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PREPACE

Thia is a theois written as
a partial requirsuent toward the
degree of }mster of Sclienve in
Chandntry. The inveotigations oute
lined horein were oarried out en-
tirely in the chermicael lahoratories
of the Virginia olytechnioc Institute.

Before entering into the 4io~
oussion,the suthor wishes 80 talke
thie opportunity to thank Professor
JeB.Lucas, Dr, J,E.uesaey, 2¥.J. %, ¥atason,
and :iss Rlla lusceil,of the chemliatry
department of V.P.Il.,mnd iir, =, P,
Hitch,of the B.l.DnPout de Hewoura
Courany, for very helpful suggestions



PREPARATION OF ISOMRTRIO MRTHYL DSRIVITIVES OPF DIAZ0DRNZENE-
ACETOAGETAUILIDR

I-INZRODUCTION=-A BRIRP HISTORY OF THR
DIALZO YBS

"fhe goml tar industry holds a unique position in She
induatrial world,as it is entirely the outcome of soientifio
resoarch. The firet sead was planted in 1825 vhen Paraday dis-
ocovered bensene,whioh he obtained Zrom the iiquid produosts
oondensed on oompressing the gas obtained from ooml oil.

A year later,1826,Unvesrdorben odtained aniline dy the mere
distillntion of indigo and called it ‘oryatalline'. Runnge
afterwards obtainsd it from ooal tar ofl m;l.h-vtng oboerved
that it produsceld a violet dlue soloration with chloride of
lime,0nldked 1i8'kynnol'. It was gsubsequently obtained fron
Indipc dy Pritache by diasilling this coloring =mtter with
omustic alkali, M¥itsshorlioh later obtainsd benaene frow bensoioc
n0id and from this nrodnsed nitrobensene,this discovery paving
the way for Iinin,who showed that bensidara{anilins) oould de
produced dy the anotion of sulnphuretted hydrogen in the prosence
of ammonia on an slcoholic solution of nitrobensene,”

"Hoffman,in his firet published paper,showed that
Unverdorben's orystalline,lunge’'s kyanol,Pritsche's aniline and
zinin's bonaidam were all the sane ocompound,and for whioh he
selooted Pritsche's name oniline. Hiy work on the separation of



sniline from oconl tar atarted in 1643,and oontinued after his
arrivel in Zngland 1n 1845 meeeeng

“At this time,1843,0rgnnic chemistry was still in ite
infancy as 0oal tar naptha had not yet been investigated. 'unge
had iaolated phenol,sniline,and quinoline., liapthelene was known
to exiet in the tar,having been separated by Carden as early as
1820 and finally .umas had discovered anthracene.

“In 1848 Hoffuan showed that bensene amut exist in
coal tar naptha,as he found that aniline could be nrodused from
it. Upon his suggestion Charles Mansfield uniertook to investigate
the licuid hydroocarbons of coal tar and after muoh patient and
persevering experimentation finally produced bmm and toluene
in a pure atate. Pron the latter Hoffman produced toluidine.’

'E' “To Perkin(one of Hoffman's utudenta),however,belongs

the oredit for the insroduotion and development of the industyy,
for he quickly realicted the sommercial irportance of the

numerous 4discoveries in coal tar schemistry whioh now followed
in tumltous succession.” *®

It was Porkin who aynthesised the firat aniline
dye in 1856, “"lespite the dlssuading advide 0f TMoffman, Perkin,
et elghteen,left college to continne his investigations and o
proceed with the produstion of thie dyestuff, A genersl patent
was taken out to {ralude tds orilution syaiants of salts of

®Abastract ~ Periin and Ammatrong. Hofftan lemorial

Leature. Trans. 0f Chem 500.,1896 « This ahatract odtained by
the anthor from Aniline and its Jorivitives' by Crosgins,
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aniline, toluidine, sylidine and cumidine. In June,1857,with the
asgistance of his father and friends,construction of a plant at
Greenford Green near Harrow to manufacture dyes was commonced,*

How the synthetic dye industry has practiocally
replaced the natural dys indastry.

IT-300PZ OF THR wORK DONE BY

THa AUTHOR

Ths more imporiant aynthetic dyestuffs cen be
olaseified as follows:-t

A.lHitroso~- and nitro-dyestuffs,

B.Azo~dyas

C.8tilbene,pyrazole,andi thiazole dyestuffa,

De2i= and Tri-phenylmethane dyes.

E.Xanthene dyestuffs.

F.Aoridine and “uinoline dvestuffs,

G.Indamine and Indophenol dyasatuffsa,

H.Azinesn, Oxazines, nnd Thisazines.

l.Hydroxy-7atons dyaatuffa.

JeSulphide dyas,

X.Vat dyestuffs:Indipgo and Indsnthrenes.

The author has dealt,in his investigntions,only with
that class known as the Azo dyes. Using ortho-,meta-,and para-
toluidine.acetoncetic ester,snd sniline,he han attempted to
produce three normal dyes,snd their isomeric forms.

*Abatrast-Porkin snd Armatrong, Hoffman !‘emorial

Lecture. Trani§ of Chem, 300,,1896,
extbook of Organic Chemistry-Bernthsoen-
3udborough.
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IIX-PRIVIOUS WORX DOEZ ON THIS SUBJECT

As far as the enthor and his asscointes have been nble
to determine from avalladble literaturs ,no reocrds hsve been prove
fionsly made 0f attempts to prepare the isomerio methyl derivitives
of diazobensens nostoscotanilide,

IV~ZXP2RDIENTAL WORE

Aniline, the simpleat of the aromatioc bases,may de regarded
a8 denzene in v;htoh cnb hrdrogom nfon haa beon renlaced dy the
anino«-group. Aq i3 well kmown io evary organio cheniat,there may
exist,not only o monoanine of bdonseno,ut elso a dianinelcontaining
;) end a trimmineloontaining SWH;) of banzene. The base,toluidine
(CgH4eCHEg.NHA) ,whioh the suthor used in his experiments,may de
conaidered fraa the atandpoint of a dianine of bnnunc.in whioch one
0f tho anino-gronpd has been raplaced by a methyl group. Thas,the
similarity botnm the atruomc of aniline and the struoture of
tolaldine may ba readily seon, |

muno 18 vory easily diazotised mourﬂins to the
following raacuonax

0635833 ¢ HOI —— 0535533-1!31

aniline aniline hydrcchloride

Oglgliig  BCL + HONO — CgHghSH«CL 4 2HpN
diazohbensene
chloride

This diazodensenc chloride,whioh is the nltimate produot
of the diszotization of mntline,is ensily ooupled with other
compounds to form certain dyentuffs,
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Prom the similarity of the struetures of aniline and the
toluidines{ortho~,meta-,nnd vara-)snd the ease with whioch aniline is
diagotized snd coupled,it seemed that the thres tonluldines might
b8 diazotized and coupled %o form dyestuffs,

To deternine whether oxr not this was thse cnse,the following

experiments wore performed:
E,Preparation of scetoacetanilide(to be used as a
dyestuf? intsrmudinte),

A quantity of acetoncetic ester waa
purified unier s vacuun by diatillation. A sirilar
quantity of aniline wns purified by distillstion at
ordinary pressurs until water white. Into a three nsok
flask, et up according to figure Y ,52.5 grams of the
parified aceto-
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were slowly added and the whole mixture kent at a
temperature of 1309C, until the reaction was complete.

This required about five houra of heating,during
 whioch time,the 1liquid ohenged to s dark drown color. On
gooling, the aryntallisation was very alow,

- The acetoncotanilide prodnced was purified by
rncryutali@aation from wator and toluene. A bdetter
yield was obtained by usihg the toluone.

Yield(rooryst. from water) 18.6 gramo{60%)

11, Purifiontion 0f orthoe,metae,and para-tolnidine
These compounis were purified as needsd by the
‘use 0f water,other,or toluende
I1I,Proparation of Ew@twloﬂuobmm-
asetoncetaniliide,the Lfiret dye.

The prtmlyle involved in thia propamuon 13 that
of dinsotising paractoluidine,and coupling the diasotiszed
coupbund with ecotosoetanilides

| 8 grama of para-toluldine were added to 50 oc. of
water oontainod in s besker,28.8 gramws of concentrated
hydrochloris ncid were sdded to this and the whole atirred
thoroaghly. The tbnm:xg renotion took piaoe:

oy ) mag -+ HOL -———>-053< \uigeHCL
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To the adbove 5O grana of 10e were added snd the
benker placed in a ealt end 106 bath and allowed to .
atanﬁ,tharn until the temporature appronched 0°%,

A 104 solution of sodiam nitrite was nmade by
418601ving T8 groms of the onlt in distilled water,
When the tomperntars of thé firat aalntinh,hac renched
0% C.,the soitlam nitrite solution was olo-ly alded,
with continne)l atirring,throagh = tube lending under the
enifaoa of the 1iguid. Tha complotion of the diazotitzation
wne detarmined by plaoing e 4rop of the licuid on a
starch fcdide peper, A dintinot blue color,fomming at

once, indicated the ccapletion of the reasticne.

Ctg{_ g, 701 + KON —> oig( ) FERa01 + 2150

€.6 groma of scetoacetanilide were diassolved in
200 coe 0f wnter oocntaining a owuell ancent of sodium
hydroutde. 7o thiz welution the &{azo soiation wes alowly
added, The whole sclution was allowedto stand fLor
fifteen or twenty mdnutes and then,if not alrendy
alinline,wns made just alkeline with a 10 zocdium
carbonrte solution. Tho presipitate was fllteroed off on
g Buokner funnel,wnshod thoroughly vith lukewnrm —ater
and dried,

ROHRO
b
0H3< >z:=sz-cx -+ n—?—o-?-a—zf'@
E ® H
H@H H
Sln )
n-@-c-¢-o-1 n
| 5) {0 §



e

The produst obtnained from this preparation wao
parausthyl-diiaobenaenn—acotoaowtanilxac.n beautiful
yollcw pigment.
Yioldza.évgéima;ﬁéleing Point(Purified with water);120° C,

ihe above ~rocsdure wns repented i{in ordor to see 1f
the preparastion ocunld be dupllonted. This wne auccéaafnl.
alao. |
Ylnida?-s grama;rnlting coint{Purified nithvwntar)g11a° Co

[V-Preparation of the ascond dye,orthomethyle
diazchensone-~naaetonaetanilide,

The prooedure for the prenarstion of *he second
dyn.ortho&aahy1~ﬂlasnb«nnnne-nantonaeamnilido.waa
oxnatly the some as siven ahove for the sropurstidn of
the firat dye,excopt that 6 grams of cortho-toluidine
ware usad instend of the pare-toluidine,

Y1614:8.3 grams{733)ttelting Pointl{urified with wqigggs
e

™iis praparntion wag alado repeatal to see 1L the dye
aould be dusllouted, desnlta Pore anooovassful. |

Yield:7.9 grans{70%);idelting Poins{iurifled with wn{gg 3
e

The compound prepared thus wase mlso a besutliml
shade of yellow,a bit lighter then the color of the
paranethyl-diazobenzane-nootossetsnillide,

V,Preparation of the third dye,metamethyle

. dlazobenzene-ncatoscatnnilide.

The nse of the meta-toluldine in the proparaticn -

of a dyi presented a more diffionlt nroblem. In this oase



-
xt' wag nescaonry to perforn the opornum with “ much
spoed »o »poanidle and with aa xwla tmpomﬁnrd a8 Pogw -
aible in ordor %o provent the decomnosition of the
dlagotized neta-tolnidine.

6 graas of neta-toluidine wore ndded to 5000. of
diatilled wnter and 28,8 grans of consentrated hydrochlorlo
nold ecntained in a ‘benker. 80 grans of fce were edded to
thia and the hoaskor wad plnced Iin a #alt and ice dath
until kthc temperature hed fellen as low as posaible.

#han the aolutloa had romchod the lowest temparature
possidble( ~4°3.) s 108 solation of avdiun nitrite,made
by Gisasiving .8 grans of the aalt in water,was edded
slowly through a tube lending under the surfece of the
aolution. 4 rsidish browa precipitnte formed at thias
stago,due to the partial deaompoziticn of the diasotised
mota~toluidine(This preaipitate may or may not fom,
depending oa the amﬂizims mx&ar which the operaticns
Rre asrricd out). This praci.puau wns filtered off.

9.8 srans of moeonaemnindn.aiasalnd in 200 oo, of
wnter containing a anall munv. of ¥abH,wereadded as
quickly s possible to the filtrate,snd the whole allowed
to szané! for 2L%tnon or twendy minntes. At the end of
that tive,if not mlrendy alkaline, the soclution wno mnde
Jast elkaline with 10# sodium oarbonate sclation,the
yellow pignent éms f£Litored off on a Buchner funnel.
‘vmohed with diatilled water, and dried,
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Yield:8.4 grams{747%);:Lelting Point{Purified with tolggngi:
290,
$hia preparation was duplicnted,also,and the
. rosultas wars found to Le astiafrotory.

Yi61d:7 grams{6l.54) ;kelting Point(arified with tolg:%oi
O Co

Attention wos next turmed townrd the prevarntion of the
fsorerio formg of the goupounds »repared above. Internediantes were
made by coupling ortho-,uete-,or para-tolnidine,reapectively with
ncetonaetia eater by the fuollowine nrocess,

7T, 711,V ,Praparntion of intermedintes to be
aged in the nreparaticn of the iscmeric forme of

of the dyes mude above.

In a condensine flask,vet up e nhown in figure 1,
85,8 groma of ortho~{uzete~,or para-,tu the once cay be)
toluldire ~nd 50 gramd of scotoscetic e-ter wore vlnced.
“he floeik with thece ingredients we: hented on an oild
batk for £ive hours at r tenn reture of 1250-150°0. At
the end of this timo the product wag removed Ifrom the |
fierak,purified with tcxuenn.ahd dried.

The preporsaticn of theis three 1nt@imadiatoa wng

porformed withont eny diffionlty,whntacever.



It now becamne negessary o couple the intermsdiate
with aniline which had been previously diasotized by the
usaal wmethod. To do thie,it was,o0f ccurse,necessary to
diessolve the intermediate in some nediuwm which would not
affect the soupling. Daoh of theso internediates resisted
solution te any sppreciable extont in any of the ordinary
solvents,with the excaption of 95% noetlc a0id and ethyl
alechol,niether of whaich eould be used on ssoount of thelr
venotiona with diezotized aniline. isuch solvents as water
(both hot and cold)}earbon tetrachloride,ether,bensens,chloro-
form,and sodium hydroxide solutions of various atrengths,
wers asaé.but wit hout any sclation taking pleoe,whatsoever,
Metallloe sodium falled to show eny sction,vhatzcevar,on the
intermedinted ,due,probably,to steric hindranse. Thereforse,
4t was quitoe evident that the proposed method of coupling
ortho-{meta-, or nars-) methrl acetoscatonilide with diasotised
aniline vould not be susoessiul,unless some suitable solvent

for the former compuuands aould be found.
Attontien was noxt turnzd $u the pessibdility of
forming an intermediate by coupling the sociium salt of
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nootoncotic eater with diasotised aniline,and then coupling
this intermediate with ortho-,meta«,0r para-toluidine., This
poasibility waa tried repeataily vwith no suooess, xhatsocewn v,
due to tho imconsidility of obtaining » suitable oondensste

from the dinsotized aniline nnd s0dio scetomoetio ester.

T-COROLY3 X0

Paramethyle{ orthomethyle=,or metamethyle«)diasobensens
ncetonsetmilide m bo prepared respectively by the acupling
of acetoadatanilide with diagsotized para-{ortho~,or meta-).
tolaldine.

Internadiates for the praparation of the ioonerio
forma of tho osompounda given adovelparamethyle,orthomethyls,
or motanethyl=iiscodenzens acetoncetanilile may bBe prepared
by scndenaing topgetheyr noetoncatio ester and parse-,crthoe-,
or uote~tolulidine, o0 the sase nny de,

Further progross townrd the nroparntion of the
fsomeric forme wno hindered dune to the innolubility of the
three intermvedintes.

fhe sugzestad method of fomming the isomerio forms
by coupline the sodium salt 0f nooloncetia ester with dilaszotized
aniline snd then cgounling the intormediaste fummed thus with
orthoe,t:eta-,or para-toluidine proved to he a fnilure dne to
the {nmposaibility of obiaining a auitadle intormediate .



Investigntionn into the proparation of the
f{sometric methyl derivitivey of diasobsnsens ncatoaoataﬁiudo
appear to be rethor unlimited,but the short langth of time
nllotted to thia subjsot nllowed the enthor to perform only
the experiments outlined above.

It 19 gratifying to Mmow,howover, that more
work on the aubjeot will be done in the nosr fature at the
Virginiazolgteshnioe Inatitate,



TABLES
Yield

Paranethyls
Moagohensene-
A00%0000tantil1id® cecsenance B8 gfnmﬂ
{ 76% )
: 0 ams

o

Crthomethyl~

Nlasodenzene-

Acetoncotenilide cvevcceses 843 e
( 935 )
7.0 grams
(.76% )

Notamethyle

Diazodbentane~

A00t00800tn11180 cevencsses 8:d
( 74% )
7.0 gremy
( 61.5%)

Yelting Point

[ XXX R X} 1300 0.
(Purified with
vater)

I EEFENXENR] 11.8000
(Purified with
vater)

eacssers 135°0,
(Purified with

{iuriZ?ied with
water)

Sosdonse uao o.
(rarifisd with
toluone)

[ E XN X ¥ ¥ W] mo 0.
(arifiad with
toluene)
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PIGUENT TR3TS

Poranethyle
Dingohonsonoe
Acetonootanilide

Orthomethyle
Dinzgbenzaeno~
Aocetorncotaniilide
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Yetnnethyle
Dingobensene~
Acatoncetantlide

ggmyarum teats
ell three 5¢
the above pigments
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