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Ultraviolet absorption spectra of several coumarins and chromones and their methyl derivatives measured in the region
220-340 my show that it is possible to distinguish between them on the basis of absorption characteristics. A methyl group
present either in the benzene or in the pyrone ring fails to show any significant change in the absorption properties of the

parent compounds,

Benzo-a-pyrone and benzo-y-pyrone, known re-
spectively as coumarin and chromone are the
parents of a large number of naturally occurring
compounds. Methods for the synthesis of chro-
mones v¢z., the Simonis reaction—condensation of
phenols with 8-keto-esters in the presence of phos-
phorus pentoxide and the Kostanecki-Robinson
reaction—conversion of o-hydroxyaryl ketones to
chromones by heating with an acid anhydride and
the corresponding sodium salt, sometimes lead to
the formation of a-pyrone derivatives.?® It is not
always an easy task to distinguish between a cou-
marin and a chromone. Formation of the 2-styryl
derivative has been employed as a means for identi-
fication of chromones;* but only 2-methylchro-
mones possess this property thus limiting its use-
fulness. Formation of an oxonium salt by a chro-
mone® may, however, be taken as a distinguishing
property.

In recent years ultraviolet absorption analysis
has found wide application in the elucidation and
corroboration of the structure of organic mole-
cules.® Coumarins and chromones possessing char-
acteristic chromophoric systems have received
attention from time to time,’8* but sufficient sys-
tematic data required for identification purposes
are still lacking. For this reason ultraviolet absorp-
tion studies of a number of coumarins and chro-
mones have been undertaken with a view to as-
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certaining whether such studies can lead to any
useful method for distinguishing between them.

In the present investigation emphasis will be
placed on a correlation between ultraviolet absorp-
tion and molecular structure rather than on theo-
retical considerations. The compounds studied
have been listed in Tables I and II. Absorption has
been measured in the region 200-340 mpyu, as be-
yond this range these compounds did not show
significant absorption. It will be observed that the
list contains the parent substances viz., coumarin
and chromone as well as their methyl derivatives
substituted both in the aromatic and heterocyclic
rings. The compounds were prepared by methods
given in the literature, the methods being so
selected as to avoid, as far as possible, any am-
biguity about their molecular structure. These pro-
cedures are described under the experimental sec-
tion, The products were very carefully purified
by repeated crystallization so as to obtain sharp
and constant melting points.

Measurements. Absorption measurements were
taken on a Beckman Model D U Quartz Spectro-
photometer using a 959, ethanolic solution at a
concentration of around 6-7 mg. per liter.

Results. The absorption spectra are given in
Figures 1-5. It will be observed that the absorption
curves of coumarins form a family of closely re-
lated curves while those of chromones belong to a
quite distinetive family. Their main absorption
characteristics are summarized in Tables I and II.

Coumarins show one prominent minimum at
244 = 4 myu (log € = 326-3.54), one principal maxi-
mum at 275 + 4myu (log ¢ = 3.98-4.10), a second
minimum at 300 = 5 my (log ¢ = 3.52-3.87) and
a second maximum at 315 = 8 mu (log e = 3.70~
3.95). Only in one case viz., that of 4,8-dimethyl-
coumarin, this second maximum and minimum are
absent and a flat wave is observed in this region.
In almost all cases the principal maximum and
minimum are sharp and well defined but the sec-
ond maximum and minimum except in a few cases
are in general broad.

Chromones on the other hand invariably pos-
sess a strong maximum at 225 mu (log ¢ = 4.33-
4.42). Only in the case of chromone itself this
maximum is below 220 myu. These maxima are
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TABLE I
COUMARINS
R;
R4 0 o
R3 = R1
3 kmin.x >\min.| >\mnx.| )\mx.f
Serial No. R, (log e (log ¢) (log ¢) (log ¢)
I Coumarin 242 298-299 273.5 307-309
Ri=Rie=Rs=Ri=Rs=H (3.2653) (3.6857) (4.0368) (3.7449)
I 4-Methylcoumarin 240.5 294 271 307
Ri=Rs=R(=R;=H (3.2550) . (3.6395) (3.9975) (3.7559)
Rz = Me
III 3-Methylcoumarin 241.5 297.5-298 275 308
Re=Ri=Ri=Ry=H (3.3460) (3.7736) (4.0187) (3.8029)
R1 = Me
v 3,4-Dimethylcoumarin 243 296 273-273.5 306-310
Ri=Ri=R;=H (3.2655) (3.7340) (3.9841) (3.8071)
Rx = R: = Me
v 4,8-Dimethylcoumarin 248 305-313 flat 276.5-278
Ri=R;=Ri=H (3.5411) (3.7219) (4.0953) flat
Rz = Ra = Me
VI 4,7-Dimethylcoumarin 246 297-297.5 277-278.5 314-315
Ri=Ry=Rs=H (3.2980) (3.8656) (4.0309) (3.9543)
Rz = R4 = Me
VII 4,6-Dimethylcoumarin 242 208.5 273-273.5 317-323
Ri=Ri=R:s=H (3.2838) (3.5222) (4.0086) (3.6981)
R: = R; = Me
TABLE 1T
CHROMONES
Rs
R4 0 Rl
R; I R
2 Amax.1 Inflection or wave Amin.g Amax.s
Serial No. 0] (log ¢) (log € (log €) (log )
VIII Chromone — 245 inflection 270271 297-298
Ri=R:=R;=R,=R; =H (3.9946) (3.2246) (3.8191)
IX 2-Methylchromone 225 245 inflection 273 295
Re=R;=R=Ry=H (4.3469) (3.9850) (3.4919) (3.9082)
R1 = Me
X 3-Methylchromone 225 very slight 273 .5-274 304
Ri=Ry=Ri(=R;=H (4.3326) inflection 245 (3.2676) (3.8705)
R: = Me (3.8872)
XI 2,3-Dimethylchromone 225 wave
Rs=Ri=R;=H (4.3885) min 255 (3.7554) 277 299-304
R, =R; =Me max 259 (3.7840) (3.5145) (3.9368)
min 262 (3.7751)
max 268 (3.8160)
XI1 2,8-Dimethylchromone wave
R;=Rs=R(=H 225 min 238-240 (3.9607) 276-277 299
Ry = Rs; = Me (4.4060) max 248 (3.9946) (3.5072) (3.8663)
XIII 2,7-Dimethylchromone 225 wave
Ri=Rs=Rs=H (4.3364) min 245 (4.0718) 279.5 294-295
Ri =Ry = Me max 247-248 (4.0778) (3.7406) (3.9074)
min 256 (3.9099)
max 266 (3.9533)
X1v 2,6-Dimethylchromone 225 245 inflection 276.5-278 303
R:=R(=H; =H (4.4177) (4.0348) (3.3907) (3.8787)

R;=R;=Me

followed by inflections at 245 mu in the cases of
chromone, 2-methylchromone, 3-methylchromone,
and 2,6-dimethylchromone. In other cases these
inflections are replaced by waves having very short
crests in the region 245-268 mu. Then come the
principal minima at 275 £ 5 mu (log ¢ = 3.22-3.74),

followed by the second maxima at 300 = 5 mp
(log ¢ = 3.82-3.94). The principal maxima and
minima are quite sharp and well defined whereas
the second maxima are more or less broad. Unlike
the case of coumarins the second minima are
absent here.
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Fig. 3. ULTRAVIOLET ABSORPTION SPECTRA oOF (V)
4,8-Dimethylcoumarin —O—0O—0O— and (VII) 4,6-Di-

methyleoumarin —|—|—|—.

Fie. 2. UrTrRAVIOLET ABSORPTION SPECTRA oF (IV)
3,4-Dimethyleoumarin ————; (VI) 4,7-Dimethylcou-
marin —Q—O—.

F1a. 4. ULTRAVIOLET ABSORPTION SPECTRA OF (VIII)

Chromone

; (IX)2-Methylchromone —O0—0—0—;

(X)) 3-Methylchromone —»—»—>—; and (XI) 2 3-D1methyl-’
chromone —|—|—|—.
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It will be observed that the principal maxima
of coumarins occur at higher wavelengths com-
pared to those of chromones. This is evidently due
to the presence of linear-conjugated systems in
coumaring and cross-conjugated ones in chro-
mones.®?

Study of auxochromic effect of the methyl group.
A study of the data given in Table I will show that
substitution of a hydrogen by methyl either in the
heterocyclic or in the benzene ring of the coumarin
molecule does not produce any significant change
in the absorption properties, both the Au. and the
extinction coefficient remaining materially un-
changed. It may be noted, however, that the prin-
cipal minima in the case of 4,8-dimethyl- and 4,7-
dimethyl-coumarin occurs at somewhat longer
wave-lengths viz., 248 mu and 246 mu respectively
as against the usual range of 240.5-243 my for other
coumarins studied. The principal maxima of the
same coumarins are also at slightly higher wave-
lengths #iz., 276.5-278 mu and 277-278.5 mu re-
spectively against the usual range of 271-275 mu.
But we do not consider these observations to be
of much significance. In the case of chromones
also, substitution of hydrogen by methyl fails to
show any remarkable variation either in the posi-
tion of the Amax. OF Amia. Or in the intensity of ab-
sorption.

(9a) Fieser and Fieser, Natural Products Related to Phen-
anthrene, Reinhold Publishing Corporation, New York,
1949, p. 187; Elpern and Nachod, J. Am. Chem. Soc., 72,
3379 (1950).
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Thus a study of the absorption spectra of cou-
marin, chromone, and their methyl derivatives will
show that the most distinctive feature is the
strong absorption (log e greater than 3.8) in the
240-250 mu range shown by chromones in contrast
to the deep minima shown by coumarins in this
range. Also the principal minima of coumarins and
chromones are so characteristic and regular in
their occurrence that they may be profitably uti-
lized to characterize chromones and coumarins.

Study of absorption spectra of coumarins and
chromones substituted with strong polar groups
will form the subject of subsequent communica-
tions.

EXPERIMENTAL

All melting points are uncorrected.

The compounds were repeatedly crystallized from the
solvents noted under respective headings until sharp and
constant melting points were obtained.

Coumarin (1) was prepared by the method of Perkinl
and was crystallized from petroleum ether (40-60°); m.p.
68°.

Anal. Cale’d for CoHO,; C, 73.9; H, 4.1. Found: C, 73.9;
H,4.0.

4-Methylcoumarin (II) was prepared by the method of
Pechmann, et al.’! and was crystallized from a benzene-
petroleum ether (40-60°) mixture; m.p. 82°; lit.,1t 82°.

Anal. Cale'd for CoH0,: C, 75.0; H, 5.0. Found: C, 74.7;
H,5.1.

8,4~Dimethylcoumarin (IV) was prepared by the method
of Simonis, et al.!? and was crystallized from ethanol; m.p.
115°; 1it.,12115°,

Anal. Cale’d for CyHyOs: C, 75.8; H, 5.7. Found: C,
75.5;H,5.7.

4,8-Dimethylcoumarin (V) was prepared by the method of
Chakravarti, et al,!* and was crystallized from ethanol m.p.
115°; lit.,18 114°,

Anal. Cale’d for CyH;,0,: C, 75.8; H, 5.7. Found: C,
76.0; H, 6.0.

4,7-Dimethylcoumarin (VI) was prepared by the method
of Fries, et al.'® and was crystallized from ethanol; m.p.
132°; 1it. 2% 132°,

Anal, Cale’d for CyH,00.: C, 75.8; H, 5.7. Found: C,
75.7;H,5.9.

4,6-Dimethylcoumarin (VII) was prepared by the method
of Chakravarti, e al.!3 and was crystallized from benzene;
m.p. 151°; lit.,13 150°.

Anal. Cale’d for CyH,0.: C, 75.8; H, 5.7. Found: C,
76.1; H, 5.5,

3-Methylcoumarin (III). A mixture of salicylaldehyde
(3.5 g.), ethyl a-bromopropionate (6.5 g.), zinc (4.8 g.), and
dry benzene (30 c.c.) was heated to boiling and after the
vigor of the reaction had subsided, refluxing was con-
tinued for one hour more. The flask then was allowed to
cool and the benzene layer was poured into erushed ice con-
taining hydrochloric acid. The benzene layer then was
separated and the aqueous layer was extracted with benzene.
The combined benzene solution was washed with dilute
hydrochloric acid and water. After removal of benzene the
residue was distilled at 152°/5 mm. when a colorless oil
was obtained; yield 1.8 g. The above oil was hydrolyzed

(10) Perkin, J. Chem. Soc., 21, 53 (1863).

(11) Pechmann and Krafft, Ber., 34, 421 (1901).

(12) Simonis and Peters, Ber., 41, 830 (1908).

(13) Chakravarti and Dutta, J. Indian Chem. Soc., 17,
65 (1940).

(13a) Fries and Klostermann, Ber., 39, 871 (1906).
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with aqueous sulfuric acid (209) by refluxing for four
hours. The flask then was cooled when a solid appeared.
The solid was taken up’ in ether. The ether extract was
washed with ice-cold sodium hydroxide solution (29,) and
dried over sodium sulphate. Then the solvent was dis-
tilled off and the residue was repeatedly crystallized from
ethanol until the melting point rose to 90°; lit.!* m.p. 90°.

Anal. Cale’d for CyoHg0,: C, 75.0; H, 5.0. Found: C, 74.9;
H,4.9.

Chromone (VIII) was prepared by the method of Schén-
berg, et al.’® and was crystallized from petroleum ether
(40-60°); m.p. 59°; lit.,15 59°,

Anal. Cale’d for CoHeO,: C, 73.9; H, 4.0. Found: C, 73.8;
H,4.0.

2-Methylchromone (IX) was prepared by the method of
Badcock, et al.® and was crystallized from petroleum
ether (40-60°); m.p. 73°; lit.,*6 71°,

Anal. Cale’d for C,oH0,: C, 75.0; H, 5.0. Found: 74.8;
H,5.0.

3-Methylchromone (X) was prepared by the method of
Schonberg, et al.'” and was crystallized from petroleum
ether (40-60°); m.p. 70°; lit.,17 69°,

Anal. Cale’d for CiHgO,: C, 75.0; H, 5.0. Found: C,
74.9;H,4.9.

(14) Baidakowsky, J. Russ. Phys.-Chem. Soc., 37, 902
(1905); Mentzer and Meunier, Bull. soc. chim., 10, 356
(1943).

(15) Schonberg and Sina, J. Am. Chem. Soc., 72, 3396
(1950).

(16) Badcock, Dean, Robertson and Whalley, J. Chem.
Soc., 903 (1950).

(17) Schonberg and Sina, J. Chem. Soc., 3344 (1950).
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2,7-Dimethylchromone (XIII) was prepared from 2-
acetyl-5-methylphenol and ethyl acetate by the method of
Schonberg, et al.’® The crude intermediate diketone which
melted at 78° gave, after cyclization, the above chromone.
The chromone was crystallized from benzene; m.p. 98-
99°; 1it.,18 98°,

Anal. Cale’d for C;;HyOq: C, 75.8; H, 5.7. Found: 75.7;
H, 5.5.

2,6-Dimethylchromone (XIV) was prepared from 2-acetyl-
4-methylphenol and ethyl acetate by the method of Schén-
berg, et al.’® The crude intermediate diketone melted at 98°
and gave after cyclization, the above chromone which was
crystallized from petroleum ether (60-80°); m.p. 103°;
lit., 19 103°.

Anal. Cale’d for C,1HiO;: C, 75.8; H, 5.7. Found: 75.9;
H,6.0.

2,3-Dimethylchromone (X1) was prepared by the method of
Petschek, et al.® and was crystallized from benzene; m.p.
97°; lit., 20 97°,

Anal. Cale’d for C,Hy0q: C, 75.8; H, 5.7, Found: C,
75.8; H, 5.6.

2,8-Dimethylchromone (XI1) was prepared by the method
of Simonis, et al.?! and was crystallized from ethanol; m.p.
115°;1it.,21 115°,

Anal. Cale’d for CyH0.: C, 75.8; H, 5.7. Found: C,
75.9; H, 5.7,

CarLcurTa, INDIA

(18) Zaki and Azzam, J. Chem. Soc., 434 (1943).
(19) Baker, J. Chem. Soc., 1381 (1933).

(20) Petschek and Simonis, Ber., 46, 2014 (1913).
(21) Simonis and Lehmann, Ber., 47, 697 (1914).



