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treatment gave 11.6 g. of methyl esters. Analysis by v.p.c.
indicated the presence of miethyl caproate as well as methyl 3-
phenyl-3-butenoate (98%) and methyl 3-phenyl-2-butenoate
2%).
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Benzopyrylium Salts.

Flavylium perchlorate reacted with the ethyl esters of glycine, alanine, and phenylalanine to form ethyl
N-(2-phenyl-4H-1-benzopyran-4-ylidene)-amino acid ester hydroperchlorates, the hydroperchlorate of the
amino acid ester, and a mixture of nonnitrogen-containing by-products which have been characterized as 2-

hydroxychalcone, 2-phenyl-1,2-benzopyran-2-ol, and 2-phenyl-1,4-benzopyran-4-ol.

The degradation of the

new substituted benzopyranimines to 4-thioflavone and synthesis from this compound are described.

Since anthocyanins and «-amino acids occur in the
aqueous cell sap of certain fruits, flowers, and leaves,
it is of interest to determine whether there is any
interaction between these two classes of compounds.
When flavylium salts (which contain the skeletal struc-
ture of the anthocyanidines) were treated with glycine
or phenylalanine, no reaction occurred. However,
esters of the a-amino acids did react readily but yielded
a mixture of products.

Chart I shows the five compounds formed from
flavylium perchlorate (I} and one equivalent of ethyl
glycinate (II). Over half of the latter appeared as the
hydroperchlorate of ethyl glycinate (III); the other
nitrogen-containing product, formed in 409, yield, has
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(1) E. 1. du Pont de Nemours and Co. Postgraduate Fellow in Chemistry.
From a thesis submitted to the Graduate School of the State University of
Iowa in partial fulfillment of the requirements for the Ph,D, degree.

been identified as ethyl N-(2-phenyl-4H-1-benzopyran-
4-ylidene)-glycinate hydroperchlorate (IV).

The structure of the substituted ketimine salt (IV)
was shown by: (1) Conversion by cold alkali to the
free ketimine base V and re-formation of IV by per-
chloric acid. Flavylium perchlorate was not regener-
ated in sharp distinction from the behavior of 2- or 4-
substituted aminoflavenes.? (2) The infrared spec-
trum of V possessed an absorption band at 6.10 g,
indicative of substituted imino groupings, while the
hydroperchlorate IV possessed an N-H band at 3.1 u
in addition to an imino band at 6.15 u.? (3) Treatment
of an alcoholic solution of V with hydrogen sulfide pro-
duced red crystals of the known 4-thioflavone (VI),
identical with a sample prepared by the action of
phosphorus pentasulfide on flavone.* (4) By boiling
an alcoholic solution of 4-thioflavone (VI) with ethyl
glycinate (II), a sample of V was obtained which was
identical with that obtained from I plus IL.

Reactions 3 and 4 parallel the degradations and
syntheses described by Baker and co-workers® on other
N-alkyl-4H-1-benzopyran-4-imines.

It seems probable that the ketimine salt (IV) was
produced by air oxidation of the initial adduct X to a
carbinol XI which then lost water to give the ketimine
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salt IV. Intermediates X and XI could not be found
in the reaction mixture but similar oxidation of the
reactive hydrogen in the 4-position to a carbinol has
been demonstrated for the initial product from flavyl-
ium perchlorate and dimethylaniline.®

The water formed in conversion of XI to IV reacted
with flavylium perchlorate in the presence of the ethyl

(2) R. L. Shriner in ""Adams Symposium,”’ John Wiley and Sons, Inc.,
New York, N. Y., 1955.

(3) F. A. Miller in **Organic Chemistry,” Vol. I11, H, Gilman, Ed., John
Wiley and Sons, Inc., New York, N. Y., 1953, pp. 140-150.

(4) W. Baker, G. G. Clark, and J. B. Harborne, J. Chem. Soc., 998 (1954).

(3) W. Baker, J. B. Harborne, and W. D. Ollis, sbid., 1294 (1952).

(8) R. L. Shriner and J. H. Shotton, J. Am. Chem. Soc., T4. 3622 (1952).
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glycinate to produce a nonnitrogen-containing oil which
was shown to be a mixture of the chalcone VIIT and the
two isomeric pyranols VII and IX. A paper chromato-
gram of this liquid mixture showed three spots whose
Ri values were identical with those for spots formed
from the mixture resulting from the action of aqueous
bicarbonate on flavylium perchlorate. One spot was
identical with a 2-hydroxychalcone standard. Hill
and Melhuish found that flavylium chloride and 109
sodium hydroxide form 2-hydroxychalcone, 2-phenyl-
1,2-benzopyran-2-ol, and flavone after 1 week at room
temperature.” The yield of flavone was low (109,).

A material balance on the reactants and products
showed that all the perchlorate anion was accounted
for by III and IV, so that the perchlorate ion was not
the oxidizing agent for conversion of X to XI. Fur-
thermore, the yield of the ketimine salt decreased when
the initial step was carried out in the absence of air.

When the ratio of ethyl glycinate to flavylium per-
chlorate was increased to 2:1 the yield of the ketimine
IV and V decreased markedly and the amounts of the
nonnitrogen-containing by-products VII, VIII, and

IX were increased—an unexpected result. This may be
" CeHs 0, VIL+VIIL
o__CHs — | — +IX+II
@ NHCH;CO:C:Hs
NH;CH:CO,C:H; X
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due to conversion of X to the free base XIII by the
excess ethyl glycinate, followed by air oxidation of this
amino derivative to IX with isomerization of this
substituted allylic alcohol IX to VII and equilibration
to the chalcone VI]I. The ethyl glycinate fragment
was isolated as the hydroperchlorate I1I.

The ethyl esters of dl-alanine and di/-phenylalanine
reacted with flavylium perchlorate in a fashion similar
to that described above for ethyl glycinate. The N-
substituted 4H-1-benzopyran-4-imines obtained are
described in the Experimental part.

Experimental

Flavylium Perchlorate.—2-Hydroxychalcone was cyclized by
utilizing glacial acetic acid as a solvent in the procedure of Lowen-
bein.! To obtain a pure product in 759, yield melting at 190—
191°, it was essential that the recrystallization be carried out
with 40 ml. of glacial acetic acid/g. flavylium perchlorate heated
to 90° maximum,

Amino Acid Ethyl Esters.—Mixtures of the appropriate hydro-
chloride of ethyl esters of amino acids in purified chloroform?®
were converted to solutions of the free bases by described use of
ammonia'® and the excess ammonia was removed by reduced
pressure at room temperature. Drierite was added to the prep-
aration to ensure an anhydrous solution.

Flavylium Perchlorate and Ethyl Glycinate.—A suspension of
5 g. (0.016 mole) of flavylium perchlorate in 25 ml. of purified
chloroform combined with 1.68 g. (0.016 mole) of ethyl glvcinate
in 27 ml. of chloroform was shaken for 12 hr. A precipitate (4.8
g.) was collected from the dark purple mixture and washed with
absolute ether. This tan product was triturated with 15 ml. of
absolute ethanol and the crude insoluble ketimine hydroperchlo-
rate IV was collected and washed with dry ether. The crude
product IV weighed 2.78 g. and melted at 223-225° dec. Three
recrystallizations from glacial acetic acid raised the melting point
to 230-231°, yield 2.65 g. (409%).

Anal. Caled. for CiyHiNO,ClO.: C, 55.95; H, 4.42; N,
3.44; ClOy, 24.42. Found: C, 56.25; H, 4.53; N, 3.69; ClO,,
24.65.

The addition of 175 ml. of dry ether to the ethanolic extract
above precipitated 1.42 g. of ethyl glycinate hydroperchlorate.
The salt was recrystallized from a mixture of 0.85 ml. of absolute
ethanol per 5.25 ml. of chloroform; yield 1.27 g. (561%), m.p.

(7) D. W. Hill and R. R. Melhuish, J. Chem. Soc., 1161 (1933).

(8) A. Lowenbein, Ber., 87, 1526 (1924).

(9) L. F. Fieser, "Experiments in Organic Chemistry,”” D. C. Heath and
Co., New York, N. Y., 1957, p. 283.

(10) Von Gunther-Hillman, Z. Naturforsch., 1, 682 (1946).
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110.5-112°. It did not depress the melting point of an authentic
sample.

The addition of 250 ml. of petroleum ether (b.p. 60-100°) to
the purple chloroform solution precipitated 0.05 g. of an un-
known water-insoluble purple substance. The vellow petroleum
ether—chloroform mother liquor was washed with six 100-ml.
portions of water to remove unreacted ethyl glycinate. The
organic layer was then dried with Drierite and the solvents were
allowed to evaporate at room temperature. The yellow oil
which remained weighed 1 g. (27.49,). An ethanolic solution of
the oil gave a positive test for phenolic groups!! and nitrogen was
not present in the oil. The effects of varying the reaction condi-
tions are summarized in Table I.

TABLE I
Moles amine
Mole perchlorate Atmosphere 11, %, 0il, %
1:1 Laboratory 40 27
2:1 Laboratory 24 65
3:1 Laboratory 2.2 96
2:1 N.* 4-10 90
2:1 Air: drybox 24 65

¢ Products isolated in air.

Ethyl N-(2-Phenyl-4H-1-benzopyran-4-ylidene)-glycinate (V).
—A mixture of 500 ml. of 1 N sodium hydroxide and 10.8 g. of
the ketimine hydroperchlorate IV was shaken for 1.5 hr. The
resulting solid was collected on a filter and washed with 300 ml. of
water. The yellow powder was recrystallized three times from
petroleum ether (b.p. 60-100°) to give white needles. The yield
of V was 3.1 g. (459%), m.p. 86-87°. A mixture m.p. with an
authentic sample was 86-87°,

Anal. Caled. for CgHyO3N: C, 74.27; H, 5.53; N, 4.56.
Found: C, 74.16; H, 5.65; N, 4.48.

Dry hydrogen chloride was passed into a cooled solution of 0.64
g. of the imine V in 50 ml. of dry ether for 40 min. A solution
of 1 ml. of 709 HCIO, in 4 ml. of acetic anhydride was then
added to the reaction mixture which was allowed to stand 12 hr.
The precipitate was collected, washed with ether, and recrystal-
lized twice from acetic acid. The yield of hydroperchlorate IV
was 0.47 g. (489), m.p. 227-229°. A mixture m.p. with an au-
thentic sample of the hydroperchlorate was 227-230° dec.

Refluxing the reaction for 10 min. gave identical results.

Ethyl N-(2-Phenyl-4H-1-benzopyran-4-ylidene)-glycinate (V)
and Hydrogen Sulfide.—Hydrogen sulfide was passed into a solu-
tion of 0.5 g. of the ketimine obtained trom its hydroperchlorate
in 15 ml. of absolute ethanol for 30 min. The solution, which
slowly turned red, was then allowed to stand for 1.5 hr., cooled in
an ice bath, and filtered. The red 4-thioflavone, weighing 2.5
g., was recrystallized from absolute ethanol. The yield was 1.61
g. (41%), m.p. 86.5-87.5°, mixture m.p. with an authentic
sample 85.5-87°.

Ethyl Glycinate and 4-Thioflavone.—A solution of 2.8 g. of 4-
thioflavonet and 13 ml. of freshly distilled ethyl glycinate!® in 280
ml. of absolute ethanol was refluxed 22 hr. The red color of 4-
thioflavone disappeared and hydrogen sulfide was evolved. The
ethanolic solution was then evaporated to a volume of 65 ml. and
poured with stirring into 400 ml. of water containing 1 g. of
sodium chloride. The gummy solid was extracted with two 400-
ml. portions of hot petroleum ether (b.p. 60-100°). The tan
residue, weighing 0.49 g. and melting at 139-144° dec., was
discarded. The solvent was removed from the extracts by evap-
oration at room temperature and atmospheric pressure. The
yellow residue, weighing 1.7 g., was recrystallized three times
from petroleum ether (b.p. 60-100°); the vield of white needles
was 1.1 g. (31%), m.p. 86-87°.

Anal. Caled. for CiH;yO3N: C, 74.27; H, 5.53; N, 4.56.
Found: C, 74.41; H, 5.82; N, 4.55.

The Nonnitrogenous Mixture VII, VIII, and IX and Perchloric
Acid.—To a solution of 2.8 g. of the yellow oil in 20 ml. of dry,
alcohol-free ether was added 4 ml. of 709, perchloric acid in 16
ml. of acetic anhydride. The solution was saturated with dry
hydrogen chloride and allowed to stand overnight. A precipi-
tate, weighing 0.41 g., was removed from the mother liquor and
recrystallized three times from glacial acetic acid. The yield of
golden plates was 0.37 g., 34%, m.p. 178-179° dec. This com-
pound did not depress the melting point of an authentic sample of
flavylium perchlorate.

Flavylium Perchlorate and Sodium Bicarbonate.—A suspen-
sion of 1.65 g. of flavylium perchlorate in 85 ml. of benzene and 20
ml. of 59, aqueous sodium bicarbonate were shaken together until
the evolution of carbon dioxide ceased. The benzene layer was
dried over Drierite’ and portions of this solution were used in

(11) R. L. Shriner, R. C. Fuson, and D, Y. Curtin, "The Systematic
Identification of Organic Compounds,” John Wiley and Sons, Inc., New
York, N. Y., 1956, p. 112,
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comparison to identify the oil, VII, VIII, and IX, by means of
paper chromatography. The yellow oil which remained after
removal of solvent from part of the solution was reconverted to
flavylium perchlorate as above.

Paper Chromatography of the Oil, VII, VIII, and IX.—Spots
of dilute benzene solutions of the oil, VII, VIII, and IX, the oil
from flavylium perchlorate and aqueous sodium bicarbonate, and
2-hydroxychalcone were applied to a strip of Whatman No. 1
paper. The spots were dried and the paper equilibrated for 45
min. with the atmosphere over the developing solvent in an air-
tight tank. The chromatogram was then developed at 30° with
the aqueous (lower) layer of a 409, butanol-509, water-109,
glacial acetic acid solvent system. The chromatogram was dried
at 65° and the spots were detected under ultraviolet light. The
results are given in Table II.

TasBLE 11
Compound

Rj factors

Unknown oil (3 spots) 0.038 0.21* 0.22

Product from aq. NaHCO;
and flavylium perchlorate (3 spots) 0.038 0.21° .22
2-Hydroxychalcone (1 spot) o o .22

e These spots were only detected at such high concentrations
that the other spots were smeared. This fact, more than the
R; factors, indicates that the oils are composed of three compo-
nents.

Ethyl N-(2-Phenyl-4H-1-benzopyran-4-ylidene)-phenylalani-
nate Hydroperchlorate.—Five grams (0.0163 mole) of flavylium
perchlorate was suspended in a solution of 3.15 g. (0.0163 mole) of
ethyl phenylalaninate in 110 ml. of chloroform. The mixture,
which became green, was shaken 8 hr. and an insoluble precipi-
tate was then filtered from the green mother liquor; weight 3 g.

The solid was recrystallized twice from glacial acetic acid.
Light green crystals were obtained and washed with ether. The
yield was 2.4 g. (30%), m.p. 233-234° dec.

Anal. Caled. for CgHaOsNCIO,: C, 62.97; H, 4.84; N,
2.82; ClO,, 20.08. Found: C, 63.13; H, 5.09; N, 2.75; ClO,,
20.38.

The green mother liquor was poured into 300 ml. of ether and a
small quantity of a dark green gummy solid was filtered from the
solution. This yellow solution deposited 0.6 g. of ethyl phenyl-
alaninate hydroperchlorate after standing 4 hr. The solution
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was then evaporated to dryness at room temperature and atmos-
pheric pressure to vield 2 g. of a yellow oil (565%,).

The reaction of 1 mole of flavylium perchlorate with 2 moles of
ethyl phenylalaninate gave the ketimine hydroperchlorate in
149, yield, while the presence of Drierite increased the yield to
319%. The green gum was not a product of the latter two reac-
tions.

Ethyl N-(2-Phenyl-4H-1-benzopyran-4-ylidene)-alaninate Hy-
droperchlorate.—The products from flavylium perchlorate and
ethyl alaninate were obtained and purified as described above for
ethyl phenylalaninate. The yield of ketimine hydroperchlorate
was 2.1 g. (31%), from 0.0163 mole of each reactant, and the
m.p. was 216-217° dec.

Anal. Caled. for CyxHuNO;ClO: C, 56.94; H, 4.74; N,
3.32; ClO,, 23.63. Found: C, 56.65; H, 4.57; N, 3.21; ClO,,
23.24.

The oil (VII, VIII, IX) weighed 1 g. (27%).

Ethyl N-(2-Phenyl-4H-1-benzopyran-4-ylidine)-phenylalanin-
ate and Alaninate.—Two grams of the respective imine hydro-
perchlorates were each suspended in 50 ml. of 2 N sodium hy-
droxide to which 50 ml. of ether was added. The mixtures were
shaken 15 min. The ether layers were separated, washed once
with 50 ml. of water, and the solvents were then evaporated at
room temperature and atmospheric pressure. The resulting oil
from flavone ethyl alaninate imine and the yellow solid from the
flavone ethyl phenylalaninate imine were each recrystallized
from petroleum ether (b.p. 60-100°) to yield white crystals.
The yield of flavone ethyl alaninate imine was 0.67 g. (459,),
m.p. 74.5-76°.

Anal. Caled. for CyHyyNOy: C, 74.76; H, 5.92; N, 4.35.
Found: C, 74.48; H, 5.52; N, 4.41.

The yield of flavone ethyl phenylalaninate imine was 0.96 g.
(60%), m.p. 119.5-120.5°.

Anal. Caled. for CoeHguOsN: C, 78.84; H, 5.79; N, 3.52.
Found: C, 78.69; H, 5.69; N, 3.43.

The flavone ethyl alaninate imine was apparently somewhat
unstable because discoloration appeared after the compound was
exposed to the atmosphere for 5 to 8 hr.

Hydrogen Sulfide and the Flavone Ketimines.—The ethyl
N-(2-phenyl-4H-1-benzopyran-4-ylidene)-phenylalaninate  and
alaninate gave 4-thioflavone in 76 and 489, yields, respec-
tively. The procedure is given above. The 4-thioflavone melting
points and mixture melting points checked.
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The displacement of halide from a series of 2-halo-3,5,6-trimethyl-p-benzoquinones by sulfite was preceded in

two cases by a faster reversible quinone-bisulfite reaction.

The rates of both reactions were dependent on the

concentrations of sulfite rather than bisulfite and were general-acid catalyzed. Related mechanisms for the

two reactions are proposed. The order of displacement rates is I~ > Br~ > Cl—.
paratus used in the study of some fast reactions is included.

Quinones are known to undergo several types of reac-
tions, including 1,4-additions,! ! nucleophilic displace-
ment of labile substituents,®~'" and oxidation-reduc-
tion reactions.»®% No thorough kinetic study of these
reactions has been reported, although a mechanism has

(1) J. W. Dodgson, J. Chem. Soc., 2435 (1914).

(2) J. M. Snell and A. Weissberger, J. Am. Chem. Soc., 61, 450 (1939).

(3) T. H. James and A. Weissberger, #bid., 61, 442 (1939).

(4) R. H. Thomson, J. Org. Chem., 16, 1082 (1951).

(5) J. E. LuValle, J. Am. Chem. Soc., T4, 2970 (1952),

(6) A. Blackhall and R. H. Thomson, J. Chem. Soc., 1138 (1953).

(7) W. Ried and R. Dietrich, 4zx., 649, 57 (1961).

(8) J. W. Dodgson, J. Chem. Soc., 2498 (1930).

(9) W. K. Anslow and H. Raistrich, sbid., 1446 (1939).

(10) A. H. Crosby and R. E. Lutz, J. Am. Chem. Soc., 78, 1233 (1956).

(11) L. F. Fieser, #bid., 48, 2922 (1926).

(12) R. H. Thomson, J. Org. Chem., 18, 870 (1948); 18, 377 (1948).

(13) M. J. S. Dewar, Electronic Theory of Organic Chemistry,”’ Oxford
Clarendon Press, London, 1949,

(14) D. Buckley, H. B. Henbest, and P. Slade, J. Chem. Soc., 4891
(1957).

(15) K. Wallenfels and W. Draber, Ber., 90, 2819 (1957).

(16) J. W. MacLeod and R. H. Thomson, J. Org. Chem., 28, 36 (1960).

(17) B Hopff and Y. R, Schweizer, Helv. Chim. Acta, 48, 313 (1962),

A description of the ap-

been proposed for nucleophilic displacement based on
observed products (eq. 1).1316:17
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Since the reaction involved replacement of the labile
substituent (X) by a nucleophile (Y), the latter was
assumed to add to the quinone at the substituted posi-
tion, generating an intermediate stabilized by negative
charge on the oxygen in the 4-position, as shown. Elim-
ination of X in the second step completed the scheme.
To investigate the various steps of nucleophilic dis-
placement of halides on quinones by sulfite, a series of
2-substituted-3,5,6-trimethyl-p-benzoquinones, includ-
ing 2,3,5-trimethyl-p-benzoquinone and duroquinone,
were treated with sulfite and the kinetics were measured.
Alkyl substituents on the 3-, 5-, and 6-positions simpli-



