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HISTORICAL.

L] e
! I. GALLEIN.

It was in 1871 that Adolph von Baever' discovered gallein,
He made it by heating together phthalic anhydride and pyro-
gallol, The product was purified by dissolving in alcohol and
precipitating with water. He described it as a solid, red by
reflected light, blue by transmitted light. Later' he described it
as & brown-red powder, or small metallic-green crystals. He
found it to be soluble in alcohol with dark-red color, in potas-
sium hydroxide with splendid blue color, which, however, it
loses on continued expostre to air, In ammonium hydroxide
it dissolves with purple color.

He regarded the compound as derived from pyrogallol by
loss of water according to the reaction :

SCI_H'-IDU b CllHllDI + =HI(:.'
Pyrogallol, Gallein.

The resnlts of his analysis of the new compound agreed with
the above formula. ‘

Later® he tried the action of phthalic anhydride upon other
hydroxyl derivatives of benzene, among them phenol and resor-
cin, He found that these reacted in a manner similar to that
of pyrogallol, phenol giving phenolphthalein and resorcin
giving fluorescein. From the analysis of phenolphthalein he
was led to consider it as made up of one residue of phthalican-
hydride and two residues of phenol, and represented the reac-
tion thus :

CHO, + 2CHO=C,H, 60, + HO.
Phthalic Phenol. Phenolphthalein.
anhydride,

Fluorescein, from its similarity to phenolphthalein and also
from the resnlts of analysis, he regarded as derived from 1
molecule of phthalic anhydride and 2 of resorcin, thus:

t Ber, d. chem. Ges., 4, 457.
2 Ibid., 4. 555.
3 fbid., 4, 658,
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CH,, + 2CH.0, = C,H,0, + 2H,0.
Phthalic  Resorcis. Fluorescein.
anhydride. )

A study of these reactions led him to change his views of the
reaction by which gallein was made.’ He regarded it as made
according to the following equation :

CHQO, + 2CH0, = C,H,,0, + 2H,0.
aﬁ;ﬁiﬁe‘ Pyrogullol.  Gallein.
Thus it would be the phthalein of pyrogallol,

By reduction in alkaline solutions by zinc dust, Baever dis-
covered that phthaleins lose color and are converted into closely
related compounds which he called phthalins,

The structure of gallein is 50 closely related to that of the
phthaleins in general that a summary of work done it estab-
lishing the structure of the latter is necessary for anintelligent
study of the structure of the former.

Fluorescein was the first of the phthaleins to be investigated
and have assigned to it a constitutional formula. The work
was done by Baeyer and his assistants." Fluorescein was made
by heating together resorcin and phthalic anhydride, The
purified product proved to be a yellow crystalline powder
which dissolved in alkalies with a beautiful green flucrescence.
Results of the analysis of the compound pointed to formula
C,H. .0, as representing its composition.

O the other hand, E. Pischer' prepared pure fluorescein by
firdt making its acetate, purifying it by recrystallization, and
then saponifying it with alcoholic caustic potash. Fluorescein
thus prepared was analyzed and the resunlts pointed to C, H,,0,
as its formula. :

Baeyer's next object was to determine the number of
hydroxyl groups contained in fluorescein. This he did by
making its acetyl and benzoyl derivatives in the usual way.
He found that in each case two acid residues were introduced
—that the componnds formed were the diacetate and the di-

1 Ber, 4, chem. Ges., 4, 553,
" Ann, Chem. {Liebig), 183, 28
i Ber. 4. chem. Ges,, 7, 1211,
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benzoate of flworescein. Further, he made what he termed
the monoethy! and the diethyl ethers of fuorescein, and the
dichloride. The fact that in all but one of the derivativesthus
far mentioned two substituting atoms or groups replaced hy-
droxyls or the hydrogen.atoms of these hydroxyl grofips,
pointed to the presence of two hydroxyl groups in fluorescein.

Quite a series of substitution-products in which two or more
hydrogen atoms were replaced, gave information of other char-
acteristics of fiuorescein. ‘Thus, dinitro and tetranitro fluores-
cein ; mono-, di-, and tetrabrom fluorescein (eosin) ; salts of
eosin ; eryvthrin (ethyl ester of eosin) ; diethy] ether of eosin—
all followed in rapid succession,

By fusing fluorescein with potassium hydroxide Baeyer
found that decomposition follows in two stages. First, he
obtained what he called monoresorcin phthalein, to which he
gave the formula :

OH
oc.H.(g -
C,H, H.

When heated further this compound yielded, besides resor-
cin, benzolc acid and carbon dioxide. The last two com-
pounds came from the phthalic acid residuve.

As the result of his investigation, he concluded that without
doubt fluorescein was a diketone and should be given the for-
maula :

OH
COC,H,

CH;
OC,H,

The formation of the anhydride between the hydroxyl
groups in the resorcin residues was, he said, in harmony with
ah observation made by him in the preparation of phenol-
phthalein. Two compounds were in reality formed in the syn-
thesis of phenolphthalein—one a phthalein proper, the other a
phthalein anhydride. ‘The relation of the two is expressed in
the formulas :



OC H,OH COC,H,
; <: and  C.H,

“0C,H,0H OCH,
Phenolphthalein, Phenclphthalein anhydride.

Fuarescein wounld, therefore, be a dihydroxyl derivative of the
above anhydride form, |
E. Fischer' made the phthalein of orcin,

H, {1}

Q..?H (3),

H (5
and found it to resemble fluorescein very closely. He made a
series of derivatives similar to those made from fluorescein by
Baeyer. As & result of his study of this pew phthalein he

gave it a formula in harmony with that of Bae:.rer for fluores-
cein, as follows :

H,

coc, fcon

COCH,—OH
\CH.

Baeyer's view of the structure of fluorescein, (and of the
phthaleins in general), was wodified in some essential points as
a result of his further study of phenolphthalein.” A difficulty
arpse in explaining by the accepted diketone formula the action,
of melted alkalies on phenolphthalein, Such action resulted in
the formation of dicxybenzophenocne,

C,H,0H

H,0H'
and benzoic acid. According to the diketone formula, this
wonld require a shifting of cne of the C,.H,OH groups. It oc-
curred to him that this decomposition could easily be explained
by assuming that it is one of the carbonyl oxygen atoms and

* Ann. Chem (Liebig), 133, 63.
* IBid., 208, 36.



. a9 .
not the anhydride oxygen of the phthalic anhydride that is re-
placed by two phenol residues. The difference is seen in the
following structural formulss :

20————carbonyl oxygen
CH >=0—anhydride oxygen.
0

e {C.H,DH
COC,H,0H L/ NCHOH
CH,
coc,B,08 NZo
Diketone formula. New formula.
The explanation of the formation of dioxybenzophenone is
very difficult by the diketone formula, while it is quite simple
by the new one, as will appear from the following scheme :

C,H,OH

C{c qH CII-I CH,OH

N, 0 + KOH = CO + C,H,COOK.
£

C=0 CHOH
Phenolphthalein, | Dioxyhenrzophenone,

Baeyer found further evidence for the new formula in the
synthesis of phenolphthalein by a method which can leave no
doubt as to its structure and genetic relations, He treated
benzene with phthalic anhydride in presence of aluminium
chloride and obtained diphenylphthalid :

CH, CH,
N
™
\ /

This, on reduction with zine dust, gave triphenylmethane car-

bonic acid :
CH CcH,

N

¢
c,H.f:/ooH\H



