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THTRODUCTION

Tho prosont worl was undsrbaken au one part of the
‘rogenrch projost ootoblished in the Applied Sclonce Do
poertment by the Edwal Laboratories, to invoesbtipate tho
nature of dyes; pipments, ond stcondury intermodlalcs which
can be preparsd from phloroglucinel and roleted ccapounds
obizined from trinitro toluasne by processes of roduction ond
‘hydrolysis, with or without demethylation.

¢ Tho phast of the oversll project to be dlocusned horo
vas concerned only with tocpownds whieh wers derived ulbi-
paboly frem phloroplucinols This caspound and 1bs ebhors
- tnd othor simple derivabtiven nvo highly wunctive,; howevors
thoy undergo chomicel tranaformntions with such enco that
any mmtions duc to navzowing the Lisld of worlt cvs moroe
apporent thon rocl, iy o frachion of tho numercun pose
5ibilities wan omplored.

vhile phloreslucinol was the cammon sterting motoricl
in 211 ths aynthiotlc work, onw group of tho intermodictes
propared noy be looked upon as derdved froo cminoe phloro-
glucinol (nobt itoolf pmﬁxar»od) and tho other os derivod
fros S-omine posorcinol; or phlopamine. These compounds

have the following otrucburel fermulan:

¢ N O .
dming Phicoroglucinol

oY



Phloramine -
1 oit (5=Amino Resorcinol)

of particular intéxfbst. in prospect, wore
2,4,C-trinethoxy antline, tne trimethyl ethor of amine
shloroglucinol, and its hamologs triethoxy aniline, tributoxy
aniline, and so on. Trinothoxy aniline was prepared as an
fndex of the properties of this series of aminese - |

Trimethoxy aniline mppeared to have some possibilities
as an anine base for preparing azolc acid wool colors, plg-
nents, and ice colors for. cotton and staple fiber rayon;
although anisidines as & class are not particularly good for
these usoes, ortho anisidine is used to sowe extent as an lce
color base. Trimethoxy aniline was conslderabdly more interw
osting, however, as raw nmaterial for preparation of two of
i1ts condensation products which could be used as coupling
components for 1ce colors and azolc pigments,

One of these products was the trimethoxy anilide. of
bota oxy naphtholc acldy cr DON. The arylides of this acid
are imown comercislly as Raphthol AS, Haphthol AS«~D, etoc,
Thoy have the general i’binula | \

oH
O=-NH-R

in which R represents an aryl group such.as phenyl or

# More cométiv; 2,3-hydroxy naphthole acld
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naphthyl, which may bear substituents. Coupling occurs at
the alpha positlion ortho to the hydroxyl group.

Those arylides mtho nogt wzdol;;gge—oo:\.or coupling
components. Perhaps the chiof explanation of this fact ls
that they have comsidorsblo affinity for cotton and otople
£iber royon and tond to dye tho fabric in tholr own right,
1iko dirccet cotton dyes, cven hofore the £inal formotion of
tho dye propers, Dyes from tho BOR arylidos are often re-
narlzably fast Yo light and wel treatmeonts, and thelr shados
are usually bright and atbractive. Norcover; olthough the
R group of tho formula ebove might Yo bo Lo enocugh from
tho axo group of vhe finel dys to bove 11ttle effoct on the
color, thic is not actunlly the coso. A considorablo range

of variatlion 1z poasible through changing tho R group or its

subatituents.

The other condensntion product was tho acetoccetyl
dorivotive of trimethory anilino. Acetoacetorylides are
used 2p coupling compononts for azole pipments. They have
the formula

H5G=CO~Cl=00=1T=R

in which R has tho scue significance as in tho formula for
BON arylides. Coupling talkes plece at the methylenc group
betwoen the two carbonyls,

In the past, tho beat rosults as regards lightfastness
have been obtained with arylides prepared fraz ortho- or
para-gubstituted arylaninos - such s ortho tolufdino,

1 ke v s e
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orthc anizidine, 3,S~d£4c;§thoxy anlline, Z2-mothyl 4~chloro
aniline, eto. This favorable effect of ortho and para
substituents can be explained, if gamoewhat prinitively, on
the basis of tho camonly accepted view, aupported by &
-congideradleo body of cvidence (1-10), that fading on
cxposwrs to sunlight 1s caused in rost ceses; and
particulorly whero £zo compounds and arylamides m involvoed,
by alr oxidatlon catalyzed by the lisht. Blocking of the
ortho and para positions by substituont groups would lessen
the tendency to form ortho ond pare quinongs, and honoe
would doorecane the ease of oiidation. The effect of ortho
. substitution iz somewhat prester than that of para substi-
_.tut:'.on, perhaps because a proup in the ortho position
hinders sterically the entrance of oxygon (or the abatraction -
of electrons) at the aryl=-nitrogen bond. Since in trimethoxy
eniline the para position end both positions ortho to the
anino froup are occupled, it seored reasonsble to expect good
lightfastness from its derivatlives. _
Another conception, that of electronegativity, also
locds to the aammptlon that trimethoxy anllides would
oxhibit favorable propdrti_aa. The elootronegativity of a
charticel group is proportional to, and 1in fact is masured
by, the tenacity with which it holds the bonding olectrons
betwoen 1t and the atoms or groups to which it 1s atteched,
A mmber of workers, notably Tiffeneau (11-13), rharasch (14,
15), Dachmann (15-20), and their co-workers, have moasured
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rolative elactronegatlivitlos of a large mmbor of groups,.
including subatituted phonjyl groups,  through docamposltions

or roarrangements of compounds in which two goups wore

progont and could be ccmpared. Peaulta of the various

‘1mrost1:;atcra ars in fals agrocmont; in all canos, methoxy-

“oubstituted phonyl mrowm hkve proved to be hishl':,r ocloctro-

xmg;abivb. Horaovers ompirical oxaninction of n lorge mxmbor
of substituted acetcacotanﬂ* des, &% coupling components in
axole ‘pigmonta, indicated thet lightfestnoss was rouchly
proportional to the olectronsgat? ivity of the aryl groups,
Tron correlation of those facts, it appoarcd that tho tri-
mothoxy phenﬂ radiogl "iwou'ld be hipghly electronogative and.

thot for this additionsl roason the condensatlon products.

of trimethoxy anlline would have desirable propertics..

Like trinothoxy aniling, the alnmilar phloranine ether,
5,5~di.mebhax:r aniline, was chlefly interesting os raw ma-

“torial for preparation of more complex intermodinmtos. The

two interzodiation of most Immedints intoresy were

2, 6-dinothory 4-bensoylanino aniline

o N
CO~IH Wy

'0033

# Unpublished work of . Be Roynolds
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and 2,8,4'~trimethoxy 4~-amino azobenszone

z’z;,co

HyCO
The Lirat of these would be prepared by coupling dlazotized
sulfanilic acid with 3,5-dimethoxy aniline, benzoylating the
product, and then reducing the benzoylated azo compound. The
socond would be prepared by coupling diazotized 4-anisidine
with 3,5-dimethoxy aniline,

In prospoct, these two intermediates were of interest
chiofly as Lce-color bases, although they might also have
sone application to the preparation of azolc pignents, acid
wool colors, or direct cotton dyes. The dimethoxy benzoyl-
aaino anlline roamblqs & group of ice-color bases, widely
used camercislly, which have the general formula

R
O
: RO

in which the R represents an alkyl group (21, 22). iﬁau
aninos give blue colors of varying depth with a wide varlety
of coupling components. The similar compound to bLe prepared
with the alkoxy groups in the 2,6~positions instead of -the
2,5~ waa expected to glve at least ms great a depth of color,
Such & blue base would be a valuable article of comuerce,
especially if it proved to.give dyes of good fastness.
Likewlge, the trimethéxx anino agobenzene, by axialogy
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with a number of dyes in which methoxy groups are ortho to
. 8%o groups, was oxpected to give blue or dark crimson shados.
Benidqs havii:g éaﬁisractcry rasﬁnbu and & desirable

. shade, & good Lce color must be bright and clear, free from
‘the dullness which nakes many othorwise excellent dyes un-

attractive. Methoxy~subatituted loo~-oolor intermediates in

gonoral rank high on this score, another fact which auguroed

well for the intermediatés to bo propared.

EXPERIMENTAL PART

The greater part of the exporimental work was the
synthesis of tho necessary corpounds. Trimethoxy and dl-
methoxy aniline wore of course the key compounds to bLe
prepared.

mrimethoxy aniline was prepared through smination of
trimethoxy benzene, and one rethod tried for preparation of
dimethoxy anlline was amctonolysis of dimethoxy phenol.

Hence supplles of these methyl others of phloroglucinol were
neecded, and a nmethod of preparing them was woried out,

 The synthetic nethod finally adopted for 3,B~dinmethoxy
anliline involved (1) proparation of phlorsanine by mmacnolysis
of phloroglucinel, (2) acetylation of phloramine to S-acetyl-
axino resorcinol, (S) selective methylation of the hydroxyl
groups of acetylamino resorcinol, and (4) hydrolysis of the
dimethoxy acetylamino campound so obtained to get the
dimethoxy aniline. A mumber of the compounds obtalned along
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the way in ﬁhis rather ocznpiioatbd -ynthoaii were now, and
had to be analyzed and characterized. This is true also of
trimethoxy antline and all its derivatives.

After preparation of the more ccﬁplox intermodiates
discuspod above fran the trimeothoxy and dimethoxy antlines,
they were evaluated by proparing from them pigmonta and
ice colors, which wore teatod for faptness to light,

Mothvylation of Phloroglucinel

A falrly satisfactory methed for praparation of
trimethoxy benrene has been known for scme time (23), but the
known methods for dimethoxy phenol (24, 25) and methoxy res-
arcinol (26) gave poor ylelds or were inconvenient.

Bases of the Presont Procedure - The methylation
procedure which was avolved in the course of some two or
throe dozen preparations of trimethoxy benzene and dimethoxy
phenol is based on four nain considerations:

(1) Phloroglucinol methyl ethers, unlike those of other
phenols, camot be formed by reacting the phencl with aguecus
alkali and methyl sulfate, Inatead, these reagents lead to
attacimmont of methyl groupa to the alx-membered carbom
ring (27)e If ethers are to be cbtained, an acid methylating
agent 1s essentlal as long as wmethylated phloroglucinol is

roaent.
(2) Intermolecular condensation ocours quite readily

with phloroglucinol, so that high temperatures and highly
concentrated reagents, whethor acid or alkaline, rust be
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 (5) Since phloroplucinel has three functional groups,
tho methylation ocours in steps. A mixture of moﬁo-, d1-,
and tri-methyl ethers is always obtained, so that tedious
napa.rationu muat be cmied out. Tho prbporbicm of the
thme nthau obtained nmay be varied, within 1imits, by VAYY=
ing the qu,antits.en or‘.reagonts used and the reaction tine,

| (4) Separation of the three products is possidle because
of solubility differences. The trimethyl ether, a solid at
room temperature, I1s insoluble in aqueous alkall, in which
both ths other bompounds are soluble. In acid or neutral
agueous media, the monamethyl ether 1s highly noluble, the
dimethyl ether only siightly so. The dimethyl ether is
readily extractible rrom such a medium with benzene, which
romoves only & nogiigible gmount of the monamethyl ether.
I’imlly, the monomethyl ether can be oxtmotad rron its
aguecus molution with dlethyl ether. ,

Preparation and Separation of Crude Phloroglusinol
Ethors - One methylation, on & 4.G-molar scale, was carried
through the following steps:

- (1) Seven mundred twenty-one grams (4.5 moles) of
phlcroglucinoel dihydrats were refluxed with 1701 gms of
mothyl sulfate (3 mole »pafﬁs) in 4.5 liters of solvent-grade
methanol for sbout 16 hours. The Yeagents wore contained in
a 12-1iter round-bottem flask heated in a water bath by &
stemm coll and fitted with two 2-foot reflux condensers,
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one atop the other, Tho bottom condenser was Straight-
walled, about threo=fourths inch in insfde diametor; the
upper condenser was & bulb condenser of somewhat smaller
minimm inside dimmeter, An efficient reflux nystem of large
capacity, such as the one described, ias needsd because large
quantities of dimethyl sther are formed in the firat part of
tho reflux period, and the dimethyl othexr vapors entrain
considerabls methanol.,

(2) The rethanol solution was allowed to cool. The
orliginal 12-litor Ilesk was fitted with a vapor-tight
stirrer, passing through the same rubber stopper as the lower
roflux condenger, the condensers being left in place., Then
5150 1l of 10N NaOH (7 wuole parts) were added in small por-
tions through the condensers, with stirring, followed by
1350 ml of water which were a&ddod in suoh a way &8 to wash
down the sldes of the ccondenscerz. Then refluxing was resumed
for about 16 hou_rs; during this reflux period stirring was
nocessary to prevent bumping.

(3) The reaction mixture was allowed to cool, thon
filtered. From the reaicue, a mixture of trimethoxy benzene
and sodium sulfate, the sodium sulfate was removed by atir~
ring with Cfivo liters of wator wammed to 40-45°C, and re-
filtering. One Imndred seventy grams of orude trimethoxy
benzens (22.57) wore obtained, The crude product was grey
in color and melted at about 509C.

(4) The riltrate from step (3) was concentrated in



 vacuo till"dmta‘ls of trir_nethoxy bensens began to ".appeu- in
..thc dlstillste. The aqueous concentrate on cooling ylelded
: an addftlonal 26.5{ gus (3.55) of crude trimethoxy bonzeno,
_ vhich wore filtered off, From the nsthanolic distillato an
cdditional 3.8 gma (0.53) of trimethoxy benzene were ree
covored by addition of 2,5 times its volume of 259 /v
cqueous Ha0l. The trinethoxy benzene was precipltated and
filtered off. o

~ (B) The filtersd aquocus concentrate from step (4) was
- acidified with 376 nl of concontrated HCl. The total volume
was thon about 4500 nl, which was dlvided into throe ap-
proximately oqual parts. The three parts wore then extracted
successively with five 450-ml portions of solvent-grade ben-
gone, The benzene sxtract was filtered throuzh ootton, after
which tho benzeone was removed in vacuo, ylelding 360 bns
(60.4%) of erude dimethoxy phenol. This product was an oily
.v:tnéoua smber liquid, with a strong phenolic odor.

In the prepufa,tion dosoribed, mothoxy resorcinol was not
fsolated. However, if lsolation had been desired 1t could
have boon carried out as Lollows:

(6) The benzone-oxtracted aqueous concontrate is L{inally
extractod with five portions of diethyl ether, each about 3054
of the volumo of tho aqueous solution. (Note that diethyl
othor oxtracts the dlmcthoxy phenol az well as the methoxy
resoreinel, unless. the former iy first extractod with ben-
zens.) Evaporation of the ether ylelds not more than 5~10%
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of the thooretical éncunt of nethoxy resorcinol. The yleld
was 15 in one mothylation similer to that described. The
crude nethoxy resorcinol is an amber-colored liquid, but
crystallizes on standing.

Ir the refluxing of step (2) is omitted, the ylelds are
different. In one such cagse, the ylelds were 10.4% of tri-
methoxy bonzone, 25.7¢ of dimethoxy phenol, and 57,37 of
pothoxy resoreinol.

Purification and Proporties of the Ethers - 1,3,5-

Trimstho;y.bcnzene can be purlfled Ly stean diatlllatlion,
folloved by crystallization from 4 to 6 ml por gram of low-
bolling petroleunm ethers. It 13 a compact white crystalline
solld (prisms from alcohol, needles f{rom pstirolsun sther)
nolting at 54~55°C and boiling without cecomposition at
255.59C (corroctod) at atmospheric pressure. It has a
chavactoeristic pleasant odor and as indlcated 1s volatile in
steats Insoluble in water and cold potroleum ether, it is

fairly soluble in other comuon solvents.

5,5-Dimothoxy phenol is purified by vacuum distillatlon, |
Tollowed by crﬁstallization Trom a nixture of benzens and
low-bolling petrolcun ether. Laerge transparent orystals
(platelets) can be obtained. The meltlng point is 44°C (car-
rected), and the bolling range at 17 m preossure is 172-175°0C.
Dimethoxy phenol is similar to unsubstlituted phenol in ap=~
pearance, odor, and behavior with solvents, but lacks ita
irritating effect on Imuman skin.
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B~Methoxy resorcinol is difficult and inconvenient o
purify, It oamnnot be distilled even at fairly low pressures
without conaldersble loss. Vhen distillation is nbtermpted
at 4-6 rm, intermolecular condensation occurs, resulting in
" simulteneous resinification and distillation of water along
with some methoxy resorcinol, The distillation rate and
boiling point do not bocome constant (the latter ranged from
168 to 1789C in one instance). The dlstillate ls a mixture
"of hydrated and anhydrous methoxy resorcinol.

Pure samplos of mothoxy resorcinol can be obtained,

howover, by orystallization from benzene, The crude product
18 Cirst triturated once or twice with a convenient volume of
cold bongens, to romove the dimethoxy phenol which is always
 prosont. Then it 1s crystallized from 40 to 5O ml per gren
of benzene, the hot bonzons solution being dried by means of
a nide-arm reflux. Denzene dimsolves about 3.3 gns of
anhydrous methoxy rescrcinol per 100 ml at the boll.

Coripact white oryatals (prisms) can be obtained by two
such crystallizations from benzens. The melting point 1s
B889C (corrected). A hydrated form molting at 36-3800 1s
reported in the literature (26). Samples of the arhydrous
compound whigh are not carefully purified may melt as l1ow |
‘ns 60°C, ’ |

lethoxy rescreinol 1az extrsmely soluble in hydroxylic
solvents, piving syrupy solutions when concentrated. It ia
also quite soluble in diethyl other and acetone. It is
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fnsoluble in potrolews othor and in cold benzono, chlorofor:,

and carbon tetrachlorido.

Preparation and Proportios of 2,4,6-Trimethoxy Anlline

The method of preparation denends on the counling of
trinothoxy bonzene in dilute acetlc acld with dlazotlsed
sulfanilic zcid, followod by reduction of tho rosulting asno
conpound with sodium hyposulfite, NanSn04e Coupling to tri-
mothoxy benzene was first descrlbed by XK. H. Moyer and
Lonherdt (28)e A preparation carriod out on a half-molar
scalo 1la deacrlbeds

Tho dianzo compound was proparcd frai 86.5 gns of CP
anhydrous sulfanilic acid (0.5 mole)e The dry sulfanillc
acid was mixed with a spatula by hand in a Coo-ml boalior
with 55 gms (about 0.6 mole) of sodium nitrito. One hundred
firty grams of crushed fice and 50 ml of water wero added to
the nizture, with stirring by hand. Finally a cold mixture
of 22 nl of concentratod sulfuric acid (0.756 oquivalent),

50 gas of crushed 1ceo, and 60 nl of water was added, and
stirring was contimued for 10 or 16 ninutes. Excess nitrous
goid was dostroyed by adding & little dissolved sulfomlc
aclid. The finol dlazo supponsion was a thin alurry.

This was added portionwlse to @ stirrod and oxtornally
cooled solution of 88,2 gns of crude trimethoxy benzeno
(0.525 mole) in 400 ml of glacial acetic acid contalning
123 gms of anhydrous sodium acetate (1.5 moles)s Tho
trimothoxy benzene solution was in & 1500-ml bealter. The
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sodiun acotate did not o1l discolve beforc mddition of tho
aiazo compound; tho cooling bath frioze the acotic neid to a

rualy vhich mol{:od as tho dlazo mixturo sras added. Two hune

drod nilliliters additionad glocial acotlc acid wero usod to

wash in the lont portlons of the dlaso slurry and to wash
dovm tho sldog of tho contalnors Stirring was conbinued Loy
56 hours,; the temperature of tho roaction mixturs Loing kept
bolow B5OC for tho firot 12 hours? |

The nogo gulfonie ccid formed in the coupling rcaction
was o bright rod crystalline golid, It wag £iltored off
with puetion, wachod with 76 ml of placial ncebic ceid, and
driod in an alr déraft until froe from the odor of ncctio
celde Tho product woighod 23G.8 pms, or sbout 1359 of
thoory for £2,4,G-trimothoxy asobonzene 4'-sulfonic acld.
Agh ond total sulfur deborminations indicntod contamination
with sodiw gulfate oand dome sodium scetato, with practically
the theoretical yisld of ano compound.

Tho roductlon of tho azo compound wasy cerriod out ina

S-1itor Sensck round-bottaz flask fittod with roflux, vapore

| ticht stivrror, and powdor funncls A colublon weo propared

of 220 gme of the azo cempound (nssumed to be 0448 molo) and
100 o of MaOHm (2.5 moles) in cbout 750 ml of wator. In
the round=-bottom Tlaslk, 200 ml of wator were atirred and

% Diazobized sulfanilic acid appears to bo legs simble In
vcotic acid solution than in wator, ond coupling ic accome
panied by considerable evolution of heat., Hence the uso
of the externel coolinr bathe Tho dissoniwm pulfate ig
‘preforred to the chloride &s being more stable.
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heatod oen a ctoan baths To tho hot water were added
portionwise 225 mms of sodfiun hyposulfite (1 mole of HapSaOs
by iodine titration) and tho azo golution, altornating addle
tions in such a waoy that tho nmixture was lept just .
decolorizoed. FPFinally, tho reaction mixture was hoatod and
atirred for 2 hours and allowed to cool overnight, Thore
were thon present sbout 100 gms of crystalline solid and
tbout a litor of liquid, including naue oily droplota.

The liquid was decanted from the solid crystels, whioch
woro then dissolved in gbout 400 ml of water. The two
liquids were oxtracted succesgively with 6§ 100-ml portions
of bonzene. Removal of the benzone In vacuo gave 8l s of
crude products This was fractionatod at 12 rm iIn a nitrogen
ctmoaphere (maintained by bubbling a capillary stroan of ni-
trogen through theo bolling liquid). Tho main fraction, an
oil, boiled at 159 to 160.59C (uncorrocted) and welghod
5045 gms (5757).

A portlon wag redistilled in vacuo, again in o nitrogon
etnoephore. Twonty grams of the redistilled nmaterial wore
dimgolved in 20 ml of CP benzonos filtered, and atirred, with
oxternal ccoling, during dropwlse additilion of 100 ml of lowe
boiling potrolewm othor, Vhite orystels appoared; thoy vore
suctlon-riltered, washod with & nixture of 8 ml of benzono
and 40 ol of petroleum other, and dried, first by aapirating
air through the filtor and then in vocuo over calcium chloride.

The dried crystals woighed 15.C gma (795 recovery).
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thon viowod under o low-power nicroscope (16x) they woro zcon

to be ninute clustors of short branched cylindrical rods.

"mwy hed a pale pink onst,; scarcely noticoablo, which

appoarod while thoy wore being alr-driod. Tho moliing point

was 33°C (corrected). Refractive index at the molting point

wags 1.6560, at S59C 1,6555. Trimothoxy aniline 1s soluble

in all the comon organic solventa except potroleum other,

ond ‘glightly soluble in water.

' Analytical Datn -
Calculated for

Colly 5105 Found
% Carbon 59,00 59.03 (58.82)
< Hydrogen 7.15 7.00 (6404)
o Ultrogen 7.64 7.76 {7.77)

Proporation of 3, S5-Dimethoxy Aniline
3, 6-Dinothoxy anilino is mentionoed in the litorature (29),

having boen prepared by Sela and Fuchs from 5,6-dimethoxy
bonzoyl amide by a Hofmann rearrangemont. Those worlkors also
deseribe tho benzoyl dorivative of the amine.

Ag already indicated, the proferred synthetic mothod
glven here dopends upon successlve application of processos
of ncetylatlon, mothylation, and hydrolysls fo phloramine,
vhich 1s propared froa phloroglucinol by armonolysise.

Proparation and Proporties. of Phloranmine « Phloranmine

was Lirst descrlbod by Hlasiwetz (30), who proparod it by
allowing a mixture of 10 gms of phloroglucinol and 650 ml of
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azmonia to stand, apparontly in an opsn bLeakor, '"for a fow
hours." Pollal (31) was uaablo Lo propars phloraming by
Mlasivots! procedurs, bub ho did gob a good yiold of
phloranine by soaling tho reagents in a hydrogon-fillod
Elass tube and allowling thom o stand for 2 or 3 days.

Yhon proparation of phloraminoe for the progont work was
attompted, it soon becano apparent that Pollalits claborato
precautions to prevent oxidation of the product are une
necoeagarys. The large exéosa of armonia used by both invostlw-
gators appoars to bo not ‘only unnecessary but undeslrablo.
Soveral batchos of phlcramine were prepored mercly by otine
ring an aqueous suspension of phloroglucinol dihydratc with
a 107 excess of amaonia for 1 to 2 hours,

M the orporimont which gave the best yleld, a mixturo
of 197.6 gas of phloroglucinol dihydrate (1.22 molus) with
88 1 of concontrated aqueous crmionia (SG 0,93 aboub 1.34
roles) and 126 ml of distillod wator was stirred at room
tomperaturoc for ono hour, In a l~liter Erlemmeyor Iittod with
a vapor-tight stirrer and an inwerd-cutward Bunsen valve to
roduce contact with the air, Thon the reactlon mixturo was
rofrigorated for 5 hours and suction-filterods Tho rosiduc
was waghod with 50 ml of ice water, dricd in vacuo ovor
sulfuric acid, and pulverized. Tho product was & palo
sillvor-grey powdor with a slipght but dofinito odor of
armionia; 1t welghed 158.5 pus (00457).

Vhen hoated rapidly, freshly preparod phloramning



docaiposes sherply, with coffervesaence, at somo tomporature
betwoon 155 and 18500, the oxact Lemporaturs depending on
the rate of heating. Waon held at 100-1100C for ony length
of time, phlcoramine slowly rosinificd.\ It derlons and do-
compoaes graduslly whoen o:rpo:xéd to light ond aiv, cspecindly
in nqucous solutlon. It 1s falrly solublc in wabor, oven
at 0°9¢; and in other hydroxylic solvenbo, but not in cthor
or nea-polar solvonts gencrally, The solublliiy in water
incroagsog rapldly as tho temperature rlscg.

Proparation and Proportles of G-Acobylanino Resorcinol

The problom of mcetylating phlorami:io to geb ool Ficlds of
S-ncobylanine resorcinel was not satlafactorlly solived, Tho
phloranmine appoars to docoiposo during the course of the
acetylation; tho docaaposition may bo cabalyzoed by enell
amounts of impuritles.

A good yleld was obtainod in ono onso, howovor, whon
12.5 g of freshly propared phloramine (0.1 wole) wore
:susponded in 25 nl of srator and troated with 10.2 gio of
acotic anhydrido (0.1 molo) ab roun tomporaturo. Roaction
vag immodiatos im:.at srag ovolved ond tho finoly powdcred
phloranine wes replacod by & orystalline procipltete of
gomovhat largor particlo oizo. This was separated ond alpe
dried, tho crude product woighing 15.5 gms (B1F).

Othor oxporiments with tho same or slightly different
procodurss gave ylelds as lov og 100

S~Acobylomino rosorcinel can be purificd by
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rocrystallization froo acotic ncid or, preferably, Cron
wator (5 to 6 ml por gram)s It 1s goluble in othanol and
mothanol, slightly soluble in cold water and cold glacinl
acotic acid, insoluble in non~polar asolvonts. It io a
colorleoss crystalline solid (noedles) which molts ot
223.59¢C v(corroctod).

Aralytical Dateo - |

Calculatod for

CoHlghiOy Found
¢ Carbon 57.48 57.38 (57.31)
¢ Hydrogen 5443 5.56 (5.28)
£ itrogen 8438 8.37 (8.58)

Proparation and Properties of Acetyl ‘3.5~D1motho>gx
Anilide = llothylation of S~acetylanino resorcinol with

aquoous allmli and mothyl sulfato was trled scmowhat timidly,
at firat, as a test-tube exporiment, since it was feerod that
rmothylation of the hydroxyl groups would be accompanied by
hydrolysis of the acotyl group and simulbancous mothyloation
of tho unblockod amino groupe Howevor, the oxporiment was
vory successful,

Ono and sixty-soven undrodths grams of acotylamino
regorcinol (0.01 mole) was dissolved in 4.4 ml of 101 MNeOH
(0.02¢ mole) ond 2.5 ml of water, and shalon with 2.52 gug
of mothyl sulfate (0.02 mole). The test tube was coolod
occasionally in tap watosr. TFrocipitation of the whilte solid
acetyl dimethoxy anilide occurrcd almost irmsdlately. This
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wag geparatod and dried; tho yield was 1.15 gzs (593).
Repotitlon with 0.51 mole of acobylamine rodorcinol and
nroportionate nmounts of tho othor roagonts gave 21.0 gms of
acotyl dimothoxy anllide (34.7%¢). This poor yiold, as coae
paved with that In the test-tube oxporimont, wag probably due
to poor temperaturo control of the roastion nixturo.
Acobyl 3,;5~dimothoxy anllido crystallizes as vhdte
noodlos frem wator, dlluto othanol, of xyloncs It molbs
ab 164.59C {corzoectod) and is Ingolublo in most corion
golvonts in tho cold.

Analytical Doabo -

Caloulatod for

Ca oty 5105 Found
¢ Carbon 61.52 Gl.65 (61.74)
¢ Hydrogon 6.71 GeG5 (6.77)
o Hitrogon 7,17 7.18 (6.,91)

Hyérolysis of Acotyl S,6-Dimothoxy Aniiido -~ Twonby and

eight-tenthis grams of crystalline acotyl 5,5-dinothoxy anile
1do (04107 nole) wore rofluzad for 4 houwrg with GO m1 of 10N
NoOH (0.6 mole) in ¢ mixture of 40 pl of wobter and 100 nml of
rothnnol. Extraction of tho cooled mixture with 4 100-:l
portions of benzene gove 14.3 pgze of crudo dimethoxy
amiline (70.42).

Proportiog of 5,5-Dimcthory Aniling - For purilficetion,

{ths crude Arothoxy eniline frem the oxperiment just do-

‘seribod vag cambinod with other erude materisl conbnining



diazobizablo amine boliovod to be dimsthozy unilino. tho
tosal crudo, woighing 30.9 gag, was fractionatod at cbout
12 113 the main fraction disiilled at 153-156000 and wolghed
16.0 gus. It waa dlasolvod in 25 ml of benzonc mnd Lfiltorad.
The solubtion was gbirred, with oxbernal cooling, duwring drop-
wviue eddition of 16D ml of low=bollilyg potrolowa clhor,
Clustors of ool whilto nocdle-phapsd crystuls woro procipl-
tatod., The purifiod maborial weighod 14 gns whon dried,

™wo pxeang wore fumbhor purifioed by solublon in veid and
roprocipitetion with sodliwn acotabto, followed by another re-
crystallizetion frcm bonmone and potroleour: olhore ':."ne arl-~
fiod cainc is o i‘luff:} vhite metorial rolting ol 53.8°C (cor-
rooted). Sclke end Fuchs give 46°C. In behavior with
golvents und ¢ase of oxidabion, dimothoxy nnilixio regoables
unaubstituted anlline, but it lacks tho proncuncod oder of
that campound.

Analytical Date -~

2 2
Calgg%?:ggai‘ox ‘ Pouand
< Carbon 82,72 62,85 (62.07)
3 Hydrogon Vo224 7.22 (7.38)
¢ Titrozen 9el5 9.28 (3.80)

Bonzaoyl 3,5-Dimothozy Aniilde - Tho benzoyl dorlvative

of dimothezy aniling was propared chiclly bocouse ito melie
ins point g givon by Sola and Fuchy (23), A smoll quantity

wag radoe by o Schotion-Dowzonn reastlon and rocrystailised
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froan o large volume of wabters Tho molting point wen
1380¢ (corrocted). Solre and Fuchs give 139¢0.
Analytical Data -
Calculated for

6153151103 Found
¢ Carbon 70,02 70.18 (69.75)
< Hydrogoen 5.88 5.06 (5.89)
< Mitrogen Gadd G.26 (5.22)

Armionolysis of 3,06-Dimothoxy Phenol - Ammonolysis of

dimothoxy phonol was tho firat mothod tried for proparation
of dimothoxy aniline. In the Lirst oxperiment carried out,
a omall amount of dlazotizebleo amine wag obtainod by bub-
bling ocmmonia for 48 hours through a rofluxing solution of
dimothoxy phonel in xylonoe The yleld was so smell as Yo
bo nogligiblo, and this oxoolt method of proparation was not
pursued further.

In each ol tho other two ammonolysis oxperimonta,

77.1 gns of dimebhoxy phenol (0.5 mole) was autoclavod with
aqueous smmonium pulfite prepared by bubbling sulfur dioxide
into 200 ml of cold concontrated ammonia (SG 0.9) until tho
inorease in wolght was 60 pgms. Thio is the well~lmown
BDucheoror method (32).

In the first of these experimonts, heaf;ing wag abt 142
to 1620C for 17 hours. 7The outoclave was openod when loakage
devolopeds A fow drops of dlazotizable ocmine wore 1golated.

" TIn tho final oxporiment, heating was at about 160°C (plus
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or ninug 59) for five dayse. Vhen tho autoclavoe wag oponed,
nost of the contents ﬁa:z charrod, but two grams of mntérial
containing diazotizablo anine wore isolated by maling tho
roactlion nixture highly allkaline s:ith sodivm hydroxzide and
extracting with bonzeno. This product was fractionated in
vacuo. The main fraction weighod sbout half a grenm and was
colloctod at 176-1820C and 12 rme. I¥ golidifioed on standing
at 0°c, ‘

The acetyl dorivativo of this amine was preparocd by the
action of acetic anhydrido in xylene on half the maln frace
tion. 1ixod molbing points wore talon of both the omine and
tho acetyl derivative with tho amine and acetyl dorivative
obtatned through mothylation of S-acetylamino rosorcinol, and
tho compounds wore found to bo identlecol.

Thoe autoclave experimonts wore discontimmed partly
beoouse apperatus which would supply agitatlon under progsgure
wags not available, and would have had to bo buillt, and partly
bocauge the optimum teomperature, concentratlong, and reaction
tine for this roaction wore not known, und would have had to
be determined by trisl and orror.

Condensction Produveta of 2,4,E~Trimothoxy Aniline
Acetyl 2,4,8-Trimethony finllide ~ The acetyl derlvative

was prepoared for furthor characterization of trimethoxy an-
ilino. A fow drops of trimethoxy anlline wore warmed in
xylono with o 105 oxcoss of acotlic anhydride. Too product

appeared as whito crystals (clustors of long ncedles) when



tho z;olub:!.on coolod, and was purdifioecd by rocryobtellization
i‘rom water (16 ml por pgram)e. The molting point wag |
- 147.7°C (corrocted). |
Analytical Data -
Calcuwlatod for

C3155104 Founs
< Carbon 58,85 58467 (E8.39)
% Hydrogen G712 G.76 (6.76)
¢ Witrozon G.22  Ge22 (6424)

Acoboacotyl 2,4,6-Trimsthoxy Anllids - A solutlion of
13,3 gns of frimethozy anlline (0,075 nolo) in 40 ml of
xylene was cdded dropwlog to a rofluxing solutlon of 15.0 gns
of acotoacotlc ostor (0.1 molo) in 20 ml of xylaoncs Tho

acctoacctic ester solution was In a 5C0-ml Clalison flagic
£it%04d with dropping funnol, thermomobtor, and dowmward wabters
coolod condenaor. Thoe trimothoxy anlline solublon was added
ovor o poricd of about 45 minuteg, whlle the roaction mixturo
oy heatod Just pufficlontly to distill off tho ethanol
formod without loas of xylenc. Hoating was conbtimizd feoxr
fifteon minutos aftor all the trimothoxy anilino had bacn
addod.
Then the xylene ::olutién wag stirrod by hand with o

nizturce of 10 HC1 and 50 gms of corashed ico. The procipltated
L}gggg;l trinethoxy anllido was £1ltored off and purificd by
golution in caunstlc and veprocipliatlon with acid, The ylold

£ purifiod product wap 11l.4 gos (870).



A portion was fuprthor purified Ly geveral rocrystale
13izaobions frea wator. Tho Cinel produet, fine pale anbor
noosdlog,; rolted at 155.,79C {correctad),

Analgytical Tata -

Calculatod fox .
O3 5thyli0s Found
< Carbon 58.41 55.45 (568.55)
& Uydrogon G2l 6«27 (G.20)
% Uitrogen 5.24 5.26 (5.41)

2,5-Hydroxy laphthoyl 21,4%,6%~Trimothoxy Anilide - A

nixturoe of 27.5 guo of BOY (04146 mole) and 25 fug of une
puprifiod trimothoxy anilino (ebout 0,137 mole) in 200 nml of
xylono was hoated with stlirring in a 500-mi »ound-botton
Llasl: provided vith ¢ reflux, dropplng funnel, and vapors
tight stirror. Vhon tho temporature roached 709C, hoating
was discontinmuod and 8.1 gma of phosphorus trichloride
(5.2 ml; 0,059 mole) were added gradunlly through the drop-
pinz funnol. Then tho recgents were rofluxcd untll HCL
censod to be ovolved, sipgnalling completion of tho reactlione.
Fifty nillilitors of wator and 16.9 gua of 1iasC0s (05
equivalent) wore added to the ronctlon mixturo, after which
o dovmrard condensor wes commected ond the siylone resoved by
stean disotillatlon., Then the crude anlllide vao Liltored off,
This was wot out with 50 ml of othanol, stirred with
S0 1 of 10N NalH (0.5 molo), ond dlusgolved in 200 nl of

wator. The bagic colutlen wag Liltered and gllrred during



-7 -

dropwlse additlon of o solublon of 25.2 gns of NaliCO; (0.3
wole) in 300 nml of watere. Reopreocipltation of tho anilide
was conploted by adding & fow amall lumps of dry ico. Tho
purified product was gsoparated and dried at G0°C. Tho vield
wag 58.2 gma (793).

A portion was furthor purified by threo rocrystellilicas-
tlons froaa about 16 ml per gram of glacial mcetic celd,
Aftor being dried in vacuo ovor sulfuric acid, the purified
product, consisting of fino pale amber ncedlos, molted at
22190 (corrected).

Analytlical Data -
Calculatod for

Cooy9105 Found
¢ carbon 6797 68,00 (67.94)
$} Hydrogen Be42 5+34 (5.32)
7 Mitrogen 5490 3.80 (4.21)

Tho procodure for proparation of thoe BoN dorivative of
trimothoxy aniline has boon given in some dotall because 1t
1s tho general mothod for proparation of BOIN erylidos.
Sovoral arylides which wore not obtainable camorcianlly and
'which vmrd wantod for caaparison with the trimothoxy anilide

wore preparod in this way.

Canplox Tntormodiatos from J5,5-Dimothoxy Anilline

The structures ascrilbed o these products are based on
the assumption that the rospective diezo compounds couple
with dimothoxy anlline at the para poasition to the anino
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group. Coupling with unsubstituted aniline 1z at tho para
poasition to tho oxtent of over 90"’
Proparation of 2, 6~Dineth oxy 4=Ponzovlenmino Aniline -

Tho following throe stops woro involvoed in this proparations
(1) Threo-hundredths mole of dlazoetizod gulfanilic acld
was proparod es doseribod on page 14 and added portiomise,
with stiveing, to & slurry prepared by cdding 335 ml of 4N
sodiwn acotate (0413 10lo) to o solutlon of 5.0 gns of dl-
rmothorzy aniline (0,035 molo) in 60 ml of waber and 16.50 ml

of 211 HOL (0,033 molo). Tho reaction may be roprosonted as

- v
| 00
ILCO

Tho product was filterod off, washed with 158 HaCl asolutlon,

Tollows:

and daried in vacuo over sulfuric acid.

(2) The azZo amine sulfonic ncid product was bonzoylated
by troating its sodium salt; in about G550 ml of podium core
bonate solutlon, with bonzoyl chloridos



Hy4CO
a0z 1= W, + @-00-C1 + ¢ Naplos
500

e— rmo-s@ <:>1m-co-¢ + &  HpC05 + Tacl
H500

Succeaslve additions of carbonaote and benzoyl chloride (not
woilzhod) wero made, with vigorous agltation, until tho mix-
ture no longor containcd diazotizable amine. ThHo carbonate
ugod was Just onouch to koop in solutlion the sulfonic acid
and the benzoate farmed by hydrolysis of unusod benzoyl
chloride. The Linel volumoe of the golution was about 400 ml;
it was usod as was for the finzl step.

(3) Aftor addition of 1'7.6 gms of #a0H (0.44 role), the
solution was warmed to eboub 809C. Then onough sodiwn hypo-
sulfite was added in small portions, with stlrring, to do-
colorise tho hot mizture completoly. Tho dimethory benzoyl=
onmino aniline procipitetod as It fermod. It ig uncortaln
vhothor theo hyposulfito 1o oxidlized to gulfate or to sulfite,
- but 4if ono asmumos the latter an cquation may bo writton as

followoe
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H5C0
%c08 1= HI-C0-f + 2 Nag8,0y + 4 NaOH
IL.CO

—>  Ta03 <:>m,, + ;a-co~:m<:> 4 NS0,
ocrty

Tho produck was purifiod by solution in hydrochloric
acid and :-oprocr:i{;a“on with codiua acclates Tio ovorall
7i0ld was 5.0 gms (C40) of shiny light-groy crystals wvhich
goftonod at 174 and molted at 1769C (correctod).

One gran was further purdified by two crystallizations
fraa 05 0l of boiling bonzone to which just onough othanol
(anhydrous) was added, dropuiscs to bring about solution.
In this way was obtained ubout half o gram of small pale
anbor noodlos which molted at 176.89C (corrvcted).

Analytical Data - |
calculatod for

Gyt oHn0s Found
% Carbon 6616 66412 (0G.04%)
< Bydrogon 5,92 . BJ74 (5,71)
¢ Mitrogon 10,20 . 10.23 (10.15)

Proparation of 8,6,41-~Trimcthoxy 4-Amino Azobonuond «

For this product, dinzotized 4-anizidine was coupled wiith
dimothoxy onilinos
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M5C0

Nz00 TL00 i
15C0
1,00

—>  HgCO Y27 m, + H,0
Y5CO

Tho diazo canmpound was propared by dissolving 4,0 gms
of 4=-gnipidine (cbout 0,033 molo) with 40 or 50 ml of wabor
containing 8.2 ml of 10H HC1l (0.082 mole) and 30 or 40 gus
of orushed 1lce, and stirring the resulting cold solution
during dropwise addition of 16.4 ml of 2N NalO, (about 0,033
nmole)s Aftor 10 minutea! stlrring, a very slight oxcesa of
nitrous acid was doptroyed by addition of a 1little dissolved
sulfamic acid, and the dlazo solution was troated with do=-
colorizing carbon and filtored.

Thoe filtrate was droppod, with stirring, into a glurmry
obtatned by adding 26 ml of 4H sodium acobato (0.1 mole) to
a solution of 5.0 goo (0.0353 nolo) of dimethoxy oniline in
10,5 ml of 21 HCL and 25 ml of wator. Tho volumo of the
reactlion mixzture was then inereased to 500 ml and atirring
was conbimued for approximately 2 hours, aftor which 200 ml
of 25% V/V HaCl solutilon wore added, and the bright-rod azo
compound geparatod by £iltration. Tho crude matoricl was
puriried by solution in HCL and precipitation with sodiun
acotate. Thus purifiod,v the product moltied at
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146.5°C (corroctod); decomposition, with offervescence,
ocourred immvediately after melting.

Ono gram was still further purified. It was dissolved
in o pixture of 20 nml of bLenseno and $ ml of anhydrous othe
onel, and the solutiea was filtercd, then stirred during
dropwiso 2ddition of 100 ml of low-bolling potiroloun etheor.
Fine bright-rcd crystels worsd precinltated. Those vere
filtered off, weched with o fow portlons of petroloum cther,
and dried et 609C. The fluffy red material melted charply
at 147°0 (corrected), then decomposed. /nalyses indlcate
thet it was not the frec base {although possibly its acotate);
it was still quite impure, desplite the sharp melting point.

Analytical Data. -

calculﬁtod for Calculated Por Tound
Cigligls0s  Casdanliz03°CsHalp
£ Carbon 62470 | 68.78 £6.43 (56.80)
< Hydrogen 5.06 6.08 5.71 (5.,£8)
¢ Hitrogen 14,63 12,10 11.08 (11.96)

Yellow Pignonts from Acoctoacobyl £,4,6-Trimothoxy Anlllde

Three yellow pigments wore proparocd from acotoacotyl
trlwethoxy anilide and thrceo bases comaonly used for such
pigmontss 3,3'-dichlorboenzidine (DOB), meta nltro para
toluidine® (1mp?), and para chloro ortho nitro aniline (PCONA).

Yellow pigments from benzidine and substituted bensidines,

such as DOB, are lmown as bonzidine yellows. Sivilaer piguents

# That 1is, S-nitro 4-amino tolueno
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rom monoamin;s oaapounds such as IWPT and PCONA arc caolled
Hanoe yollows.

Thess pignmhts aro used in two important ways. Ono use
1s for dyalrig oloth, by the use _of a diaporaion of tho pig~
went in e watér-in-oil emulsion, the oil phase of vhich
contains o thormo-sotting rosin. The eloth im printed with
tho pig:ﬁént-baaring vehiclo, then Yeured." In tho curing
procoss tho resin is "sot" and the piguent is thoroughly
bondod to the fabric, This mothod of dyeing and printing
was developed by tho Aridyo divislon of Imtorchomical
Corporation.

Tho other use of yollow asolc pigments is for palnts
and oil-baso printing inlts of tho coavontional type.

In eoither case, it is desirablo that tho pigment
oxhiblt good lightfaninecs and bo froo from Yasolvent Llcod" =
that is, while disporaiblc in f:ho vehiclo, 1t should not dis-
golvo Iin it or in organic liquids In gdneral {ospocinlly dry-
cloaning fluida). "‘.Pho bonzidine yollows as a class ave poor
on tho firat sceore, tho Iansa yollowa on the goconde.

Hothod of Preparation « The mothod of proparation was

osaontially tho aamo for oach of tho threc pigmonts mado,
As on exzample, proparation of & pignient froa 0.0 r0lo of
DCB i3 dosoribod. Tho mothod wag adaplod from divections
glvon in a rocent patent (33).

Tor tho tetrazotization, 0.0l mole of dichleorbensidine
1o stirrod with 25 ml of 21 HCL (0,05 mole) for 1 1/4 hourse
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Then 50 gma of crushed ilce and 200 nl of water aro added.
The nixture 1s stirred until most of tho ice molts, whon
10 1 of 2N Hallog (0,02 mole) arae added, in one portion.
Stirring is contimued for half an hour, then for anothor
15 nimitos aftor addition of a little decolorising caz;bon and
activated silica. Finally, oxcoss nitroun acid is destroyod
with sulfanic acid and thoe golution £ilterod.

livanwhile, a slurry of the coupling componont has boon
proparcde A solution of 0.02 mole of tho anilido in 11 ml
of 21 TiaOH (0022 mole) and 15 nml of 41 sodiun acetato (0,06
mole) is atirred for fiftoen ninubes with a 1ittlo decoior-
1zing carbon and activatod silicn, and filtercd. Then tho
filtrato is otirred during dropwlse addition of 11 ml of
21 HC1 (0.022 mole). |

The tetrazo golution ls dropped into the slurry, with
stirring, over a period of about an hour, and stirring is
continuod for four hours longer. Thon the aZo compound 1s
Tiltorod off, waghcd with sovoral portions of water, and
dried in vacuo over sulfuric acid, Tho yleld in about 90T

Tho long period of stirring and tho method of drying
the pigment, in vacuo ovcr' sulfuric acld, is uazod to loave
it in a soft, finoly dividoed condition, gso that 1t is
roadlly dispersible and givos full color valus.

Proparation of Ico Colors

Gonorzl Discussion = An ico color 1s one Hypo of ingrain

dyo, which rosulta whon an insolublo aso compound 1s formed
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within a textile fiber (usually cotton or staple fibor rayon)
by roaction betwoen a coupling component, usuelly phonolic,
end a dlazo compound.

A total of 120 ilco-'color dyeings was mado, scme fron
compounds whose proparabion has been doseribod and some from
oimilar campounds usod camlorcially. O©One cbjoct of the dyo-
ings was to compare colors in which the coupling camponont
was the 2,4,6-trimothoxy anilide of BOI with colors froa
similar aryllides. Another wap to compare colorg in which
trinothoxy anlline was tho base with saso from other bases =
ospocially ortho and para anlsldine. Pinally, & coaparison
vas depired of colors fron 2,06-~dimsthoxy 4~bonzoylanino
onlline and 2, 6,4*-tr1mothoﬁ:y 4=omino mzobenzeno with colors
Irem somo of the cormonly used ice~color bases, especlally
tho so-called "bluo baszes™ of commerce. |

Sample plocos of all the cclors obtainod are mounted on
the card forms in the appondix.

Tho genoral method of dyelng with lce colors has two
stops. Tlirst, tho fabric is Impregnated with a solution of
tho coupling component in strong caustic. This solution
containg turkey rod oil (sulfonated castor oil) which assists
in penctration of the fabric by the solution; saactimos other
wotting agents aro ugod along with or instead of turlkey red
oil'. |

In the second stop, the lmpregnated cloth (which mey be
dried or not boforehand) lg acted upon by a suitably buffered
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digzo solution., Aftor thorough rinasing in cold wabtor, tho
dyoing is complotod by washing tho cloth in a hot soap and
soda bath.

o pot good dyeings by this baaicelly sinple procodure
is actually o rather camplox procoss, In tho firat place,
tho cloth has to bo corofully rropared before Improegnatlion,
to removeo starch or other gize which may bo presont, and to
rallo tho {ibers absorbents. Then, individual dlfforoncos of
the compounds involved must be considored, The coupling
coupononts differ in tinctorlel strongth, arfinity for the
toxtilo fibor, coupling ability, solubility, ctes The
quantitics of base and turkey red oll rec;uired diffor froa
ono coupling component to another, end the requiroment has
1ittlo rolation to molecular wolght. Similarly, tho diezo
caapounds vary in tinctorlal atrength, stability to heat and
light, coupling ability, opblmum pH of coupling, otce Tho
bost mothod of diazotizing a base to got a dilnzo campound is
not the samo in every case. Flnally, aftor-treatmont of tho
dyod cloth is not ontirely uniform. Usually the cloth io
washed in a boiling soap and soda bath, but certain azolc
cortbinations must not be hoated above about 700C,

Fortunatoly, the largo dyo companies have published
detailed instructions for ice~color dyoing (34, S56); in
addition, tho BON arylides have beon in genersal use for so
leng that some non-commorcial manmuals on dyeing also give
oxplicit directions (3G). Host details of the procodure



wera obtninablo, oithor dircotly or by anology, froaz thoso
pourcoge Theap dotalls, constitutlons of tho dyc interme~
datos, obe, are given in tho subscctions which Tollow.
Prolininory Treatmont of Cloth to bo Dyecd « The cloth
usod was a rather tightly twilsted vhite cotten gcobardine,
tho only l:ind casily avallable at the tinme tho £irst dyeings

wiero mndo. A fabrilc with less twist and moro loosely woven,
such as cobton nheetlng or broedeloth, would kave offorcd
logs tochnloeal difficulty.

The first 119 dyeings wore made without removel of o
starch finish prosont on the cloth when boughts This finigh
proved o bo rosistont to hydralysia wlth ponecrcoiin, diege-
taoo, and varicus cacmerelicl anyloliybic onsymos (probebly
beeauso the starch inside the fibors or threads wes not in

“eontoct with tho onzpzcs), as woll ag to abtempts ab

hydrolysis with oeide In o number of exporimentc with dilute
sulfuric and hydrochloric ccid ab vorious temporaturoes and in
various concentrations it proved to bo impomsible to hydro-
lyzo tho ptarch without tendering the cloth.

About a third of tho ¢yeings on this un-dosizod cleth
were unoven or dull, Al the timo tho dyoingo wero mado thoso |
dofoctn were attributed to tho progonce of the ctarch, bub
it now scems more lilkoly that thoy woro duo to other factors
(such as poor control of pI in the diazo solutions, poor
coupling ebiliiy of tho dilazo campounds or coupling oo

vonents concornad, cte)s
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At any rate, an efforit to discover a satiafactory mothod
of vomoving the storch caapletely was contimiods, Tho vritor
ig indebtod to itre. Te Gs Sloan, of the resoarch doparimont
of Rolm and ilans Company, for soamplea of Rhosymoe DI and
Triton W=30, used in tho final succossful mothod for removal
of starch, as woll o for divoctlons for ugsing those matorli-
als and for the sugrmostion that thoir use bo followed by
troatwont with 19 a0k soluilon.

Cloth usod in tne f4inal ton dyeings (pages 18 end 19 in
the appondlx) was given thu following prolimincry treatmonts:

Pipst tho cloth was cut iInto lengths of a yard or less
and notchod for teuring into strips mezsuring aboub 4" = 328Y.
Then 1% wos soakod ovornighlt ab roum temporature in a tap-
wator bath contoining 1 Rhosyme DX (a noluble golid amylo-
1yblc onzymo preparatlon, probably containing inorganic calts
or othor matoricls to lkecep tho solution slightly acld) and
0,25% Triton V~30 (o wobblng agont to agslpt in penotratlon
of the ocloth by tho cnzymo)e '

Tioxt the cloth was trmoraed for one howr in boiling 14
112051 solution and for & hours 1n 5§ soda ash solution. The
Y0l romoves renmaining starch and starch hydrolysate Croan theo
cloth; tho long boil in sodn ash 1s Intended to meke the
tightly twistod throads more sbscrhent and to wremovo bits of
cotitonsocd hull, waxes, and othor such materials which may be
prosont on tho fiborse. Por thosoe alkaline boilg tho cloth
was dividod into small batchos go that 1t could be coeplotely
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irmersed, since the cotton would be tendered through air
oxldation 1f exposed to air in the préaence of hot allalil,

During the allialine bolls the cloth becane somewhat
darls, probably from iron compounds or other impuritics in
the allkaline nolutio:is. Thorefors 1t was bloeched by plece-
wiso lmmersion for 30*50 poconds 1n a boilling HCl-oxnlic ancid
solution (25 ml of c;hcentruted IC1l and 42 pas of oxalic acid
por 1litor of distilled water). Pinmlly, tho cobton pleccs
wero ringsod successivoly in distilled water, 1% NagCog in
distilled wator, and £inally in onough distilled water to
remove practically all the Nay00z. The ploces wero then
ailr-dried at room temporature and torn into stripa.

Por the cloth ugsed in the bullk of the dyelnga, the
proliminary treatmont startod with a 12<hour boll in 57 soda
ash and was otherwlse like the above. An alkalino boll
under preossure is a prei‘orrad prelinminary troatment (37), |
but this was not possible.

Imprognation of Cloth with Coupling Components - This
part of the dyeing method, 1ilte the prolininary trectnmont of
tho cloth, difforod somowhat in tho cago of the last dyes.

In the bullk of tho dyeinga, the cloth was soaked In
solutions of the coupling comporents - lmovn as padding
golutions « for 1 1/2 to 28 hours. All the piocos lmpregnated
with o glven arylide woro soalod at the samo time, 5o ca to
expose all to a gsolution of the same concentration. They

woro agitatod sevoral times and twice taken out of the



solution and puti back in a different order, so as to improge
nate the piocos as ovenly as possibla. After tho soaliing,
the ploces wore individuslly wrung out, srappod in popor
towoling in such a way thet the entire surfaco arocaof the
cloth was in contact with tho papor, and gontly aqueozad;
Thia procecdure rogulicd in rotentlon by the cloth of G0 to
703 of its own welight of llquid. |

After imprognation, or é‘ndding, in this way, the piloces
vero dried and fastonoed on glass holdors bofore himicrasion in
the dilazo solutions for formation of the dyo.

The final dyeings were feower, so that only one or two
pleces ncoded to be soaked in each padding solution. Fifteen
nimutes was found to be a quite sufficlont length of time for
the soaking. Aftor imprognation the ploces wore put through
o small hand-oporated clothos wringor. The oloth rotained
about tho sao weight of liquid with thisg handling as whon
squeozod with paper toweling. Finally, instoad of being
drlod, thoe piloces woro thoroughly rinsod in 107 1acl solution,
then irmmorsod immedimtoly in the diazo aclution.

Rinsing in galt golution is probably preferablc to dry-
ing, at loast for small-scale operationg. It has the advant=
age of ronoving any of the padding solution which adheresg to
the outaside of tho cloth, wWalle progonce of the salt prevents
the coupling component within tho fiber from being washod out.
Imnedinte coupling, without drying, has the advantage that
carbon dioxide or acid fumes In the atmosphere are not given
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a chance to wroact with tho naphtholate on the cloth. The
podium salt of the arylido couples much wore readlly than
tho i‘réo aryiida. so drying in thoe progonce of carbon di-
oxide may spoil the dyoing.

Tho mothod of digsolving ths naphthols was the hot, or
turkoy rod ofl, mothnod dogeribod on page 4 of "DuPont Haph-
thanll and Naphthanil Dlazo Colors." The naphthol is pasted
freo of luups with tho necossary quantities, first, of turkey
- 1od 01l and then of 11 liaOHe Tho regulting pasty mass is
dlagolved In a suitoblo volume of hot water) boilling may be
nsccsaary.to bring about solution. Then tho hot solution 1s
d1lutod with cold vator to tho f£inal volumo. Formeldcohydo 1ls
addod whon the solutions are to be lkopt for sauo time, but
was not noceggary for thoso dyelngs.

Tabloc I on page 42 shovwc tho welghts of tho verlous
arylidos usod for 1 1libor of padding liquor, tegethor with
tho quantities of turkoy red oll, YNeod solution, and hot
water which wero nccessary to get them into solutlon, The
quantitiocs of nephthol wore viiriod, er indicated, bocause of
veriations In tinctorlal sirength and affinity for tho fiber;
an offort was mode to chooso such quantities that the final
dyed plecos would have & fairly uniform appoarancce Tho
besis for deciding vhet quantities to wse was chicefly the
appeayronco of dyed ploces in the DuPont publication referrod
to, clthough & fow teot éyolngs wors mede, ospeclally with

the new intormedictos.
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Tablo I ~ Ico-Color Coupling Componenby:s IHamoa,
Conatitutlons, and Caxaposition of Padding Solutiona

Conatltution: Guanbtitics for Ono Libtor of
Mo of Bagso £rom Vhich nrosnnting Solubion
Arylide Derived Gms of 1L TR I 11H 11l Hob
Aryllde 0131 Ha0x tintor
Lapathol 48 Aniline 15.1 235 25 1350
n AS=D C-Toluldling 15,1 20 o3 120
" AS-TR 2«-Mothyl 4-Chlon 15.1 &4 %4 600
Aniline |
" AS=R0 I-maphtbylaning 7.8 16 16 100
M AS-SY Ce-lNaphthylaomine b 1b 15 200
" AS~QOL SeAninidino 15,1 23 25 130
" ASe-DEA 2-Fthoxy Aniline 16,1 33 32 250
u AS=RT, 4-Anisidine 0 26 25 200
" AS-TMA  2,4,6-Trimothoxy  15.1 38 58 300
Anliing ' :
T AS-TIM Q,4~Dincthoxy B 15} 13 13 220
Chlcr Aniline
" AS-BG 2,5-Dincthoxy 5 13 15 100
Anilino .
" AS~DZA  2,3=-Dicthosy 44} 15 15 200
Aniline
" AS-G* . Benzldino 16,1 30 30 200

10 20 20 200

4 Haphthol AS-(, zo caollod, 1z nol a ansphthol at nll, boling
the di-acetoscetyl derivatlive of benzidine. Tho socond
sot of figuros for thig Inbtormedioto indicates tho coaxpo-
sition of tho bath used for Dye Illo. 120, which alsmo con=
tained GO gns of Glsuberts nali por liter. Tho Llrat got
applios to all the othor dyeinga with Naphthol A8~

Tablo I ndgzo glven the nomosg of the bases Lraxn vhich the

naphthols are derivod. Yote that the designatlong A3--THA,
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AS-2BA, and AS-DEA arc coined; the other names are thoso of
coomercial produocts.

Preparation of Dovoloping Baths = thllo ovéry diazo-
tization 13 a probilom in itpell, and has its own got of
optimm conditions lile any other roamction, a rough claapifl-
cation of amines can bo xﬁado on the basls of the goneral

mothods by which thoy arc dlazotized., The lce-color bases
usod for the dyelngs doscribod here £all into four main
Eroups.

Some of tho bascs wero bought as stabilized diazo
compounds, and hence did not have to be diazotized,
Doveloping baths wero prepared fram them by nerely dissolving
the commercinl products (dry powdera) in wator, stirring them
with a little decolorlzing carbon and activated silica, and
filtoring. Although proparcd in varlious ways, those matori-
als aro gimilar from tho standpoint of use and have boeen
classed togethor as Typo A

of tho bases which had to be diazotiged, the Lfirst
group, Type B, includes those Which dlazotize casily without
sido roactlong. Thoeso woro dlazobized by the Mdiroct®
method ~ that 1g, NallO, polutlon was addod slowly to a cold
solution of the base contalning 2.5 role parta of HCL until
dlasotization was camplotes Excess nitrous acld was thon
doastroyod with sulfanmic acld, and the golution wac docolore
1nod with carbon black and activatod sillca, and filteored.

The second group, Type Os includes nitro and chlero
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onilinoa, which have a strong tondoncy to form dlaso-anine
conpoundg. In this caso, diazobization 1a carrled out by
tho "indireot" mothod =~ that is, all tho Malilp 15 added at
tho start, so that diazobizatlon will be comploto bolfore
oxtonsive occurrence of oany silde roactlion. A4Aluo, sanowhat
poro acid is used than with Type B bazes. Typo C Lasoes aro
not very sirongly basic and it iz difficult to form thelr
onince saltse loroe mcid 1o used for thio roason, ag well as
to inhibit dimzo~amino formatlons %o inaure formation of
the amine salt, and alaso to get the galt into o fincly
divided reactive form, the bascs are hoated with whatover
voluras of acid and wator are nocessary to bring about
solution, thon coolod suddenly by addition of crushed ico.
Vthon tho bases aro not volatile in gteowmn, and hoave high
niolting points, a susponsion of tho base in wator 1s bolled
and then the ncceoasaxry acld is added. Dub bases which havo
low meliing points, or which are volatile in steam (ugually
those with 2 nitro group ortho to tho amino group), are
Tirat triturated with tho acild, Thoy should not be hoated
sbove about 000C, oven aftor formatilon of tho salt; occa-
slonally diazotizatlon is carriod out without completo
solution of the salt having takon placo,

The third group to bo dlazotized, Type D, conalated of
threo bases with o tondonecy toward melf-coupling. They wereo
diazotized in the soro way as tho Type C basos, iﬁdimatly

end in prosence of a considerablo oxcoss of acid, but it was
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not considered necoopory to talko ag grest precauiions to
bring cbout ccmplete pelt formabtion initiclly. since thouo
caapounds avc folvly strong bases and solt femmotion could
continue to ccecwr cp the &lusobization proceeded, Howover,
tho hydrochlorido of ciphn nephthylemine (Fast Garnot B Bane)
15 vather insoluble, so only hulf the zeid wos added inii-
ally; the hydrochlorido was all dissolved bofore additvlon of
tho vremaining acid and the crushed lce.

n all cases, the ¢larifiod dlazo solublon wing made to
a convenient volwumo, uswally ebout 6 litors, and neutrallzed
with podium acetates, sodium blearbonate, or sodlus hydroxlde
bofore irmiorsion of the padded pieces. The proper choice of
nouitralising agont doponds upon the optinmmun pH of. coupling
of tho diago coupound concerned. Tho opbimum pH 1s low, in
gonoral, for diazos Lrost nitro and chloro anilines, high for
thoso from mothoxy subdbitutod anilines. Dlazos which couple
roadily do so at a low pil3 thoso whilch have to bo bufforod
wilth biocoarbonoto ave lilkely to couplo very alowly ovon al
theoiy optinnum pH.

Unfortunaboly, trimothoxy aniline, 2,6-dimothosy 4~
benzoylanino aniline, and 2,0,4!'~trinothoxy 4~antino azo-
benzene, of vhich only vory small queniitios wors availablo =
and whogso dlago solutiona wore thorolore quito dlluto - aro
poor couplorg. VFhon tho dyoings with trimebhoxy anilino wore
mado, this fact was not undoratood and proper procautlions

sore nobt taken. Tho dlazo solutlon wae nade to 6 liters with
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wator. Coupling was vory olow and wag £inally brought ubdut,
after tho padded plocon had bocn in the dlazo solution for
about on howr, by addition of 10N a0, The naphthol wag
partislly dlssolved froaa portlons of the cloth, ocaspociclly
aftor addition of the IaOH; tho ovorall rcsult was very
unoven dyelngs.

Tho asolution of dlazotized 2,G-dimethoszy 4-bonzoylonino
aniline, howover, was made to only 1 litor, with 105 laCl
rather than with wator, and noutralization was with 11alC0s,
which has no solvent action on the neophthols.  About 15
ninutos was sufficient to devolop the colors fully, eveon
though the developing bath was agaln quite diluto.
Becutifully oven dyolngs woro obtainod.

Tho same procoduro was followed with the trimethoxy -
anino azobenzene, but dilutlon with 105 Nacl resultod in
precipitation of the dinzo compound i‘csoli‘, vhich 1g rathor
insoludble, snd the dyoingam wore again very unsetisfactory.

In tho diazo batha froa dianisidine, dianino diphenyl~
ariine, and 2- and 4-anisldine, the error of noutrallsing
with Na0H was mnade againe Those would properly be
noutralizod with NeliCO.

Anothor orror was nado with the dyoeings from dianisidino.
In most cases, & too concentrated dlazo zolution did not nat-
tor, since the unrenctod oxcoss could be washod out of the
cloth. Dianislidine, howevor, gives a totrazo ccmpound, a0
that 1t is posaible for the moloculo to couplo at one end
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and not at the othor. The dlazo group at the othor ond of
thie molecule, if uncouplod, camot be washed out, sgince it
iz o part of a large molocule within the fiber. Docompo-
sition ocours in time, but the result 1s a dull,
ungatisfactory colar. TFor good results, the diazo and
coupling camponent muat be carofully balanced.

The diazotizod?ia;isidine solution was in fact made too
concentrated, and the rosult is seon in the uneven purpligh
brown appearance of dyos 94 to 938 on page 14 in the appendix.
Thoy should have beon bluo.

Dyoings with diamino diphenylamine and other dfeminos
are pubject to tho samo posalblliiy of error, but this fact
had been discovored by the time the five dyos from dlamino
diphenylaxine wero mado. A dilute dimzo solution waz used,
giving clear dyeings of good appoarance (dyes 116 to 119 on
page 17 in the appendix).

The polubtlions preopared from tho stobilized diczos wore
2lao nade nore concentrated than nocessary, 26 gms of na=-
torianl having been mndo to about 3 literas in each case,
Since these are dlazo compounds, no great harm was done,
although the problem of washing the dyed ploces was made
nore dirficult (thoe dlazos decompose and their decouposition
products coat the surface of the fabric and the walls of the
containing vessols). It was discovered aftoerward that sbout
2.6 mus por lltor is the usual concentration at which tho

otabilized blue bages arc uscd.
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Table II, on pages 40 eand 50, gives constitutions 61'
all the i1ce-color b.asos ucod in theso dyeings, togothor with
quantitios of base, nitrito, acid, otec, which v}aro usod in
proparing the devoloping baths.

Doeveloping and Finishing the Dyed Pileces = As has
alrcady boon indicatod, tho dyoings wore caupletod by
Lrmoralon of the imprognoted ploces in the diazo baths, with
occaslonal agitatlon, untll the colors wore canpleotoly de-
volopods TFroa & to 15 minmutos was usually sufficlont time,

Thon the dyod plocos wore thorouchly rinsod with wator,
Tirst cold and then hot, and finighed by ircmorsion for ab
loast an hour in a hot soap and soda bath (3,754 sodiun
oloate and 0.75% soda ash, Vi/V). The bath was hoated %o
only 7100 for all dyes in which methoxy groups woro Prosont,

to the Loil for the othors. Finally, the plocos wers azaln
ringsed with water and air-dried at rom temporaturo,

Dyos 104 to 114, inclusive, propared from stabilized
dlazos of “varlamine"bLlue bases, had to bo glven a spocial
Tinlghing treatmont. The varismine dlazos are stabllized as
.nitroao-diuzo caapounds having tho following basic structure

J3(9)

vhero X 1s a monovaleont nogative fon and eithor or both tho
bonzone rings may bear substituents (33),



w 49 -

ULV

89 0ST CO3T SIT OI8 F°08 O  OXyTH-F AXOUgoi(~2 g poy 3sug
: OTT I0) eurrIuy Udp
1 0 00¥% 13)8 OLT 8°9T O U30il~p OXITL~3  XnuopJgog 36T
QUITIIUY (0D J0)
& 0S8 00y 8a OLT 2°ST O 0X3TI~C TLQYOII=Z O JOTIVOS 1883
ouzITuy (19 xo0)
12 08 ©oo7 82 OLT 3°8T O TEqqoil~y oXqTi~g f poY 358I
20 08T O03T SIT OIS 8°07 O QUITIUV o3~y  (DD) HZ poy 3501
g 1 0S 00% 88 04 9°¢T o QUITTUY OI4TH~Z 9 eSuzxo 3smg
eurTIuy (pp x0)
29 OST 00T SIL OIS 9°CF O JOTHITA-G¢ D3 39Taeog 3804
_ oupTIUY
0T 0S 00y 82 04T 3°5T. 9 IOTYI~G TAURO-T € poy 9583
OT 08 Qoy .92 9*2T € SUTTIUV JOTUD~Q p 03ugxp 488L
Sy 0ST OOV 72 6'0 g€ SUIPIsTUV-T
ourITuUv
4] g2 a2 g*3L °6 aq £rogjomtar-9¢y g
{14 03T 0OV 172 6°9e Q . SUIPTETUY=Z g2 peY quuvg
~ HOwW ovou:z Souel 00T | TON  Jogwy  oseg ‘07zBTq J0
0T Tl S0 g TT S0 UOT TI 305 T ST0  odgy, oz Jo omoi LOCPT JO owBy
3u8 SUFUAOTEASCE OZBIQ X0J POSH S013[3UTh) TUoTmouD TBIII0m0Y

UOT{UTR0ZUTA U POSA STBTIONTT JO
SOTITIUTHY) PUT SodAy WOTFUITI0ONVIC ‘SUOTINITITNC) €SONT  iS@SvH JOTOO~OOY - IT OTARL



- 50 -

*Soomen Jo o g quoqu yTa m.ou.m.mmnﬁ..on TOUO OJ0A OSOUTL %
punodmod ouuﬂm‘mowﬂ.nﬂpdam I0 %

| QUOTUOGOZY OUTIV=
S'4 00T 4 09 3% O  AXOMIOLII-i¢0c

outLTuav

.Q:
I

ouTBTLOZUOT -]
s 8 S. TI°¥ 7 g Axoqzourd-o g
- outcuTluendTd
gS*.L 8% 003 G6°3T ST 4°B a ouTBId=s ¢ g 709Td 358d
. ourteTLuondia
outEy~7 £X0130]1 ad 3T8s
a3 v =3P 03 IBTPITS ongd QUITMTIVA
outtmTLuogdiq o4 318S
285 v cuity~-y onTg QUTIBTIVA
ouyTIuUV oupwmrio
-zuogd~y AxoujoIq nag
43 v ~gfg 03 JBTTWIE  JTUS onld 38UJ

OST OCO03T 9S4 0ss 9°9¢ « ouIPTsTUBId~-12°C g ongg 3sud
Ot 0s 0se b1 00T &1 « ournTAydoi-T g jouasd 388l

v
Gl

\
EOTN VO S0 001  TOH J03v) 85U | 029Tq 30
0T T1 sw) [IZ Tl <) [IOT TI 90H TI™ 8T pdly, osug JO ouvyl ogog JO owwll
T3ud cujdoroA9(] 02TFU J0J POBL 8973TFUTTD TUOTWOTD ERIPDE il

UOTJVITI0ZBTA UT POL] BTUTJIONB] JO
goT3TuTny puv fsodfy uOT4usTR0ZUTC ‘SUOTINGTICUO) ‘gommil  iL0Evd JOTOD-00I ~ II OTqul



- Bl -

After coupling, the nitroso group hes to bo seponified
off end roduced., Thin was occcauplished in those djcinga by
boiling the dyod plocos for about half an hour in 5% sodium
sulfide solution, This troatment followod the usual rinsos
wlth wator, and wag followoed by the usual soaping.

Lirhtfastness Topts nd Rogulto

Topts on Pipmonts - Stmuuplog of the throo yollow nipmentg

vroparod from acetoccetyl trimothoxny anilide woro subuittod
o Intorchomical Corporation, How Yorl:, for testing esc Aridyo
and oll print pigmonta.

All eppoar to bo unsatislactory for esfthor applicetion.
Inks made up in an oll wvehlole herdencd too rapidly for
tosting to bo campletod, vhile the pigmenta oxhibitod
roletivoly poor lightfeatnoss vhen printed on cloth with
Arldyo roglin.

Tosts on Ice Colors = Lightfastness tests on tho first

110 icc colors wiero medo by Mr. Janes Chepman of Auwlit and
VIiborg, Cincinmneti., Tho lest ten dyos woro tested by the
Rit Products Companys Chicago.

umbors have boen used to Indleate results of the
Uipghifastneas tests. The mmbors havo the following
sipnificanco:

1 - Poor, or dofinito chonzo on 2 houra' oxposure™

£ - Poor, or dofinito chinge on 4 hours! expocurc

S « Hodorate to poor, or dofinite chenze on
5 hourg! oxposuro

i+ In the fadeoneter



4 - Tairly good; or dofinite chanze on 30 hourst
OXDosuro |

5 = Good, or definito chango on GO hsura! OXpoOsUZO .

& - Very good, or dofinlto chango on 120 hourgt
oposure :

7 - Vory cood, or dofinlto change on 240 houraf
cIDoOUrG

8 ~ Lxcollont, or definlto change on 500 o moXo
hours'! exposure

Thic rating acale is copilod from the Dubont publiocntion
roforred to. |

Huzbors are i:;uotod in the lishtfastnoss-rating colunmn
of tho cord=forwis in tho appondlxz fo» such of the dyon ag
oppear In the DuFont boolz; for the othors, they wore
estinctod cemparatively or dirceotly fz*cti»: tho apnoaranco of
tho strips oxpeged in the fadsomobtor. Such estimatos are
hacosparily very roughs sinoe tho tost atrips chov the
appeavance artor a delinific unifora perlod of tixmo and not
at tho time of tho rirst "break" in tho color.

vhero two mmmbors are gilvon, the rabing is of course

acmovhoro- betwoen tho ratings indicated by tho mwntors.

DISCUSSION OF RESULTS

The caporimontal rc:mltﬁ pregsont sovoral intcrosting
features,.

0no of the mosi interosting, to tho writer, has boon
tho fact that ho was cblo to vorlz on a gsecle waich to tho
carly workers with phloroglucinol would have scemod lavish



indecds Tho largést quantity of phloroglucinol mentioned
in nn’:f orng of tho roferoncos quoted from tho 11toﬁaturo wag
30 gromg, vhoroas in onc oxpordiment roported horo ovor 700
gromg wae Ausoc’z, and use of 150 grams or noro wag ¢comione.
inothor product which was formerly so costly that fow
dxparimentors could afford to vorl: with it hag cais Lo bo
potontially so sbundant that it is lmportant to lmov morc
about it,.

Vierlking with the knowlodgo that any quantitios of
rmetorials 1ilkoly Lo bo nceded will bo avalloblo, whilo nobt
necossarily conducive to develomiont of o fine tochnique,
doos pormit ropetition of experimonts when neccssary, and
oncournge tho testing of ideas which night in moro austore
circungtonces bho dismissed as too spoculativeo.

A few spocific camments on soame of the rosults seom to
bo in ordor: |

Hothylation of Phloroglueinol =~ Tho procedurc given for

proparing phloroglucinol obthors, while 1t worits folrly woll,
could probably bo improved upon. Large amounts of dimothyl
othor aro i‘ommd in tho £irst stages of tho methylation, go
thot much of the methyl sulfate is usod to methylete mothonol
'ra‘aher than phloroglucinol. This might be provonted by di-
Iuting tho mothanol solution with the right amount of water,
but 1t moy woll be truo that rolatively anhydrous condiiions
are necessary for extensive mothylation of the phloroglucinol.
This point was not invostigoted. It goome possible that



nethyl sulfate alonwe would bo & sultable methylating agent,
at tho right tcmporaturo, although at itas owm bolling point
it cesuses doocomposition and rosinification of the phloro-
clucinel, |

The molting points given In the oxperimental poart for
dinothoxy rhonol and mothoxy resorcinol are froa 4 to 6O
higlior than those gilven in the litorature sourcos citod.

Froparction of Trimethoxy /fnilins - Coupling of

trinethoxy bonzeno, tho basin of the exporimentel mothod for
obtalning ti'imethoxy an’iline, is intoresting hlstorically
bocauge it formed part of tho ovidonce mdvenced by

K. . loyor (R9,; 39, 40) to dlsprove the hypothosis of
Kokulé (41) and Dimwoth (42) that coupling %o phonols end
axines necessarily proceods through intormodlate femuation
of dinzo othors and dlasomaino compounds, which rearrange 4o
the £inal ago canpounds. lNoyort!s view was that coupling
talos placo through intomicdiate addition to the conjugated
doudblo bonds of the arcuatic ring (or cintlar structure, such
as an ncotoacetyl group)e This i now fairly genorally cc~
coptod, although modifiod by Korrorts idea thot amconium o
oxonium campounds are involved in some cagos (43, 40),.

Tho reoduction of £,%446-trinothoxy azobenzom; 4leguifonic
acid, also part of this synthosls, was carried out with
sodiws hyposulfite bocause of tho convonience of using thab
reagonte Howover, the yleld was never greoater then 604 in

tho half dozen or so proparations of trimetaoxy cniline.
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The poor yield was doubtless due $o olds revctions. Ons vhich
is lmevn to occvr in voduchbions with hyposulfito 2z Lormation
of sulfaminie acids (44), Reducblon with zincs tin, or Zron

- should givo bottor yrosuliy.

frmonolysis Romcbions ~ In the discussica of tho

rucheror retetion alroandy cited (52) o caso of Fhlozoplus
cinol 1s scarcely ment‘icnéd, porhaps becauso the reaction
goou co oasily with 1ﬂilozfoglucinol that usge of amionium
pulfito ip wmecossary. Tho mochanigm for formabion of
phlopamine Trea phlovoglucinol is no deubbt casentlally tho
sono ng for formation of bete naphthylamine fren betxz
naphthel, with intormediote addition of water Instoed of
bipulfite te o corbonyl group.

Tor tho latior roaction tho follewing mechanicn hog
boon wall ostnblishodt.(‘i?): 52):

i b
S ,0 i{ 1aH3 0 !{&-_C\
/ / / Om.’a.
Lo e
...1.*?2:5.., ch....c)'“ L ee—> n‘c:—wf) “ % zmszsos
SO- A ’
Tho analogous x "chaniam i‘or tho moroe cobive ph.o..*oblu-
cinol Lg: N
)34
’%zc" s Moo HOE %ic
/7 /7 o
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Tho really interestins rosult of tho armionolysla
orporinonts 1s that ammonolysls of phloroglucinel dimothyl
othor can be made to occur. This probably indicatos that
. tho two mothexy ar;#upa have a powerful onough activating
offect to bring about the samo koto-onol tautomorism that
oxzists in phloroglucinol, although obviocusly tho onol form
13 much moro strongly prodaninant in tho othor than in
vhloroglucinol itsolf,

Shados of the Dyes = Tho colors obtalined with all the

Intormediates were unexpocted ond disappointing. Tho
Presonce of two mothoxy groups ortho to one side of an azo
group did not deopon the shade or increaso tho tinctorial
atrength of the dyes to as great an extent ag hod beon
oxpocted,

tiost of tho dyes propored froa trimothoxy anilino base,
o8 wlll be obasorved from the samples on tho card forms, aro
definitoly bluor than tho adjoining dyes from S~ and
4-=gnipidine; but groater docponing of the shade had bLoon
oxpoctad and production of dofinltely bLlue colors would not
have beon surprisinge.

Doopening of the chado 1s oven leas pronocunced in the
cazo of dimethoxy bonzoylamine aniline (zees dyes 121 to 125,
page 18 Iin the appendix). Theso dyos aro somewhat dooper
than corresponding dyes from Z2-anlsidine, bubt thoy do not
approach in depth theo blues obtainod from tho similar fagt
blue salt BON (dyes 99 to 103, page 15 in the appondix) in
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which alloxy groups are in the 2,b-posltions,

The BON dorivative-of trinmothoxy anillne actuzlly gives
g8 light shodes es Nephthol AS itself - lighter in & fou
cases., Since most substituents deepon the shade uore or |
less, or increase the tinctorial strength, this offect was
- particvlarly surprising. fThe sems effect was observed in
colors from the rcotoncetyl derivetive.

Tho‘faur intermediates alrendy mentioncd give bright
attractive shadco. This is not tho case with triﬁethoxy
amino azobenzene, howcver (sce dyes 126 to 126, pages 18
ahd 19 in the appendix), whlch gives trownish unattractive
colors, at loast 1n'the concontrations used. fThis defecoct io
cnough by itself to negate appilcation of triwothosxy amino
azobenzene as an ice-color base, and probably for most other
purposes, Some ol the offect ig due to the poor solublility
of the base, however, and it is poosible that betier results
ﬁould be achieved if it were used as a bane for acid wool
dyes.

The colors from dimethoxy benzoylamino aniline are
bright end oleor enough (particularly the yellow, dye 1£0),
but the poor lightfastneuss denieu.them commercial possi-
bilities. However, this intermediate, too, wight be of
interest as a base for ccid wool dyes.

Lightfastneea of theo byes ~ Lightfaptnoss of all dyes in
which trimethoxy aniline was the base was very poors This
result wes hot altogethor unexpected, since it is usually true
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of enisldinog, and night be truor of a bagse in which the
subgtituted rhonyl groun wng 85111 moro highly clociro-
nogative, It was guppozod that tho ateric offocts of tha
rethoxy groups in the 2,4,6-poaltions might offcot tho othor
ofTfoct to scao oxtent, bub that thoy did not was rob Bur- -
pioing. ,

Dyog in which tho trimothoxy anilide of BOX wos tho
coupling. caaponont aloo dld nobt oxhibit unusual Lastnoss,
but this mey be duo in part ot least to faulty dyeing
tochniquos. Az might bo expootoed, they proved ruch bottor
than those in which trircthoxy aniline was tho baze., In the
followiing tabulation aro gathored lightfostnons »otings for
tho dyos from Naphthol AS~TMA and the thres naphthols mozt
nearly caaparable with itz

Fool Color Base ~ Lighifastness Ratingo for Dyos,
Progont in Dye Listed under Naphthols Preasent
AS=OL AS~RL ASTIA ASITR
Ooranzoe G C~5 6 Bewd 7=
Red KB G 7-6 7=0 4
Scarlet 2G 6 7~G 6 ]
Orange GR : . €~5 T=G
Oango it S 3] st 78
Rod 2G - Lt G5 7=6
Red G 6 7-6 6 V=G
Searlot O Geety Eed Bed Beedl
Bordonux GPR V=06 G b=4 G=5
Rod D = 5nd Gad
Carnot B 5 G=5 G=4g G5
Blus B 4 7 D=4 Lowd L3
Blue BB G_ 6~4 C-5 G=5b
Varlanine Blue RYT =G O=4 L3 G=5
Varianine Rluoe 1D 6= G~5 L G=d

Blaclk B 7=6 V=6 Bwd 7
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The dyes frow Naphthol AS-TNA rank "falrly good" to
vory good." lline combinations were equal to the corre-
sﬁondihg onos from a compﬁrable intermediante, and two wore
superior, although thirty-one werc inferior. In generecl,
thig 1ntormediéﬁe may be sald to give ice colors quite
comperable in quellty with mony which are used cornmerelelly,
altaough slightly iuforior to cowe others. If itp dyeing
1diogyncrasies vere fully investigated and utilized, liepnthol
AS-TEA pight well look muoh botter then it does hero ans an
lce-~color intermcdiate.

Lightfastness of dyos frow 2,6-dlmethoxy 4-benzoylamino
aniline and 2,6,4'=-trimocthoxy 4~amino aquenzeno vee very
poor - definltoly inferlor to that of dyes froo elmiler in-
tormediotes. As an oxplenatlon, an interosting possibility
sugzosts itsclfs In both capes, the final dyes heve two
wothoxy groups ortho to an azo group from the same side (that
15, 4in positions 2 and 6 from the aco). Although one group
has a fovorable effect, and doubtless for steric rcasons,
two way well causo such strain that»the molesule is made
more vulnerable, rather than less, to oxidetive attack, Thiuy
1den may also help to explain the poor lightfastness, alrcady
digoussed, of the dyes froa irimethoxy anilinc.

SULLIARY

(1) A new method has been described for preparation

end isoletion of good yiclds of the wmethyl ethors of
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phloroglucinol. The throo ethors aro prepsrod simultancoualy
by rofluxing phloroglucinol dihydrato with mothyl sulfate in
rothanol, and soparatod ﬁhrouz;h golubility difforencos in
wator, aqueous alkali, bonzeno, and dlethyl othor.

(2) A now compound, 2,4,6~trimethoxy aniline, ond throo
of its condonsation productas have beon proparod and charace
torized, Trimothoxy aniline was preparod by coupling triw-
rothoxy benzeone with diazotlzed sulfanilic acld in dilute
acoti§7§glution and reducing tho product.

(3) 3,5-Dirothoxy anlline haa boen propared by two
methods not proviously used: (&) from phloramine by
Processos of acotylation, mothylatlon, and hydrolysis; and
(b) from 3,5-dimethoxy phenol through ammionolysis by the
Buchorer mothod. In tho courso of tho proparation from
Phloramaine the new compounds S-acetylamino resorcinol and
acetyl 3,5-dinethoxy anilide woero propared and choractorizode

(4) A now dye intormodiato, dimethoxy bonzoylamino anil-
ino (belioved to be 3,0-dimothoxy 4=bonzoylsmino, but pog-
s3ibly 2,4-dimethaxy G-benzsoylaning) has beon propared fro:
3y 5~dimoethoxy aniline and charactorized., The preparative
nothod involved coupling dimothoxy aniline with dinzobized
sulfanilioc acid, bonzoylating the product, and roducing the
bengoyl derivative.

(5) A new dye intormedinte, trimothoxy amino azobonzene
(bolicved to be 2,6,4t=trimcthoxy 4-mnino, but posaibly
2,4,41=trinethoxy Ge-anino), has been prepared by coupling
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3,5~dimetﬁox:,' anilino with dlazotizod 4-anipidinec, and
cheractorizod. |

(6) Acetoacetyl 2,4,0-trimothoxy anilide has boen
partially ovaluated as a coupling cmponoxit for azoic
plgments by proparing and having tosted throe plgmonts in
which it was tho coupling canponont.

(7) 2,5-Nydroxy nophthoyl-21,41,61=trinothoxy anilido
(tho 2,4,C6-trimothoxy onilide of bota oxy nephtholc acld)
hag boen partially ovaluatod as an ica-cqlor couplins
caaponont By preparing and gotting lightfdstnans {tootsn on a
- sorlos of ice-colors in which 1t wag ugod.

(B) 2,4, Gsférimatho::y anilino, dimothory bonzoylamino
anilino, ond trimothoxy omine aZobonzono have boon partlelly
ovaluated as Lce-color basos by Proparing and gotting lipght-
faotness :_c_énts on o sorios of ico colors in which thoy are

uﬂoa,
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APFENDIX: MOUNTS OF DYED COTTON PIECES
Shade, Constitution, and Lightfastness

Ratings for Ice-Color Combinations
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®  TRIVETHOXY
ANILINE with 2 o

NAPHTHOL AS-RL

(W)}

27 4-ANISIDINE with
NAPHTHOL AS-RL oL 5

3

FAST RED <B BASE

N

a2 \

with

NAPHTHOL AS-Ti

See tables in experimental part for constitution of naphthols
and bases, and concentrations of padding and diazo solutions,



TC3 COLORS FROM B O M ARYLIDIS

DY, -LIGHIFASTVSS- COMSTITUTIC! SHADE
YO, Card No. LRatinc

.~ - R
moT TTITIT O U
IRIETHOXY
oQ 2 - ANTTT TN =
<9 > * 3 AN1LINBK W1TL

NAPHTHCL AS-TNMA

(.
9
A
\‘k
‘N)
> |
o
:
3
3 (
—

FAST RED 2B -BASE
31 3 ' with
73 NAFITHIOL AS-ITR

TRIMETHOXY
ITRANMAITTIVAX

3 3 ‘;z 3 ANILINE with
- g p
NAPHTHOL AS-ITR
' Z A T T
- o s 4-ANISIDING wilitn
-5 : e
Al \L AO™ L n

TACM 2

- S A QTS
FAS'] iED 2B BASE

34 = — with
2 fé NAPHTHOL

\

AS-BG

PRIMETHOXY
“~ 2 ANIIL.INE with

NAPHTHOL AS-BG

A
(é)]

See tables in experimental part for constitution of naphthols
end bases, and concentrations of padding and diazoc solutiouns,



ICEZ COLORS FROM B O II ARYLIDES

DYD SHADS COITSTITU’I‘IOI‘T‘ ~-LI GFTFADT‘ LSS -

YO. Card No. Zating

&

A

A AN TATATMNLD wrd
G@-=ANIO1 D4l with

1
AT A D ITMTTA ) ™y
VAP HTH( L AS-?/

FAST RED 2B BASE
with 3 % 3
APITHOL AS-DEA

o))
~3

()]
«©

!

& e

3

ool 0]

o

ale
—

5> 2

2 =

1

U/ <

txj F

e ct
o
($}]
X

TRIMETHOXY
ANTLINE with % % 3
NAPHTHOL AS-DEA

N
R
V'

BASE with
NAPHTHCL AS-D

40

41 3
NAPHT" T.!L AS-OL

FAST ORANGE G
BASE with 4 =
NAPHTHOL AS-RL

See tables in oxperimntal part for constitution of naphthels
and bases, and concentrations of padding and diazo solutions,



TC%Z COLORS FROM B O N ARYLIDES

A ATIMIMA QMmMTTQQ ANTQ MITNT A>T CTTA TNTD
19 b X «LIGiTI ASTYNESS - CONMSTITUTION SHADE

M0, cCard No. Rating

mAGQn QRANCR (
{ U

43 4 $.4L BASE with
NAPETHOL AS-THMA

~
& 4

-
o
18
6
A ) '
N

with
NAPHTHOL AS-G

FAST RED KB BASE
46 4 é wi th
NAPYTHOL AS-D

FAST RED KB BASE
4€ 4 e A with
N ‘\};""[ { I_ :'\S"L«A:A

49 4 7-&  witn

See tables in experimental part for constitution of naphthols
and bases, and eoncentrations of padding and diazo solutions,



ICE COLORS FROM B O Il ARYLIDES

DY SHAD:Z CONSTITUTION ~-LIGHETIAST "USS -
MOe e N Card 'o., “atinc
50 4 7-6;
Spk 4 7
52 4 §-
o5 1 5 >
FAST SCARLET %G
54 BASE wilth 5 é
\PHTHOL AS-OL
FAST SCARLET 2G
55 RASE with 5 &
\PHTHOL AS-2EA
bES i & o 1 o\T

> al
h 5 ;—'c
o= Nl

See tables in experimental part for constitution of naphthols
and bases, and concentrations of padding and diazo solutions.
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ICZ COLORS FROM B O N ARYLIDES

r AP0 B PN ATQMTMITNT A DT A TN
=Ll GOlr A0 L bOO- ’}O o )0 i R LR G W B & el )
N0 Card No. Kating
e - —— S - atza g F —

n
3
on
S\

o
©
o)

NN

60 O 6
61 5 3
~
2 5 6 -&
FAST ORANGE GR
63 5 7-& BASE with

NAPHTHOL AS-ITR

See tables in experimental part for constitution of naphthols
and bases, and concentrations of padding and diazo solutlons,
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TCE COLORS FROM B O N ARYLIDES

SHATYT CONSTITUTION ~LIGETPASTI 58S -

Card“No. ~ating

™

64

67

68

70

See tables
and bases,

)J
(92}
=y}

FAST ORANGE R LS
BASE with 5 >
4

N2PHTHOL AS-0OL

AQMT O AN AT &
T ORAMNGE R

i

BASE with 5 5

NAPTTHCL AS-RL

FAST ORANGE R
BASE with 6 L

\PI'THOL AS-TV 2

ST ORANGE R
SE with 6 Il
NAPEHTHCL AS-ITR

FAST RED' 2G BASE
with - & r
I Y Al].'] \_‘\L AS

2G BASE

AS-TMA

6 e

in experimental part for constitution of naphthols
and concentrations of padding and diazo solutions,.
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DY «LIGHTFASTYLLSS - CONMSTITUTION SHADE
0. Card No. Ratin-~
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1 A0 L0
J ~ | 4
1 6 G Lt}
ADITT -.I *\r)
.
1 \f‘
>4 AOL

Bor IED G ‘.‘13 ;
3 ¢ 7, (c ith
L : I .A\S" ?I
I S ) G BASE
r A
4 3 / wilt
© - . -
NAPHTHOI. AS-TMA
7 AST ) G BASE
C P t 4+
® O 7"’ Wit
APUTIIOL AS-ITR
FAST SCARLET G
> . ’é BASE with
APHTHOL ‘)-\JL
FAST SCARLET G
77 gt o e i

See tables in experimental part for constitution of naphthols
and bases, and concentrations of padding and diazo snlutions,



ICS COLORS FROM B O II ARYLIDES

s SR 2 CONSTITUTION

~-TIGFTFASTVISS -~
I T ST T Card Yo. "ating

6 Sfl;ﬁf

7 Ny

i
AN

ram RORDI AT AD
FAST RCRDEAUX GPR
BASE with

7 7_ é
NAPHTHOL AS-OL

FAST BORDE
BASE with &
NAPHTHOL AS-RL

a

\UX GPR

i QMM RORNL
a0l .'-)\) 1 .
1

DEAUX GPR e
BASE with 7 é - 54
NAPHTHOL AS-TMA

Sec tables in experimental part for constitution of na»iit’ ¢
and bases, and concentrations of padding and diazo soint? .
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eT
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See tables in experimental part for constitution of naphthols
and bases, and eoncentrations of padding and diazo solutioens,
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bYS SEADS CONSTITUTION ~LIGETIAST 235~
card Mo. Tlatine

P e e i

- " )
—
/
C L o 7
< L o =~
4 AS- TN A
1 p - A
3 A g
Xr C 3
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< 4 4 LIl %
—_— ~— o /
o4 A 1D
S Th QR
4

" am . ap
13 I 4 5
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~ e - < -
AT T C 2T
I d »okin !
" o 7
S 4 L o
C w3 +h a7
¢ WiltTn s 5
§ 7 Q 1 A
A L v Y by 1
wAem 2T TTH w 2 A
. A i ()
4 4 [ ( —
4. LLL
Ay
NADTIO "G TMD
AT L AS-T1

Sce tables

in experimental part for constitution of naphthols
and bases,

and concentrations of padding and diazo solutions.
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ST en 74
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1 7 AN }
vV \
1% — / M OAY
) = 3 el
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See tables in experimental part for constltution of naphthols
and bases, and concentrations of padding and diazo solutions.
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tables in experimental part for constitntion of -
bases, and concentrations of padding and diarc
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in experimental part for constitution of naphthols

bases, and concentrations of padding and diazo solutlons.



TCE COLORS FRO!

1B 0 1! ARYLIDED

33 e san

SHADS CONSTITUTION ~LIGHTFASTLSS~
NO. i Card No, ating
120

n 3
121 11 #- 3

11 %~ 3

122
122 11 #- 3
124 11 ¥- 3
125 1] ¥#- 3
126

11 7{.3

See tables in éxperimental part for constitution of naphthols
and bases, and concentrations of padding and dlazo solutions,
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JCA4 COLORS ¥ROM 1B O N ARYLIDZS

~LIGHTPASTTESS - CONSTITUTION
0 Card No. lLating e N 3
TR T y
127 11 4 3  AZOBEX . th

See tables in experimental part for constitution of naphthols
and bases, and concentrations of padding and diazo solutions.
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