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Diels—Alder Reaction.

II. Experiments with 2-Styrylchromones.
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Xanthone derivatives may be obtained from 2-styrylchromones by Diels-Alder reactions.

It seems possible that the

dimer of 1,3- dlphen)hsobenzofuran is a Diels—Alder adduct having formula X.

The non-conjugated position of the double bonds
in y-pyrones should permit them to function as di-
enophiles in the Diels—Alder synthesis. However, it
seems that no condensation of this type has been
carried out. In this respect, y-pyrones differ funda-
mentally from p-quinones to which they bear struc-
tural resemblance. The inactivity of ~-pyrones
may be related to an electromeric displacement of
their bonds to zwitterion forms!? (¢f. I). The use
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of 2-styrylchromones as diene components in the
Diels—Alder reaction seems not to have been investi-
gated so far. Here possible electromeric displace-
ment in analogy to I seems not to interfere, because

I1a are allowed to react with maleic anhydride in
boiling xylene. Similar results leading to IIb were
observed in the case of 4’-methoxy-2-styrylchro-
mone (IIb).

Similar reactious were carried out with tbe styryl
derivatives (Va and b) obtainable from khellin (IVa)
and visnagin (IVb) leading to derivatives of 5H-
furo(3,2-b)xanthene (VII), namely, VIa and VIb,
respectively. Attention is drawn to the fact that
2-styrylkhellin Va forms deep-yellow crystals,
whereas the crystals of 2-styrylvisnagin (Vb) are
almost colorless. It seems possible that this dif-
ference in color is due to the fact that these two
substances are not analogs from the stereochemical
point of view (the double bond in the styryl groups
allows for cis—trans isomerism). A difference in
color is reported in the case of 1,2-dibenzoylethyl-
ene, one stereoisomeric form being yellow, the other
being colorless.?

we have observed an easy formation of the xan- }éz
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I VII
|2 11 Lo 8
9 0= "o \5/\/\8/\9/)
& (‘I; /\\/ The substances obtained by these Diels—Alder
7 /c } anhydride 7NN\ -1 syntheses are practically colorless and are insoluble
] 9 ‘ in alkali. IIla was treated with alcoholic sodium
\O/ N/ [\ Ar N\ No” \/?Er hydroxide; on acidification an acid (IIIc) was ob-
tained, soluble in alkali; on treatment with acetic
H anhydride II1a was regenerated.
Ila, Ar = C¢H, Illa, Ar = CH, In contrast to the easy addition of maleic anhy-
b, Ar = C;H,OCH;-p b, Ar = GH.OCH;-p» dride to 2-styrylchromone, we find that 2-styryl-3-
‘ methylchromone (see IIa) does not add maleic
COOH anhydride under conditions which proved success-
C 1, ale. NaOH ful in the case of IIa and even under more drastic
7 \C—COOH 2 HCI conditions (boiling phenetole was used as a solvent
g ' and the duration of heating was prolonged). The
negative result may be due to steric hindrance.
C—H On the Nature of the Dimer of 1,3-Diphenyliso-
2 benzofuran.—The dimer was first obtained from
IIIc (abbreviated formula) 1,3-diphenylisobenzofuran (VIII) by the action of
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a, R = R’ = OCH; Va, R = R’ = OCHj;; Ar = C¢H.: Via, R = R’ = OCH;, Ar = CgH,
b,R = OCH;, R’ = b, R = OCH; R’ = H, Ar = CiH; b, R = OCH; R’ = H, Ar = C:H;
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TABLE I
Formula and Formula and wt, Time of Vol. Solvent
m.p. of the in f. of the heating xylene, of Yield, Carbon, % Hydrogen, %
adduct, °C. styryl empd. in hr. ml, cryst. g Formula Caled. Found Caled. Found
IIIb, 268 IIb, 0.8 30 30 Xylene 0.35 CaH 504 70.2 70.3 4.2 4.3
Via, 256 d. Va, 1.0 10 25 Dioxane 0.3 CosH150s 67.3 66.9 4.0 4.2
VIb, 256 d. Vb, 1.0 10 20 Acetone 0.4 CouH1Or 69.2 68.9 3.8 3.9
Formal names of adducts given in Table I
Number Name

IITb 1,2,3,9a-Tetrahydro-9-oxo-3-p-methoxyphenyl-1,2-xanthenedicarboxylic anhydride

Via 5a,6,7,8-Tetrahydro-4,11-dimethoxy-5-oxo-5H-furo(3,2-b)xanthene-6,7-dicarboxylic anhydride

VIib 5a,6,7,8-Tetrahydro-4-methoxy-5-oxo0-5H-furo(3,2-b)xanthene-6,7-dicarboxylic anhydride

aware, never been challenged. It was also ac-
cepted by Schonberg and Mustafa® who obtained
the dimer from VIII by heating. We wish to stress
that the constitution IX has never been proved and
it seems not impossible that the product is to be
regarded as a Diels—Alder adduct X. It is well
known that VIII undergoes Diels—Alder reactions,
e.g., with B-nitrostyrene forming X1I1.8
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Experimental

Action of Maleic Anhydride on 2-Styrylchromones,—A
solution of 1 g. of 2-styrylchromone IIa’ (1 mole) and 4 g.
of maleic anhydride (10 mols.) in 30 ml. of dry xylene was
refluxed for 12 hours. After concentration and cooling
1,2,3,9a-tetrahydro-9-oxo-3-phenyl-1,2-xanthenedicarbox-~
vlic anhydride (IIIa) separated out, was filtered off, washed
with hot ethyl alcohol and then crystallized from xylene,
m.p. 246°, yield is about 0.65 g. Anal. Caled. for CoyHy-
Os: C,72.8; H,4.0. Found: C, 73.3; H, 4.0.

Table I shows the experimental details of other Diels—
Alder reactions.
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2-Styrylkhellin (Va),—To the cooled solution (in ice) of
0.5 g. of khellin and 0.25 g. of benzaldehyde in 10 ml. of
absolute ethyl alcohol was added a cooled solution of 0.05 g.
of sodium in 5 ml. of absolute ethyl alcohol. The small
amount of the solid that separated was brought into solu-
tion by slight warming and the reaction mixture was kept
overnight at room temperature. The yellow deposit was
filtered off, washed with a little alcohol and crystallized
from the same solvent, as deep-yellow needles, m.p. 196°.
Va is easily soluble in warm benzene and dissolves in con-
centrated sulfuric acid with a red-brown color; yield is ca.
0.42 g. Amnal. Caled. for CyH1s0s: C, 72.4; H, 4.6.
Found: C, 72.3; H, 4.5.

2-Styrylvisnagin (Vb).—This substance was prepared
from visnagin and benzaldehyde in a similar way and ob-
tained in almost colorless crystals from ethyl alcohol, m.p.
176° (brownish melt). Vb dissolves in concentrated sul-
furic acid with an orange color; yield is ca. 80%,. Amnal.
Caled. for CoH140: C, 75.4; H, 4.4. Found: C, 74.8;
H, 4.3.

Opening of the Anhydride by Alkali.—IIIa, 0.35 g., was
refluxed with methanolic sodium hydroxide. The sodium
salt, which separated out, was filtered off and decomposed
by hydrochloric acid. 3,9a-Dihydro-9-oxo-3-phenyl-1,2-
xanthenedicarboxylic acid (IIIc) was crystallized from di-
lute methyl alcohol, m.p. ca. 258° (dec. and evolution of
gas); it is soluble in sodium bicarbonate solution; yield
is ca. 0.21 g. IIlc crystallizes with one mole of water of
crystallization. Anal. Caled. for CaH,60¢-H:0: C, 66.0;
H,4.7. Found: C, 66.0; H, 5.0.

IIIc was readily converted to the corresponding dimethyl
ester by the action of absolute methyl alcohol and dry hy-
drogen chloride gas. It formed almost colorless crystals
from light petroleum (b.p. 50-70°), m.p. 66-68°. Anal.
Caled. for C5;H0O6: C, 70.4; H, 5.1. Found: C, 70.2; H,
5.2.

Reconversion to the Anhydride.—Refluxing 0.25 g. of the
acid with acetic anhydride reconverted it to the anhydride
(m.p. and mixed m.p.). Anal. Caled. for CaHuOs:
C,72.8; H,4.0. Found: C, 72.3; H, 4.0.

2-Styryl-3-methylchromone and Maleic Anhydride.—A
solution of 0.35 g. of 2-styryl-3-methylchromone® and 2 g.
of maleic anhydride in 20 ml. of phenetole was refluxed for
24 hours. The phenetole was distilled off in vacuum and
the residue was crystallized from ethyl alcohol, yielding
0.24 g. of 2-styryl-3-methylchromone (m.p. and mixed
m.p. determination).
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