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ABSTRACT

SYNTHESIS, CHARACTERIZATION AND TLC-FLUORESCENCE
ANALYSIS OF THE FLUORESCEINS FROM DICARBOXYLIC ACIDS

By
Zenaida L. Ochotorena

The reaction of resorcinol with the dicarboxylic acids,
succinic, 2,2 dimethylsuccinic, methylsuccinic, suberic,
adipic, pimelic and o-phthalic acids were studied so that
the formation of their fluoresceins could be utilized in
the quantitative determination of these acids by fluorimetry.
The fluorescéins of the above mentioned acids were
synthesized ﬁsing as the condensing catalyst, sulfuric acid,
polyphosphoric acid, p-toluenesulfonic acid or Dowex
SOW x 12. The fluoresceins were characterized by taking
their mass spectra, proton and carbon-13 NMR, adsorption
and emission behavior, TLC chromatograms and elemental
carbon analysis. Yields from the use of the different
condensing catalyst were determined and compared.

The optimum conditions to carry out the reactions so
that they attained a constant yield or went to completion
using PPA as the condensing catalyst were determined.

Using the optimum conditions of 1:10 or greater acid to

resorcinol ratio, a reaction temperature maintained at
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120 to 140° for about 2 hours and an 0.20 ml of PPA and
an acid sample of the order of 700 or less ug, succinic
acid present singly in a sample was analyzed by measuring
the fluorescence intensity of the solution prepared from
the reaction mixture. Interference from the resorcinol
blank was observed to be negligible at the dilution of the
reaction mixture used and the analysis were carried out
even with acid content in the sample of less than 5 ug.
The average relative error of about 5.5% was obtained
when a calibration curve was used and about 1.5% when the
sample was compared to a standard succinic acid sample
Tun simultaneously with the samples being analyzed.
Analyses of mixtures of succinic, methylsuccinic and
2,2 dimethylsuccinic, suberic and o-phthalic acids were
carried out using a TLC-fluorescence method. TLC chromato-
grams prepared from the reaction mixture dissolved in
methanol and developed with a mixture of chloroform and
methanol at low humidity, yielded fluorescence peaks of
the separated fluoresceins of the acids. The areas under
the fluorescence peaks were linearly related to the con-
centration of the corresponding acid for acid contents as
low as 10'8 g. Analyses by using a standard sample mix-
ture, prepared and developed together with the samples
being analyzed for comparison, resulted in relative
errors of about 1-20% depending on the polarities of the
acids in the mixture, the number of acid components in the

samples being analyzed and the available instrumentation.
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SYNTHESIS AND CHARACTERIZATION OF THE FLUORESCEINS



A. HISTORICAL

Fluorescein was the name given to the product ob-
tained from the fusion of phthalic anhydride and resor-

cinol.1

This compound (1) emitted a strong, beautiful,
green fluorescence in alkaline solution so that it was
used in the qualitative detection of resorcinol and

phthalic anhydride. Also it found use in determining

the course of flowing water and the mixing of different
2

bodies of water.

In 1881 during an extended investigation on the con-
densation of phenols with aliphatic acids, Nencki and
Sieber3 described for the first time succinyl fluorescein
and one or two of its derivatives. This fluorescein was
analogous in nearly all respects to those of the original
fluorescein except that it did not form the chloro-deriva-

tive with phosphorus pentachloride.

9



(92]

Biggs and Pope4

in 1923 prepared the succinyl fluores-
cein and its derivatives using the method used by Nencki
and Sieber. Succinic anhydride was boiled under reflux
with sulfuric acid for six hours and they reported a yield
of 90% using 73% sulfuric acid instead of the concentrated
sulfuric acid used by Nencki and Sieber which only gave

a yield of 60-70% of the theoretical because of the ex-
cessive amount of by-products formed.

In 1924, Dutt and ThorpeS doing a study on ring-chain
tautomerism, prepared the fluoresceins of succinic anhydride
and substituted succinic acids as well as those of glutaric
anhydride and substituted glutaric acids using the method
of Biggs and Pope. Iﬁ this study it was established that
the change from colorless base to the colored salt was
accompanied by a change in structure from fhe lactone
(III) to the quinone (II) form and that the mechanism of
the change was similar to that which existed in the case
of the mutarotatory sugars, being the case of ring-chain

tautomerism between individuals (II) and (III).

II Intermediate ITI



6 used the condensa-

In 1970, Spassovska and Panayotov
tion reaction of resorcinol and polymer anhydrides to
synthesize fluorescing polymers. In this study the
fluoresceins of acrylic, itaconic, methacrylic and maleic
anhydrides were also synthesized to serve as models for
comparison as regards structure, properties and behavior.
The method used in the synthesis of the fluoresceins of
the polymer and those of the monomer was similar to the
method adopted for the preparation of the fluorescein of
phthalic anhydride7 which involves heating the phthalic
anhydride and resorcinol mixture to 180°C for 45 minutes
in the presence of anhydrous zinc chloride as condensing
agent. Spassovska heated the mixture of polymer anhydride-
or monomer anhydride- and resorcinol to 180°C for 30
minutes, added the anhydrous zinc chloride and then re-
heated the mass to 200C for 150 minutes.

The latest work reported on the preparation of fluores-
cein through resorcinol condensation with the acid or
anhydride was that of a USSR patent of 19758 which in-
volves condensing phthalic anhydride and resorcinol in
the presence of ortho- or polyphosphoric acid as a con-
densing agent.

No study had been reported in the use of p-toluene-
sulfonic acid or the resin, Dowex 50W, as catalyst in
the preparation of fluorescein. But p-toluenesulfonic

acid had been used as catalyst for esterification,
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transesterification, ketalization, acetylation, dehydra-

9,11 It had been found to be

tion and cyclodehydration.
as effective an acid catalyst as sulfuric acid and is
generally preferred to sulfuric acid because it is less
damaging to reactants. Likewise, Dowex S50W is a strong
acid cation exchange resin made by the nuclear sulfonation
of styrene-divinylbenzene beads. These resins behave as
strong acids and catalyze reactions, which are normally
catalyzed by mineral acids, such as esterification,

epoxidation and alkylation.lo



B. EXPERIMENTAL

REAGENTS

All chemicals used were chemically pure or analytical
grade reagents and were used without further purification.

Dowex S0W x 12 was dried in an oven at about 60-70%C
for a day or two. Then the temperature of the oven was
raised to 100° and kept at this temperature for 2 hours.

Inasmuch as commercial polyphosphoric acid (PPA) is
very viscous and reaction products obtained when it was
used were difficult to dissolve, the PPA used in this study
was a 1:1 weight-volume ratio of phosphorus pentoxide dis-
solved in phosphoric acid (85%). The weighed amount of
phosphorus pentoxide was placed in a flask provided with
a magnetic bar stirrer and a stopper. The measured volume
of phosphoric acid was slowly added (the reaction is exo-
thermic and sufficient heat is generated to dissolve the
phosphorus pentoxide). The mixture was stirred and kept
at a temperature of 40° for a day or two to equilibrate
because equilibration of this mixture is a slow process.
This mixture is stable and can be prepared long before
the anticipated use. PPA prepared by just mixing the
needed components without equilibration will not yield

reproducible results.



Preparation of the Fluoresceins

Different methods were tried to produce the fluores-
cein with the least amount of side product impurities.

These methods made use of different condensing catalysts.

1. Use of Sulfuric Acid as Condensing Catalyst

(Biggs Method4)

A 0.1 mole of the acid or anhydride was added with
slightly more than 0.2 mole of resorcinol to 53 ml of 73%
sulfuric acid. The mixture was boiled under reflux for
6 hours after which the refluxed material was cooled, dis-
solved in 1 liter of distilled water and carefully neu-
tralized with dilute sodium hydroxide. The precipitate
was filtered, washed well with distilled water and crystal-
lized from 5% hydrochloric acid. The crystal was re-
crystallized several times from hydrochloric acid and
finally dissolved in warm sodium carbonate (10%) solution,
precipitated by acetic acid, collected, washed well and

dried to constant weight at 160°C.

2. Use of Polyphosphoric Acid as Condensing Catalyst

To 30 ml of PPA heated to about 70C, 0.1 mole of the
acid or anhydride was added. The mixture was stirred
to dissolve the acid or anhydride. Slightly more than

0.2 mole of resorcinol was added and the stirring and



heating were continued, until the components were well
mixed. The temperature was then slowly raised to 110°C

and kept at about 110-120°C for about two hours. The red
viscous mass was cooled and dissolved with sufficient 0.1 M
sodium hydroxide to neutralize most of the PPA. The solu-
tion was then carefully neutralized, the precipitate formed
was filtered, washed well with distilled water and crystal-
lized from 5% hydrochloric acid. The crystals obtained
were recrystallized an additional 2 or 3 times from 5%
hydrochloric acid and finally dissolved in warm sodium
carbonate solution and precipitated with acetic acid.

The precipitate was filtered, washed well, then dried to

constant weight at about 160°C.

3, Use of p-Toluenesulfonic Acid as Condensing Agent

and Cyclohexane as Solvent

A 0.1 mole of acid or anhydride, slightly more than
0.2 mole of resorcinol and 0.05 mole of p-toluenesulfonic
acid were mixed well in 125 ml of cyclohexane and re-
fluxed for 4 hours. The mixture was heated by an oil
bath maintained at 125-127°C. The reaction mixture did
not dissolve in cyclohexane but upon reflux a red viscous
melt was produced. The red viscous mass obtained was
cooled, the solvent was decanted and excess solvent was
removed by a rota-vapor distillation under vacuum. The

solvent-free mixture was dissolved in 5% sodium bicarbonate



and filtered. The filtrate, which was at about pH 8.0
was very slowly adjusted to pH 6.0 with 2.5% sulfuric
acid. It was then set aside until effervescence stopped.
It was again filtered, and the dark wine-red clear fil-
trate was again adjusted to pH 6.0 with the 2.5% sulfuric
acid. If a precipitate formed, it was filtered and the
process repeated until no precipitation occurred at this
pH. To the clear, dark wine red filtrate at pH 6.0 was
slowly added more 2.5% sulfuric acid until precipitation
was complete (pH approximately 4.7). The precipitate was
collected, washed well with distilled water, then dissolved
in warm sodium carbonate and reprecipitated with acetic
acid. The precipitate was collected, washed well and

dried to constant weight at about 160°C.

4. Use of p-Toluenesulfonic Acid as Condensing

Catalyst and 1,2 Dichloroethane as Solvent

With the same mixture of reactants as in (3) above,
125 ml1 of 1,2 dichloroethane was used. The mixture was
refluxed at an oil bath temperature of 110-120°C for 4
hours. The refluxed material was cooled and transferred
to a separatory funnel. To it was added about 600 ml
of 1 M sodium hydroxide, shaken and set aside to separate
the solvent layer which was then removed. To the sol-

vent-free fluorescein solution dilute hydrochloric acid

was slowly added until precipitation was complete. The
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precipitate was collected and washed with water. The
precipitate was dissolved in 1 M sodium hydroxide and
reprecipitated with dilute hydrochloric acid. The pre-
cipitate was collected and washed with distilled water.
The redissolving and reprecipitating operations were
carried out several times more, and finally the preci-
pitate was dissolved in warm sodium carbonate, precipi-

tated with acetic acid, collected, washed and dried.

5. Use of Dowex S50W x 12 as Condensing Catalyst

To the same amounts of acid or anhydride-resorcinol
mixtures as used in the previous methods, 10 grams of the
dried Dowex and 125 ml of 1,2 dichloroethane was added.

The mixture was stirred with a magnetic stirrer and re-
fluxed for 6 hours at an oil bath temperature of about
110-120°C. The refluxed material was cooled, 1 M sodium
hydroxide was added and transferred to a separatory funnel.
The solvent was separated as in the previous method and the
solvent-free fluorescein solution with the resin was poured
into a column provided with a sintered glass filter. The
solution was filtered at a rate of about 0.3 ml per min-
ute. To the filtrate was added dilute hydrochloric acid
until precipitation was completed. Once again the dis-
solving and reprecipitating operations with sodium hy-
droxide and hydrochloric acid were performed a few times

more and finally the precipitate was dissolved in warm
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sodium carbonate, reprecipitated with acetic acid, col-

lected, washed and dried.

Instrumentation

The following instruments were used to characterize

the prepared fluoresceins:

Varian Model A 56/60D Spectrometer operated at 60 MHz

was used to obtain the proton NMR spectra.

A Varian CFT-20 Fourier Transform NMR Spectrometer,
equipped with computer controlled pulse generation and
data collection, operated at a field strength of 1.8682T
and at a frequency of 20 MHz was used to obtain the carbon-
13 NMR spectra. Samples dissolved in dilute sodium
hydroxide solution, placed in 10 mm NMR tubes with DZO

for locking the system, were used.

Varian MAT CH 5/DF, a double-focusing, high resolu-
tion (M/AM > 10,000), Mass Spectrometer, provided with a
peak matching unit which permits mass determination with
an accuracy of better than 2 ppm by comparing the peak
of the sample to the reference peak of known mass, was
used to obtain the mass spectra and molecular formulas
of the samples. All determinations were taken with the
electron impact source operated at an electron energy of

70 ev., ion acceleration voltage of 3 Kv and direct probe
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at 225°C. Reference used in mass determination was

perfluoroalkane (PFK).

Perkin Elmer Model 457 Grating Infrared Spectrophotom-

eter was used to obtain the infrared absorption spectra.

Unicam Sp 800B UV-Vis Spectrophotometer was used to
obtain the absorption spectra of some of the compounds.

A pair of 1 cm quartz cells was used.

Thomas Ashley 0il Bath Immersion Apparatus was used

to obtain melting point data.

Beckman Expanded Scale pH Meter equipped with a
Sargent combination glass-saturated calomel electrode

(#S-30070-10) was used for all pH measurements.

In the TLC separation, a sandwich type developing
chamber (Eastman Kodak) was used. A dilute solution of
known concentration of the fluorescein in methanol was
prepared. A few microliters of the solution from a micro-
pipette (Accupette Pipets, DADE) was applied on the TLC
sheet (6060 Silica Gel, Eastman Kodak) at predetermined
points, about 2 centimeters above the edge of the sheet.

The spots were dried and developed with methanol.

A computer-centered spectrophotofluorometer, designed

13

and constructed in this laboratory by Kelly~~ was used to

measure the excitation and emission spectra as well as
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the quantum efficiencies of the compounds synthesized.
These measurements were made with a 200 watt mercury o

a 150 watt xenon arc lamp as sources and a 4.0 nm band-
pass for both the excitation and emission monochromators.
One centimeter quartz cells were used as sample and ref-
erence cells. The spectra obtained were background cor-
rected and for the emission spectra were source, photo-
multiplier tube and primary absorption corrected.ls’14

To obtain excitation spectra, the solutions were
scanned through an excitation range of 300-500 nm with
emission fixed at 510 nm.

The emission spectra of the compounds were obtained
over the wavelength range of 500-650 nm, with the excita-
tion wavelength of 435.8 nm.

The quantum efficiency measurements were made by the

d1S with quinine sulfate as the refer-

comparative metho
ence material.

An emission scan was made with a 1.00 x 10’4 M quinine
sulfate solution in 1.0 N H,S04 using an excitation wave-
length of 365.4 nm and emission wavelength range of 370
to 620 nm to obtain the emission curve. Without changing
the instrument settings except the excitation wavelength
and the emission wavelength range, the fluorescein
solutions were scanned over the emission wavelength range

of 500 to 600 nm with the excitation wavelength set at

435.8 nm. The areas under the emission curves are
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proportional to the number of quanta emitted. The ratio
of the areas under the respective curves, corrected for
the differences in the absorbances of the two solutions,
the quinine sulfate and the fluorescein solutions, is
directly proportional to the ratio of the quantum ef-
ficiencies of the two compounds. The accepted quantum
efficiency of 0.546 for quinine sulfate was used to

evaluate the quantum efficiencies of the fluoresceins.



C. RESULTS AND DISCUSSION

1. Preparation of the Fluoresceins

The synthesis of the fluoresceins involves the con-
densation of two moles of resorcinol with one mole of the
acid or anhydride with the subsequent removal of 3 moles
of water in the case of the acid or 2 moles of water in

1,7

the case of the anhydride. This reaction may be

represented as follows:

+ R ——O (\"'(OO
@ A E r’\/v"\
9 R
G+ el O%ﬁ == ”
) H OH H

ooH *1)s% 0 cm)5 €00
G 20— S %
COOH H H H
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The role of the condensing agent and/or dehydrating agent
in such reactions is crucial.

Review of existing methods in the synthesis of the
fluoresceins show that the most popular condensing cat-
alysts are anhydrous zinc chloride for a heterogeneous
reaction and concentrated sulfuric acid for a homogeneous
one. As one would expect, the use of concentrated sul-
furic acid, a strong oxidizing and dehydrating agent,
would result in side reactions. Biggs and Pope4 had

3 in which con-

confirmed that the method used by Nencki,
centrated sulfuric acid was the condensing catalyst,
resulted in the formation of by-products which accounted
for a yield of only 60-70% of the theoretical. They then
suggested the use of 73% sulfuric acid as the condensing
catalyst.

The use of Biggs' method, gave a good yield. The
yield was quite dependent on the amount of 73% sulfuric
acid used, the temperature at which the condensation re-
action was made to occur, the length of time of heating
and the amount of excess resorcinol present. This method
resulted in a yield of 44-130% (unisolated) of the theo-
retical as shown in Table 1. Purification through sev-
eral recrystallizations lowered the yield to less than
10%. A yield of 100% or more obtained when the condensa-
tion reaction occurred at high temperatures, indicates

that other species absorbing at 484-486 nm were also

produced in addition to the fluoresceins of interest.
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Table 1. Influence of Temperature, Heating Time and Amount
of Condensing Agent on the Yield of Fluoresceins.

Acid/Anhyd. 73% H,S0, Reaction Hel'ai'inié1 &

Sample ml Temp., °C Hours % Yield*
Succinic Anhyd. 10 100-105 22 44
Succinic Anhyd. 10 100-105 48 79
Succinic Anhyd. 10 120-125 6 65
Succinic Anhyd. 10 140-150 6 104
Succinic Anhyd. 10 140-150 3 104
Succinic Anhyd. 15 120-125 6 61
Succinic Anhyd. 15 140-150 6 99
Succinic Anhyd. 15 140-150 3 89
2,2 Dimethyl-

Succinic Acid 10 100-105 48 70
" " 10 120-125 6 60
" " 10 145-150 6 125
" " 15 100-105 22 63
" " 15 120-125 6 58
" " 15 145-150 6 120

&

% Yield was based on concentrations in the reaction mix-
ture determined by spectrophotometry. 0.01 mole of acid/
anhydride was used in the reaction mixture.
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Modifying the condensing agent through use of a more
dilute sulfuric acid lowers the yield as shown in Table
2 without totally eliminating the problem of side reac-
tions and tar formation.

The use of sulfuric acid as condensing agent is also
not commendable since the impurities introduced into the
product are difficult to isolate from the fluoresceins.
Repeated recrystallizations do not seem to eliminate the
existence of these impurities. A TLC separation per-
formed on the purified product by using a 6060 silica
gel sheet and methanol as developer, yielded 5 spots in
the chromatogram which only lessened in intensity upon
repeated recrystallizations but none was totally elim-
inated. The different spots in the chromatogram were
eluted with dilute sodium hydroxide. The extracts showed

the following emission characteristics:

Spot 1 - a light pink spot moved as fast as the sol-
vent front, emitted no fluorescence when it was irradiated
with a 365.4 nm light from a 200 watt mercury arc source.

Spot 2 - an orange pink spot about 0.5 cm below the
solvent front, emitted strong fluorescence at 420 nm
when it was irradiated with the same exciting light
source.

Spot 3 - a pinkish violet spot about 1.2 cm below
the solvent front, emitted slight fluorescence at 420 nm

when it was irradiated with the same exciting light source.
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Table 2. Influence of Condensing Agent on the Yield of

Fluoresceins.
Reaction Heating
Acid/ Condensing Temperature Time
Anhydride Catalyst °C Hours $ Yield
Succinic Anhyd 73% H,S0, 100-105 48 79
" " 50% H,S04 100-105 48 76
" " 30% HyS0, 100-105 48 19
" " 30% HyS0, +
p-TSA 100-105 48 66
" " 50% H,S04 +
p-TSA 100-105 48 11
2,2 Dimethyl-
succinic Acid 73% H,S0, 100-105 48 70
" " 50% H,S04 100-105 48 16
" " 30% HyS0, 100-105 48 0.3
" " 30% H,S04 *
p-TSA 100-105 48 69
”" " 50% HZSO4 +
p-TSA 100-105 48 " 14

p-TSA is p-toluene sulfonic acid.

®
% Yield was based on concentrations in the reaction
mixtures determined by spectrophotometry.
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Spot 4 - a dark orange-yellow spot about 2.5 cm below
the solvent front.

Spot 5 - a light yellow diffused spot immiediately
below spot 4. Both spots 4 and 5 emitted strong fluores-

cence at 510 nm and slight fluorescence at 420 nm.

Elemental carbon analysis of a purified succinyl
fluorescein sample obtained from the sulfuric acid method
gave C = 67.52% against a theoretical value of C = 67.60%.

The use of polyphosphoric acid (PPA) as condensing
catalyst was explored. This reagent had been used for
cyclodehydration9 and sometimes had been found to be more
effective cyclodehydration reagent than sulfuric acid,
hydrofluoric acid or sodium aluminum chloride. It has
good solvent power and contains anhydride groups which
combine with the water formed, preserving its effective
acidity. Unlike sulfuric acid, PPA is not an oxidizing
agent and has no tendency to enter into aromatic substi-
tutions and therefore less prone to promote rearrangement.

With PPA as the condensing catalyst, a product was
obtained identical in all respects to that obtained from
the use of sulfuric acid. It had the same melting point,
showed identical mass spectra, proton-NMR, carbon-13
NMR, and absorption and emission spectra. Elemental
carbon analysis of the succinyl fiuorescein obtained when
this catalyst was used, gave C = 67.66% against a theo-

retical value of C = 67.60%.
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TLC chromatograms obtained from a recrystallized
fluorescein of succinic acid gave the same spots as with
the fluorescein of succinic acid from the sulfuric acid
method. Except for spot 4 all the other spots were very
light with spots 2 and 3 almost invisible even with a
spotting solution more concentrated than the solution
from the sulfuric acid product.

Yields from the use of sulfuric acid and PPA as con-
densing agents were comparable except that chromatograms
obtained from the sample obtained from the use of PPA
showed less impurities.

P-Toluene-sulfonic acid (Tosic acid) is known to be
as effective an acid catalyst as sulfuric acid. It is’
generally preferred to sulfuric acid because it is 1less

9 Its use as the condensing

damaging to reactants.
catalyst in the foregoing reaction was also explored.
Because it was a solid, an inert solvent was needed.
Two solvents were tried, cyclohexane and 1,2-dichloro-
ethane. Inasmuch as both solvents boil at about 81°C,
the problem of the formation of products from side reac-
tions due to the high temperature at which condensation
reaction was made to take place was eliminated or mini-
mized.

The use of p-toluenesulfonic acid (p-TSA) as conden-

sing agent and cyclohexane as solvent produced a product

identical to that of the previous methods. Isolation
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of the product from the reaction mass was accomplished

by dissolving the mass in 5% NaHCOS, and precipitating
with dilute sulfuric acid. The precipitate obtained was
partly purified by fractional precipitation at a definite
pH.

The product obtained even before recrystallization was
found to be much cleaner. Its TLC chromatogram showed
only 2 spots, a reddish-violet spot which moved as fast
as the solvent front and a yellow spot about 2.5 cm below
the solvent front. The impurity responsible for the
reddish-violet spot was minimized or eliminated by dis-
solving the product and reprecipitating it at pH 6. This
impurity was precipitated at pH > 6 while the yellow spot
of the chromatogram was precipitated at pH < 6. An emis-
sion scan of the extract of the yellow spot gave an emis-
sion peak at about 510 nm. The product appeared to be
the same compound as obtained from the other methods.

Its melting point, proton-NMR, carbon-13 NMR, mass spectra,
absorption and emission spectra were identical to the cor-
responding compound obtained from the previous methods.

The p-toluenesulfonic acid in cyclohexane also
catalyzed the condensation of resorcinol with the sub-
stituted succinic acids, suberic acid, adipic acid and
pimelic acid. The yields shown in Table 3, with the
exception of 2,2 dimethylsuccinic acid, which was about

40-50%, were only about 20-30%.
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Table 3. Fluorescein Yield When p-Toluenesulfonic Acid
is Used as the Condensing Catalyst.

Acid/Anhydride Solvent % Yield*
Succinic Acid Cyclohexane 30
2,2 Dimethylsuccinic Acid Cyclohexane 45
Suberic Acid Cyclohexane 30
Adipic Acid Cyclohexane 30
Pimelic Acid Cyclohexane 20
2,2 Dimethylsuccinic Acid 1,2 Dichloroethane 5
Succinic Acid 1,2 Dichloroethane 5
Methylsuccinic Acid. 1,2 Dichloroethane 5
Phthalic Anhydride 1,2 Dichloroethane 44

*% Yield is based on the weight of recovered partly puri-
fied fluorescein and therefore is only approximate.
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The 1,2 dichloroethane was a good solvent for the
condensation of resorcinol and phthalic anhydride but
not for the other dicarboxylic acids tried as shown in
Table 3. A yield of about 45-50% of the red form fluores-
cein of phthalic anhydride was obtained. Its IR spectrum,
shown in Figure 1, was similar to the IR spectrum of
fluorescein published by Sadtler.

Dowex S0W x 12, an acid form ion exchange resin was
also tried as a condensing catalyst with 1,2 dichloro-
ethane as solvent. Results shown in Table 4 indicate that
it was as effective in the reaction as p-toluenesulfonic
acid. The yellow form fluorescein of phthalic anhydride
was obtained at a yield of about 50% but fluoresceins of

the other dicarboxylic acids were only about 5% or less.

2. Mass and Molecular Formula Determination

The mass spectra of the compounds obtained with the
double focusing mass spectrometer are shown in Figures
2, 3 and 4. Data obtained from the mass spectra are
shown in Table 5.

With a tolerance of 0.0030 AMU, masses obtained based
on the given molecular formula are 284.06848, 312.09979
and 340.13107 for succinyl fluorescein, 2,2 dimethylsuc-
cinyl fluorescein and suberyl fluorescein, respectively.
These values differed from the mass determined by peak
matching as given in Table 5 by -2.96 ppm, 4.49 ppm and

-1.21 ppm, respectively.
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Table 4. Fluorescein Yield When Dowex 50W x 12 is Used

as the Condensing Catalyst.

Condensing
Temperature Heating Time
Acid/Anhydride °C Hours % Yield*

Succinic Acid 145-150 20 7
Methylsuccinic Acid 145-150 12 4
2,2 Dimethylsuccinic
Acid 145-150 15 7
Phthalic Anhydride 145-150 14 42
Phthalic Anhydride 150-160 5 51
Phthalic Anhydride 108 6 16

&®
% Yield is based on the weight of recovered partly puri-

fied fluorescein and therefore is only approximate.

Con-

densing temperature was the temperature of the oil bath

used during the reflux.
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Table 5. Mass Spectral Data for the Fluoresceins.

Sample m/e Mass Mol. Formula
Succinyl fluorescein 284 284.06763 C16H1205
2,2 Dimethylsuccinyl
fluorescein 312 312.10117 C18H1605
Suberyl fluorescein 340 340.13965

C20H2005
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3. Proton NMR Spectra

To shed light on the structure of the synthesized
fluoresceins, the proton NMR of the compounds were taken.
Due to the low solubility of the fluoresceins in the
usual deuterated organic solvents the proton NMR spectra
were recorded with the compounds dissolved in dilute

sodium deuteroxide.

a. Succinyl Fluorescein

If the compound has the structure shown on page 34,
it should have 2 sets of non-equivalent aliphatic protons
and six aromatic protons which due to the symmetry of the
molecule, as a result of the keto-enol tautomerism,
should correspond to 3 sets of non-equivalent aromatic
protons. The proton NMR of the compound was then ex-
pected to show 5 absorption peaks corresponding to the
5 sets of non-equivalent protons - two triplets for the
aliphatic methylene protons, two doublets for protons
H. and Hy and a singlet for proton H, of the aromatic
moiety. The -OH proton due to strong intramolecular
hydrogen bonding and stabilization through keto-enol
conversion was expected to show far downfield and prob-
ably would not appear in the spectrum.

As shown in Figure 5, all five absorption peaks are
present. The two up-field distorted peaks which should

have appeared as triplets, were assigned to the methylene
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protons of the aliphatic side chain based on their posi-
tion in the spectrum. The down-field absorption peaks,
two doublets at &§7.5 and §6.5 with the same coupling
constants, were assigned to protons Hc,c' and Hb,b"
respectively. The doublet at $§6.5 assigned to Hy proton
shows also slight coupling with another proton as indi-
cated by the slight splitting of the doublet peaks. The
peak at §6.2 was assigned to the Ha proton. Although a
singlet was expected, a slight splitting of the singlet
peak was not a complete surprise inasmuch as the aromatic
inductive effect can cause slight coupling of this proton
with Hc protons. This is shown in the spectrum by the
identical splitting of the Hy doublet and the H, singlet
peaks. Integration of the peaks resulted in a 2:2:2:2:2
ratio which accounted for the 4 aliphatic and 6 aromatic
protons.

Assignment of peaks, although not unequivocal, are
shown in Table 6. The peak marked (b) is due to the
residual protons of the solvent, while (a) and (c) are

spinning side bands.

b. 2,2 Dimethylsuccinyl Fluorescein

Based on the assumed structure of the compound,
(page 37) its proton NMR would show 5 absorption peaks

which correspond to the methyl and methylene protons of
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Table 6. Proton NMR Chemical Shifts for the Fluorescein
of Succinic Acid.

Chemical Shifts, Ratio of
(5, ppm) Integrated Peaks
HC and Hc' 7S 2
Hy and Hy. 6.5 2
Hy and H,, 6.2 2
Hy and Hy. 3.2 2

He and Hg» 2.4 2
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the aliphatic side chain and the three sets of non-equi-
valent aromatic protons. Figure 6 showed all 5 ab-
sorption peaks. From the position in the spectrum, the
absorption peaks at §1.0 was assigned to the methyl pro-
tons and §3.0 to the methylene protons although the
methylene proton peak seem to have been shifted somewhat
down-field which may be due to solvent effects. Based

on the coupling constants and the splitting of the absorp-
tion peaks, the doublet at §7.6 was assigned to Hc,c'
protons, doublet at §6.6 to the Hb,b' protons, and §6.2
to the Ha,a' protons. Integration of the peaks resulted
in a ratio of 2:2:2:2:6 which accounted for the 14
protons in the compound.

Assignments although not unequivocal, are shown in

Table 7.

c. Suberyl Fluorescein

The aromatic absorptions were identical to the ab-
sorption peaks of the other two fluoresceins except that
the long aliphatic side chain seemed to have imposed
some geometrical influence on the aromatic moiety. This
caused a change in the chemical shift and resulted in a
smaller Av/J for protons H, and Hy. The two end methylene

proton sets did not show the regular triplet splitting as
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Table 7. Proton NMR Chemical Shifts for the Fluorescein

of 2,2 dimethylsuccinic acid.

Chemical Shifts,

Ratio of

(5, ppm) Integrated Peaks
HC and Hc' 7.6 2
Hb and Hb' 6.6 2
H, and H,, 6.2 2
Hy and Hy, < 1 § 2
"H, and Hg, 1.0 6
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expected and the inner methylenes which would probably
have very small Av/J value appeared as one broad absorp-
tion peak. Distortions of the aliphatic proton absorp-
tion peaks may be due to the more complex coupling result-
ing from the almost equivalent protons.

Assignment of the peaks, although not unequivocal
are shown in Table 8. Peaks marked a, b and c are due

to the residual protons of the solvent.

4. Carbon-13 NMR

In the assumed structures of the three fluoresceins,
it is expected that the general pattern of carbon reson-
ance peaks due to the carbons of the aromatic moiety in
these compounds would be the same. Due to the symmetry
of the molecule imposed by the keto-enol conversion, 7
carbons resonance peaks are expected in the down-field
region of the spectra.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>