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The structure of the coumarin moiety of novobiocin (I) is shown to be 3-amino-4,7-dihydroxy-8-methylcoumnarin (VII).
Degradation of dihydronovobiocic acid (III) using HBr-HOAc~Ac:O gave a substituted chromone V, while HCI-HOAc~-H,O

gave an amine hydrochloride VIII.
ture of novobiocic acid (II), the aglycon of novobiocin, is 2
8-methylchromone,

The structure of the an’ibiotic novobiocin (I)
has been reported.!—* Alcoholic hydrochloric acid
cleaves'* the glycosidic linkage in novobiocin form-
ing the methyl! glycoside of 3-O-carbamylnoviose!?

and the aglycon, novobiocic acid (II).#* Deg-
3
CH;O 0
@0(\/
Pz\'CO OH \THCO—-—\ Y OH
O

radation of I and II has shown II to be the
amide of 4-hydroxy-3-(3-methyl-2-butenyl)-ben-
zoic acid®® and 3-amino-4,7-dihydroxy-8-methyl-
coumarin.'* This paper describes our chemical
studies which led to the elucidation of the struc-
ture of the coumarin moiety of II.
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Cleavage of dihydronovobiocin®® with alcoholic
hydrochloric acid gave the aglycon, dihydronovo-
biocic acid (III). We used this compound as the
starting point for our degradation studies since, in
contrast to novobiocic acid, it can be obtained more
readily in pure form. When dihydronovobiocic acid

(1) C. H. Shunk, C. H. Stammer, E. A. Kaczka, E. Walton, C. F.
Spencer, A. N. Wilson, J. W. Richter, F. W. Holly and K. Folkers,
THis JoURNAL, T8, 1770 (1956).

(2) H. Hoeksema, E. L. Caron and J. W. Hinman, sbid., T8, 2019
(1956).

(3) E. Walton, J. O. Rodin, C. H. Stammer, F. W, Holly and K.
Folkers, 1bid., T8, 5454 (1956).

(4) (a) J. W, Hinman, H. Hoeksema, E. L. Caron and W. G. Jack-
son, ibid., T8, 1072 (1956); (b) J. W. Hinman, E. L. Caron and H.
Hoeksema, bid., 79, 3789 (1957).

(8) E. A, Kaczka, C, H. Shunk, J. W. Richter, F. J. Wolf, M. M.
Gasser and K, Folkers, tbid., 78, 4125 (1956).

(8) H. Hoeksema, J. L. Johnson and J. W. Hinman, ¢bid., T7, 6710
(1955).

Clemmensen reductlou of VIII gave 4-ethyl-2-methylresorcinol (X). t
,7-dihydroxy-3-(4-hydroxy-3-[3-methyl-2- butenyl]-benzamldo)-

Thus, the struc-

(III), C2HyuNOg, pKa' 6.3,7 was treated with a re-
fluxing mixture of hydrogen bromide-acetic acid—
acetic anhydride, two compounds were isolated.
One of these was the known® 4-acetoxy-3-(3-methyl-
butyl)-benzoicacid (IV). Theother,V,wasanacidic
compound, CiHi;NOg, pK.' 4.9, containing two
acetyl groups. The structural relationship of V to
dihydronovobiocic acid (III) was indicated by the
similarity of their ultraviolet absorption spectra in
aqueous alkali. However, besides showing an enol
ester carbonyl band, the infrared spectrum of V like
that of novobiocin showed a 5.92 u carbonyl band
not present in the spectrum of III. The absence of
this 5.92 u band in the infrared spectra of the novo-
biocic acids, IT and III, indicated that the carbonyl
function in these acids differs in some way from that
in novobiocin and in V.

When the acid V was hydrolyzed with aqueous
sodium hydroxide, one acetyl group was removed
and the product VI, C::HulNOs, pKo' 5.3 and 11.1,
showed no carbonyl absorption in the 5.5-6.0 u
region of its infrared spectrum. The absence cf
the 5.92 ux band in the infrared spectrum of VI in-
dicated that possibly V and VI have a structural
feature capable of tautomerism. That VI could
be reacetylated to give V showed that no gross
structural change had occurred during the alkaline
hydrolysis of V

Acidic hydrolysis of V afforded an amino acid
hydrochloride (VIII) which was difficult to purify.?
Analytical data for VII agreed approximately with
the composition CipH;,NO,Cl, while potentiometric
titration indicated that the amino function was
only feebly basic and probably aromatic. A color
test?® using fluorescein chloride confirmed this
conclusion. Reacetylation of VII gave V showing
that during acid hydrolysis the fundamental struc-
ture of V had suffered no rearrangement. Up to
this point, the data suggested that V was an acety-
lated aminodihydroxycoumarin. The rapid loss
of one acetyl group in alkaline solution made it
likely that V was an O,N-diacetyl compound. The
acidic function of V was accounted for by assuming
a  4-hydroxycoumarin structure. Since low
yields of 2,4-dihydroxy-m-toluic and 2,4-dihydroxy-
m-tolylglyoxylic acids had been obtained by al-
kaline degradation of cyclonovobiocic acid,! it ap-

(7) The pK’a values given here are actually pH,/; values obtained
by potentiometric titration in 70% acetone~water mixture using a
hydrogen electrode.

(8) C. F. Huebner and K. P. Link, THIS JoURNAL, 67T, 99 (1945),
found it necessary to acetylate 3-amino-4.hydroxycoumarin for purifi.
cation.

(9) F. Feigl, “Qualitative Analysis by Spot Tests,’”’ Elsevier Publ.
Co., Inc,, Houston, Texas, 3rd Ed., 1946, pp. 373, 375.
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peared that a methyl group was in the 8-position
and that either the acetoxyl or acetamido group was
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in the 7-position on the coumarin (V). Confirma-

tion of this assignment and a direct determination
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of the structure of the coumarin were accomplished
by a different degradation scheme described below.
Refluxing concentrated hydrochloric acid-acetic
acid solution converted dihydronovobiocic acid
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The second ionization constant of VIII thus corre-
sponds to a phenolic function. The second product
from the hydrochloric acid—-acetic acid degradation
of III appeared to have structure IX in which the

amide link of III was still intact. The attach-
CH
i /OH
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ment of the p-hydroxybenzoic acid moiety to the
coumarin through an amide link was inferred from
the absence of ester carbonyl absorption in the in-
frared spectra of both IIT and IX. It remained
only to show the relative positions of the substitu-
ents on the ring in VIII. This was accomplished
by Clemmensen reduction® of VIII to the known!!
2-methyl-4-ethylresorcinol (X). The structures of

&
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dihydronovobiocic acid (III) and all its degrada-
tion products can thus be written
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into two new degradation products. One was a NH,-HCl | NHAc
OH VII O VI

water-soluble amine hydrochloride (VIII), Cs;-
HNO:Cl, pK."”’s 7.6 and 9.6, and the other a
weakly acidic compound (IX), CyHnxNOs, pKa'’s
9.8 and 11.9. In compound VIII, the magnitude
of the first ionization constant, attributable to the
amine hydrochloride function, indicated that the
amino group was aliphatic. Since the hydrogen
bromide—acetic acid-acetic anhydride degradation
of III led to an aromatic amino compound, we were
led to the conclusion that the amino group was at-
tached to the pyrone ring of the coumarin (V).
Thus our second degradation scheme had destroyed
the pyrone ring and VIII must have the structure
CH;
OH
/
HO

~N
C—CH:NH,-HCl
AY
VIIIL 0O

Novobiocin (I) and the acetoxycoumarin V each
have 5.92 u absorption bands, which are attributed
to the carbonyl group of the unsaturated lactone.
Consequently, the coumarin structure rather than
the tautomeric chromone form is assigned to I and
V. Dihydronovobiocic acid (IIT) and the hydroxy-
chromone VI, however, show no 5.92 u band. Un-
doubtedly, the carbonyl absorption of these com-
pounds is present above 6 u, but in this region it is
masked by the amidic carbonyl absorption. The
chromone structure is assigned to III and VI since
the carbonyl group in this tautomer would be ex-
pected to absorb at a longer wave length than in
the coumarin. It should be noted that of these
four compounds (I, III, V and VI) only the two
having a free 7-hydroxyl group exist as chromones.

(10) J. V. Braun and K. Weisbach, Ber., 62, 2416 (1935), showed
that N,N-dimethylphenacylamine underwent Clemmensen reduction
to ethylbenzene.

(11) R. Robinson and R. C. Shah, J. Chem. Soc., 1491 (1934).
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The variation in physical properties, including the
infrared spectrum, among various samples of the
aminocoumarin VII did not allow a definite assign-
ment of structure; consequently, we have drawn it
arbitrarily in the coumarin form.

Confirmation of the novobiocic acid structures
here deduced is afforded by syntheses'? which will
be fully described in a succeeding paper.

Experimental

Dihydronovobiocic Acid (III) (2,7-Dihydroxy-3-(4-hy-
droxy-3-[3-methylbutyl -benzamido)-8-methylchromone).—
A solution of 20 g. of novobiocin in 400 ml. of methanol was
hydrogenated at room temperature and 40 p.s.i. initial
pressure using 0.4 g. of platinum oxide. After 2 hr. the
reduction was complete and the catalyst was filtered and
washed with methanol. To the filtrate was added 30 ml.
of concentrated hydrochloric acid and the solution was re-
fluxed 2.5 hr. After standing overnight at 0-5°, the reac-
tion mixture yielded 7.35 g. of product, m.p. 229-237°.
The filtrate was evaporated to about 200 ml. and on stand-
ing at 0-5° gave another 4.0 g. of the acid, m.p. 228-235°.
The two crops were combined and recrystallized from 125
ml. of isopropyl alcohol. The yield of dihydronovobiocic
acid was 7.5 g., m.p. 236-237°; AN 6,07 u» (C=0);
AL, ¥ NeOE 395 mu (log € 4.5), 263 mu (log € 4.2) and 247
myu (log € 4.3); pK'y 6.3 in 709, acetone~water. A sample
was prepared for analysis by recrystallization from isopropyl
31(1?10}101’ m.p. 237-238°, and dried at 140° (0.2 mm.) for

r.

Anal. Caled. for szstNOaZ C, 6649, H, 583, N>
3.53; 0O, 24.2. Found: C, 66.66; H, 5.68; N, 3.84; O»
23.4.

Degradation of Dihydronovobiocic Acid (III) with 329,
Hydrogen Bromide-Acetic Acid and Acetic Anhydride. 3-
Acetamido-7-acetoxy-4-hydroxy-8-methylcoumarin (V).—A
solution of 2.0 g. of dihydronovobiocic acid in 20 ml. of a
1:1 mixture of 329, hydrogen bromide~acetic acid and acetic
anhydride was refluxed for 3 hr. When the solution was
cooled in an ice-bath, a solid separated. Filtration gave
257 mg. of product melting at 203-235°. Recrystallization
of this material from ethyl acetate gave 105 mg. of solid,
m.p. 260-261°. The filtrate from the reaction mixture
was diluted to 200 ml. with water. A precipitate weighing
1.55 g., m.p. 115-200°, was collected on a filter. Recrys-
tallization of this material from ethyl acetate gave 248 mg.
of solid, m.p. 259-260°. The two crops of product were
combined and recrystallized from ethyl acetate giving 253
mg. of 3-acetamido-7-acetoxy-4-hydroxy-8methylcoumarin
(V), m.p. 260~261°; Ai, ¥ N°E 395 myu (log € 4.4) and
246 my (log € 4.4); ANw! 5,69 p (C=C—0—C=0), 5.92
u(C=0); pK’s4.9in 709, acetone-water. The sample for
analysis was dried at 100° (0.2 mm.) for 3 hrs.

Anal. Caled. for CyH1i3NOg: C, 57.72; H, 4.50; N,
4.81; CH;3;CO, 29.6. Found: C, 57.72; H, 4.11; N, 4.90;
CH;CO, 24 .8.

The filtrate from the second crop of the above product
gave 226 mg., m.p. 141-143°, of 4-acetoxy-3-(3-methyl-
butyl)-benzoic acid.® This is a known compound and was
deacetylated to the known 4-hydroxy-3-(3-methylbutyl)-
benzoic acid® as a confirmation of structure.

3-Acetamido-2,7-dihydroxy-8-methylchromone (VI).—
A solution of 63 mg. of 3-acetamido-7-acetoxy-4-hydroxy-8-
methylcoumarin in 1 ml. of 2.5 N sodium hydroxide was
allowed to stand at room temperature for 15 hr. The solu-
tion was acidified with 2.5 N hydrochloric acid, and 79 mg.
of product, m.p. 277-284°, was obtained. This product
can be sublimed at 190-210° at ca. 0.2 mm. or recrystallized
from ethanol giving 3-acetamido-4,7-dihydroxy-8-methyl-
coumarin, m.p. 280~281°; A%, ¥ Ns°E 395 my (log € 4.4)
and 246 mu (log € 4.3); AN 6.09 u (C=0); pK'sin 70%
acetone-water 5.3 and 11.1. The sample for analysis was
dried at 140° (0.2 mm.) for 4 hr.

Anal. Caled. for CH NO;: C, 57.83; H, 4.45; N,
5.62; CH,CO, 17.27. Found: C, 57.79; H, 4.71; N,

(12) C. F. Spencer, C. H. Stammer, J. O. Rodin, E. Walton, F. W.
Holly and K. Folkers, THiS JourNaL, 78, 2655 (1956); C. F. Spencer,
C. H, Stammer, J. O, Rodin, E. Walton, F, W. Holly and K, Folkers,
tbid., in press.
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5.45; CH;CO, 20.0. Analyses of five different samples
were run before the above analysis was obtained.

Acetylation of 3-Acetamido-2,7-dihydroxy-8-methylchro-
mone. 3-Acetamido-7-acetoxy-4-hydroxy-8-methylcou-
marin (V).—A solution of 200 mg. of 3-acetamido-2,7-di-
hydroxy-8-methylchromone in 4 ml. of pyridine containing
0.4 ml. of acetic anhydride was allowed to stand overnight
at room temperature. The reaction mixture was poured
into about 40 ml. of ice and water and the solution was
acidified to congo red with concentrated hydrochloric acid.
This solution was continuously extracted with ether for
about 3 hr. Some solid which separated from the ether ex-
tract was redissolved with a little chloroform and the solu-
tion was dried over anhydrous sodium sulfate. Removal of
the solvent ¢n wacuo left a residue weighing 220 mg. Re-
crystallization of this product from about 30 ml. of ethyl
acetate gave 90 mg. of purified material, m.p. 261-262°.
The melting point of a mixture of this material with an
authentic sample of 3-acetamido-7-acetoxy-4-hydroxy-8-
methylcoumarin was 261-262°.

Acid Hydrolysis of 3-Acetamido-7-acetoxy-4-hydroxy-8-
methylcoumarin. 3 -Amino - 4,7 - dihydroxy - 8- methylcou-
marin Hydrochloride (VII).—A slurry of 1.0 g. of 3-acet-
amido-7-acetoxy-4-hydroxy-8-methylcoumarin in a mixture
of 50 ml. of purified dioxane and 50 ml. of 2.5 IV hydrochloric
acid was refluxed for 1 hr. The solid dissolved during the
reflux period, and the red solution was concentrated in vacuo
until most of the dioxane had been removed. The orchid
colored precipitate was collected on a filter and weighed
660 mg., m.p. 300°. A solution of this solid in 50 ml. of
absolute ethanol was treated with Darco and after addition
of 50-60 ml. of ether was diluted with 300400 1nl. of petro-
leurn ether (b.p. 40-60°) giving a cloudy solution. Again
orchid colored, 570 mg. of the product separated. Another
recrystallization from ethanol-petroleum ether gave 400
mg. of a pink solid melting above 330°; A%Y B¢ 206 mu
(log € 4.1); A& ¥ Ne°H 959 mu (log € 3.8) and 343 mu (log
ed.4); N1 586 u (C=0); pK'a’sin 709, acetone~water
2.9, 84 and 11.5. This compound gave a red color with
ferric chloride, a positive halogen test with silver nitrate and
reduced ammoniacal silver nitrate to metallic silver.

Anal. Caled. for C,oH;)NO,Cl: C, 49.29; H, 4.14; N,
5.75; Cl, 14.55. Found: C, 48.77; H, 5.24; N, 5.30; Cl,
10.0.

Acetylation of Amine Hydrochloride (VII). 3-Acetamido-
7-acetoxy-4-hydroxy-8-methylcoumarin (V).—A solution of
200 mg. of the amine hydrochloride VII in 4 ml. of pyridine
containing 0.6 ml. of acetic anhydride was allowed to stand
at room temperature overnight. The reaction mixture was
poured into about 40 ml. of ice and water and the solution
was acidified with concentrated hydrochloric acid. The re-
sulting yellow solution was extracted continuously with
ether for 3 hr. A solid, 100 mg., m.p. 260-261°, separated
from the ether extract. The melting point of a mixture of
this material and 3-acetamido-7-acetoxy-4-hydroxy-8-meth-
ylcoumarin was 259-261°. The ether solution after drying
over anhydrous sodium sulfate was evaporated to dryness
giving another 130 mg. of product. This was recrystal-
lized from about 15 ml. of ethyl acetate giving 60 mg. of the
diacetyl compound V, m.p. 260-262°.

Degradation of Dihydronovobiocic Acid with Concen-
trated Hydrochloric Acid-Acetic Acid. 2-Amino-2’,4’-di-
hydroxy-3’-methylacetophenone (VIII) and N-(2’,4’-Dihy-
droxy-3’-methylphenacyl) - 4 - hydroxy - 3 - (3 - methylbutyl)-
benzamide (IX).—A solution of 10 g. of dihydronovobiocic
acid in a mixture of 125 ml. of concentrated hydrochloric
acid and 250 ml. of glacial acetic acid was refluxed for 16 hr.
The solution was evaporated to dryness iz vacuo and ex-
tracted with three 100-ml. portions of boiling ether. The
ether insolubles were then extracted with two 50-ml. por-
tions of boiling ethyl acetate. The ethyl acetate-insoluble
solid weighed 3.0 g., m.p. 256-266° dec., and was water
soluble. It gave a strong halogen test with silver nitrate
and reduced ammoniacal silver nitrate to metallic silver.
A 2.4-g, sample of this product was dissolved in 200 ml. of
hot 959, ethanol containing 5 ml. of water; 200 ml. of puri-
fied dioxane was added and the solution was allowed to
stand overnight at 3-5°. The crystalline 2-amino-2’,4'-
dihydroxy-3’-methylacetophenone (VIII), 1.55 g., m.p.
255-263° dec., was collected on a filter. Evaporation of the
filtrate to 50 ml., followed by addition of 50 ml. of dioxane
gave a second crop, 1.05 g., m.p. 248-258° dec. A sample
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of the first crop was dried at 100° (0.2 mum.) for analysis
and showed AL, ¥ B 288 myu (log €3.1); A% & Ns0H 337
mu (log € 4.3) and 234 my (log € 3.9); AX%' 6.08 » (C=0);
pK's’s in 709, acetone~water 7.1 and 9.2.

Anal. Caled. for CoHNO;Cl: C, 49.64; H, 5.56; N,
?642; Cl, 16.30. Found: C, 49.74; H, 5.76; N, 6.32; Cl,

45,

When the ethyl acetate extract of the ether insolubles was
evaporated to dryness, a solid weighing 2.16 g., m.p. 200~
225°, was obtained. A sample of this product was recrys-
tallized twice from 5:3 ethanol-water giving N-(2/,4’-di-
hydroxy-3’-methylphenacyl)-4-hydroxy-3 - (3-methylbutyl)-
benzamide (IX), m.p. 217-220°; ALY ¥°% 304 my (log e
4.4); AVut 6.1 p (C=0); pK'y’s in 709, acetone 9.8 and

11.9.) The sample for analysis was dried 3 hr. at 100° (0.2
mm.).
Anal. Caled. for CoHy;NO;: C, 67.90; H, 6.78; N, 3.77.

Found: C, 68.15; H, 6.26; N, 3.92.

Triacetyl Derivative of 2,4-Dihydroxy-3-methylphenacyl-
amine (VIII).—A solution of 487 mg. of 2,4-dihydroxy-3-
methylphenacylamine hydrochloride in 5 ml. of pyridine
was cooled in an ice-bath; 0.8 g. of acetic anhydride was
added and the solution was allowed to stand overnight
at room temperature. The solution was evaporated to 2
ml, under a stream of nitrogen, 5 ml. of water was added
and the solution was acidified to pH 5 with 2.5 N hydro-
chloric acid. The resulting precipitate was centrifuged and
washed five times with water giving 314 mg. of the crude
triacetyl derivative, m.p. 147-157°. This product was re-
crystallized twice from ethyl acetate yielding 217 mg. of the
triacetyl derivative of 2,4-dihydroxy-3-methylphenacyl-
amine, m.p. 152-156°. The sample for analysis was dried
3 hr. at 52° (0.2 mm.).

Anal. Caled. for CsHsNOg: C, 58.63; H. 5.58; N,
4.56; CH,CO, 42.0. Found: C, 58.66; H, 5.58; N, 4.83;
CH,;CO, 44 4.
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Reduction of 2,4-Dihydroxy-3-methylphenacylamine Hy-
drochloride (VIII) to 4-Ethyl-2-methylresorcinol.—A slurry
of 4.0 g. of zinc dust in a solution of 0.2 g. of mercuric chlo-
ride in 5 ml. of water was stirred for 0.5 hour. The super-
natant liquid was decanted and the zinc was washed several
times with water. A solution of 1.0 g. of 2,4-dihydroxy-3-
methylphenacyvlamine hydrochloride in 3 ml. of hot water
was added to the zinc. Then 5 ml. of concentrated hydro-
chloric acid was added and the mixture was refluxed 2.5 hr.
The cooled mixture was filtered and the filtrate was extracted
with three 40-ml. portions of etlier. These extracts were
dried over anhydrous sodium sulfate and evaporated to dry-
ness leaving a brown oil which partially crystallized. The
oil was extracted with 40 ml. of boiling petroleum ether
(b.p. 40-60°). The extract was treated with Darco and
allowed to stand at room temperature. Crude 4-ethyl-2-
methylresorcinol, 161 mg., m.p. 70-77°, separated as an
oil which crystallized on standing. It was recrystallized
twice from Skellysolve B giving 52 mg. of the dialkylre-
sorcinol which melted at 91-92°,!% with a transition occur-
ring at 80-83°. A small sample was sublimed at 50-~35°
(0.2 mm.) for analysis.

Amnal. Caled. for CoH;30p: C, 71.01; H, 7.95.
C, 70.74; H, 8.04.
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Synthesis of Novobiocic Acid, Dihydronovobiocic Acid and
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The structure of the aglycon of novobiocin has been confirmed by synthesis.

Syntheses of novobiocic acid (X)), diliydro-

uovobiocic acid (VIII) and cyclonovobiocic acid (VI) are described. These acids were prepared by acylation of 3-amino-

2,7-dihydroxy-8-methylchromone (IV) with the appropriate benzoyl chlorides.

Preparation of novobiocic acid (X), the

aglycon of novobiocin, by degradation of novobiocin is also described.

The structure of novobiocic acid (X), the agly-
con of novobiocin, has been elucidated by degrada-
tive studies.!—® The isomeric cyclonovobiocic
acid (VI) and dihydronovobiocic acid (VIII) have
also been described!?¢ and a preliminary account
of their synthesis has been reported.” A synthesis
of novobiocic acid is described in this paper, to-
gether with details of the syntheses of VI and VIII.

For synthesis of each of the acids X, VI and VIII

(1) J. W. Hinman, H. Hoeksema, L. .. Caron and W. G. Jackson,
T11s JourNar, T8, 1072 (1956).

(2) C. H. Shunk, C. H. Stammer, E. A. Kaczka, E. Walton, C. I,
Spencer, A. N. Wilson, J. W. Richter, F. W. Holly and K. Folkers,
ibid., T8, 1770 (1956).

(3) H. Hoeksema, E. I.. Caron and J. W. Hinman, sbid., T8, 2019
(1956).

(4) J. W. Hinman, E. L. Caron and H. Hoeksema, ibid., T9, 3789
(1957).

(6) C. H. Stammer, E. Walton, A. N. Wilson, R. W. Walker, N. R.
Trenner, F. W. Holly and K. Folkers, ¢bid., 80, 137 (1958).

(6) E. A. Kaczka, C. H. Shunk, J. W. Richter, F. J. Wolf, M. M.
Sasser and K. Folkers, ibid., T8, 4125 (1936).

(7) C. F. Spencer, C. H. Stammer, J. O. Rodin, E. Walton, F. W.
IIolly and K. Folkers, ¢b:d., T8, 2655 (1956).

the appropriate substituted benzoy!l chloride was
allowed to react with 3-amino-2,7-dihydroxy-8-
methylchromone hydrochloride (IV) in pyridine
solution. This aminochromone was prepared from
2-methylresorcinol by a four-step synthesis. Con-
densation of 2-methylresorcinol with ethyl cyano-
acetate formed 2,7-dihydroxy-4-imino-8-methyl-
benzopyran (I). Hydrolysis of the iminobenzo-
pyran (I) in 509, sulfuric acid gave 2,7-dihydroxy-
8-methylchromone (II),%° which was nitrosated
with sodium nitrite in dilute acetic acid, giving
2,7-dihydroxy-8-methyl-3-nitrosochromone  (ITI).
The nitrosochromone III was unstable, conse-
quently, the crude product was hydrogenated over
a palladium—Darco catalyst in ethanol containing a
small amount of hydrochloric acid. The reduc-
tion product was 3-amino-2,7-dihydroxy-8-methyl-
chromone hydrochloride (IV).15

(8) A. Sonnm, Ber., 50, 1202 (1917), describes a preparation of 4,7-
dihydroxycoumarin or 2,7-dihydroxychromone.

(9) For a discussion of the coumarin—chromone tautomerism in
tliese compounds, see ref. 5



