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Crriam proups of organic compounds are noted for their capacity 1o exhibit
fluorescenve and this bas been frequently found to be of help for purposes
of tdentification, The benzo-pyrone group is one such and several compounds
connny under the catesory of coumarins, chromones, flavones and iso-
Havones have been known o exhibit marked fluoreseence. However, no
syatennttie study seems o have been attempted il now on the influence of
comditutional factors in controlling this property.

As e result of syathetic work in progress in these laboratorics a large
number of coumarin derivatives have become available.  They have now
been studied with reference to their capacity to exhibit fluorescence.  The
obvenvations were made in ordinary sunlight with carefully purified materials
m ey dilute solutions: i almost all cases the solutions were colourless
or pale vellow  when fluorescence was exhibited.  Coumarin,  7-methyl-
countam, b T-dimethyl- and 3 d: 7-trimethyl-coumaring, 6-nitro- and 6~
antno-coumarins and coumarino-7: 8-e-pyrone did not exhibit fluorescence
erther 1 concentrated sulphuric acid or i alkaline solution. The results
obtwned with other compounds are summarised in the accompanying table.

Nitture of the fuoreseence in ordinary sunlight
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Name of compound

Nature of the fluorescence in ordinary sunlight

In aqueous sodium
hydroxide

In conc. sulphuric
acid

- T-Acetoxy-4-methylcoumarin

7-Hydroxy-4 : 8-dimethylcoumarin .

7-Acetoxy-4 : 8-dimethylcoumarin

7-Allyloxy-4: 8-dimethylcoumarin .
7-Hydroxy-5-methylcoumarin
7-Hydroxy-3: 4-dimethylcoumarin .
7-Hydroxy-3: 4-dimethyl-8-nitrocoumnarin
7-Hydroxy-6-allyl-4 : 8-dimethylcoumarin

..| Very pale violet fast turn-

ing bright blue (slowly
disappears)

.| Pale blue (persists cven

after 5-6 hours)

J At first nil; but slowly

develops pale blue due
to hydrolysis

.| Nil

.| Tntense blue (disappeais

in 20-30 minutes)
Blue

.| Nil

.| Blue (disappears after

about 2 hours)

7-Hydroxy-8-formylcoumarin .| Nil
T-Hydroxy-8-acetyl-4-methylcoumarin .| Nil
7-Hydroxy-6-acetyl-4 : 8-dimethylcoumarin ..| Nil
7-Hydroxy-3: 6-dibromo-4 : 8-dimethyl- Nil

coumarin

7-Hydroxy-5-methyl-3-carboxycoumarin

7-Hydroxy-5-methyl-3-carbethoxycoumarin ..

..| Intense blue (disappears

in %-1 hour)

Intense blue (persists even
alter 5-6 hours)

5-Hydroxyﬂ-methylcoumarin .| Nil
5-Hydroxy-4 : 7-dimethylcoumarin .. . Nil
5: 7-Dihydroxycoumarin .| Nil
5-Hydroxy-4: 7-dimethyl-6-carbethoxy- Nil
coumarin
5-Hydroxy-4: 7-dimethyl-6-carboxycoumarin. .| Nil
5-Hydroxy-7-methyl-3: 8-dicarbethoxycoumarin| Nil
5-Hydroxy-7-methyl-8-carboxycoumarin J NIl

Coumaric acid

Mercurated coumaric acid
Umbellic acid

Mercurated umbellic acid ..

5-Nitrocoumaric acid

.| Very pale green
.| Bright green

.| Nil

.| Nil

.| Nil

Violet

Very feeble blue

Feeble blue

Blue

Intense blue
Violet blue
Nil

Blue

Nil

Nil

Nil

Nil

Pale blue

Pale blue

Nil
Nil
Nil
Nil

Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
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Brom the date siven above and those found scattered in the literature
the cvsentiad requarement for the production of fluoreseence by the coumarins
seent tobe the evisteinee of o hvdrosyl group in the 7-position.  In neutral
sofutons D hvdescounnn el s non-fluorescent: the fuorescene is dey-
cloped e alkabine tese, agueons sodium hiydroxide) and strong acid (sulphuric
acidy media, the colour o the fluorescence being the same or slightly dif-
terent i the two solutions, TUs obvious that the fluorescence found in these
visen s the property of the tons, The fluorescence exhibited in strong sul-
phusie aond wdution s Tost on pouring i€ into water; this is due to the fact
that the oxonm wns to which thc: fluorescence i the acid solution is due
are vers anstable s the presence of a large volume of water. The intensity
of the Huorescence oo narkedly preater in the alkaline solutions than in the
sedutivrs e sulphone aeids The gradual disappearance of the fluorescence
i alhaiime solutons of wmbelliterone and its derivatives can be attributed
to the openn ol the poone ring leading to the formation of the correspond-
T Coua e aends um opening of the ring is known to take place with
e sped winn b tionents are present i the pyrone ring and the greater
persedence of the thuorescence mosuch cases agrees with expectations. It may,
Bevwoner, beomeniened that the mpidity of the change is dependent on the
aitenint o albab wddeds Tnoour observations we have employed suflicient
sosdnnn Bvdrosade toomhe the strenpth ol the solution about one per cent.

Wit ghe hdrosad sovonverted into o methoxyl or allyloxyl it is signi-
ettt that there e thuorescence inalkadine solution whereas there is fluo-
ittt e x;zﬁ;\}mw avnd, Nodons can be produced inalkaline solution in
e canen O Avetoxscounmarin, however, exhibits a pale blue fluorescence
even o alhalinn awimm probably because of the case with which it is
Hvdielvond 1o wnbeliterone, The Huorescence which is at first practically
il Bt tone ;md mote ntense on standing for some time as a result
vl provee s Ddiolvas the resulting solution: thereafter behaves just like
an albabie colutwon of wmbelbferone ultimately becoming non-fluorescent.
A il befepoonr oo natived with the d-methyl homologue of 7-acetoxy-

g
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Rewvandiy the mifluence of other substituent groups on the fluorescence
extiluted by 7 hivdroaveommarin it may be said that alkyl groups in the
A wnd 5 poswnons enhance and in the 8-position reduce considerably the
mtensdy Formsd, acetyl and nitro-groups in the ortho-position (8-position)
o the hydross ! completely inhibit fluorescence and the introduction of bro-
mine aton z‘@wiuw-. the tntensity markedly and in some cases removes all
Huorescence, 1 fue been turther noted that carbethoxy and urbo.xy groups
in the A-posttion enhance greatly the fluoreseence and make it become
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intense blue; it is noteworthy that these compounds exhibit strong fluor-
escence (blue) even in neutral alcoholic solutions.

When the hydroxyl group is present not in the 7- but in the 5-position
a deep yellow coloured solution is produced without any fluorescence. This
is a characteristic difference highly useful for the allocation of hydroxyl groups
to the various nuclear positions in the aromatic ring. The existence of a
5-hydroxyl further counteracts the original property of the 7-hydroxy group
of producing fluorescence and hence 5:7-dihydroxy-coumarins are devoid
of the property of exhibiting fluorescence. A similar lack of fluorescence
has been recorded in the case of 7: 8-dihydroxycoumarin. But 6 : 7-dihydroxy-
coumarin (aesculetin) is said to give a weak blue fluorescence.

Unlike coumarin, coumaric acid exhibits a feeble fluorescence in alkaline
solutions but not in sulphuric acid medium. This is considerably intensi-
fied by the existence of even traces of mercury in the compound. It has
been noted during the preparation of coumaric acid by the simple method
described by Seshadri and Rao! that if the procedure has been carried out
correctly and no mercuration has taken place the coumaric acid solution is
simply yellow with only a feeble fluorescence. On the other hand any pre-
sence of mercury is indicated by a brilliant green fluorescence; this com-
bined mercury can be removed by passing hydrogen sulphide into the solu-
tion. 4-Methyl-coumaric acid obtained from 7-methylcoumarin behaves in a
similar fashion. The presence of a hydroxyl substituent, however, makes a
great difference; umbelliferone loses its fluorescence in alkaline solution as
has already been pointed out owing to the opening out of the pyrone ring
with the formation of the hydroxy-coumarinic acid. The addition of mer-
curic oxide accelerates the loss of fluorescence since umbellic acid (4-hydroxy-
coumaric acid) and its mercuration products that may be formed do not
exhibit any fluorescence in alkaline or acid solutions.

From a study of past literature relating to the incidence of fluorescence
in the flavone, iso-flavone and chromone series the first point that strikes
one is that it is very widely met with in concentrated sulphuric acid medium
but almost absent in alkaline solutions. 2-Methyl-3-methoxy-7-hydroxy-
chromone and 2-methyl-7-hydroxy-iso-flavone seem to be the only {wo
compounds that exhibit fluorescence in alkaline solutions. In this respect
the y-pyrone derivatives differ fundamentally from the coumarins wherein
fluorescence 1s much more prominent in alkaline than in sulphuric acid
solutions. Further in contrast to the coumarin series the flavones do not seem
to depend on the presence of a hydroxy group for exhibiting fluorescence. It
has been recorded that the colourless solution of simple flavone itself in
strong sulphuric acid exhibits a strong violet blue fluorescence. Nor does
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the position occupied by a hydroxyl group in the different rings seem to
have any specific influence on the incidence of fluoreseence, since 3-, 6-, 7-
and 4-hydroxy-llavones are all said to exhibit fluorescence.  The only
reasonable generalisation seems (o be that all the simple hydroxy derivatives
of chromones, flavones and iso-flavones are fluorescent.  The presence of
a large number of hydroxyl groups however has an adverse eflfect.  Thus
kempferol (303070 3 -tetrahydroxyllavone) is fluorescent (blue) but not
quercetin (3057030 =pentahydroxyllavone). It may however be noted
that the inhibitory influence of the large number of hydroxyl groups is
considerably removed when some of them are methylated; rhamnetin (7-
methyl ether of querceting and iso-rhamnetin (3'-methyl cther of quercetin)
are fluoreseent (greenish blue and green respectively) and so also i1s 3:3: 4'-
trimethylguercetin,

Regarding the influence of alkyl and acyl groups situated in different
positions in the chromone and flavone ring-systems no data seem to have
been collected till now.  Henee a few substances which are derivatives of
T-hydroxy-chromone and flavone and available in our laboratories have now
been examined and as the observations are likely to be informative and
useful they are given in the following table:

Nature of the
Natie of vompound Tuorescence in cone,
sulphuric acid
Lhbvdroan tlvone . . . . .. .. Decep Dlue
TACctosytlivone .. . . .. . . Blue deepening
with time
TAfettins lavone . . . .. . .. Blue
LA esvtLvone . . .. .. .. . Strong blue
THvdroaweSamethyltlvone . . . .. . Nil
L vdrons Soalhilivone . . .. . .. Green
btvdroayh Sadndbitlavone L - . .. . Do.
T droa - anethown favone L - .. .. . Very pale blue
Hvdeony - methony -Samethylllvone L . . - Nil
TeHvdroan - benzosfikvone . .. .. .. Nil
Tolvdrosy-S-tormvl-damethoxyflavone . .. . .. Nil
THhvdrosy-methoxy Damethelchromone L. . .. . Blue
Ao - amethovy - emethyichromone .. . .. Do.

g s ey it - s o )
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Nature of the

Name of compound fluorescence in conc.
sulphuric acid

7-Hydroxy-8-allyl-3-methoxy-2-methylchromone .. .. .. Pale green
7-Hydroxy-3-methoxy-2-styrylchromone .. .. .. .. Green
7-Hydroxy-3-acetyl-2-methylchromone ., .. .. .. Nil
7-Hydroxy-8-formyl-3-methoxy-2-methylchromone . . .. .. Nil

Regarding the flavones conversion of the 7-hydroxyl group into the
acetoxyl, methoxyl and allyloxyl does not produce any marked change.
A methyl group situated in the 8-position which is ortho to the hydroxyl
removes the capacity to fluoresce; whereas one or two allyl groups simi-
larly located only modify the colour of the fluorescence and convert it to green.
An acyl group present in the 3- or in the 8- positions inhibits the fluorescence.
The influence of substituent groups on the fluorescence exhibited by the
chromones seems to be on the same lines as above though there are small
differences particularly of intensity.
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