS. It is of interest
that when the spectra are run in deuterochloroform, the CS of the 2-H proton is located 0.5
ppm in a stronger field than when the spectra are run in a DMSO solution (see Table 4). It
is possible that this effect is caused by the stabilization of the bipolar form of the chrom-
one ring due to solvation by DMSO, and as a result, by a greater pramagnetic influence of
the heterocyclic oxygen atom on the position of the 2-H proton signal. The signal of the
5-H proton aligned with the carbonyl oxygen atom is present in a somewhat stronger field
(7.4-8.1 ppm). The signals of the remaining aromatic protons of compounds VIa, d-k in most
cases form a multiplet in the 6.7-7.4 ppm region, from which signals corresponding to in-
dividual protons cannot be isolated. The signals of the methylene groups of the benzodiox-
ane ring appear in the form of a singlet at 4.2-4.35 ppm.

In the spectra of flavones VIIa-1l, besides the signals of the chromone ring protons 3-H
and 5-H located at 6.5-6.9 and 7.7-5.9 ppm, respectively, the signal of the 8-~H proton of the
benzodioxane ring is characteristic. It is located at 6.9-7.0 ppm and does not coincide with
the multiplet of the remaining protons. As in the case of 3-(6-benzodioxan-1,4-yl)chromones,
the signal of the methylene protons of the benzodioxane fragment is located at 4.3-4.4 ppm.

The results of biological tests showed that the compounds with flavone structure obtained
exhibited a weakly pronounced hepato-protective action, while compounds with an isoflavone
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structure have an appreciable hypolipidemic activity, and in their pharmacological effect
are not inferior to the antiatherosclerotic preparation cetamiphen.

EXPERIMENTAL

The purity of the compounds was checked by TLC on Silufol UV-254 plates in a 9:1 benz-
ene~ethanol mixture. The IR spectra were run on a UR-20 spectrophotometer in potassium brom-
ide tablets. The PMR spectra were measured on a ZKR-60 spectrometer in CDCly with reference
to TMS (internal standard).

1-(2-Hydroxyphenyl)-3-(6~benzodioxan-1,4-yl)propenones (IIla-1l) and l-(2~Benzyloxyphen~
y1)-3-(6-benzodioxan-1,4-yl)propenones (IVa, d-1). A 20 mmole portion of 6-formyl-1,4-benz-
odioxane and 4.7 ml of a 50% solution of sodium hydroxide are added to a solution of 20
mmoles of the corresponding 2-hydroxy-I1) or 2-benzyloxyacetophenone (II) in alcohol. The
reaction mixture is held at room temperature for 20-40 h. The precipitate is suspended in
water and the mixture is acidified with acetic acid to a neutral reaction. The product is
filtered, and crystallized from a suitable solvent.

1-(2-Benzyloxyphenyl)~3-(6~benzodioxan-1,4~yl)~2,3~epoxypropan~l-ones (Va, d-k). A 30
ml portion of 30% hydrogen peroxide and 30 ml of 2 N sodium hydroxide are added to a solution
of 6 mmoles of compound IVa, d-k in a minimal amount of a 15:4 acetone-methanol mixture. Af=-
ter complete decoloration of the solution (12 h), the reaction mixture is diluted with water,
the precipitate that separates is filtered and crystallized.

3',4'-Ethylenedioxyisoflavones (VIa, d-k). A 0.6 ml portion of boron trifluoride ether-
ate is added to a solution of 3 mmoles of compound Va, d-k in 50 ml of absolute benzene, and
the mixture is boiled for 1-3.5 h (the end of the reaction is determined from the TLC data).
The solution is washed with water and benzene is evaporated under an aspirator. The precipi-
tate is crystallized from a suitable solvent.

3',4'-Ethylenedioxyflavones (VIIa-1). A 6.65 g (60 mmole) portion of a finely divided
selenium dioxide is added to a solution of 20 mmoles of IIa-l in a minimal amocunt of a fresh-
ly distilled amyl alcohol, and the mixture is boiled for 18-50 h, with the course of the re-
action being controlled by TLC. Metallic selenium is filtered off and amyl alcohol is evap-
orated under an aspirator. The residue is recrystallized several times from a suitable sol-
vent.
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