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INTRODUCTION

Fluorescence is generslly defined as that type of
luminescence which does not have an appreciable afterglow
on termination of the excitation process.l Excitation by
light absorption 1s followed immediately by emission of
fluorescent light,

Invariably, the wavelength corresponding to the
maximum intensity of fluorescence is longer than the wave-
length which is absorbed most strongly by the fluorescer.2

In the study just completed, interest was limited

to fluorescers which absorbed in the near ultraviolet and

fluoresced in the blue or violet,

Since both
CH, S CHy
Ho :0 ] (Cz”:)‘ﬂ z0
4-Methyl-7-hydroxy- 4-Methyl-7-diethyl-

coumarin aminocoumarin -
fluoresce strongly in the blue end of the“spectrum,.iy
was decided to prepare and study a group of coumarins,
Coumarins are not generally compatible with alka-
line media undergoing splitting of the pyrone ring and
fragmentation of the resulting side chain, Consequently,

(1) P. Pringsheim and M. Vogel; Luminescence, Interscience}
Publishers (1943)

(2) G.G. Stokes; Phil, Trans, 143, 385 (1853)
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(2)

some attention was devoted to the alkaline stability of

selected coumarins,

HISTORICAL

There has been little study of a comprehensive nature
of the fluorgscence and related phenomena of coumarins,

On the whole, the frequent references to the fluorescénce
of coumarins are casual observations of workers primarily
interested in problems of synthesis,

In 1927, T, Tasakil published a studj of the ultra-
violet absorptions of several benzopyrones, meth&i .
umbelliferone being the only strong fluofescer among them,S
In the brief study, no correlation with the fluorescence
of coumarins was attempted.

Later, Chakravarti observed that a 3-chloro group
enhanced the fluorescence gf umbelliferone, whereas a

3-nitro group destroyed it.4

N
HO 20
3-Chloro-7-hydroxy- 3-Nitro-7-hydroxy-
coumarin coumarin -

Previously, Privault had observed}that nitro compounds

(3) T, Tasaki; Acba Phytochimicaug, 21-9 (1927) ..
(4) D. Chakravarti; J. Ind, Chem, Soc. 12, 536 (1935)
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(3)

seemed to weaken or destroy fluorescence when added to a
solution of a fluorescer,S

In 1935, the wavelength range of the absorption and
fluorescence of three 7-hydroxycoumarins was fublished.6
0f course no far-reaching conclusions were possible in such
a brief study,

A study of constitutional factors controlling visible
fluorescence in compounds of the benzopyrone group was
made by Rangaswami end Seshadri,.?
’ A 7-hydroxy group seemed essential since the strong-
est fluorescers have that configuration., Alkyl groups in
the 4- and 5~ positions were thought to enhance fluores-
cence, whereas an Brmethyl had an inhibiting-effect.

Form_yl, gcetyl, nitro, bromg, and hydroxyl groups
in the 5-, 6-, or 8-position of a 7-hydroxycoumarin were
found to inhibit fluorescence, Carbethoxy and carboxy
groups in the 3-position enhance fluorescence,

Later, a brief study of some S supéfitutéd cou-
marins was made by Rangaswami, Seshadri, ahd Venkateswar-

1u8; again the method used was visual observation in

(5) M, Privault; Comptes Rendu 184, 1120 (1927)

(6) W, Czapska-Norkiewicz: Bull, intern-acad. polonaise,
Classe Sci, math, nat. 1935A, 445-7 :

(7) S. Rangaswaml and T.R. Seshadri; Proc. Indian Acad,
Sci, 12-A, 375 (1940)

(8) S. Réngaswemi, T.R. Seshadri, and V. Venkateswarlu;
Procy Ind., Acad. Sci. 13-A, 316 (1941)
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(4)

ordinary sunlight., Several 7-hydroxy and 7-methoxycoumarins
with acetyl, carbethoxy, or carboxy groups as §ubst1tuents
in the 3-position were fluorescent, Curiously, the cor-
responding §-benzoy1 and 3-phenyl derivatives were not

. fluorescent,

Later, V, Balaiah; T¢R. Seshadrl, and V. Venkateswarlu
continued the study showing hydrogenation of the pyrone
double bond to destroy fluorescence,?

Cyano and phenyl gre#ps in the three position were
claimed to enhance the fluorescence of umbglliferone;

this effect being absent for postiion four.
Umbelliferone-3-acetic acid does not show an enhanced

Tluorescence. Methylation decreases the fluorescence

of a 7-hydroxycoumarin but increases that of 5- and

6-hydroxycoumarins,

METHOD OF STUDY

A careful study has been made of the absorptive and
eémissive properties of a graded series of coumarins,
By a graded series is-'meant a group each member of

Which differs from its nearest relative by but one fea-

ture of structure,

———

(9) V. Balaiah, T.R. Seshadri, and V. Venkateswarlu; Prec.,
Ind, Acad., Sci. 11-A, 68 (1942)
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(5)

For example,

@]

8::
m
o

5-Hydroxy-
coumarin

differ from one another by a siﬁgle feature of structure,

H°C©’°

7-Hydroxy-
coumarin

Accordingly, the members of the followingvseries

have been synthesized:

CH

J
GG

S5-Hydroxy-
coumarin

(1
o
K .
]_.t

HO

7-Hydroxy-
coumarin

3

chs0

7-Methoxy-
_coumarin

CHy0

=0

S

4-Methyl-6~meth-
oxycoumarin
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cH

4

4-Methyl-
coumarin

CO-CHy
HO 20

5-Acetyl~7 -hy-
droxycoumar in

CHy
Ho

=0

(‘Q

4-Methy1-6-hy-
droxycoumarin

3

HO =C

o

-Methyl-?-hy-
droxycpumapin°'f



cHoOj‘o

4-Methyl-7-meth-
oxycoumarin

Nty
=0

6-Amino-
coumarin

19

S-Chloro-4-methy1-
7-hydroxycoumarin

CHJ

C”; C‘ //f
HO =

3-Benzyl-4-mebhyl-
7-hydroxycoumarin

cly

LI

4-Methyl-7-amino-
carbostyril

oy CH

4-MethyI-5,7-di-
hydroxycoumarin

(6)

OO

-Nitrocou-

O@CO e,y H.

Ethyl 7-hydroxy-
coumar in-J3-car-
boxylate

3- Isopropy1-4-methyl-i
7-hydroxycoumarin

CHz

4-Methyl-7-hydroxy-
carbostyril

CHy

6au4ﬂv[::::1::;:]-o

4-Methyl-7-diethyl-
aminocoumar in '

C/‘/J

#0O
HO

4-Methyl-6,7-di~
hydroxycoumarin

=0
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Coumarin

In this manner it was hoped that the structural
gradgtions would be reffécted in the absorptive and
emissive characteristics. _

Ultraviolet absorption measurements, fluorescent.
Spectrg and fluorescent intensity measurements were ob-
tgined.

SUMMARY

A total of twenty-one coumarins and carbostyrils has
been synthesized., The absorptive and emissive character=
istics of these compounds have been studied and certain
fundamental relationshipé between structﬁre and fluorescence
characteristics have been observed, |

A constitutional effect noticed by Chakravarti has been
confirmed and several by Seshadri and associates disputed;
other effects have been noted. For one, dilution behévior
q:pedrs to be a characteristic of molecular configuration,

Both Coumarin and 4-Methylcoumarin have'been found to
fluoresce in the near ultraviolet. A 4-méthyl group shifts
the’point of fluorescence maximum to longer wavelenéths;
similarly with 7-substituents whose order of efficacity is

diethylamino, hydroxy, amino and methoxy. A 3-chloro or
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6)
S-carbethoxy group shifis the fluorescence maximum to
longer wavelengths,

It has been shown that a 3-benzyl, a 3-isopropyl or
replacement by an NH group of the heterocyclic oxygen in
a 7-hydroxycoumarin confers exceptional stability of
fluorescence in alkali.

SUMMARY OF DATA

A full table of data is included in order to permit
further comparisons if desired.

In the discussion which follows immediately after,
oniy that data which is considered relevant to the topic
being discussed is used.

DISCUSSION AND RESULTS

Fluorescent Intensity:

The phenomenon of concentration quenghing was first
noticed by StokeslD, 1In the typical case, starﬁing at
very low concentrations, an increase in fluorescent inten-
Sity is associated with increased concentraéion up to a
point beyond which the fluorescent intensity declines
and is said to be quenched,

'Recently Vavilovl} has suggested that éoupling between
nolecules occurs. At higher concentrations, the coupling
is greater.that ét lower, In the case of the coupled

molecuies excitation enefgy mey cause increased oscillation

——

(X0) G.G. Stokes: Ann, Physik 96, 522 (1858) |

(11) S.T. Vavilov: Compt. rend. acad. Sci. U.R.S.S. 35,
100-6 (1942) _
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(9)
of the coupled molecules rather “han fivorescencs.

In the case of a number of substances it has been
possible to show the specific fluorescent intensity to
be an exponential function of concentration, The function
or functions_which apply to the coumarins are certainly
more complex,

In form, the accompanying curves representing fiuores-
cent intensity versus concentration fall into several
Cclasses,

First of all, 4-Methyl-6-methoxycoumarin (curve 1)
1s a unique case. As concentration decreases the fluores-
cent intensity rises gently, remains constant for a period
and then declines sharply.

In the second class, which includes 7-Methoxycoumarin
(curve 2) and 4-Methyl-7-hydroxycoumarin (curve-3) the
decline of fluorescent intensity with_concentration follows
2 curve similar in form to a parabola.

The third class includes 4-Methyl-6,7-dihydroxycou-
marin (curve 4), 4-Methyl-6-hydroxycoumarin (curve 5),
S-Aminocoumarin (curve 6), and probably 4-Methyl-5,7-
1ihydroxycounarin (curve 7). In this class, the curves
Show a 21izht decline in fluorescent intensity as the
eoncentretion decreases, then a maximum and finally the
sval steep cecremse in fluorescent intensity. ..

~ Pinelly, the fourth class included 3-Acetyl-7-hy-
droxycoumarin (curve 8), 4-NMethyl-7-hydroxy carbostyril

{eurve 0), S-Beazyl-4-methyl-7-hydroxycoumarin (curve 10),
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(10) |
4-Methyl-7-diethylaminocoumarin (curve 11), 4-Methyl-7-
aminocarbostyril (curve 12), S-Isopropyl-4pm3thy1-7-hy7
droxycoumarin (curve 13), 7-Hydroxycoumarin (curve 14),
and 3-chloro-4-methyl-7-hydroxycoumarin (curve.15)., In
all cases of this class, the fluorescent intensity curves
rise to a maximum and théh decline,

Inaamuch as class 3 consists mainly of Grsubstituted
coumarins and class 4,7-substituted coumarins, ‘it appears
that the behavior on dilution of a fluorescent coumarin
is closely rglated to the position of asubstituent in the
benzene ring, Since class 4 includes several carbostyrils
and 3-substituted coumarins, it would appear that sub-
stitutlion in the pyrone ring does not exert a dominant
influence on the dilution behavior of a coumarin, In ...
either the 6~ or 7-position a methoxy group has an:anoma-
lous influence, ‘

At this point, it should be of interest to inspect
the effect of structure on the magnitude of fluorescent
intensity attained, : ' e e

Comparison of 7-hydroxycoumarin (curve 14) with 4-
iethyl-7=hydroxycoumarin (curve 3) indicates that a .-.:-
4-Methyl group has a deletorious effect on fluorescent . -
Intencity contrary to the observation of’RangasQQmi and -
Sesinadri”?, Tl e

Comparisbn of 7-Methoxycoumarin (curve 2)~w¥th
7;Hydroxycoumarin (curve 4) and 4-Methyl-6-hydroxycoumarin
(curve Sj with 4-Methyl-6-methoxyéoumarin:(curveil)l
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(11)
shows that methylation of a hydroxyl group decreases the
fluorescent intensity in eithe? case contrary to the ob-
servation of Balaiah, Seshadri, and Venkatesworlu9,
Examination of 4-Methyl-7-hydroxycoumarin (curve 3),
4-Methyl-6,7-dihydroxycoumarin (curve 4), and 4-lethyl-5,7-
dihydroxycoumarin confiirms that a gecond hydroxyl group
in the benzene ring of a 7-hydroxycoumarin decreases its
fluorescence, slightly in the 6-position and very greatly
in the S-position,
Replacement of the lactone oxygen by an -NH- group
has a favorable effect as comparison of 4-Methyl-7-hydroxy--i
coumarin (curve 3), 4-Methyl-7-hydroxycarbostyril kcurve 9),
and 4-Hethyl-7-aminocarbostyril (curve 12) reveals, |
When substituted in the 7-positionof 4-Hethylcoumarin,
the decreasing order of fluorescent efficacity of groups
1s diethylamino, hydroxy, amino, and methoxy as shown by
comparison of 4-Methy1-7-hydroxycoumarin_(curvc‘s), 4-
Methyl-7-diethylaminocoumarin (curve 11), 4-Methyl-7-hy-
droxycarbostyril (curve 9), and 4-llethyl-7-aminocarbostyril
(curve 12), .
Comparison of 7-hydroxycoumarin (curve 14) and 3-Acetyl-
7-hydroxycoumarin shows a 3-Acetyl group to have a deleter-
lrua effect on fluorcscent intensity. 4-lothyl-7-hydroxy-
Ciumarin (curve 3), 3-Benzyl-4-methyl-7-hydroxycoumarin
lewrva 10) show fluorcscehf 1nténsities of aboﬁt‘zhe samo
urgnitude and so a 3-Benzyl group is without effect. In

the caso de3-1sopropy1-4-mothyl;7-hydroxycoumarin‘tho
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(12)
docrocased fluorescent intensity may be due to impurity.
3-Chloro-4=-methyl-7-hydroxycounarin (curve 15) shows a
more intense fluorescence than 4-ilethyl-7-hydroxycoumarin
(curve 3) which agcces @itk the obrcrvaticon of Chakravarti .

Ultraviolet Absorption:

There is no known manner in which knowledge of the
absorption characteristics of an organic molecule can
be used to foretell fluorescence, In fact, Pringsheim
has stated without reservation that there is no relation
between the fluorescence and the ultraviolet absorption
of a molecule other than the necessity that a molecule
anst be excited before it can fluorescel, -
| As stated by Knoblauch, the fluorescent 1ntenaity 1s
Proportional to the intensity of the exciting radiationl?2,
As a corollary, the fluorescent ineensity of a lumines-
cent molecule should be related to its energy abeerpfibn.

In the preceeding section the curves Fluorescent B
Intensity in arbitrary units versus Concentration are
551?en. A number of them show a maximum flue;escent
1ﬁtensity at sonme particular’cencent;atien; The speclfic
fluorescont intensity, fluorescent intensiﬁﬁ difided by
thd corresponding concentration, at this point seems

a iikely value for compar ison of one rluorescer with

aclo .,h er

A Ma:da B-H-4 black ray lamp vas used as a source of

exoiting radiation in the above mentioned rluore»cent
S ————

(12) 0. Knoblauch: Ann. Physik 54, 193 (1895)
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(13)
intensity measurements. The spectrum of this lamp was
obtained by use of a'Cenco Spectrograph and the frequency
and relative intensity of each line obtained by measure-
ment on the photsgraph and comparicon with tables of the
mercury spectrum,.

Then for each coumarin the ulitraviolet absorption
curse and the spectrum of the B-H-4 lamp was compared.

" For each line, the specific extinction at its wave-
length is a relative measure of its absorption by the
cCoumar in.
| In this manner the relative absorption, relative
intensity, and frequency of each linc strongly absorbed
by the coumar in from the exciting radiation ﬁas obtained,
For each line, the;product of these 1is'a measure of the
energy imparted to the coumarin by that lins. The
sum of the products for all lines absorbed is a measﬁfél
of the total energy absorbed and is hereafter called the
relative activation. )

In stle I which follows, numbers 2, 7, and 8 are
highly colored and number 6 melts over a 2 50cC. rango.
Consequently, these may be cxcluded from the discussion.

Table I shows the intercsting parallel betwecp o
relative activation and specific fluorescent intensity.
The series arranged in order of decreasing relative
activation is similarly arranged with respect to specific
fluorescent intensity. It is also noteworthy Fhat_both

6- and 7-substituted coumarins appear in this series.
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Table‘;

Relative Specific -Conc, at Mix,

Compound Activation Fluor, Int.,  mg/100 ml,

——— o

1, 4-Methyl-7-
diethylamino-~
_ coumarin 42,2 1.5 x 10° 4.7

2e 3~Acetyl-7- _
hydroxy- ’ )
coumarin | 27,1 8.0 x 10% . 6

3., 7-Hydroxy- . '
. coumarin - 23,7 5.6 x 104 12

4. 3-Chloro-4-
methyl-7-~ ]
hydroxy- - S
coumar in- . 23,6 . 5,5 x 104 11

5. 4-Methyl-6,7- ] S R
dihydroxy coumarin 22,1 5.2 x 104 ° 4.7

6, 3-Isopropyl-4-~ -
methyl-7-hydroxy- P A S
coumarin " 20.0 2,5 x710% 75

7. 4-Methyl-5,7- : e
dihydroxy coumarin 20,0 2,2 x IQ§1,',,} 18.8

8. 4-Methyl-7- o S e e
hydroxy carbostyril 153 =~ 7.1 x'103 7957

9, 3-Benzyl-4-
- methyl-7-hydroxy-
~ coumarin 13.9 - 3,6 x 109 75

Y ket [ P H e

10, 4-Methyl-6- ' o '
 hydroxy coumarin 9.0 - 1,7 x1035. . : . 18,8

11, 6~Aminocoumarin 8.9  2.6x103 9.4

12, 4-Methyl-6-. L e e
methoxy coumarin 7.8 - 1.7 x-102 . 150
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(14)

This suggests a coroliary to Knoblauchts Law: The
fluorescent intensity of an emitting molecule is closely
related, perhaps proportional, to the cnergy absorbed
by the molecule, There appears to be an associated
effect on susceptibility to concentration quenching
of a strongly activated molecule, Both factors appear

: to be interrelated and influence fluorescent intensity,

‘Flucrescence Spectra:

The fluorescence spectra of a number of coumarins
have been obtained and the position of each band deter-
mined. Generally, the band spread depends .on exposure
time and similar factors. - Conscquently, the rluoges-
cence maximum is taken as the point of comparison,

Accompanying this section is Table-II which.con-.
tains all the obtained data pertincnt to this subject.
The positions of bands and fluorescence maxima are
expressed in angstrom units. »In the following remarks,
the number accompanying the namc of a compound refers to
its poéition in Table II. S .

Both coumarin (1) and 4-Methylcoumerin (2):flucresce
in the near ultraviolet. The first has its maximum
at 3515 and the latter at 3830.

It is indicated that substitution of:afmothy%“~f
group in the 4-position shifts the fluorescence maximum:
to a longer wavelength. Confirmation is obtained by
comparing é-Methoxycouma?in (3) with 4~Methyl-7-methoxy-
coumsr in (4) and 7-Hydroxycoumarin (5) with 4-Methyl-7-

hydroxycoumar in,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(15)

Further, the fluorescencemaximum of a hydroxy com-
pound lies at a longer wavelength than the corresponding
methoxy derivative. For examploc, compare 7-hydroxy-
‘coumarin (5) with 7-Methoxycoumarin (3), 4-Methyl-7-
‘hydroxycoumarin (6) with 4-Methyl-7-methoxycoumar in (4),
and 4-Methyl-6-hydroxycoumarin (8) with 4-Methyl-6-methoxy- =
pmymdn(gh
¢ A hydroxy group in the 7-position shift§,the fluores-
cence maximum to a longer wavelength than the same group
in the 6-position; however, the copverse is true with a
methoxy group. Comparc 4-Mcthyl-7-hydroxycoumarin (6) - -
with 4-Methyl-6-hydroxycoumarin (8) and 4-Methyl-7-
methoxycoumarin (4) with 4-Mothyl-6-methoxycoumarin,

In the cases of 4-Methyl-7-hydroxycarbostyril (19)
and 4-Methyl-7-aminocarbostyril (20) the fluorescence

" maximum of the hydroxy derivative lies at a longer
- wavelength than that of the amino derivative, Also,
the maximum of 4-Methyl-7-diethylaminocoumarin (21)
lies at a longer wavelength than that of 4-Methyl-7-hy- -~ °
droxycoumarin (6). It appears then when substiﬁuted
in the 7-positions the various groups influence the
Position oé the fluorescenée maxima in varying degrees.:
The arrangement in order of deccreasing wavelengths of
fluorosgonce maxima is dicthylamino, hjdroxy, amino, md
_methoxy,

Compﬁrison of 4-Methyl-7-hydroxycoumarin (6) with E
3-Isopropyl=-4-methyl-7-hydroxycoumarin (15) and 3-Benzyl-
4-mothyl-7-hydroxycoumarin (16) indicates that an ali-
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Table II

Fluorescence ‘Fluorescence
-Band - - - Maximum Exposure
Compound Angstrom Units Angstrom Units Time
1, Coumarin . 3510~ 3520 . 3515 . 3} hrs.
. 2. Methylcoumarin 3510 - 4570 3830 3 hrs.
3. 7-Methoxycoumarin 3640 - 4700 3850 3 hrs.
i 44 4=-Methyl-7- ' .
methoxycoumarin 3660 - 5930 3920 . 4 hrs.
- 5, 7-hydroxycoumarin 4170 - 5210 4410 11 hrs.
6. 4-Methyl-7- o o e
-~ _ _ hydroxycoumarin 3980 -~ 4930 4420 3/4 hrs.
7. 5-hydroxycoumdrin - None W 19 hrs.
8. 4-Methyl-6- - | :
“hydroxycoumarin 4050 -~ 4580 4270 3 hrs.
9. 4-Methyl-6-

_ methoxycoumarin 3890 - 4930 © 4180 3 hrs.
10, 6~Aminocoumarin None 19 hrs.’
11, 6-Nitrocoumerin None 3 hrs.’

12, 3-Acetyl-7-

. hydroxycoumarin None 15% hrs.
13. 4-Methyl-5,7-

_ dihydroxycoumar in None 3 hrse.

. 14, 4-Methyl-6,7-

-7 dihydroxycoumarin None ‘ 3 hrs.
18, 3-Isopropyl-4-

methyl-7-hydroxy-

_ coumarin 4080 - 4930 4460  -2% hrs,
16, 3-Benzyl-4-

methyl-7-hydroxy- _
coumarin 3970 - 4900 4480 3 hrs.
17, 3-Chloro-4- |
methyl-7-hydroxy-
coumarin 4070 - 5060 4580 1% hrs.
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Comgound

18, Ethyl-7-hydroxy-
coumarin-3-car-
boxylate

19, 4-Methyl=-7-

hydroxycarbostyril

20, 4-Methyl-7-
aminocarbostyril

2l, 4-Methyl-7-
diethylamino-~
- coumarin :

Reproduced with permission of the copyright owner.

Table II (cont'd.)

Fluorescence Fluorescence
Bgnd Maximum Exposure
Angstrom Units Angstrom Units Time
. 4370 -- 6060 4540 2 hrs.
3880 - 4520 4120 3/4 hrs.
3790 - 4580 4070. 1% hrs.
4330 - 6060

- : 4560 .
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(16)
phatic group in the 3-position does not greatly influence
the position of the fluorcscence maxinmum.
3-Chloro-4-methyl-V-hydroxyccumarin (i7) and Ethyl

- 7-hydroxycouma in-3~cartoxylate {naicate that both the
chloro and the carbethoxy groups displace the fluores-
cence maximum toward longer waveclengths; the férmer-hav-
ing a slightly greater effect than thes latter,

Stability of Fluorescence in Alkali:.

The Fluorescence of 7-hydroxycoumar in soon disap-
pears on warming in alkali. As for the chemical changes
which accompany and cause loss of fluorescence, little
1s known. Tiemann and Reimer have shown that 7-hydroxy-
coumarin warmed at 600 to 700C in alkall forms trans ..
3,4—dihydpoxycinnamictacid and .on longertheat;pg,,g;
resorcinolld, ) .

4-Methyl-7-hydroxycoumarin is alittle more, stable,
Pechmann and Duisberg have shown it to.be degraded.to
resorcinol by strong alkalil4, After treatment with 33%
Potassium hydroxide, trans 2,4-Dihydroxy-3-methylcinnamic
acid is isolateablel5, A more. comprehensive work by
ilarty, Rao, and Seshadri indicates that the action of
alkali on 4-Methylcoumarins forms the .trans.cinnamic. -

acidsl6, 1n the example of 3-Benzyl-4-methyl-7~hydroxy-

S—

(13) F. Tiemann and C. Relmer: Ber. 12, 994 (1879)
(J4) H. von Pechmann and C. Duisberg: Ber. 16, 2122 (1883)
{15) K. Fries and W, Bolk: Ann. 379, 105 (1910)

(16) K.S. Murty, P.S. Rao, and T.Rs Seshadri: Proc. Ind,
Acad, Sci. 6A, 316 (1937)
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(17)
coumarin, the action of pstassium hydroxide forms 2;4-
dihydroxybenioic acid and Renzylacetonel?,
fo#sibly, the l6ss of fluorescence 1is associated
with one of the following transformations, using 4-Methyl-

-7-hydroXycoumarin as an example:

/\ . H
o " xol
HO HO =0
<0 .OH =z
~_" gH
C\ 9/0021{

/)‘OH

In any event, the effect of substituents in the 3-position
and replacement of the heterocylic oxygen by an —NH-group
should be interesting. ' ‘
Consequently, a number of 3-substituted coumarins
and two carbostyrils were heated at 56°C. in‘a strong -
alcoholic potassium hydroxide solution and the fluores-
cent intensity measured at intervals. ;Exposure to oxygen
Wes minimized by a nitrogen atmosphere, | e
The results may be summarized by the following
fierios which is arranged in deéreasi@g order of stability

¢§' fluorescence in alkaline solution.

S,

{3%) S." Jacobson and B. Ghosh: J. Chem, Soc. 107, 428
(1915) c
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1. 4-Methyl-7-hydroxycarbostyril (curve 1)

2. 3-Benzyl-4-methyl-7-hydroxycounarin (curve 2)

3. 3=-Isopropyl-4-methyl-7-hydroxycounmarin (curve 3)

4, 4-Methyl-7-aminocarbostyril (curve 4)

5. 4-Methyl-7-hydroxycoumarin (curve 8)

6. 4-Methyl-7-diethylaminocoumarin (curve 6)

7. 7-Hydroxycoumarin (curve 7)

8., 3-Chloro-4-methyl-7-hydroxycoumarin (curve 5)

9. Eyhyl 7-hydroxycouma in-3-carboxylate (curve 9)

Most of the curves of Fluorescent Intensity in alco-
holic KOH at 560C versus time show a decrease in intensity,

. then a rise and finally a constant intensity or a slow
decline in intensity.

Initially, 3-chloro-4-methyl-7-hydroxycoumarin
(curve 5) is very weakly fluorescent, -In time, the in-
tensity rises in a nearly parabolic curve to much higher
Intensities; however, this 1s considered to be an example
Oof poor alkali stability for the increased.intensities.*-~
are probably due to decomposition products,. - : -

Even though the fluorescent intensity-of 4-Methyl-7-
aminocarbostyril remains of the same order of magnitude
°ver a period of many hours, it 1s considered to be less
Stable than, for example, 3-Benzyl-4-methyl-7-hydroxy--
Commearin (curve 2) because alkalil exerts an immediate
and profound influence on its fluorescence. In .all
dcner examples no change in color of fluorescence 1s

Noticed, but in this case the influence of alkall changes
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(19)
the color of fluorescence from orchid to light greea,
The behavior of coumarins in the presence of slkall
is complicated by
1. possible fluorcscence of degradation products,
2. possibility of concentration quenching.-
3. possibility of quenching by electrolyte.
In the case of the carbostyrils there is a fourth inter-
ference. |

4, tautomerisnm, : §
CHz

Hz
O\\ '
HO g, 0 ~———— HO4. O OH

Replacement of the heterocyclicoxygen of a fluores-
cent coumarin by the -NH-group or introduction of a
3-Isopropyl or 3-Benzyl group has a salutary effect on
the stability of the fluorescence towards alkali, Since
4-Methyl-7-hydroxycoumarin (curve 8) is more stable than :
7-hydroxycoumarin, the 4-Methyl group is thougbt to conferg
grester alkall stability. A similar comparisonof 4-Methy1j
-V-hydfoxycoumarin (curve 8) with 4-Methyl-diethylamino-
counarin (curve 6) indicates the diethylamino group to
be superior to the hydroxyl in ‘this respect. A chloro”

o carbethoxy group in the three position 1s definitely

Lo armful -
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(20)
_ EXPERIKENTAL PAK Y

Synthesis of Fluorescent Compounds:

4-Methyl-7-hydroxycoumarin 1is eaaily prepared by the

von Pechmann}4 condensation of resorcinol and aceto-
acetic ester, , .

Concentrated sulfuric acid (100 ml.) was cooled in
a one liter, round bbttom flask, equiped with thermo-
meter and stirrer, and surrounded by an ice.bath., A __
solution of resorcinol (110.1.g.) in acetbacetic.ester.
(130.1 g.) was added at such.a rate that the reaction
tempergture never rpse.abgve 169C; two hours being re-.
quired, After removal of the _ice:bath, the:reaction mix-
ture -was allowed to stand for 24 hours and was-then. .
immersed in ice water, The precipitated 4-Nethyl-7-.
hydroxycoumarin was separated on a buchner filter, and
washed;w;th;cold water, - After three recrystallizations. ..
from alcohol accompanied by:treatment with decolorizing
charcoal, a White product melting at'186.5°v—;187.60Q,;
was obtained,

4-Methyl-6-hydroxycoumarin13‘was<prepargd‘ip;the sSame

as
mannerj4-Methyl-7-hydroxycoumarin, The.crude:product was

recrystallized from diluted alcohol with accompanyinsf:
treatment with-decolorizing .charcoal, - A white product-..,
melting at 246,59 -.247,0°C was obtained.: ° 0 oot

(18) W. Borsche: Ber. 40, 2732.(1907) . .. =~ : ~:-
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4-Methyl-6-methoxycounarini® was prepared by methyla-

tion of 4-Methyl-6-hydroxycounar in, A mixture of 4-
Methyl-6-hydroxycoumarin (17.3 g.), potassium carbonate

(74.7 g.) and dimethyl sulfate {44.7 g.) in acetone (250 ﬁl.)
were refluxed for 45 hours in:a round bottom flask. The
acetone filtrate was evéporated’and the residue combined
with the water insoluble portion,of.the filtration

residue, dried and vacuum distilled, .: The fraction dis-
tilling at 1759 - 184°C @ 1 mm, .pressure was recrystal-.
lized from alcohol and-melted at.162.6° - 163.8°C,

4-Hethyl-7-methoxycoumar in was' prepared in a manner

‘similar to that of 4-Methyl-6-me thoxycoumarin, The
fraction distilling at 1959 - 196°C @ 3 mm, was recry-
stallized from alcohol. The product melted at 158,59 =
160.0°cC.

7-Hydroxycoumarin20 was prepared by the condensation

of malic acid and resorcinol in sulfuric acid. - A mix-
ture of resorcinol (110.1 g.) andimalic-acid (134.1 g. )
covered with concentrated sulfuric acid (500 g.) was® -
heated rapidly to 135°C when violent frothing began,-

The mixture was stirred with the flame removed until
frothing had subsided. After cooling to near room tem-
Perature, the reaction mixture was immersed in ice water,

Tha collected precipitate was recrystallized from water-:

e an i,

b

(12) G. Desai and C. Mavanl: Proc. Ind. Acad. Sci. 154,
1 (1942)

(20) ‘H,v, Pechmann: Ber. 17, 932 (1884)
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with accompanying charcnaling. dried end sublined a%
200°C @ 1 mm. pressure, Recrystallization from alcohol
with accompanying treatment with charcoal gave woolly -
clusters melting at 232,30 - 233,00C,

7-Methoxycoumarin was prepared by condensation of

the monomethyl ether of.resorcinol and 'malic acid, To

a mixture of resorcinol (110 g.), sodium hydroxide (40 g.)
and water (400 ml,) were slowly added 130-g. of dimethyl’"
suifate. The mixture .was heated on a water bath for two
hours'and then. refluxed for four., After standing over-
night, the reaction mixture was extracted with.ether and
the ether soluble residue steam distilled.' The monomethyl
ether was ;eparated by extracting the steam distillate
with ether, extracting the ether extract with 3 N sodium
hydroxide and precipitating the monomethyl ether with an
excess of hydrochloric:acid, The 75 g. of 'product, malic
acid (81 g.), and sulfuric acid (300 g.)-were heated: .- _
rapidly to 1259C-at whigh Point vigorous frothing occurred,
After frothing subsided, the mixture was allowed to cool
and then poured into ice water, After standingiover;»,
night, the tacky solid was separated by filtfation,
rzerystallized twice from dilute alcohbl'and then vacu;g'
distilled, The fraction boiling at ISIO -;154°C @1 m,
wan collected ag product and melted at 116,59 - 117,5°C.

8-Nitrocoumer in®l was prepared by nitration of cou-

(21) G. Mgrgan'and F. Micklethwait: J. Chem., Soc. 85,
1233 (1940)
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marin. A solution of coumarin (100 g.) in glacial acetic
acid (120 ml.) was treated with a mixture of fuming nitric
acid (56 ml,) and glacial acetic acid (40 ml.). Then con-
centrated sulfuric acid (100 ml.) was added to the cooled
mixture., After addition and a brief period of heatipg
on a'water bath, the mixture was poured in ice water,
The'yellowish-white nitrocoumarin was dried by codis-
tillation of the water with benzene and was-recrystallizéd
from benzene., The product which melted at 187,89 -'189,4°C
weighed 94.1 g,.

6-Aminocoumarin®l was prepared by reduction of o

6-nitrocounar in. 6-n?trocoumarin’(47 ge) waéfsuspended

in hot water (2400 ml,) acidified with hydrochloric

acid (50 ml,). To the heated, stirred mixturé'wasj

Slowly added 94 g. of iron powder. The mixture was heated
awhile longer, neutralized with an excess of sodium ;li”“
bicarbonate, and immediately filtered, On cooling 11,3 g.
of crude product-was obtained.. Recrystallization from -
water gave a product melting 163.5° - 164.5°C.

5-Hydroxycoumarin®2? was prepared in several steps,

oeginning with B-Resorcylic acid.23 .
Resorcinol (104.3 g.), sodium bicarbonate (429,.5 é.)

¢ water (1.1 1,) were heated on a water bath for 5 .hours

ad 15 minutos"and’thén reflﬁxéd'fbf 45 minutes while a

(22} 4, Shah and R. Shah: J. Chem. Soc, 141, 1832 (1938)

{23} o-ganic Syntheses: Vol. II, 557
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strong stream of.carbon dioxide.was bubbled through the
reaction mixture.- Then concentrated hydrochloric acid
(500 ml,) was added and the mixture allowed to cool and
crystallize, After filtration and air drying, 71.7 g.
of product melting at 216°C were obtained and were used
directly to form Methyl p-Resorcylate24

B-Resorcylic acid (100 g.), methanol (350 ml.),
and concentrated sulfuric acid (20 ml,) were refluxed for
22 hours, the methanol was distilled, water was added to
the point of turbidity and the mixture was allowed to
crystallize, After two recrystallizations fronm di}ute
methangl with accompanying treatment with_charcoal,_
49,3 g, of product melting at 117.5° -119.0°C were
b?tained. This material was used to prepare. Methyl
254-dihydroxy-3-formwlbenzoat925. .

Methyl B-Resorcylate15 was placed ip a dry one liteyp
three neck, with all glass joints,*?lask, equipped with.
2 reflux condenser, a glass stirrer, a gas inlet, and a
dropping funnel, Sufficient dry ether (over sodium)
was pumped into the flask to dissolve the lethyl B-Resor-
c¢ylate, Then, specially prepared2§ zinc cyanide (21 g.)
:WaSLadded. To the stirred mixture, cooled in an ice--

Salt bath was added slowly a solution of Anhydrous

Ry —

(24) R. Robinson and R. Shah- J. Chem. Soc. 137, 1496
(1934) e T

(25) R, Shah end M. Latwalla: " Chem, Soc. 141, 1828 (1938)
(26) R, Adams and I. Levine: J.A.C.S. 45, 2373 (1923)
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Aluminum:Chlpride (24 g.) in Anhydrous ether. A strong -
stream of dry hydrogen chloridejwas,paqsed into, the
stirred, cooled mixture for 12 -hours. At the end of this
period, -the reflux condenser was:removed and 200 ml, of
water slowly added. The heat of;hydrolysis and -evolution
of HCl rempved most of the others The mixture was heated
on a water bath for half an hour, The precipitgte was
collected and recrystallized twice frﬁm.alcohol.; The -
product;ae,lting at 154.7° - 136.5°C;weighed '10.8.g. and
was used to prepare B-Resorylaldehyde27’-25.rsﬁ w¢;~w _

‘Methyl 2,4-dihydroxy45-formyibenzoate (}0 g.) Was_
dissolved in normal sodium hydroxide -(200-:ml, ) and left
at room temperature for tw days. Acidification precipi-
tnted the acid which was triturated with benzene to re-
move unchanggd ester and recrystallized from:dilute meth-
anol, The 2,4-dihydroxy-3-formylbenzoic. (6 8.):andv;;;a
water (90 ml.) were,heateq together.in a sealed tube at: -
1009 - 110°C for, 10 hours, The B-Resorcylaldehyde was :
eXtracted 1n»ether_and the residue»left_on'evaporation of
the ether was recrystallized f?om,wator. oo 0T

- B-Resorcylaldehyde (2 g.), anhydrous sodium acetate
(3 g.), and acetic anhydride (10 g.) were heated in a
Sedl ed tube at 150° - 160°C for 3 hours.and then at . .
175° - 180°C for an hour, = After cooling, the mixture ..
wds-shaken for 2 hours with water (50 -ml.). - The separated

—

(27) K. Nakazawa: J. Pharm. Soc. Japan 59, 57 (1939)
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5-acetoxycoumar1n?3 was filtered off, recrystallized fromr
water and hydrolyzed to s;hydrexycoumarin as follows:
S-Acetexyceumarin (3. g.) and 25% sulfuric acid (30 ml.)
were refluxed for 45 minutes, The_insoluble S5-hydroxy-
coumarin separated md was recrystallized from dilute
alcohol. A product ( 3 g ) melting at 229,3° - 229,9°C
was obtained.

4-Methylcoumarin29 was prepared by condensing phenol

with ace?oacetic ester, To concentrated sulfuric acid
(180 ml.) in a flesk equipped with stirrer,fthermqmeteg:end
dropping funnel were slowly added a ﬁixturehoﬁtdryppenel;;
(30 g.) and acetoacetic ester (20 g. )._ After an hour of
stirring, the mixture was heated to 759C on a steam bath.
The reaetion raised the tempereture to Qsoc‘erteg,wh;ch .
the miighre coolea to room‘temperatu:e enq,was }pperseg .
in water (I3 1.). The water solution was e;@reeteﬁew;th
ether, saturated with salt and again extracted. The ether
extracts wefé sheken with dilute sddium hydroxide until

no more coldt was extracted. Aféé;.éieti}ling:effttheE_
ether and eiioﬁing the colorless regieqeto conéeal,"éﬁe
crude product was recrystaliiﬁéa fédﬁ‘wete?.r The final

product melted at 78.7° - 79 e°c.

4-Methy1-7-Aminocarbostyril3° was - prepared by con=----

densation of meta phenylene diamine'ahd‘acetoacetic ester,

(28) H. Bohme: Ber. 72B, 2130 (1939) | ,
(29) F. Peters and He Simonis: Ber. 41, 831 (1908)
(30) E. Besthorn snd H. Byvenck: Ber. 31, 798 (1898)
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1 27)
Meta phenylene diamine (40 g.f:and acetoacetic ester (35 g.)
were heated at 1309C in ¢ sealed tube for'5 hours. Then
thé”éryétéliize&”cdntehtp:offtheptﬁben%érb rinsed out °
'wiph:méthhﬁol, recfﬁsgélliiéd'rrom abtsolutc ethanosl and
then from water. SA- malt of ‘fine neecles- melting 270 .40 -

, .. . e as, 3 . .
J 3N . - . R R S :
. N

272 OOC were Obtainea, ST ISP

N
4

4-Me1:.h3r1--’7--hydroxycar-bostyx'il"-L » 32 was prepared by a’

similar manner through condensation of metd aminophenol
ana acefpécetic ester. The crude product was triturated
with 5% sodium hydroxide, filtered, end the filtrate
treated with powdered dry ice. The precipitated 4-methyl-
7-hydroxycarbostyril was rgcrystallized from dilute:alcohol
and dried in a vacuum oven. Woolly clusters melting at-
3330 ~336°C were obtained,s ' = . .. ¢ 0T

3-Chloro~4-methyl-7-hydroxycoumarin®3 was prepared by

'a typical Pechmann condensation of resorcinol and «{-chloro-
acetoacetic ester. ' The product was recrystallized five

243 90 - 244 7°C.

¢x-Chloroacetoacetic osterd4 was prepared by chlori-
‘nation of acetoacetic ester as follows'
Sulfuryl chloride (135 g.) was added over a period of 3

hours to acetoacetic ester (140 g.) and warmed on a water

mn—

(31) Ho von Pechmann: Ber. 32, 3687 (1899) BT
(32) H. von Pechmann and O. Schwartz: Ber. 32, 3700 (1399)

(33) H. von Pechmenn and ”é"."'naiué'ef _Ber. 34, 357 (1901)

(34) F, Allihn: Ber. 11, 567 (1878)
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bath for 7 hours. The: rea’cf:ion-mixturo was vacuunt dis-
tilled and the-'fractic;n (78 g.) bolling at 2030 .- 110°C -
@ .58 mm, was tekcn as product,

3-Isopropyl-4-methyl-7-hydroxycoumarin has not becen

reported in the literature and was prepared by condensation
of resorcinol and {~isopropylacetoacetic ester in‘:the usual

manner. - The product rocrystallized.twice from alcohol

melted at 208,5° - 211.0°C, i, ot o
Analysis calculated for CyzHy40zs f-s. -t 1ozt o 700 el
Y | ‘"' ‘carbon " Hydrogen -
70.83% 6.71%

The ultraviolet.absorption curves ars féééﬁdéd as
indicative of the struéture of 3-Isopropyl—4-methyl-7-

hydrbxydoﬁmai*ih. In all 'icas'es » ‘tmab’iiiﬂal‘: éd {t;e]:éw “the form e

. Y -
PR e ]

of the curves is nearly identical:’ SRR
.. Maximum U.V. . . Extinction

Co'mgound | "~ 7 " Absorption (mp) © _at Max, =~
3-Isopropyl-4-Methyl- U
7-Hydroxycoumarin = o883 -, ., .. 8.1 ..
7-Methoxycoumarin _ o 320 - 86,4
4~Methyl-7-hydroxy- i A e e Y e e
coumarin .~ .. ' 325 S 89,7
4-Methyl-7-methoxy- T el RS R
coumarin i 2320 o 78,3‘
7-Hydroxycoumarin . . _ 325 e e . 890

4-Methyl-5,7-dihydroxycoumarin35 was prepa ed in the

(25) H, Pechmann and J. Cohen: Ber. 17, 2189 (1884)
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usual manner from phloroglucinol and acetoacetic ester,
The product recrystallized twice from acetic acid, melted
at 2710 - 271,59C.

4-Methyl-6,7-dihydroxycoumarin36 was prepared in a

similar manner from acetoacetic ester and hydroxyhydro-
quinone triacetate. The crude 4~Methyl-6,7-dihydroxycou-
marin (40 g.) was dissolved by warming with borax (80 g.)

and water (280 ml.), {n cooling of the filtrate, a complex
borate separates, The borate is dissolved in water (720 ml,)
and added to water (200 ml,) containing sulfuric acid (20 g.).
The separated product was_filgeggg,'dgiqd; and melted at

2710 - 271,59C,

-

Hydroxyhydroquinone37 was prepared as follows:

Concentrated sulfuric acid (8 g.) added to acetic anhy-
dride (120 g.) was stirred and'treated with quinone (40 g.)
at such a rate that the temperature rises and remains be-
tween 400 - 500C. The mixtd}e is allowed to stand until:
cooléd to room temperature and then poured into water (500 ml.),
cooled to 10°C and filtered. The product recrystallized from .
alcohol and dried melted at 960 - 970C,

Quinoned8 was prepared by oxidatim of hydroquinone..
Hydroquinone 1is dissolved in water_(l 1.).at;5090, cooied

to 20°C and concentrated sulfuric acid (50 g.) added.

(36) Organic Syntheses: Vol. I, 360.
(37) Organic Syntheses: Vol. I, 317
(38) Orgahic Syntheses: Vol. I, 482
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(30)
‘A solution of sodium dichromete (76 g+) in water (53.ml.)
is added at such a rate that:the stirred, cooled nixture-
remains between 20° - 30°C, . .As soon as a permanent yellow-
ish-green color appears, the mixture is cooled to 10°C and
filtered. The‘filt:ete-ieiextrecged with benzene and -the : .
residue dissolved in benzene (250 ml.) which includes .the
benzene extract. The hot tenzene solution is dried with
calcium chloride, filtcred hcgfiend,benzene distilled .
until quinone precipitates. The residue was_phi;}ed,in
an ice bath and the quinone collected by filtration,.

5-Benzy1-4-methy1 7-hydroxycoumarin17 was prepared
by a Pechmann condensation of resorcinol and.m-benzyl- ,
acetoacetic ester. The product yas,recrystallizedztwice,zw

from alcohol and melted at 231.70 - 233 O°C.

e e e &

«{-Benzylacetoacetic ester>9 was prepared as. follows.

In a one-liter reflux apparatus protected from moisture

and equipped with stirrer and dropping runnel .were placed . -.
dry benzene (300 'ml.) and sodium (23 g.)e. Then‘to;ppe

stirred refluxing mixture wasladded:aceteeeetie;e§pe?;(150 ml.)
over a period of several hours.,vAfter solgtion ef the

sodium, the mixturoc was filtered into a similar%appargtusg

and to the refluxing solution Benéyi'chleride‘(léo ml.;l_

vas siowly addeds Refluxing and stirring,were\eontinued

T A anm e vt e et

B 1
S e

(30) F. Ehrlich: Arn, 187, 3% (1877)
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(31)
until the mixture was no .lcnger -alkaline,.: Then it was
-filtered'from the salt, washed, stripped, and vacuum dis-"
tilled. :The fraction boiling at 148° -~ 153°C @ 9 'mm, was.
‘taken:as product (85 ge)e

«=-Isopropyl acetoacetic ester0 was . prepared.similarly,

Dry alcohol prepar ed by:refluxing'ebsolute alcohol over
magnesium and iodine for several hours and distilling

directly into the reaction vessel was used as solvent.

‘x.;‘_

Isopropyl bromide was used. The fraction boiling at

N 4

1959 - 197°C was tsken as product. B

~

Ethyl—?-hydroxycoumarin-s-carboxylate4l was prepared N

[P =

from 2,4~dihydroxybenzaldehyde (5 g.), malonic ester (6 g.),

and a drop of piperidine. After standing_a_weeggtne“solid

paste was washed out with d;luteprdrochl}_or';].e;a‘cad.z The "
precipitate was recrystallizcd from.dilute alcohol. The o
product melted at 171:.,9° -~ 172,3°C. | |

S-Acety1-7-hydroxycoumnrin91was,pnepered;rrqmuz,quihy-

droxybenzaldehyde (5 g.), acetoacetic ester (7.5 ge¢), -. -
and a drop of piperidine. The product was recrystallized
from alcohol and melted at 237° - 237,6°C.

4~-Methyl-7-diethylaminocoumarin .was prepared as follows:

Distilled metadiethylaminophenol. (20 g.), acetoacetic ester
(22 g.), zinc chloride (10 g.), and absolute alcohol (40 g.)

(40) E. Frankland and B. Duppa° Ann. 204, 179 (1880)
(41) H. von Pechmam and E. Graeger-' Ber. 34, 385 (1901)

PR
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(32)
were refluxed for 30 hours. The recaction mixture was
poured into water (400 ml.) containing a few drops of sul-
furic acid. After scveral days, the soparated oil crystal-
lizcd and was filtcered, dricd, and vacuum distilled. The
fraction boiling at 240° - 243°C @ 6.5 mm. was taken as -

product; it melted at 70.1° - 71°C.

Fluorescence'lntenéitz

Y e

In order to measure the fluorescent intensity of

uéoumarlns in alcohol, it was necessary to build an,instru;_
ment, The sketch and wiring diégram vhich follow show the
salient features of thc instrumecnt designed ti‘Messrs;.Sollor
and Berghausen. ‘ |

In usc, a fluorescent solution ﬁas 1rradigted iﬁ‘the
black box with ultraviolet passed by a Vood's filtef, wvhich
hos a sharp cut-off at about 4100A°. After passing through
a 27 sodium nitrite solution to remove ultrqviolét,fréquéncies,
the fluorescent light fell on a photocell. Tho relative
positions of photocell, sample cell, and ultraviolet source
are indicated in the vertical vicw of the sketch of tho
black box.

For each fluorescent coumarin, the fluorcscent inten-
sities, cxpressed in arbitrqry units, qr_solutiops variﬁg
in concentration from 0-300 mg/100 ml. of alcohol were ob-
tainod as follows: _ | . .

'hen there is no fluorescent solution in the black box,

tho dark current after amplification can be balanced by a

small resistanco. Then the fluorcscent solution is placed in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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.the sample cell and tho rcsulting_photelectric current is
balanced after amplification by dial box resistances. The
fluorescent intensity 1s proportional to the applied resist-
ance. Since the line voltage can fluctuate, the fluorescent
solution was alternated with a standard fluorcscent solution
and an average fluorescent intensity obtained for each.,

Then each average fluorescent intensity (in ohms of dial
box resistance) was multiplied by a faétor which would re~
duce the fluorescent intensity of the standard to ;previously
accepted value, The fluorescent intenéity of the flupresbent
solution was then said to be cxpressed in arbitrary uﬁits.
As used in this work, an arbitrary unit is such thaf a solu-
tion of 4-lcthyl-7-hydroxycoumarin, 300 mg/100 ml in alcohol
ina 4 cns by 2 cin by 5 ecnm volumo (20 ml.) has a fluorescent
intensity of 360 arbitrary units.

4-Methyl-V-hydrokycoumarin does change in fluorescent
intensitj on standing in alcohol”ég;ﬁhé following shows:

Initial Final Time
Conpound in Alcohol Fluor. Int. Fluor. Int. (HErs.)
(Arbirtary Units)
4-Mothyl-7-hydroxy- ‘ -
counarin 360 165 2,280 7 -
3-Benzyl-4-Mcthyl- B 4 -
7-hydroxycoumarin 308 ; 301 ' 192

Eithor of the two compounds indicated 1s{aﬁsatisfactory
standard over a period of a few days._-3-Bonzy1-4-Methy1-7—
hydroxycoumarin under nitrogen 1n‘é scalod cell was used as

e standard.,
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, (34)
Ultraviolet Absorption

The ultraviolet ébsbrptiop curves for the series studied
were plotted from éata obtained f:éh a'Beckmann spegtrophoto-
meter,

‘Briefly, in each case a solution of the coumarin }n
pure alcohol was prepared. The instrument is so arrahged
that a light beam of constant intensity can be passed al=-
ternately through a set of matched cells (equal in length);
one containing the solution the other alcchol., In this man-
ner, an instrumental comparison. of the intensity of the
beam incidént upon the coumarin molecules.and the trans-: .
mitted beam (incldent less absorbed) is possible.

The law vhich applies. to light absorption 1s:

E = ked log Io/I . R
" Vhere E 1s called the extinction, Io the incident intensity,
I the transmitted intensity, c the concentration of- the
solution, d its thickness, and k a constant characteristic
~of the absorbing molecules. Thus, E obtained directly from
the instrument divided by the product of.cell 1ength_byi
solution concentration is the specific extinction which is
of general comparative value.

In a complete deternmination, the specific extiﬂation
of a compound-'is.obtainoed at cach wavelength. In the Beck-
mann instrument, the wavelength selector is located between
tho sample and the photocell rather than betweon the light

source and the sample.
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(35)

The curves, srecific extinction versus wavelength,
were used to obtaln & comparative value of the encrgy ao-
sorbed by each compound.

In the fluorescent intensity measurements, a lMazda
B-H-4 lamp was used as a source of exciting radiation.

From a photograph of its spectrum and tables, the frequency
and intensity of each line could be determined. This photo-
graph also included the spectrum of a sodium vapor lamp as
reference.,

In turn, each line could be compared with the specific
extinction versus wavelength curve for a selccted compound;
the specific extinction at that wavelength being a measure
of its relative absorption. Then the product of frequency
by relative absorption by relative intensity is a measure
of the energy absorbed from the line by the compound. The
sum of these, the relative activation being a measure of
the energy absorbed from the exeiting radiation.

A tabulation of the lines of the spectrum of a lazda
B-H-4 lamp follow together with the ultraviolet absorption

curves of the series studied.
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Ultraviolot Spectrum of !fazda B-E-4 Lomp

-21 Rel. Intons-
Wavelength Frequency x 10 sity of Line
2967.28 1,011 5
3021.5 9983 5
3125.6 .960 8
3131.56 .958 7
3131.84 .956 7
3341.48 .898 6
3380 .862 1
3530 .851 1
3550 .846 1
3650.15 .822 10
3654.83 .821 7
3662.87 819 4
3663.27 819 6
3730 .804 1
3770 .796 3
3800 789 2
3840 .782 o -2
3906.4 .'1€8 | 6
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decrcased fluorescent intensity may be due to impurity.
3-Chloro~4-methyl-7-hydroxycounarin (curve 15) shows a
more intense fluorescence than 4-ilethyl-7-hydroxycoumarin
(curve 3) which agrces witt the oorcivatien of Chakravarti .

Ultraviolet Absorption:

There is no known manner in which knowledge of the
absorption characteristics of an organic molecule can
be used to foretell fluorescence, In fact, Pringsheim
has stated without reservation that there 1s no relation
between the fluorescence and the ultraviolet absorption
of a molecule other than the necessity that a molecule
must be excited before it can fluorescel,

As stated by Knoblauch, the fluorescent intensl ty is
proportional to the intensity of the exciting radiationlZ2,
As a corollary, the fluorescent intensity of & lumines-
cent molecule should be related to its energy absorption.

In the preceeding section the curves Fluorescent
Intensity in arbitrary units versus Concentration are
glven. A number of them show a maximum fluorescent
intensity at some particular concentration. The specific
fluorescent intensity,'fluorescent intensity divided by
the corresponding concentration, at this point seems
2 iikely value for compar ison of one fluorescer with
aaniher,

A Mazda B-H-4 black ray lamp was used as a source of

excitihg radiation in the above mentioned fluorescent

(12) 0. Knoblauch: Ann. Physik 54, 193 (1895)
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Fluorcscent Spectra

- A Cenco Grating Spcctrograph was uscd to obtain photo-
graphs of fluorescent spectra where possible.
CENCO GRATING SPECTROGRAPH
(Top view)

& Al reflector

o) B-I{-4 Lamp (U.V.)
\
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o o, '
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‘Cell cntng [f .-
Fluorescentﬁ S1lit & Collimator -~

o

Sol'n : . "
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Film Holder & \}
masking slides

FILII HOLDER

° Strip of Film Exposed = - o .
by Masking Slide
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Usually, about four spectra werc printed on cach
film. As rcference, tho spectrum of the exciting lemp
(1 min. exposurc) and that of a sodium vapor lamp (15 min.
exposure) wére taken. Then, two cxposurcs to the fluoresc-
ence werc obtaincd, one of about 3 hours; the other of 2toutb
20 hours. |

The fluorescence cxposurcs were taken as follows: A
‘solution of the fluorcscer (.3 g/100 ml.) in pure alcohol
in a square glass cell was placed against the widencd slit
of the spectrograph. A lMazda B-H-4 lamp equipped with an
aluminum reflector was placcd as closc as possible to the
solution of the fluorcscer without placing the lamp in such
a position that light from it could rcach the slit either
dircctly or by roflection from 2 glass surface.

To aid in the study of the photographs of fluorcscence
spectra, a scale was made as follows: A photo of tho-B-H-4
spectrum and the sodium vapor lamp spectrum was made.. The:
position of each linc was determincd by-use of a2 hand .
spectroscope and tables, The spectrograph is designed so
that the wavelength of a line is linearly reolated to its
distance from a point of reference.

In each casc wherc a print of .the fluorescence. spec--
trum was obtained, thc band odges and maximum werec Q;ti-;

matcd and thoir positions determincd by use of tho-scale.: -

Fluorescence Stability in Alkali _
Alcohol whicﬁ had becn refluxed over ﬁotaésium hy:' h

droxidc was distilled under nitrogen into 2 flasK con-
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taining alcohol washcd potassium hydroxide peilctz.

After becoming saturatcd at room tempecraturc and cicar-
"ing, a portion (100 ml.) of this solution was placed in 2
constant tcmperaturce bath and £llowod to come to a teuper-
ature of 56°C. J

Thondotails of the baﬁh arc described in the accowpany-
ing skcteh., The alkaline solution was xcpt av 557C in =a
vessel suspended in acetorne vaper.

To the alkaline solution under nitrogén was addcd 2
portion (30 ml.) of fluorasscer (.3 g/100 ml.)"'in aldchyde
frce alcohol. The mixture was stirrcd by bubbling nitrogon
through and then a samplo pipottérul (9,054 ml./pipatto)
was rcmoved, placcd in a glass celi in a nitrogen atmosphecre
and dilutcd with aldehyde freoc alcohol. The bath chamber
was f1lled with nitrogen and closod. . - - -

In ths usual mamer, by alternation in the fluorometer
of samplc and standard and adjiustment of the average values,
the fluorcscent 1n£cnsity in arbitrary units of thc sample
was obtained. Exposure to thc atmospherc was minimized
by a nitrogen atmospherc,

At intervals of timo, the indicated procedurc was re-~
peated. Of course, in all mcasurcemcnts of fluorescent in-
tensity, all vesscls must boe scrupulously clean for traccs
of impuritics may havo a profound effect. on fluorcsccent in-
tensity.

In cach case, fluorescent intensity in arbitrary units

was plotted against timc in hours. The complexity of the
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degradation process docs not permit any but a qualita-
.tive comparison of thc cffcct of structurc on the dura-
bility of fluoroscence in alkali.
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