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Introduction

In the classification of organie reacticnas, condensat-
ion 18 used in two different ways. In a very nsrrow sense,
condensation means any reaotlon in whioh a oarbon tc carbon
linkage is formed. In a broad sense, it refers to an organioc
double deocomposition resoticn in which the reactants are both
large molecules, and one of the products is a small molecule
such as water, anmmonia, or hydrogsen c¢hloride. 4n example of
a condensation, as defined in the narrow sense, would be the
reaction of acetaldehyde to form aldol. However, if the aldol
ia converted to crotonaldehyde with the elianination of water,
then 1t can be classified as a4 oondensation in the broad
sense as well.

Theoretically, a condensation resction can be consid-
ered as a reaction which involves prelisinary addition follow-
ed by an ellpination reaction. Many condeneation resctlons
prooceed repldly when the reactasnts are mixed together at a
eul tadble temperature, but others require condensing agente
such as acids, bases, phosphorus pentoxide or zinc chloride.
Some times thess condencing agents aot as true catalysts, but
in other cases they are used to aid in the elimination of
water (1),

Today many condensation reaotions sre known and zuoh
could be said about them. In this reeearch projlect, the

primary interest ieg fnoured on the condensation of a phenolic



compound and maleio anhydrids to produce an asold-bage indicator.
Bigtoricals

The firat condensation reaction betwoesn a phenolie
compound and an anhydride was reported by Paeyer (2) in 1871,
when he prepared phenolrhthalein by the ocondensation of phenol
and phthalie anhydride. 1In this resaction, concentrated sulfur-
10 a0ld was used as the condensing agent. In 1880, Baeyer (3)
reported on the suocessful use of stannic ohloride as a oon-
densing agent in the preparation of phenolphthalein. Recent
inveatigations have shown that phthaloyl ohloride could re-
place the phthalic anhydride in this condensation and con-
densing agents other than concentrated sulfurlic aold and
stannic ohloride were also digcovorod (4)e & fow of these
are stannoua ohloride, zine chloride, aromatio sulfonio acids,
alumlinum chloride and boron trifluoride.

Baeyer continued his investigations of the condensat-
ion resctions and reported the successful condensation of
reaorcinol (5), para-ohlorophenol (6) and ortho-oresol (7)
with phthalio anhydride. The comnounds produced had similar
strmioctures and some indloator properties.

Little was done on the oondenaation of phenolle ocomp-
ounds with an anhydride from 1880 to 1919. A4ifter 1919, exp-
erizents were oonduoted to determine whether a condensatlion
reaction would occur between a phenolic coapound and an anhy-

dride other than phthallo aatrydride. Baeyer had shown that



various compounds would reaot with phthalio anhydride, but
would they resct with other anhydrides? Sucosssful conden-
sations of phenols with coumarin (8), with diphenic acid anhy-
dride (9) and suocoinio snhydride (10) were soon reported and
it was proven that phenoOls would form condansatlon conpoimds
with varisus anhydrides.

¥hile looking for new dyes, Dass and Tewari (11), in
1941, reported the sondensations of pyrocstechol, pyrogallol,
ortho=-¢regol, 2-naphthol, moté-amldophonol &nd neta-phanylene-
dianine with maloeic anhvdride. 8ince %these men wore intereet-
%1 only in the ocompounds as dyoss, no mentlon was made of the
indicator prépertles of theas oompounds. 3isson (12) prep-
ared sovmrpilpaloina and sughinoine fros the condenaation of
phenols with maleio and succinio anhydride, respectively.
However, diffioulty was experienoed in npurifying them and
pure oozpounds wore not obteined. These iapure compounds did
show gome indioator propertlies.

In 1947, Mehrotra, Tewsri snd Dube (13) reported the
prepération of resoroinol suocoinein and indicated that 1t
eould be used as an adsorption indlcator in ar-entometrio
titrations. Kazmstre and Webster (14), in 1951, prepared and
purified phenolmalein, resoreinolmalein and pare-biromophenol-
malein.

The laat reported work on the oondensation resotions

wae presented by Ingstrom snd Webstoer (15) in 1953. They



were interested in the preparation of a series of related
phennlmaleinas to deterzine the effect on the Physioal and
chemical proverties ol these compoundes produced by chenging
the position (ortho, perz, m=etsa} of the group on the phenollo
gtrmicture, and the effect producad by ohunging the group
(ehloro, bromo, 1odo). They prepared and purified para-
chlorophenolmalein and ortho-iasdophenolmalein, ortho-bromo-
phenolasélein and oertho-chlorophenolaslein, and attempted to
prepare dete-ohlorophenolmalein but anslysls showed this cox-
pound t9 be lazpure. The pure compounds did show soue indloat-
or propertlos, but ths 1apure meta-chlorophenolmalein did not.
\ ] _of R P

The problem selected for this research prolect was
primarily the preparation of the meta-, ortho- and psra-
aminophenolmaleins by means of the condensation reactlion be-
tween the corresponiing aminophenols and malelo anhydride.
Meta-aminophenolnalein had baen prepared previously by Dass
and Tewari (11) in 1541, but they failled to report whether
or not this compound hud $ndicator propertiecs. Thes secondary
intereat was centered upon whether or not the aminophenol-
maleins would exhibit indicator properties. 1t was expscted
that theae compounds could possess indicator propertiss be~
cause they are structurally s%milar to other ‘ndlocators.

The research problem was initiated by preparing the

meta-aminophenolmslein us‘ng the mmthod of Dass and Tewari (11).



By prepering a ktnown compound, familierity with the process
could de attsined and difflculties which might arige in prep-

ering the other aninophanolaalelas o05uld bs brought to light.

A zixture of twelve grams of malelc anhydride, twenty-
four grute of mela-aminophenol and elght 4rops of consentrated
sulfgric acli was heated in an oil dbath at a temperature of
160 to 170 -'Centirrade for six hours. Tals dlxture was stirred
frequently to insure comnlete reaoyion,

L A;'the end of the roaction peyigd,‘the~me%t was resoved
from tne oil bath and allowed to cool ,to room temperature.
To the conoled alxture about one hundred nilliliters of boll~
ing diptll%ad'wpter were added and the reaﬁltant mlxture was
pleced on a éﬁéam bath for sbout fifteen aminutes. The agueous
mixture was then Tiltered and the filtrute allowed to cool,
The precipitete or solid was then diaéolved id dllute ammonlun
hydroxide, filtered and reprecipltated by the addition of
dilute hydrochloric acid. The aold was added until the mix-
ture was slightly acidlc. The sixture was flltered and the
product was further purifled by boiling with concentrated
alcohol and powdered charcoal.

The aminophenolmalein was obteined by 3iluting the
filtered alcoholic solution with water. A trsce of dilute
hydrochloric acid was added to ald precipitation. The result-

ant compound was dried 1n a deasicator with calcium chloride

e



ae the Arying agont.,

Heta-aminophenolmalein was a light brown powder whioh
changed oolor at 212° Oentigrade and melted at 225° Centigrede.
It disgolved in methyl alconol, ethyl aleohol, acetone and
dilute aamoniun hydroxide, dut was inaoludble in concentrated
benzene and petroleum sther. A light brown solution was ob-
tsined wlth methyl or ethyl aloohol. The indiocator ghowsd
a very slight green fluoresoence in aleocholic eolutione. In
the presence of ultra-violet light, the aloohslio solution
became dark green and romtained graesn whea the aolutibn‘ﬁhs
made acidic or haslo,

The physioal propsrties of this compound correspond
to those reported by Dass and Tewari (11) for thelr amldo-
phenolmalein. Therefore, it may be concluded that those~two
compounds are the same.

The indlcator compound was yellow in acidio and basio
solutions. There was some change in the intensity of the
¢olor when the pH of the molution wae increased. However,
for normal titrations this compound would not be an aocoeptable
indiocator.

The result of the chemical analysis of this compound

may be found in Table 1V.



& and Pur ation of Ori _Produy

2 olmal $

A mixture of thirty grams of maleic anhydride, sixty
grams of ortho-aminophenol and twenty 4drops of concentreted
sulfurio aold was heatsed in an ol bath for six hours at a
temperature of 160 to 170° Centigrade. This azixture was
stirred frequently to insure complete reactlon.

At the end of the resction period, the melt was removed
from the 01 bath and alloved to cool to room temnerature.
To the cooled mixture about one hundred 2illiliters of boil-
ing distilled water wore added snd the resultant sixturs was
placed on a steam bath for about fiftgsn minutes. The agqueous
mixture was then filtered and the filltrate allowed to cool.
The 8olid product wags mixed with dilute ammonium hydroxide and
the mixture was flltersd. The resldue (A) was set aside for
further purificstion. .The basic filtrate was nade acidiec with
dilute hydroohlorioc amnid and a dark colored tar was obtained.
The tar was diasolvad in hot aloohol, to which powdered char-
coal was added to ald in the purification of the tar. The
resultant mixture wag boliled for several minutes and filtered.
The filtrate was diluted with distilled water, which contained
a trece of dilute hydrochloric aold, until precipitation was
complete. A brown solid was pbtalned which turned to a dlack
tar when left in the dessicator to dry.

The residue (A) from t2ie basic aolution was then pur-



ifi0d by bolling with alrohol and powdered charcoal. It was
reorystallized Trom the filtored aloohollo snlution by 4ilut-
ion with water which oontainoed a treoe of coid. The sample
wae dried in a vaoumn dasslioator whioh contalned oaloiua
ohloride as the drying azent,

Pron proliminary nitrogen determinstlons, it wae found
that the vrecipitate which 414 not 4issolve in the ammonium
hydroxide, was the ortho-amlnophenolmalein. The analyais
also indicated that the sample was very impure &nd further
purifioation wuas neoessary. The nrooedure used above to purify
the reaction mixture wae repested on this impure samplo. A
colloldal preoipitate wzs odbtalned, whioh was not dry after
five daye in a vaounn dcaslo&tor. +hen & small azxount of the
sasple was nlaced in a drying oven at temperatures of 100°,
60° and 30° Centigreds, a blaok product wss odtained. The
rest of the sample was then dried in alr at room tempereture
and a lilpht tan sample weg odtained. Nitrogen deter=inations
obtained from thia sample 1ndiocated that the desirod purlty
had been obdtained.

Ortho-aninophenolmalein wes & dirty white or light tan
in color and showed & very faint dluish fluoregsoenoe in alcohol.
However, in alecohol 1t formed a yellow colored golution, WYhen
this yellow solution was plaged under an ultre-violet light,
the yellow color wes 1mmodiut;ly dieplzoed by a glowing dlue

color. The blue oolor dlesappeared when the solution wae



removed from the ultra-violet light,

Alooholio goalutions ¢ the ortho-aminovhenolmalein do
exhibit indicator properties. The yellow alacholic golution
chanred to a colorleas solution when it wag smade acidic.
¥When thie acld solution was titrated with a base, at a pyi of
11 to 11.3, the yellow color was again obtalned. When the
bYesio solutinn was titroted with an acild, thie change in color
414 pot ocour until a pif of 7 was reached,

The indlocator melted at 159° Centigrade. It dlgssolved
in oconocentrated hydroohlorio acid to fors & dark green solut-~
ion, but it was ineocludble in dilute hydroohlorio 2o0id. When
added to conoentrsted sodium hydroxide a yellow colored solut-
ion was obtalned.

The results of the chemiocal analyeis of this coapound
may be found in Tedbles 1V and V.

- e) ins

A mixture of thirty msroeme of maleic anhydride, sixty
grass of para-aminophenol and eight drops of ooncentrated
sulfurio aold was heated in an o0il bath, at a tsmperature of
160 to 170° Centigrasde, for six hours. This mixture was stirred
frequently to insure ocomplete reaction,

At the end of the resotion period, the melt wag resoved
from the oll bath and allowed to cool to room temperature., To
the cooled mizture, about one hundred zilliliters of bolling
distilled water were sdded and the rensultant mixture placed
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on a steam bath for about fifteen minutes. The watery mixture
was then filtered and the filtrate allowed to cool. The pre-

cipitate was then dissolved in dllute ammonium hydroxide, fil-
tered and the residue further purified by boiling with alecchol
and powdered charooal.

The indiocator was obtained by diluting the filtered
alooholies solution with water. A trace of dilute hydroohlorie
acld was added to aild preocinitation. The resultant compound
was drled in & vaoumn dessloator over caloiuz ohloride as the
dryins a#ent.

The para-aminophenolmaslein was & tan powder which
changed aolor at. 159° Centiprade and nelted at 159° Zentigrade.
It disaolved in methyl alcohol, ethyl alcohol amd dilute
acmonium hydiroxide, but was insoluble in concentrstad or di-
lute hydrocilorio acid. 4 dark yellow or brownlish solution
wag obtained, whioh showed a very slight green fluoresoence,
when the indiocator waea diasolved in aloohol. 1In the presence
of an ultra-violet light, the alooholic solution turned to a
dark green color. The color was =slightly darker than the
meta-aminophenolmsalein in alcohollie golution. The green
fluorescence was present even though the indloator solution
was made aoldio or baslc.

The para-aminophenolmalein did not exhiblt indloator
proparties. In ascld solution a yellew ocolor was produced

which did not ohango when the solution wus mede aoldic.
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The results of the chemical analyals of this compound
may be found in Tables IV and V.

Det srmination of the Indiocator Range:

Two tenths gram of sach indioator was dissnlved in one
hundred ailllliters of ethyl alaechol. Ten mllliliters of. this
solution wss :pade aoidic with dilute hydroahloric acid. Dilute
sodiun hydroaxide was then added slowly and the i of the solut-
ion detersined by imeans of a Beokuan pd aeter. The range was
checz2d by adding 11lute hydroohloric asid to the now basle
solution.

Theory of indicator Rangg:

4cld-base 1ndicators are highly colcred organic dyes
which exhibit a chaage in color whesn the pi of a edution
i1s ohanged hbetween certaln limits. This 11lit or »H range
le not the same for all indicatores.

Lolthoff, Laltinen and others (i6) belirve that the
color change 1ls due to the fact that indicators behave as
weak acids or weak bases and their dlesoclated and undlseo-
clated forms have different colors and etructures.

When a wesk acid indicator 3ilssoclates, itas disso~
clation can be represented by!

HI1 = g + 1° (1)
where HI 18 the undlssoclated acld form oontalning the acid
color and IT represente the dissosclated slkaline form which

containg the alkaline colore
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Application of the law of chemicel equilibrium to the

above 1lonization (1), would givet

+ 5l K 2
HI 1 =y

wvhere K; represents the lonigzutlion constant of the indicator.

Raarrangerent of the atove equstion (2) would produce:

[¢30)

L

From this equation (3), it 1e evident thet the ratio of the
oonaentretions of the colored forms variee continuously as
the hydrogen ion conaentration of the golution chansfes. The
color of the indiestor depende upon the ratio of the dissoo-
lated fom (I7) to the undimsnciated rofm‘(ﬂx).

The chenre of color of an indioator is determined
visually. Since the human eye has a limited sensitivity for
the observatlion of colora, only a certaln aaount of one form
can be detected in ths presence of the other. The visible
oolor change is therefore confined within certain liamits or
PH range. These limits or pH range are designated as the
oolor change interval. The magnitude of this interval 1s not
the same for sll indicatore because the color of the acid
(undissociated form) or alkalipne (d1lasoclated fors) portion
is not alwaya easgsy to distingulsh 1n the presence of the other.

Assuning that, in a giv;m caee, nine percent of the

alkaline for can be detected in the presence of the aold form,
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we have:

e e el - K

thr3 10 1) (4)
The indicator would begin to ohangs to the alkaline color at

MY = 10 Ky (5)
or at pH = pp - 1 (6)

where p; represents the necative logarithm of K1 and ia called
the indlocator sxponent. Assuning further that the 1lndlecator
ia completely converted into the alkaline form, when atout

ninety~-one percent 1s present in this form, we would have:

%5—3 = 10 - Ti?‘)' (7)

Thus the aolor chanze intervgl of such an indioator. asy be
represeinted byi
pH . Py ¥ 1 (8)

Aceording to the adbove equation (£), the chane» in ~nlor of
the indloator begins at & pH which ia one nit amaller than
the indicator exponent and is preotically compiqﬁq when the
pH 18 one unit larger then the indlcator expoaent. The in-
@loator's color change interval should therefore extend over
a range of two pH units. Host indicators do possess this two
P4 unit color change interval,

The titration curvee of the three indicators prepared

in this investigmtlon msy be found on Graghs I, 1I and III.

115875
< UTH DAKOTA STATE COLLEGE LIBRARY
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Theory of Indigator Oolor Ohange!

The Chroaophoric Theory (17) originatod when Bernthsen
(18) and Friedlunder (19) almoet simultanewusly, and independ-
ently, showed that phenolphthalein when in sold solution 1is
oolorless anld has a lactone structure. Wshen in weaXly alkal-
ine soluilonse & red ealt 1s forsed which 1s not derived froa
& phenol, but has a chrozmophorie Quinone group. In the pres-
ence of & large excess of 2lkeli, the Quinone 1¢ transformed
into & colorless trisodiun salt. Theae changes are reprssented

belowe

o -N:o
{
=
4
?

n:e
» -
4
°
pzo
S

It e believed that the phenolmsleins could show a
chenge in etruotureo sisilar to the phenolphthaleins. The
following equilibrium for pare-~bromophenolaslein was proposed

by George Engstrom (20) in his thesis.

@34 -@&f
i B B ad I
H @ @Br H.cm:c': @ f&“ ""e - ¢ -@3'

n o el Mol Lo
I d € —C -0Nha
Q - C ﬂﬂ‘ ¢ -¢c —-OMa . " ig 'c;



Table I
Titration of m-Aminophenolmalein with 0.104 N. NaOH

RaOff pi Color
mle.
2.50 1.68 5
1.00 1.70 i
1.50 1.78 )
2,90 1.85 o
2.50 1,92 y
3.00 2,02 b
3.50 2.20 3
4,00 2.45 i
4,50 3.10 ¥
4.60 3.60 +
4,70 5.00 I
4,75 7.00 "
4,80 9.00 o
4,90 9.90 I
5.00 10,30 o]
5.10 10.48 i
5.20 10.55 "
5.30 10.68 ¥
5.50 10,82 .
5.99 11,00 i
6.00 1102 i
6.50 11.16 P
7.00 11.28 2t
T.50 1230 2
8.00 11.40 :
8.50 11.43 0
9.00 11.46 ¥
9.50 11.50 "
10.0 11,52 i
10.5 11,54 i
11.0 11.56 .
11.5 11.58 hl
12.0 11.450 [
14.0 11.62 i

-
(¢,
°
o
[ o
-
°

+ O\
(o]
H



Table II
Titration of o-Amincphenolmrlein with 0.104 N. NaOH

N::lm pi Color
0000 1.75 Colorless
1500 1,82 "
2.90 1.90 Y
3.00 1,98 ¢
4,00 2.19 v
5.00 2,22 ¥
6.00 2.42 "
7.09 2.72 i
T30 2.90 9
7.50 3.10 1
T.75 3.44 "
799 3.90 1
8.00 5.65 .
8.10 6.40 e
g.go g.ho j

[ ] 0 ® .
8.44 9.% ).
8.50 9.54 i
8.60 9.92 3
8.70 10,08 )
8.82 10.36 .
9.00 10.54 "
9.20 10,70 i
9,40 10,80 'y
9.60 10.90 v
9.80 10.98 3 ,

,

% 11.08 o TRty yed
10.3 12,12 . “ -
10.5 11,18 " i i
10.7 11,26 4 3 N
10.9 11.%0 " ¢ g
11,0 11l.32 Definitely yellow
12,2 11,36 g "
11.4 211,38 e g
11.6 11,42 b ¢
12,8 11.48 i ?

12.0 11.% " "



Table IIIX
Titration of p-Aminophonolmalein with 0.104 N, RaOH

RaOH pH Color
=),

0000 2.0 Yellow
0.50 2.08 ¥
0.90 2.6 5
1,40 2,22 "
1.50 2.30 -
1.80 2.32 o
2,00 2.40 g
2.30 2.54 "
2.50 2.68 "
2.70 2.78 o
2.9 3,02 "
320 3.80 "
3.25 6.20 "
3.39 8.30 !
3.40 9.30 "
350 9.96 1
3.60 lo,go :
3.70 o
3.80 1006‘

4,00 10.92 "
4,290 11,02 -
4,40 12,24 "
4,60 11,20 ¢
4,80 1230 &
5.20 11,40 1
5.60 11.46 "
6.00 11.58 "
7.00 11.60 b
8.00 21,70 "
9.00 11,74 "
10,0 21.78 %
14.0 11.88 .

18.0 11,54
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GRAPH 1

TITRATION OF AN ACIDIC SOLUTION
CONTAINING m—AMINOPHENOLRALEIN

©
(O]
0]
@
(O
[0) O]
o ©
©
®
©
©

2 B ¢ 5 6 7T 8 9% 10 N 1
pH OF RESULTANT SOLUTION



Nl. OF 0.104 W. WaDE

S

ONM&&OOQOUB#KG

GRAPH I1

TITRATION OF AR ACIDIC SOLUTION
CONTAINING o~ AMINOPHENOLMALEIN

©0
®

@

©
0]
o
(0]
10)
&
b

o 1 5 ¢ § 8 T & 9 10 1 12

PR OF RESULTANT S0LUTION



Kl. OF 0.20¢ N. BOB

20

arAPH 11X
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Analyaigs
termi n of Ri o .:

The modified K jeldahl-Dunning procedure (21) was used
to determine the amount of nitrogen pressnt in the indiocator
compoundas.

A 0.7 to 3.5 gram gample of the indloator was decomp-~
osed in the prosenoce of concentrsted sulfuric acid and suit-
able catalynts to yleld ammomium pgulfate. The axwmonia wasg
then liberated by the sddition of strong alkall and dlatilled
into an exoess of O.1 nornal acid. The excess acld wasg ti-
trated with 0.1 normal bzse to determine the amount of ammon-
ia liberated.

The welghed sample of the indlcator and ten grame of
potassium sulfate (to act as catalyet) was placed in a
Kleldahl flaske Twenty-five milliliters of concentrated sul-
furioc aold were added to the flask to dissnlve the sanple.

The Kjelduhl flssk oontaining the indicator, oatalyst
and concentrated sulfurlioc aold was then plaosd on a digestion
unit and the contente boiled until perfeotly clear and light
green in oolor:. After the dlgestion was complete, tha flask
and contents were allowed to ocool. ¥hen sufficlently cool,
two hundred millilitere of distilled water were cautiously
added to the acidic solutions

The required amount of 0.l normal acid (100 millilitera)

was measured out and placed im an Erlonmeyer flaske Several



drops of methyl red ‘ndioator were added to both the digested
matoeria)l and the 0.1 noraal acld solution. The Erlenmeyer
flask oontalning the 0.1 normal acid was connected to the
distilling unit with the ond of the exit tube well bLelow the
surface of the acid.

To the aqueous acidic solution containing the sample,
several pleoes of zinc shot were added to prevent bumping
when the solution holled. 3ixty milliliters of Oreenbank's
solution (SO percent KaCH) wers slowly added to the solutilon.
The Oreendbank's solution wae not permitted to mix with the
aoldic solution, but poured so that it would settle to the
botton of the flask. This flask was conneocted to the distill-
ing apparatup and shaken thoroughly. It was then plaoced on
the preheated dlatilling unit snd permitted to boll until
approricately one hundred fifty milliliters of dlstillate had
been collected.

The Zrlenmeyer flaslt containiang the distlilled aunmonia
and the 0.1 norzal aecld was removed from the dintilling unit
and the distillstion diaocontinued. The excess of nold was
titrated with O.,1 normal bage to determine the amount of
ammonla dlatilled.

8ince some of the reagente might contain digsolved
arnonia, 1t was necesaary to rmn a blank deteraination at
the ssme time ss the nitrogpé dotermination was made. The

blank sample contained the same reagsnts used in the nitrogen



daetermination, but without the 1:ndloator sample. Tho same pro-
cedure ag d2garibed for the nitrozan detarsination was repest-
od on the blank.

Trom the valunss obtalned from the titration of the ox-
cesa gtandard acld samnles and from the Hlank deterszinations,
the amount of nltrogen prasent in the gample was caleulated

by uslinag the followineg foroiala,

Percentage N = (Vol.of %gigz;&,gg ggasziagswgg 5)(1000 mle.)
“t. of saxple 199

The rasults zay be found in Tadble IV,
bon _ang %) 2 ina :
The csrbon and hydrogen deterainationa were made by
the Clark dlcrounslytiocal Ladoratory of Urbana, Illinols.

These results auy be found in Table V.



Equivalents
of
Base

le Weight
grang)

Pemmtago
of
Nitrogen

Average
Ritrogen
De termined

Theorotical
Nitroften

Table 1V

Determination of Nltrogen

m=-Amino-~
Phenol

0.00150

0.2274
0.2888

-*e

9.208
9.282

G.245%

C16H1404N2  9.392%

03 6H1203%2

9.996%

Malein

O-Amino~
phenol

0.00813
0.00698

0.9092
1.0216

9.442
9.566

9.504%

9.392%
9.996%

25

p=-Anino-
phenol

0.00208
0.00401

0.302%
0.6012

9.629
9.542

9.486%

9.392%
&t



Table V

Deternination of Kitrogen and Hydrogen

Percentage
of
Carbon

Theoretical
Carbon

Percentage
of
Hydrogen

Theorstical
Hydrogen

C1gH14048
Cq6H1203M2

CyaH1404Ho
Ca6H1203N2

M2lein

o=Amino-~
phenol

66.60

64.42
68 .56

4.50

4.73
4,31

p-Amino-
phenol

65.04

64.42

68.56

4,93

4.73
4,31
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D Regultgs
In the praparation of the aminophenolmaleins there are

three possible atructural foras which miy be obtalned. Thesas

forms aret

Form &

W (Para-compoind)
forn B
o8 A %
®- n = C/ \Q =N -@
| |
I
H'C ~ W

(Crtho-compound)



IC)\
-

C
|
[
‘
N

=)
| o
c

N

(Xeta -compound)

=
|
c

A

H

{Para-compound)

Form G

(Ortho-compound)

%,

c; 7\/\e

Cf‘ ‘
0
') \
N

5
W= (Meta-compound )

N

"

)

/

70

(Para-comp

/0
-0
I
(o]

t\n —n
I
P

N
oun,&)

=0

a7
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The true aminophenolmalein structure 1s l1llustrated in fora

A, the iminophenolmaleln. gstructure in fors B and the cyolie
ether structure in form 0. The amino (form A) would have a
moleculsr formula of 01gH1404No, while the i1mino and cyclie
ether (forms D and C) would have a molecular formula of
C16H120382. The difference betweeu the two molecular formuleas,
is one golecule of water,

Dass and Tewari (l1) reported that the compound they
prepared was the meta-amidophenolmalein, dut conclusive evid-
snce was not given to subatantiate this report. Thelr con-
clusions were hbased simply on carbon, hydrosen and nitrogen
determinatione.

The mota compound wae .soluble in basic solution hut
insoluble in dilute or concentrated hydroohloric acid. 1f
tho compound had a true amine structure (form A) or oyeclic
ether structure (form C), 1t should have been soluble in
acldie solutions. Thus, on the baglis of solubility tests
and esrbon;, hydrogen and nitrogen deterzinations, evidenoe
was obtained which would indicste thst this compound should
be cluseified ss an 1mino with a structure sisilar %o form
B. Hore zocurate studies of the oompound must be performed
before the true structure will bo definitely deternined.

The ortho compound wae insoluble in dilute base dbut
goliibla in oconoentrated basge ;nd concentrated acld. The

golubllity irdicates that this compound should have a
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gstructure sinilar to fofn A, slnco this 19 the only fora whieh
w11 B3 maluhla in Yoth acidic and alkaline snlutions. The
sardon, hyirazen and ritrogen Aeterzinationg tend to sudbe
stantiate Lhis ballef, MNors asourate studles aust da parfors-
ed bHefors thils atructursl fori for tho orthe compowund le de-
finately provan.

The nare compPound wae insolubls in acliilc eolutlions
and goludble in baniec azolutions. 1t is therofore propnsed that
atrmoturally it 1e similar to the nota nrapound and Ats striee
ture is of fora B, The ocarhon, hydrogen and nitrogsn deter-
minations tend 20 favor thig prapocal,

The propaosed resotions for the prepsretion of thece

gorumAds are ronrandIntad delow,

c
-0
i | %‘b /-c C:= + Hao
e~ C  remry | I
wd) TSN DY s=v
< ! H W
¥ 3

{(Heta~ininophenolmalein)
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© o o
”O-‘(' "““‘. \‘c’ \c:‘ @- c,o‘c " @-0” a”ao
) N a N—- +
+ | —>» NO | |
o ¢ A ]
”‘@““* H W T
(Para-Iminophenolzalein)

The ortho coapound was the only one of the three oon-
pounds prepasred whioh 4id undergo a color chance with changes
in pRA. The ortho ocompound was colorless in aolutions of pH
values from 2 to 1l and ohanged to a straw or yellow color
in solutions having pR values from 1l to 14, This would ghow
primarily that the ooxpound will act as an indloator.

Sinoe ortho-aminophenolaalein shows indiocator praper-
ties, the following change 1n strioture i1s proposed to re-

present the ohange in oolor.

o

Ortho~aminophenolmalein does not become colorless in the
presence of excess baae,

The para and meta oompounds did not undergo a change
of color but a change in intensity of color waa noticed.

These ocompounds could not be wsed as indioators.
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Summarys

In this research projJect two new oompounds, ortho-amino-
phenolmalein and para aminophenolmalein, have been prepared
and tested for indiocator properties. Only the ortho-amino-
phenolmalein exhibited indicator properties.

Meta -aminophenolmalein, which had been prepared pre-
viously, was prepared and togtod for indicator properties.
This compound did not show indicator properties.

On the basis of thelr golubility in aoldioc or dbasio
gsolutions, an attempt wae made to predict the structure of
the various ocompounde. The results show that the ortho com-
pound has a true aminophenolmalein struoture and the para
and wmeta compounds have iminophenolmalein structures.

Suggegationg for Further Work:

It would be of interest to determine whether the meta-

and pars-asinophenolmalein could be prepared by some similar
condensation reaction. However, to obtain the correct com-
pound it might be necessary to protect the amino group on the
bengene ring by acetylation or some eimilar method. Better
results might be odbtalned 1f a catalyst other than sulfurlc
ao0ild were used.

It would be interesting to determins how large an an-
hydride and phenolic compound would reszot to give the phen-

olic anhydride ocondenaation Yeaction.
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