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CHAPTER -~ I

INTRODUCTI OR




This thesis deals mainly with the prepar&tlon'
and application of reactive disperse dyes to polyester
and other synthetic fibrses, The dyes contain assgido
groups as the reactive systexms,

There is hardly any literature availsble on
resctive éisperse dyes applicable to cellulose acetate
and polyester, iffort hes besen made here to review the
historicsl development of resctive dyes asppliceble to
gotton snd polysaide fibres and s2lso the developments
in the dlsperse dyes, The introduction has been
subiivided into three parts.

{(e) Invention aud development of resctive dyes.
{b) Chemical constitution snd festness properties of
disperse dyus,
(¢e) Syathesis and resctions of crganic azldes.
(a)

Since dyes are generslly graced in terms of their
fastness propertiss, i1t has been the aim of sll dyestuff
chemists to develop new dyes with better fastness
properties, ultimntely leeding to & dye which is as
permenent as the life of the fibre itself. This aim has
led to meany developments which are milestones in history
of synthetic dyes, The first cne is the Perkin's
discovery of Maaveine in 1856, which zave s great impetus

to the development of syathetic dyes lesding to the present



state of the dyestuff industry. Then ceme the
introduction of direct dyes, first of these being
Congo Red by Bottiger in 1l884. Discovery of the method
of azolc dyeing and vat dyes were of grest importance
for getting fast dyeings on cotton, But the dream of
getting & dye whieh can give 8 dyeing whose life is as
long as the life of fibre itseif still remained unfulfilled.
This in short means to get a dye molety which forms @
chemical pert of the fidbre, In other words the dye is
covalently linked with the fibre.

The need for the development of resctive dyes was
felt for twe reascns.
1. Though direct dyes were applied by éimyle dyeing
operations they did aot possess adequate wash fastness,
g. Though a&aie'aalaura end vat dyes had good light
snd wash fustness properties on cotton, the method of
appiication was cumbersome, There was thus e grest need
for the development of dyes which could be epplied to
cotton by siuple dyeing cperations end which possessed the
bigh fastness properties of ascics and vets, Increasing
labour cost in Surope {urther intensified the search for
such dyes.

The search for reactive dyes has extended over the
last 76 years, The first of such efforts was made by
Cross and sevant who benzoylated the sode cellulose,
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nitrated, reduced the nitro compound of cellulose,
diszotized and coupled with smines and phenols to
obtain yellow to red coloured fibres.

Shroeter® in 1906 treated cotton with p-benzene
sulphonylemincbengene sulphonyl chloride. It was then
treated with p-nitrobensene diszonium selte to form
yellow coloured fibre. The coloured cellulcse was shown
to have the doubtful structure (I)

CgligsUgRH ~———%— c,sascdu cell
)
NOgCgHa= ¥ = N
(1)

buring l@ﬁ@a Clba patented the dyes derived from
eysanuric chloride (II)., It was uszed as # bridging
group for intramoleculsr blue~-yellow chromophoric
combination to produce green dyes of the ﬂhlorantino‘
series. Even though cyanuric chloride gave incrsssed
substantivity, it was meinly used as "chromophoric bridge®
and the third chlorine atom in cysnuric chloride

was ususlly replaced by groups such ms amino or snilino,
Beverasl dyes of the series had sn unrepleced chlorine
stom, e.g, Chlorsntine light 8lue 86 (III), but their
cepscity to dye cellulose resctively was not recognised
2t thet time,



3H
\
— < > —
NO, > -
. ) / _
HO35 - e N 22 NJ—R\’—.N\
\__"'::J’ ‘\H
| v
<: > OH
N = N
HO3S | NHCOCH, C 1
p4
CH3y
\ Cl
®
N = N— OCHQCHzocHZ‘NQL ,
OH
N=N 7 N\ OCH,CH,0503Na
OH

N¢035

| W ;_M:"

AN X

IHCOCH,



Gunther? in 1925 prepared the coloured
derivatives of isatolc sahydride (IV) which were capable
of reseting with cellulose in alksline medium to form
ester type bonds,

"?nconk& in 1926 employed quatsrasry smmoniusm
salts such ss p-nitrobensylphenyldimethylansonium
chloride, to prepare s cellulose vitrobenzyl ester by
treating cotton in presence of sodium cerbonate, GSuch
derivetives of cellulose were subjected to reduction,
diszotisstion and coupling to form aso dyes.

In 1930 IG markﬁttﬁa Supramine Orsnge R (V)
which formed a covalent bond with wool. The reactive
function waes the labile chlorine atom of the chloro-
agetyl group. |

Lven though the reactivity of such dyes with wool
was not realised, these days were claimed to hsve very
high vet fastness, [t is now established that resction
ceeurs under acld dyeing conditions,

Haller and Heckendorn’ of CIBA in 1930-3% tried
to scylate the cellulose with cyenuric chloride using
the stepwise replacement of chlorine atoms., They treated
scds cellulose QXth eysanuriec chloride in orgenic solvents,
then reecting the other chlorine a2tom with dyes countsining
suine group or interaedistes capeble of forming dyes.

This was closest approach to put = resctive dyes on the



sarket. This effort d¢id vot result in marketing a

range of reective dyes because of two reasonsi-

(1) the precess of rescting cyanurie chloride with soda
cellulose and then with dye was too lengthy for textile
dyeing operstions end (2) employment of orgsnie solvent
medium for rescting cysnuric chloride with sode cellulese
was impractical,

Granecher® during 1928030 tried etherificstion of
cellulose by tresting anhyirous cellulose with penitro-
benzoyl chlicride or dinitrohemhalogencbenzenes, Reduction
gave dizzotiseble fibres.

In 1937 1G° patented water scluble mnthraquinone
dyss containing s resctive halogen e.g. 4-bromo~l
eminosnthiréquinone-2-sulfoniec acid ("Fromenine scid") for
Gyeing of weol., In 1940 ICI realised the ressctivity
of dyes comtsining chloroacetyl groups /Supramine Orange K
(v)/ with weol whieh results in very high wet fastness.
They worked on uyes containing the chloroscetyl group
with & view tc produce s commerecisl ranze of resctive
dyes for wool.

Eiﬁﬁli patented the dyes containing the queternary
samonium salt of the type VI, GSome dyes of this claass gave
dyein: s of very high fastness to weshing when cotton was
pedded with sueh dyes snd then subjected tc beking.



Solodkov and Kursanovl® deseribed the formation
of ether linkage with cellulose when it was trested with
s-nitrobensyloxymethyl pyridinium chloride and sodium
acetste, Chemical fixation wes brought sbout by heeting
at 125%° for 10 minutes. Cuthriel® 1 1952 made en
isportant effort eimed at forming en ether linkege with
ecellulose by treating with sulphate esters of dyes
conteining slecholie groups, This was another close
approach to the type of reactive dyes which ere now on
the market,

Guthrie produced fast dyeings by impregnating
_ eottom with sodium hyiroxide solutions of the dye (VII)
and subsequently baking the fibre at 100-110° for 1 hr,
or longer. The disedvantages of these dyes vere low
resctivity, necessity of high slkall concentration
longer time and the high temperature used for fixestion.

Me Leughlin and Muttontd investigated the etheri-
fication of cellulose with po&nino-x;ékehleroaeotophcaoaa.
They washed sods cellulose (prepsred by tresting with
20% sodium hydroxide sclution) with ethsnol and then
trested it with pesmino-w-chloroscetophenocne in boiling
ethancl to obtain cellulose contsining s diszotisable
smino group. Diszotizstion and coupling gave & coloured
cellulose derivatives,

c18ad® 1n 1044 patented dyes containing P-sulphato-
ethyl sulphonyl groups (V1Il).



These ¢yes included no nuclear sulphonie seid
groups and were mainly deserfbed for applicstion on
eellulose scetete ond polyamide fibres. Thelr capacity
te fora ether linkege with celliulose vas not recliced
at thet time.

Hoechst did research on vinyl sulphormes snd
fesulphatoethyl sulphones during 1948-82 and merketed
Remalan renge of resctive dyes applicsble to wool, silk
end polyamide fidres., The precurser sulphate ester

NaOH
D-S0LCH, CHgOS0 K ¥ D-60gCH = CHg

group was bycrolysed to vinyl sulphone which then

formed covalent bond with free amino snd hydroxyl groups
in the rfibretS, In 1967, dyes contsining the same
reactive groups were msrketed as Reme2cls, lattee and
Stephen of ICI inm 1960 investigated the use of cdichloro-
triezinyl derivetives for resctive dyeing of wool.
Following publication of work by wsrren, Reid and

ﬂamaluinanl

7 in 1952 on resction of scda cellulose with
ecyenuric chloride, they visualised use of eyesnuric
echloride a3 a resctive group in dyeing of cellulose.
Further efforts on methods of application snd storsge
of dyes contzining dichiorotriszine groups by use of
h&fftr:l& led to the merketing of the Frocion range

of reactive dyes for cellulose. Three dyes Frocion
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Yellow & (11}, Brillisnt Red 28 (i) and BRue 3G (XI)
vere &ll diehloratriaaina?aapabl@ of application to
celluloze under cold dyelng conditicns (20-40°%). Dyes
conteining monoehlore triazine group wore !ntroduced
sipultsnecusly by ICI (Frocion H range) snd CIRA
(Cibacron renge) lm 1987,

Tne introduction of procion renge of resctive
ayes gzve grest lampetus So thw senrceh for nev. reactive
systems, The follewing ronges of reactive dves ware
intreduced by differsnt firms, OClibecrou dyes (CIBa),
Resctone (yes (Galgy), vrimsven dyes (Sandor), Remszol
Gyes (Heochst) snd Levafix dyes (Bayer).

Unce the versatility of cyenuric chloride rg n
resetive group was apprecisted, efforts were directed
towarcs finding new nitirogon heterccycliic systems
contnining levile chlorine atoms. Hesctone (Gelgy) and
Drimaren (Lenloz) range of resctive dyes contein 2,4,8-
trichioropyrimidine and 2,4,5,8~tetrachloropyrizidine
goups as the reactive systems,

“he different resetive systems used in caifferent
range ¢f resctive Gyes along with thelr couamerciel brand

names, firms 2nd year of introduction are listed in Table 1.
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N7 ¢
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N |
cl |
CHs
(DYE)—NHCO N cl
e |
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=
(DYE)—~NHCO = CHyCHy—N PRIMAZIN P BASF 1964
{
(DYE) ELISIANE FRANCOLOR 1963
ngE)—S»OzNHCHzCHzOSOgNa LEVAFIX BAYER 1958
CDYE )= NHCOCH,CH505C¢Hg SOLIDAZOL CASSELL A 1964
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The progress made ia the reactive dyes for
synthetic fibres after the introduction of reactive
dyes for cellulosic fibres in 1966 is slow., This can
be fully apprecisted when one considers the chemical
and physical properties of synthetice fibres., EZxcept for
polyamice fiber, there 1s no resctive site in the cnse
of other synthetic and regenerative fibres such #s,
polysstsr, cellulose triacetste sad polypropylene fibres,
Mided to tils lsck of remctive sites !s the hydrophoble
naturs cf trhege fibres which prohibvice the use of water
soluble zesctive dyes, Thus o good reactive dye for
syuthetic fibre should possess the propartien of @ good
cigperee Cye 1u wdditicu to 2 remctive group capsble of
foreing covelent bonds with the particuler fibre.

10Dt 1259 merketed grocinyl range of resctive
dyes for pelyemide fibres. These are weter imscluble
civperve dyee conteining @ resctive group cepable of
foraing covelent bonds with the e2oine functions in the
;aly&mﬁﬂg substirete under slkelire cordliticns. The dye=s
irc spplice first es vormel disperse dyes under neutral
condfticn., Unce the gxhaustion !z echieved the dye-bath
g ceCe vlikeline to Wring zbout the resction with the
£ibre<C,
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The recctive systems sre so chosen that no
resction occurs under the neutr:l condition. This s
e primary requirement for producing level dyeings,
Proecinyl range of reactive dlsperse dyes contaln
different reactive systems such ss mannchlorotriazinylal'ag
p-chlorosthylsulphsmoyl®®, epoxy, Y-chloro-f-hydroxy-
propyl halogeno©4s@ pyridimine groups®®, The yellow
dys (XII1) is = represent-tive of monochlorotriszinyl
dyes in which X may be Behyuroxy ethyl group.

There are no k&awa reactive dyes {or polyester,
polypropyisne »nd cellulose acetate fibres. The known
renctive disperse cyes heve been mainly developed for

the dyein; of polysmide fibres,

resctivae disperse dyes contuining the chloro-
scetyl group for peolvamide fibres are mentioned {n
peteonts, These are prepared elther by seylation of
uyes conteiniog emine or sulphonsmido groups with chloroe
scatyl chlorice wr by Techeranisc-iinhorn resction 1n
which chlorcscetylaminonethylens sroup 15 introduced ianto
& uye conteiniog aromstic nuclel by the sctiom of
N~wethylol-chloroscetomids iu 06% sulfuric acid®’,
Chioroecoetyl groups sce 2130 introiuced into sliphatic
sitve chalius {1111)33-
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sendoz®® has patented dyes (X1IV) conteining chloroe
and bromo-acetophenone groupe for dyeing of wool snd
polyeamide fibras,

Dyes (XV) ccoatsining helomethyl ketome groups erve
also menticned as renctive disperse dyes for polyenide
f!brelao.

Use ¢f alkene dicerboxamices as reactive group
in disperse roesctlive dyes for polysmice Tibres are
developed such 88 Lyes (XV1) cuntelinlag Jichlorce |

succliacmathyl seiar chlorids group have Lasn raportedal.

e dyee susn 83 (AVI1) contedning baloserylemides
heve bLeeg maeationsd for polyamlie aund cellulosic fibres
byt thoy have apf schisved tecunlesnl imgartﬁneesﬁ.

Tha syes such a8 (AVIII) eontulaling D-sulphonic

sster groups ware flrst latroduced by ;zagﬁa 8 reesctive
dyes for wcol. 1213% pave uged the same group in
reactive dipperse dyes for polyemids fidbras,

B8

12135 heve also roportesd the vse cf Reacyloxy

group o resctive dyalpg of polyeride fibres as in (XIX),

9}0*@0@33&3&2‘%9{2'%3
(X1X)
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Water insoluble dyes (iX) contsining vinyl sulfone
system ere claimed as resctive disperse dyes for
polyauidoaa.

P-feloethylenines

Blue disperse reactive dyes (e.g. XXI) conteining
the f-halcethylamino group are fmportent in wash frst
dyeing of polysnmide fitwuia7. o

Fizetion agents of the typgzégva been patented fvr
reactive dyeing of polysmide ribres along with weter
insoluble ayes conteining the smino graupnaﬁ.

b |

I¢ 1n{1%¢0 petented dyes containing P-haloethyl-
tulphonunido;fgeoetivo dyeing of waalag.

ICI reccgnlsed thelr ifaportmance in resctive dyeing
of polysmice fibres and pstented disperse dyes of the
type (XXIIl) sad (AXIV) whieh contained the p-chloroe
ethylsulphonaxido sroupéo.

The above struetﬁr; feature has been used in the
Proeinyi renge (ICI) of reactive disperse dyes for polysmide
fibres.

Epoxlde derivetives
Prociayl renge of resctive dyes for polysmide filbres

also conteaing dyes in which an epoxide precursor is present,
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The latter, under the slkalime conditions, givesthe
epoxide:s
~ORg-CH-fRgrnsn ~ Clig - CH - CHg
w x N

These dyes have atteined technicsl importance
because of their stabllity during dyeing. The resctivity
of epoxide group is better with the more basic amino groups
of the polysmide substrate as compsred to hydroxy groups
in ¢clluiasa¢l. Exemples are (XAY) and (xxvx;‘a.

lgropvrinidine and triszine derivetives
sandoz%® snd 1C1%° have reported disperse

dyes conteining chloropyrimidylamine groups. These

disperse dyes (iAVII) sre remetive towsrds polysmide fibres,
tven though ICY wss first to recognize the

suitablility of weter-~soluble dichloro-B-triszinylemino

(Procion) dyestuffs in dyeing of g@lyﬁmidﬁ fibres, it

vas Gancosd?, which first pstented disperse reactive

dyes (XAVIII) for polysmide fibres,.
&ena‘a deseribed similar dyes for the dyelng of

modi fiad (beeic) palypragié@an fibras, MNonochlorotriezine

was cne of the verious groups which was clsimed »8 useful

in dyeing wool reactively e.g. (XXIX3; Proeinyl Yellow 5.3.)49
The momochlorotriazine derivativas of the type

(XXX), cbtained by tresting ® water-inscluble dye containing

an acylable hydroxy group with cvenurie chloride heave been
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J

doueilbod by sandos®0 es reactive disperse dyes for
polyamide fibres, Cysnuric chloride has been condensed
with naphthols and phenols under Friejdel-Crafts
conditions to give the corresponding cysnurated derivatives
which wvere then used as coupling components to yleld
reactive disperse dyes (iXxl) for palyaaxdcsi. tzide as
& leaving group in Se~triazine derivetives of the type
(XXX1I) have been mentioned®2, They ars obtzined by
treating dichloro triezine dyestuffs with sodium szide,
But they hsve no commercial importancs,

Dyestuffs conteining {sothiocysnate groups
(«N = C » &) bave heen mentioned ag resctive dygs for
vocl end polysmide fibres, The wet-fmstness properties
are incrczsed by adjusting the pH ¢ the dye bath to
6,8 - 8,5 with smmonie or huxanethyl&neha&raml5053.
Agldes

Azides heve been meutlioned as » potentisl reactive
systen Tor celinlosic and polysnida Tibres., Uyes of the
type (AKAITI and AXXIV) were prepared by diszotization
of the corresponding aminobenzolc hydrecide with excess
sedlum-unltrite to gel the diszcnlum compound of the
cerbazide which on ecupling zives the relevant dyes,

“hen cotton sad polysaside fibre«s are dyed in the
eliksline bath, nucleophilic displacement of the azide

group takes piace eos follows:
Dye - CONg + Cell = 0° 5 Dys = CO - 0 - Cell + N3~
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when epplied under thermel conditicans the

ecartoxyszides form urethane type stable bonds.

bye - CUHg —m yye -« N = C =0

Uye - N = C = 0 » HO=Cell Lye «RH=C0-D-Cell

The ¢yes conteining sulfonylszides have mlsc been
reported®® wnich ere either prepared by diszotization of
pas petalusbenssnesul fonyl hydreside snd coupling, or by
chlorcaulfcnetion of Cyes el then tresting with sodium
azice. Thay resct with cellulose under the alkeline

econéitione by formestion of boncs of the type:

U = 50g=0-0-Cell

The authors n&vé alsc discuassed the formstion of
similar boucs with termlasl eamino groups of polysamlde
fitres. These water inscluble dyes contsining sulfonyl-
azides groups ere dyed under sliksline conditions,

The work on disperse dyes contsinimg sulfonumido
groups wes started iu this laboretory in the sixties when
¢yes of tne type (LXLKV) were reported. The affinity
(kK Cal/mole) and the ssturstion values (g/kg of dry
tibre at 98°) of the dyes for polyester, cellulose triacetate,
polyscrylic necié polyemnide {ibres were determined, It wes

coneluded rowm the point of view of affiuity that in cese
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of polyester [ibres, the intrccuectiocn of sulpnonmorpholide
and sulphon piperidide offer meximum sdvantasge whereas
for other synth:otice fibres sulphondiethsncl smide group

of fers maximun névant&geﬁ7.

Introduction of sulfonmorpholido group incresses the
affinity of these dyes for polyester {ibre but the
tinctoriel strength of such dyes 1s considersbly reduced,
Kulwent Singh end Tilsk then prepared dyes contsining
sulphor morpholide group which wey 2ttached to the
chronoghore through an Insulatiog graupsa a8 In (XZLVI),

A% 8 comsequence to the wors on uyes eontsining
sulfonmorphollde groups, the syutnhesis of Jisperse dyes
containing the sulfonssido group w~as stariad in 1970,

The maln object im lhe synthesis of these cyes was the
development of uyes which could be reectively epplied

to éifrergnt synthetic ibres such ss polysster, polyasice,
cellulose ncetnte 2nd pﬁlypvopylmng. Appiication (resction)
of these Cyss to these [ibres by thermolysis could be
aaticipeted to vogur thawugh intermediste formetion of a
pitrene. ‘part Crom (he syuthesis of clisperse dyes
conteleing the culptionsalco group, the present work

alsc cescribes Lhe synthesis of dyss cowluining cartonyl
exido, srylezzicc sn¢ azidcacstamido groups. The dyeling
preperties 2nc Mestiess ol tus vyelug on synthetie fibres

wis stuGled s in the cuse of eeriier uy&&ﬁg'
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Kametsu ot &1?0 arefeiens® sna Sunthenksr snd
petkar®€ heve incependently stucied the spplicstion of
the dyes conteining sulfonsaide group on different
synthetic fibres snd reasctive fixetion upder thermel
conditions.

(b)

El ﬁi’ 2:!% g i ﬂ g
ilstory

verinition o dlaperse cyes a9 given by Society

of Uyers wuw Colourfists is " ¢luss of water-insoluble
dyes origluawlily intipduced for dysing celiulose mcatate and
usurlly apoliad frem floe squeous ﬁmﬁpwnsians“ﬁa.

e peed of setisfactory dysv or csllulose ncetate
resulted in $he cevelopaent of dispearase dyes, vhen
calluiose scesele weg introcuced sTter the flrst world war,
gonventional waler aclubie sceld, bLasic end direct dyes were
or‘no use for this nydrophobic fibre,

rrecurscrs to dlsperse cyes, the "junamines” were
iotrovuced by Greev snd éauu&ersﬁé of British Ovestuffs

Corporsiivn ue, 94

Theoe vere solubiiizeu disperse dyes,
Tiw weter lascluble sec sonu satiirequinone dyes conteining
primsyry or sscomcery saloo roups wore treeted with
forweivenvwae blgulfite whereby tre dJemethene sulfonie acid
gerivotives vere obtelned, Thore dycs though soluble

in weter ere slowly hyurolyzaed te the perent esine



compounds during dyeing which were then sbsorbed by

the cellulose acetate fibre. & typicsl exemple is
(XXXVIl). The maim drawbscks of the lonamine cless of
dyes were (a) The necessity to uske the weter insoluble
dyes into water soluble ones. (b) The different rates

of hydrolysis possessed by different dyes posed problems
during dyeing with mixtures of cdyes.

From the experience with “lonsmines® it wes
reslised that suitable dyes for cellulose acetate should be
(a) basic in character and (b) have relatively simple
structure in sddition to low solubility im water. This
meant a bresk in the sccepted principle that dyes szust
be soluble or cspsble of being msde scluble defore
dynlng‘s'

In 1923 olland 5111899 of British Celenese Lta.
discovered the 'disperse technique' to sclve the problem
of dyeling cellulose escetate with water inscluble dyes,
He prepered fine aqueous suspensions of & group of weter
inscluble 220 &nd diphenylesmine dyes with *‘sulphofatty
acids' e,.5. sulphoricinclelc scid and 1ts slksli-metal
salts, These ¢ispersions were merketed under the brand
neme SRA colours, Within & period of few months Bsddiley
and shnphardnausv of british Lyestuff: Corporstion Ltd,
dispersed enincanthraguinones by grinding or dissolving

in solvents un@ reprecipitating in presence of sosp or
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Turkey red oil. These were msrketed under the nsme
'Duranols' A.J. Hal1%8 dyed cellulose acetate with
squecus suspensions of nitrodiphenylsmines contsining
Turkey Hed oil or socap.

The "disperse techninue® was & very jmportant
development in the dyeing of synthetic fibres., The
fmportsnce of particle size in dyeing and printing of
cellulose scetste was conclusively established by
Vickerstaff®® and Lsruwalle and Turner?0,

After the dyelng of cellulose acetate wes
achieved by the'disgperse technique', efforts of dyestuff
cheai sts were directed towsrds improving different
fastness properties townrds verious sgencies like wsshing,
light, gases, sublimation and fading due to czone., Lyes
vere tested not only on cellulose scetete but also on
polyester, polyamlde, polyserylonitrile fibres which
vere introduced leater. Thus some basic relstionship
between fastness propertiss and chemicel counstitution
have now been established,

The relstionshlp between fastness properties snd
the chemicel constitution i3 complex. To & large extent
the fastness properties elsc depend on the {ibre substrate.
Thus the ssme dye mey have different fesstness properties
on ¢ifferent fibres, The more importsant structursl

features of disperse dyes a8res-
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(a) HMoleculsr size, shape and complexity
(b) dydrophoble- hydrophilic balsnce

(e¢) Hycrogen bonding groups

(d) Polar &nd non-polsr forces intersction

These requirements put & severe limitstion on the
structural modlfiestions to be made in the syathesis
of disperse dyes, OUften a structursl change mede to
improve fuestness to cne sgency results in lowering of
festness to scome other agency and hence & balancing
compromise hes to be wmade to get 2 dye of satisfsctory
fastness properties to all the aaeaetes71.
Eastaess to Light

Tre effect of light on the dyed fibres is not
clearly uncerstood?®, The light fastness i{s influenced
by several factors such as chemicel constitution of dye,
physical structure of the fibre, physiesl state of the
absorbed dye, the method of dyelng employed, the neture
of the bonue holding the dyestuff snd the flbre together
and the alter-trestsent given to the fabricva.

T™he dye molecule on sbsorption of light goes to
the exeltsd stste which undergoes two types of chenges
(a) phototroplsa- 8 reversible chsnge in colour when
exposec to Light, the originsl colour belng restored
on storege in durkness and (b) Fading~ sn irreversible

change or loss io the original colour’o,
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Ehototropiss

It 18 essumed to iavolve cis-trens resrrangement
mainly cbserved in yellow snd orange dyes of the
smsincazobenzene series. Introduction of strong electron
vithdrawing groups such s&s nitro, cyano, scetyl in the
4'-portion of the aminoszobenzene dye or by scetylating
the amino group inhibits pbctutrnpion74 (see Table 2).

ghroeder and Boyd’® have observed that the best
dyes on polyesters sre those having steble srometic
structures with minimum of photosensitive groups (Table 23),

The light fastness of amincsnthrazouinones has
been investigated by numercus workers. Schroeder end
Boyd74 have observed that an electron withdrawing group
either directly attached to the sminc group cr in the
ortho positiou improves light fastness. The results
sre shown in Table 4.

Dckey?® has found thet introducticn of the
trifluoromethyl group ortho to the amino group in sntnra-
quaicnes improved fastness to iLight snd gss fading.

Ko K81ki7® nas cbservea in # series of sminoanthre-
quinone dyes that alﬁetrén withdrewing H-substituent,
such &8s fechloroethoxy cerbonyl group inerssase light
fastness &nd an electron releasing group, such as

f-hydroxyethyl group, decreases it,
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In case of diphenylamine dyes, the p-nitro group
tends to reduce light fastness, ctherwise they have
excellent light fastness’’. o-Kitro derivatives are
perticularly stable as there 1s possidility of hydrogen
bonding in these dyes, Table 5 shows the light fastpess
of some diphenylamine dyes.

In general, substituenls which decresse the
basicity of the amino group (thus making the excited
state less resctive) or which fsvour hydrogen bonding
incresse light fsstness of dyes,

Zastness to ges fadimg

Gas~fading 18 the fading of dyed fsbrics by the
seidic fumes present in the industrinl atacsphere, Howe
and Chamberlain’® have shown that oxices of nitrogen

&1?9 have

were responsible for gas feding. oslvin et
proved thet it is nitrogen dicxide which is mainly
responsible for ges-feding., "he resctione that are
proposed to explein ges fading ere dizzotization of the
primery smino group, nitresstion of the secondsry sminc
group and ox!idstion,

Gas fsding deponds nlsc nn the type of the fibre
as the inftinl step in the process is the nbsorption of
the gos by the {ibre,. Thus cellulose =cetste whieh
absorbs nitrogen-dioxide to & grenter extent then other
fibres such ©3 wool, nylon &nd cotton remders the dyeing

more susceptible to gas raéin;79.

3



™e dyes whick are vulnersble to gas-fading
are bdlue and vislet dyes of the anthrasuincne serles snd
reds in the aso saries wiilch c¢ontsin basic amine groups.
8alvin®0 hes cbssrved thst the Gyes bhaving low fasstness
to gas fading on ez2lluleose acetats alsg have low
festnass to light on polyester. From this 1t 13 cleer
thet the besic awino group which uakes s dye suzeptible
to gas fading on celluloszs acetate is slsz rsaponsible
for the lowelight Tastness of the dyae on the polyester,
This cbasrvation 18 of practicsal ifmportsnce sipes the
earlisr search for dyes having high fastuess to grs-
fading on cellulosze acetete proved wriubke valuable
alse i the development of faszt tyes for polysster Tibres,

Thers are tuwo aethods of laproving the fastness
to gns-fading -

(a) Certain tasie inhibitors like melamine ond triethanol-
snine are applisd %o the fidbrs in finishimg trestsents,
These compounds resct prafersntislly with nitrogen dicxide
thus leaving ths dye unsffssted, (b) by modifying the
chemical const!tuticn of l,4~dlelkylemine anthrasquinones
in such » way thet the basieity of the smine proup is
reduced by {ncorporsting elsctron withdrawing grouns in
the orthe position to the aming group, or by prepering
blue dyes of snthraguinones series develd eof amine o

alkyl emino graupnﬁQ. Thus 1,5«dihydiroxy-4-arvlienino-s-



nitroanthraquinone (XXAVIII) snd l,8-dihyorcxyede
arylamine<-5-ni troanthraquinone (XiLIX) heve good
fastness to light end geses and also possess pood
affinity to polyester fibres.

Eading due to guioue

Ozone present in the stmosphere to the extent of
0,85 to 0.26 parts per huandred aiilion causes fading
of the dyeings which is called O-Feding®l. O-Fading
is mainly observed in the country side., Ozone feding
is more severe since ozZone 13 » stronser slsotrophile
than nitrozen dloxids end 1t rascts with weakly basic
amines also. Thum the wenkly hasic blue dyss of mnthrade
quinone serfes which are fast to nitropen dloxice sre
affected by ozoue,

Gynthstie fibres are often subieat to heat
treatments such a8 in permsnent ple2tinr, therzosol
dyeing and hot iron pressing. Tesperstures upto 200°
are used in such operstions, Asperss dy2s which sre
sinply constituted to permit sdequats permiseability end
are develd of fomic solublilising groups exhibit high
vpour pressures snd sublime when exposaed to high
tempersture in the hest trestments mentionsd sbove., This
ceuses staining in permsnent pleating snd loss in

Colour during pressing.
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Vapour preasure of the dyes 13 inversely
proportionsl to the mess and polerity’®, This defect
ssinly observed in yellow to red dyss of the 20 serles
is overcome by {ntroducing poler groups (Table 8),

Similerly smide group and sulfonsmice group
also incresse the fastness to sublimation, in increass
in the sublimetion fastness of = dys permits higher
temperstures 1o thermel fixeclon®,

This 18 not &8 importsnt ag Liher fastness
progerties. olnce synthotle Tibres ers dysd st 100°
or above, and wishlnug 12 done A4t auch lower tempersture,
fastness to wazilng 12 20t o ssjlor rejulrement.  But inp
the ¢pse of cellulose scatate whileh 18 dyed et 50-80°
fastness is vauvhiing Yo loportent,

wash frotness fner-sses with mcleoulsr size’$
but substentivity decrenges. Table 7 svowsz the effect

of fncrenze in voleculsr mize cn woash fagtness,

drgenle a2zides sre precurscrs Tor the gesoserstion
of resctive "fl trene” intermediates. reter Griessb”
wes Tirst to synthesise wn corganic exide nemely phenyl
asids frox beniong d¥szonium perbtresmida onéd amuoniad.

Curtius ?QS??ﬁﬁ@#M&ﬂ%&& of aeryl szides to isocyanates
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gonerated greast Interest ln orgsnic sszides,

Cglighy oBrg + Rlig =m———we Cglgh. + SHEF

Orgenic asides undergo cecomposition undier thermal
or photolytic comdiitions to generate "nitrenes™. Nitrene
is an electron deficlent nitrogen heving s sextet of
electrons ju the outer sheli®®, If the electrons are
paired tocn altrene is in the sioglet slete, If the
eleotrons are unpaired, then the nlirene iz in the triplet
éiracicsl stote. in the singletl stste the «lectron

deficient nitroegen 18 Lighly mi%aﬁr&pﬁ&lieﬁs.

Triplet nitrene Binglet nitrene
¥itrener ere also known #e imgnes, 22enes,
imidogens, ixido Intermodietes sand mzscerbonss, The
neme nitrene itself 1s parellel to “ecerrbene™ which is
peutr:l bivalent carbon intermedinte,
R
R
The ground state of nlirenes 12 the triplet staste.
The altrene gonareted by the thermel process 13 alweys

in the singlat state®6 uheress the results rrom photolysis
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TABLE - 8
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of the azider hhve beev interpreted in tarms of &
triplet rervesentrtion for the nitrene nt the ground
level, Hitrenes undsrgo @ variety of resctions which
inolude hydrogen ebestrsction, inserticn into eliphestic
and arometic hydrocarbons addition Lo clefinle double
bonds, cynlization and dimerization®®187-93 4y groun
in Table &,

Cyelization of nitrenes lesds to 2 veriety of
hetercevclic syiteme such me, osrbszole, errboline, phenazine,
benziwtldazole, indogole, e2iridine ote, £ typlesl
perction of triplat nitrens gensrstsd by photolysis is
hydropen abstreation from svtureted arrbon atowms wherees
Cef $neartion 13 the tynical resetion of singlet nitrene
genereted by t%&rwolys&ae‘a

¥itren«s osn be generated by (8) decomposition of
asfdes (n) the deoxypenstion 2f nitroe anéd nitroso
gompounds an? (o) oxidntion of %mia&ﬂﬁsﬁ Of the three
mathodr only tha canoration of nitrenes hy thermolysls
ves sonsidered In the present work sipee thersolytic
trenteent of dyed {(synthstic) fibres i1s rontinely carried
out in commereinl dyeing snd fipisking. In addition
thermolyals wovld lesd to imsction of the dye which would
therefore be reactively combined with tha fibre substrate,

The pereral methods for the preperetion of organie
eompounds conteining verdlous az2ido groups hsve been
disoussed in Chapter II, which deals with the synthesis

of dyes contsining various sszide groups.
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Sublimation fastness i1s one of the most important
requirements of disperse dyes, In yellow to red range
of disperse dyes which sre wostly simple azc dyes, the
sublimation fzstness is gemerslly not very satisfactory.
Although these dyes heve very good ayeing properties, the
lack of high sublimetion fastness limits thelr use.
Sublimation fastness is even more important in the case of
8 bighly hydrophobie fibre like the polyester which is
usually dyec 3t high temperstures by “"thermoscl process”
and 1s subjected to thermo-setting treestment.

Introduction of polar substituents resulted in
{mproved sublimztion festness.  Thus dyes conteining
B-hydroxyslkylsmino, suiphonsaido groups had good
sublimation festness., However, sven though dyss conteining
sulphenamido groups have improved sublimstion fastness, they
exhibit lower substantivity for the fibre substratel.

¢The effect of introcuction oi sulphonemide groups
in ¢isperse cyes on their fastness and dyeiny properties
heve received considerczble attention in recent yeurs,
Stead anu Eurraya heve observed that repl:zcement of the
pitro group in 4-amince4'-nitroszobenzene by sulphsnyl or

sulphonsmide sroup resulted in dyes with enhanced
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brilliance and improved sublimetion fastness.

selvin snd Adems® studled the effeect of
introducing sulphonamido group in nitrodiphenylamine dyes
on their dysiug properties with respect to triscetate
and polyester {ibres.

&nlyansramun‘ in this leborztory has studied the
effect of iantroducing sulphonemido snd sulphon-
morpholide groups in Acic Orsnge II (1) ss regerds their
éyeing snd festness properties with respreet to cellulose
scetete, polysmide ané polyester fibres. They coneluded
thet the hydrophobie/hydrophiliec belence of the dves in
en important factor governing the affinity of these dyes
for the sbove tvpe of fibres. The iIntrodueticn of
sulphonsorpholide and sulphonpiperidide groups favoured
affinity for polyester fibre whersne the more polar
sulphondinthenvlemide group favoursd the a2ffinity for
secondrry cellulose scelnate snd pelvanmide,

¢rom the work of Kaly=nsramen®

it was observed thet,
whereas the affinity of the dyes containing sulphon-
morpholide group for polyester fibre incressed ccmpered

to ¢yes conteining other sulphonamide groups, the
tinctorial streagth of the dyes was considerably resduced,
It wes thouyht thet this reduction in tinctorisl strength

aight be due to the hypsochromlie effect of the sulphone
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sorpholide group., Kulwent ﬁingha from this laboratory
prepered 2 series of ayes of the type (II) which
contained sulphonmorpholide group which was attached
to the chromophore through en insulating group such as
the methylene («CHg-) with the view to improve their
tinctorial power, These studles revealed that:-~
(a) sulphone group when directly sttached to the
ehromophore csuses hypsochromic shift, (b) intreoduction
of sulphonmorpholide group imparted greater substantivity
to 8ll synthetic fibres whereas introduction of only
the morpholide group incrsesed substantivity for
cellulose sceilats but decr¢zsed it towards polyester.
Introduction of the sulpnone group by itself reduced
substentivity ror both these fibres, (¢) latrocuction
of ipsulsiliay group 1.8, mothyiene bridge, incressed subs-
tentivity for poiyester {ibre and (d) introduction of
sulphoue, smorpholino znd sulphonmorpholido groups lesd
to ndgher sublimstion fegtness., The insulating group
¢1¢ ot iafluence gablimatlon fhstusss,
Eresent. ¥ork

L From the sxaminstion of the eariier work, it was
thougnt thet zoxinmum sutlimeation fastness along with
{gproved light fastness in oose of simplc monomzo disperse

yeliow

dyss im tha/lo red range could be re2lised if » co-valent

bond 18 Fforaed between dye and fibre n3 in canse of
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reactive dyes Tor cellulose end polysumide Cibres. e
concentrated on pélyaa%ar fibres which hmd not been
resctively dyed beocsuse of lack of :osativa sites such
as hydroxy snd smino groups in these Tibres, ¢ none
conventionsl approseh in development of resctive dyes
for polyester Tidres was therefore nensssary,

survey of llitersturs for verious reactive systems
led us to the praperation of dyes containing the "azido
groups®. izides generste “"aitreaes" under thermal and
photolytic cosditiona, ana tha nitrenas recct with »
variaty of orgsnie coampounds by insertion into aliphatie
ana aroantic hydrgcarbons, addition to clefinle double
bonds, oyclization and dimerization, |

we thsrefore synthasized 2 zariss of dyes dearived
from a3n #nd snthranuinons ahremophores cont-ining the
azido vsrours, The synthesis of dyes ocont2ining sulphonyl-
azido, sarbenyl azide, srylazide and azidoscetamldo groups
13 cisoussed in the succasdliapg parsgraphs, The dycs were
sppli=d ss ¢conventionsl dlisparsze dyes. In palymﬁter'tboy
were Lyad by "high tesmparsture dyeing® mathod snd on
pulyemlide snn secondapry celluloze scetete by exhrust
iyeing at 1009, Thef dyes wer: stable vuarlmg dyeing, but
probebly sencsrated ‘nitrenes! whén the Cyelngs were

subjectec to hert trestment im the renge of 1850-200°,
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Eitrenes then rescted with the fibre substrates

foraming covalent bonds between the dye nand the fibre
substrate, The detalls of the dyeing and {ixstion are
discussed in Chapter III whioh deasls with spplication

of dyes containing the asido groups.

This Chepter is subdlivided intc four sectionsi

1, sulfoayl szides
2, varponyl szldes
3o irvl Anices

4. A2ico scetsmlido derivetives
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The dyes contsining the sulfonsiido group were
prepered by tvo methodss the resctive sulpnonszidc group
88 introduced in the preforwed 2 8o dye or by usiog an
sarylamins conteining e sulphonmsido group.

8) uyes conteining the suilonmie aclc groups were
eonverted inio :tne cvorrespoundisg sulfonyl chlorides by
treataent with cthivayl c¢hloride snd disetiyd formamidie in
solvents like Denzene, chlorobensens and the resultant
sulfeanyl chlorices wers trastad wiitn sodium a2szide in
solvents like acetone wnd 2loohol (icheme 1),

b) iestanilics snd substituted scetenilides wers
ehlorosulfonatea with ohlorosulfonlc =cid to obtain the
sulfonyi chilorive derivetives wbich ware then treasted
with sodlum azidae ia soelone. The resultzat pe-sulfonyl
asido-scetanliiices were hyurelysed with conceutrsted
hyérochicoric seid snd the resulting sxliue dluvzotised and
eoupied with varlous eoupling couuponents to yleld the
relevant ¢yes wilen coptalones sulpbwnsZico groups

(Schese &),
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fote: «heress the synthesis of the various dyes
containing azido group is described below properties
of these dyes such #8 crystalline shape, melting point
snd datz regsrding sclvent used for crystellisstion,
IR dete snc elementary snslysis are recorded in tebles
st the end of this Chepter,

All the melting points are uncorrected. The
melting points sbove 150° are due to the decomposition
88 the azidies are Kmown to decompose between 120-150°,
Meny ayes show low velues for nitrogen due to high
percenteg® of nitrogen in the dyes. LUye contsining
erylazido, nsidoacetamido groups do not anslyse
satisfactorily for nitrogen., However, the carbon snd
hydrogen analysls of 2ll the dyes were sstisfactory.
wherever possivle the structure wes confirmed by recording
mass-spectra, 3ll the dyes give distinct IH spectrs which
show characteristic absorption bend for the szido group
between 2100-2140 em”l and for the sulphonyl cor carbonyl
groups sttached to the asido group st 13101400 cn‘lané
1670-1690 cu=i regpectively. 41l 15 spectrs were

recordec =$ “ujol mulls.



bye (I11) was prepared from peld Orange 11 (CILBS510).

sulfenilic acid 19,5 g (0.1 mole) wns Glazotized
vith scdium nitrile and hydrcchloriec sc1d® ana ecupled
with fenaphthel 14,4 gn (O.1 mole) dissolved in 100 ml of
108 sodium hydroxide solution., Temperature during
coupling wes mnintsined bestween 0-8°, ifter 2-3 hours
stirring the orange red<dye was filtersd redissolved in
pinisue amount bolling weter snd reprecipitated by adding
rectified spirit after cooling. Ihe pure dyes was {iltered
and Gried,

Pure icid Orsnge II (17.86 g3 0.08 mole) prepered
above wns suspended in chlorobenszene (160 =ml). Initislly
chlorobensene (50 ml) was distilled off to remove last
treces of water. The mixture was then cooled down to
30° and thionyl chloride 4.2 ml (0.051 mole) and cimethyl
formemice (i1 mi, catslytic amount) vere sdued slowly.

The temperature was raised to 60° sna stirred for 1 hour.
The temperature was then reised to 95° and the mixture
stirrec for vne hour more, The completion of the

formation of sulphonyl chlorice was cbserved by testing
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the solublliity cf the resction umixture in water. The
squeocus phase should not turn coloured when mede
sikeline, if the remction is complete., The rezction
sixture vwss cooled to room temperetures and the separsted
sulphonyl chloride orystsls were collected and washed
with little petrcleum ether (60-80° b.p.) snd lce-ccld
vater,

The sulphonyl chlorice obtsiped wes dissclved in
sinimum volume of scetone (ebout 200 ml) end stirred st
room tempersture. GSoclum szide (3.6 g3 0.051 mole)
dissolved in 20 nl of distilled water was nddied slovwly.
The mixture was stirrsd for 1/2 hr, at room tempersture
and then &t 50° for 1 hour. On dflution with water
(about 200 ml; the sulphonylaside (III) separated out.
The dye (I1l) wes colliected, washed with woater and dried
st 45-50° (vielc 18 g).

Furtber purifiestion of (1I1) wes schieved by
chromutography on 8 silics gel column using benzene s

eluent. Tne aye (111) finelly yielded shining orange

red crystoliine pletes from benzene.

Lye (IV) wus prepsared from scidc Orsnge 12 (CI 15970)
(l-phenylezo-c-nepnthol )=6-s0diun sulphonate).
Acid Crange lé wes sxrepaw&" by coupling benzense

diszontum chlorice /prepared by dlszotizsticn of
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(9.8 gy 0ol mole) of sniline/ with shaeffer's salt
ot 0-68° (24,6 g; 0.1 mole) dissolved in 100 sl of 10%
sodium hydroxide solution, buring the coupling the
temperature was maintsined at 0-10°. The crange red
dye (28 g) was isolvted by salting oul. The dye wes
dissolved in minimum smount cof bolliug water, cooled and
then rectified spirit was sdded to reprecipitaste the
dye which was filtered and dried.

aedd orsage 18 (17.5 g§ 0.00 mole) prepasred above
vas suspended iu chlorobensene (160 al)., Initislly 50 =l
of chlorobenzens was alstilled aut'ta remove last traces
of water, Altsr cooling to rooa lesperature thioayl
chloride (4.2 mij 0.051 wole) snd dimethyl formswmide (1 ml)
vere sdced, Teumpersture wes then rsised to 609 and
meintaiued for 1 hr, and mixture further hested to 96°
ané msintainec for 1L hour more., Completion of the'
reaction was checked o5 mentioned above. The reaction
mixture was cooled to roum tempersture znd the sulphonyl
chloride wus filtsred, woshed with petroleus ether ond
then with ice cold water,

The Gya~£ﬁlphﬁﬂ?i~ﬁhlﬁriﬂﬁ sbisined above was
dissolved in scetoue (about 800 ml). 4 solution of
sodlun s3ide (3.8 g3 0,051 mole) in water (20 ml) was then

added slowly. The resctionm mixture wss stirred ot room
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temperature for 1/2 hour snd then at 50° for 1 hour,
The separation of dye-sulphonyl-szide was brought about
by diluting the mixture with water. The dye (IV),
obteined in quantitetive yleld (16.5 g), wes further
purified by chromatography on silics gel column using
bensens o8 eluent and finally by crystallisstion,

vye (V) was prepared from Acld Ursnge I1I (ield
Orange 52, CI, 130288) (4nﬂiamthy1am1ao@fsnb&natﬁauiw
sodiue sulphonate).

aeid orsnge (III) was prepersd® by known methods by
dissotising (19.8 g3 0.1 mol) of sulfenilic secid with
sodium nitrite snd hydrochloric acid st 0-8% snd then
coupling under scid conditicns with (l2.1 g3 0.1 mole)
of N,N-¢imethyleniline at 0-8°. after stirring the
resction mixture overnight, the dye wss salted out and
filtered. The orude dye was purified by the m«thod
nentioned oarliar;

16,35 g (0,08 mole) of the purified dye wes
suspended in benmens (180 ml). after removal of some
benzene (50 ml) by distilistion to remove traces of water,
the reaction sixture wes cooled 0 room tempersture.
Thicnyl chloride (4.2 ml; 0.051 wmele) and dimethyl
formemide (1 ml) were added and the mixture heasted under

reflux for 1.5 hours. On cooling to room tampersture the






sixture gave ibe sulphoayl ochioride darivative of the
dye. The lutter wes rlliered washed und the wal cuke
used for subsequent rescticu.

The sbove sulphonyl ehioride wes disscived in
siplaus volume of acstone (160 wml) apnd & sclution of
sodium azide (5,8 gy C.081 mole) in vater (40 mi) wes
sdded slowliy under stirripg. Jtirring was continued for
1/2 hr. snd the tempwrature ruised to 80%° and tha mixture
stirred for L hour wore,., Lye (V) depvrated oul by
dilution of the resctive mixture with water, 7The Cye was
filtered, wuesned with water suad dried (ylelu, 14 gl). 4n
snelyticaslly pure ssmples wes obtsiusd by chrowms toyrsphy on

8 3ilica gel coluwn using benzens 88 @#ludnt. The dye was

finelly crysisiliged {roa bsuzeuw,

Lye (Vi) wss prepared from the acid dye, 4-disethyl~
minoeazobensend-C'~sodlum sulphonete. The lutter wes
prepared by coupling dlszotized wmethenlitc acid (sodiuam
selty 12,5 gy V.1 mole) dlasotbsed with scdium nitrite
ané bycroehlorie sald at 0-8°) with @,¥-dimethylaniline
(18,1 g3 C.d wole) st 08 uinier eefdiec vonditions. The
coupling wes siloved to coutinue cvernignt before salting

out the dyw.
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The method of gprepavation of gulphouyl szide from

the above ecid dye was exsctly same 28 for the dye from

deid Orange IJI.

lye (YI1) was prepsred from the scla daye, l-phenylszoe
g-nephthol-3*~scdium sulphonnte.

godiun netsnllate (19,5 g3 O.1 mole) was diszotized
vith sodium gitrite and hy&fmehlarw acid snd coupled
vith B-nephthol (i4.4 g3 C.1 mols), The mold cye wns
ssltad out, C(litered and purified =s in teld Orengs 11,

17.6 g (0.08 mole) of the dry reld dye wes suspended
in chlorcbenzens (150 ml), 50 ml of chlorobenzene wns
distilled off to remove traces of water present. The
reaction mixture wes cooled to room temperature and
thionyl chloride (4.2 ml; 0.081 mole) end dimethyl
formamide (1 nl) weres ndded., The temperature was then
reised to 80° anc the mixture stirred for 1L hour.
Temparsture wua further raised to 08° and the mixture
heated for 1 hour more, The resction mixture on ccocling
to room tempersture gave the sulphonyl chloride.

The aye-sulphonyl-chloride was dissolved in minimunm

smount of scstone (200 mli)., 4 solution of Wdlug 3&:&&0
4

y
(3.5 g3 0.051 mole) in water (20 ml) wes ndued te/the

aixture stirred for 1/€ hour 8t room temperature azad
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thea st 80° fur 1 hour. Uye (VII) wss then precipitated

by dilution with water. Chromstography over silles gel

golumn geve Lhe pure dys (VI1).

bye (VIil) wes prepered from the 2c¢ic dye, scdiume
t-phnnyigz:nayﬁtn@i sulphounate,

e latier wos prepsred by clesotizing sniline
(9.3 g3 0.l mol) and coupling with Rew o scld (i-nephthol-
sulphonate)., ihe acle dye wss then converted to the

sulphooyl aiice a% in the case of the preceeding uyes,

bye (14) was synthesiveu frow feid Urenge-ls
(CI=16100) (i-phenylezo-genyirosyntphtiitleness 6-c0i-
sulphonic acla disodium sedt),.

solidne (9.3 gy O.d mole) wes cluzotized with
sodiun nitrite aud hycroehloric ecla at 0-5% sud the
diuz0o svlution coupled with Hw-salt (Z-hydroxyuaphthelene~
dy6-disuironic acid Glscdium selt) (34.8 g3 0.1 meole)
under slkaiine couuitlons at 0-109, Lfye wos salted out,
filvered ane puriiied uy dissolving end reprecipitation
with reciifiec aplric,

The wbove seld Gye (8.8 g3 0.0U0 mule) wes
suspended in toluene (200 mi). 50 ml of toluene was
Gistiiled of{ to remove traces of wolsture. 4fter

¢ooling tc rooa tespersture, thioanyl chicride (€ mly



65

0.12 mole) and dimethylformamide, (2 ml) were added

slovly. The mixture wes hested to reflux snd further
heated for two hours. After removal of 756 ml of

toluene(to remove excess thionyl chloride and dimethyl
forsamide), the mixture wes cooled to room tempersture.

A solution of sodium azide (7.8 g3 0.l2 mole) in distilled
vater (16-20 ml) was fsmxx then adcded slowly under
stirring. The disulphonylazide started forming slowly.
Stirring wss continued over-night toc complete the formetion
of the diazide. Uye (IX) formed was filtered snd washed
vith water anc the crwie dye (l3 g) wes crystallised

froa benzene,

i=(4:-Sulphonazido lpbeny

Dye X wes prepared 28 suove storting from Food

Yellow 8 (C1 16288) (thne correspoading disodium disulphamte)
which was prspared by couplinmyg diazotized sulphanilic

acid with Luseifer salt.

4y (A1) #as pregared sturting fron l-amino-8-

bromo-4~-hiydrviyduthraguincne by intaraztion with phenol
in 2ikell foliowed oy chlerosullovmaticn of the phenoxy

darivative ana {lasi {restment with scdium azide,
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(BIOG, 1484,5)
lesminoanthraquinone (7 g) was taken in 250 ml

glaciel scetic seid and heated on water bath (100°C)
under stirring. Bromine (26.8 g3 8.6 wole) in 50 ml of
glecial acetic acld was ndded dropwise during 1 hour.
Heating and stirring continued for 5 hrs. sept overnight.
The separated bromoinmted compound was collecteu, washed
vith water and then with 2% sodiumbisulfste solution and
agoin with water, Yield - 11 gms., Melting point
220-2° (from 0LCH).

Boric ascid (8,3 g) was dissolved fa 250 g 3.5%
oleun at 50-60°, 26 g leaminoc-2,4-dibromcanthrasjuinone
ves added end the charge heated slowly st 100° snd kept
there for 1 hour. The tempersture is then teken up
quickly to 20° snd weintsined there for 5 hrs. whem no
dbromine or hyurcbromic ecid is ;iven off, ths charge was
cooled to 60° anc 176 ml weter =2dded vhen the temperature
rose to 100%, sfter cooling to 70° the cherpe was filtersd
snd washed, VYield 1lB.9 g,

1-isino=2~bropo-4-hyiroxyanthraquinone (18.9 g)
vas token in (100 #1) of 10% sodfum hydroxide solution at
room tempersture. 6,2 g phenol was added and temperature
vas roised to 140-150° and matntsined under =tirring for

16 hrs., It waes then cooled, meutralised nna filtered to
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got le2mino-2-phenoxy-4~hydroxy anthraguinone,
l-ininc-c-phencxy~d4-hyiroxy snthraauinone
(6.68 g 0.0& mole) wss stirred in 60 ml ehlorosulfonie
seid ot 20-8° and kept for 1/2 hr, It wes then poured
on ice end filtered, The molist residue was immedistdy
teken in scetone (200 ml) and trested with scdium azide
(1,66 g3 0.022 mole) diasclved in 10 sl water, After
stirring for 1 hr. it wes warmed on waterbath, The dye
vas precipituted by addlog water and filteored, Yield
6.2 g crude. rurifiestion was done by crystsllisation
from metianol/bsciene,

Uye X1l is preparad frem alizsela Sephirol A

(CI aeld blue 25, UI 820383, leauino-d-auilincsnthrsquinone«
g-sulpuonic aecld).

Alizarin saphlrol * i3 prepared {row bromenine sacid
(l-aaino~-4-orosoanthraqulaone=-2-sulphonic acid)., Hromanine
acid 38,2 g (U.i mole wss token in wuler (200 ml) wster
snd to 1t were added tbluiaznﬁ (cl.4 g: V.2 mole), sodium
carbonite (iU.7 g3 O.l wole), sodlumbicarbonate (10.4 g3
0.i wole) anu copper shloride (CuClg) 2 g (eatalytic
amount) in aysrcchloric neld, The Lenmparature wss reised
to 65° in 1 hr 2nG then 1t was reised to 95° 1n 3 brs,

The temperature was malntalineu at 96° for L/2 hr, and

then it was slowly cooled to 30°. The dye was filtered.



The press crke wos redissolved and treated with sodium
earbonste, chercosl snd Keiselguhr to remove excess

toluidine. Then it was filtered and dye wes salted out
from the filtrate end dried, VYield of the dye (85 g).

The acid dye, 2Alizerin Saphirol & (20.4 g3 0.05 mole)
vas teken in phosphorus oxychloride (PUClg) 300 ml snd then
10,3 g (0.052 wole) of phosphorus pentachloride was added,
The resction mizture was refluxed under stirrimg for 1.5 hrs,
‘Then it wes poured in ice-wsterslowly 2nd the sctd chloride
gepareted wes filtered snd washed with ice-wnter to free
it from ncid,

The sulphonyl chloride of the dye wes taken in 200 ml
of scetone and kept under stirvimpg. Sodium szide (3.7 g3
0,002 mole) Gissclved in (10 ul) of weter wes added slowly.
It wes stirred st room temperature for 1 hr, then st 50°
for on¢ wore houre. Stirring was continued overnight a2t
room teapersture. The dye-sulphonyl aside wss then
filtered, washec with water and cried st 459C, Yield of
the crute cye was (ik g),
led-vi-p-toluidincanthraguinone~3'-3%-sulohon azide (XIII)

This was prepared from i,4-Di-p-toluidinoesnthrequinone

by ehflorosuiphonation and then trestsent with sodium ngide.
1,4~ -p=toluldinoantnraguinone wes prepared
sccording to i1erz-onvidi® by hesting quinizarin with

excess of p-toluldine In presence of boric reld and stazancus
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chloride., The iye was free from unreacted petoluldine
by extracticn with ethenol and boiling with squeocus

dilute hydérochiorie acid,

4 mixture of l,4-bD=-p-toluldinc rathragquinone (5.38y
0.02 mole) &nc chlorosulphonic acid (100 ml) wes stirred
at 70-80° for 4 hrs., After cooling to 30°, the mixture
vas poured in ice-water (800 g) unuer stirring. The dark
blue sulphonyl chiorice which preeipitated wes filtered
sné weshed free of acid with ice water,

The wet czde wes then tuken in acetone 150 ml anc
treated with scdium szide 3,26 g (0,06 mole) inm 10 ml of
vater, It was refiuxed in scetone for Z hrs. then diluted

vith water snc filtered to collect the pure dye, Yield

Scheme 2 in Chart I: The intermediete like p-sulphonyl-
asidoacetaniline or Zemethoxy-S-sulphonylazido scetsnilide
sre prepared by chlorosulphonsation of the corresponding
scetenilides, Kesultant sulphonyl chloride is trested
with sodium szide in acetone, GSulphonyl azido derivatives
of acetanilides sre hydrolysed, dinzotized and coupled

vith vsriocus coupling components to obtsin the dyes.



iz precess 4 vepy Clexidle sz fap s the
smthesis ¢f the dyes 18 comeerned., Any coupling
gomponeat cr 5 Gye haviay & free coupliag position cen

be used. Ihe sulphonyl 2z3ldo acetanilides asre stadle

and hydrolyse eas3ily to the 2mines,

Chlorosulphonation of pe-smingacetenilide was done
socording to the method described in the literaturelZ,
Chlorosul honic s2cild (165 ml) was tasken In a three
necked flask {itted with thermometer and condenser, The
flask was placed in sn ice bath ané the chlorosulphonic
seid was cooled down to 18°. icetsnilide (87,5 gj
0.0 mol) was auded slowly im 1/2 hr. iluring the adﬁition
the tempersture was meintained at 15° by externsl cooling.
The tempersture wos them slowly rsised to 70° end
meintained for < hrs., Then the reaction mixture was
eooled down to room tempersature and then drowned slowly
into ice-wister under vigorous stirring. :sSulphonyl
ehlorice of scetanilicde separsated as white powder, It
vas flltercd snd wsshed free of scld with ice-wnter,
peoulphionylssidoscetanilide wos prepared from
the corresponcing sulghcnylcnmrmo secording to
Ashley enu suchsneot®, The resultsnt cake from the

ehlorosulphcnetion was aissclved in 1800 ml scetone and
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treatec with socium aszide (33 g3 0.5 mole) alssclved

{n vater (150 ml). The mixture formed two layers,
Homojenecus mixture was made by adding further amcunt of
vater (350 zl) snd scetome (150 ml), It was 2%irred for
8 hrs, at room tempersture and then diluted with 10 litre
of water, The product was filtered., Yield of the crude
product (85 g). It was recrystallised from benszene

8.p, 113-114°.

p-wulphonylasido acetanilide (4.5 g3 0.02 mole)
was hycrolyssd to the corresponding smine compound by
heating with 25 ml of concentrated hydrochloric =eid on
vater-bath for 1 hr, |

The axine wes then Glazotised with scdium nitrite
(1.51 g3 0.021 mole) st O° without isolstion.

PeNaphthol (2,88 g) was dissolved in 100 ml of
8% sodium nhydroxide snd cooled down to 5%¢. The diazo
wes then odded and pH was meinteined at 8.5 - 9 by
adéition of 10X scalum carbonate solutlen, It was
stirred for 3-4 hours, flltered and washed with water,

The dye was chromstographed on silica gel coluan

ané recrystallised from benzene.
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These yes were prepsred by hydrolysing the

pesulphonyl ezido acetsnilide, diszotizing, snd coupling

88 descrioeu in the preparstion of AV, The coupling
eomponents uses wer’e Hephenyl morpholine, Z«hpiroxy=3e
gerboxy naphtn morpholide, Z-hydiroxy-decarbvoxynaphthanilide
(Naphthel 4s) end pecresol respectively.

Nephenyl morpholine wes preparsd from the known
nthoﬁsi" by conwensing sniline with ciehlorocdliethyl
ether {bis chioroether; in presence of slxali,

gerysrosy=adwesrboky naphthémorphoiice was prepsred
from c-hyurviy-c=carvoxy naphthelene (BUN-scid) by
eonvertiag 1¢ tc neid ebloride by hesting with thibnyl

ehloride snd vimethyl {ormemide in tolusene snd then

eondeusing the scld ehloride with morphoiine,

Ihis was prepared rowm o-enisidine as shown in Scheme 2
fo the chsré 4.
o=snisiuloe was acetyloted with weetic enhyiride ss

described ia iicepatureld,
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ghloresulphonetion of H-scetyl-o-nniatdéing
The compound wes trested with chlorssuiphounle seld
as described in 13£$r@tura13. The compound wes filtered

Eiu&~rrae of neid and ixnmedistely used in the nixt step.

The resultent sulphonyl chloride from Hescvtyleo-
anisidine (183 g 0.75 mol) was dissolved in scetone,
(100 ml) end kept under stirring st room tespersture,
Sodium nzide (59 gy 0.87 mole) disscived in 200 ml wster
wes added slowly, The aixture wes stirred for 2.4 hrs,
8t room tempersture, It was then diluted with 5 litres
of water, The sulphonyl sside (Xi) wes filtsred and
weshed with wator yleld (1568 g), It was crystellized

from benzene i, Pe

gynthesis of ayes 1l cmwmm.wmm

1-icetylegino-3-nethoxy-bengene-5«-sulphonyl #3ide
(6.4 g3 0,02 mole) wes hydrolysed by hesting with &0 ml
of concentreted hydrechloric acié on waterbath for one
hour. The rrsultsnt amine was diagotized with scdium

aitrite (l.5c g3 0.02¢ mole) st 0°, The diezo was then



7%

pdded to & solution of 2.9 g (0,02 acle) of fenaphthol
dissolvad tn 100 ml of 10%f sodium hydrexide =clution

at 0-5°. The solution wss stirred for 3-4 hrs. to
complete the ecoupling. The water lmsoluble dye (iXI)

wvas filtered, wnshed with water and sir dried on suction.
flelc (6.6 ). The dye was purified by chromstography
on silice zel column and crystallised from bssxesnyxr hangene,
Te dyes (XiII) and (XXXIII) ware similerly prepared by
eoupling with H,Redimethyl sniline and pecresol
respectively,

Rlsguasicn

The twp synthetie routes aveilasble for the synthesis
of sulphonyl azides have been shown im Chert 1 (Zchemes 1
snd ).

By Geheme 1 the commercisl acid dyes of the 830 and
snthrayuinone zeries oen be cooverted into the reective
dyes conisining sulphonyl agido group. whereess the
synthezie of Iintermedistes (XIV) end (Xi) {s very useful
{n the synth:sis of aso c¢yes contsining sulphonyl szide
groupg, It provides grest flexidility in the ssnse that
verlety of ccupling components of the benzene and
naphthalene series csn be used to bulld up 8 range of

szc resctive cdyes with the ssme disZo component,



wt
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The prepavation of cardhonylazides or acryl szides
ere well knoowa in literature ginoes these compounds
undergo the Curtius rearroagemsnt to give isceynnates,

BEg, 1.

ACUNg 2 ~Hg*+R-N=C=0 (L

The uyss coutaining the csrbonyl azido zroup have
been prepsred by two methods,

{(a) Itorting from dyes contsining o free cearboxylic acid
group by converting to the carboxyszide through the acld
chloride,

{(b) By adiszobization of pe-sminobenzoyl hyirazide followed
by coupling with coupling components, During dlazotisstion
the cerbonvinvuragide gets converted into the corresponding
carbonylzzido ;roup.

(8) From the dye

ee corboxyile scold xroup

’ $1I¥) (igheme 4, Chart 8)
The tye (AXIV) was prepered from #2016 dye lephenyle

830~ {4’ ~corboxy)-2-hyiroxynasphthelene, The ncid dye was

prepared by uinzotizing (6.885 gy 0.056 moie) of p-aminc-

benzoic escid with sodlum nitrite (4.15 gy 0.05¢ mole)

and concentrasted hydrochlorie acid at 0° znd coupling

with Bensphtbol (7.2 g3 0,060 mole), ulssoived in 100 ml



ks

of 107 sodiuz hvdroxide 3olution, at 0-10°, The dye
ves snlted, flltered snd dried,

The 2cld dve (B.28 g3 0.02 mole) wez taken in
150 ml bunzene, Benzene (B0 xl) wss distilled off to
remcve the lret traces of water, The resction nmixture
wvas coolad to Toom tempsrefure end thioayl chloride
(2,65 g3 2,027 mole) wag added followed by 2.0 drops of
DMP, The pecolion mixture wes raissd to rofluxed under
stirring and mainteinad for twe hours, fAeazense (50 ml)
vas ag-in “latilled off to removs the axcess thicnyl
¢hloride, The rosction mixture was then coclsed to roon
teapersture, The separated scld chloride of the dye was
filtered and used in the next step.

The scid chloride wes dissolved in 100 2l of se-tone
and kept wndor =tirring st room tempersture, &odium
azide (158 g; 0,022 mole) dissolved in 10 xl woter wee
slowly =died £ the solution of actd chleride and
stirrec for 1 hour =t room temperaturs »nd 5097 for 1 hour,
Then 1t was diluted with weter to preciplicte the dye
which ues filtered and wesbed with weter, Yield (4.5 g).

It wag turified by chromstogrephy on silles geol
eclvmn #nd ervetallised from benzene,
gathests of p-sgincbensoy azide (4XV)

T™is compound was prepared from pe-asmino benzcle

pedd by esteriiicetion with ethyl aleohol amd then tresatment
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with hycrazine hydrste ss in Schem & (Chert 8),
Ethyle-p-szinobensoate wss prepsred sccording to
Io¢0117.
Ethylep-zminobenzoate (165 g3 1 mole) was teken
in 150 =l ethyi slcohol. Hydrazioe tyirste (35 gy 1.1 mole)
a8 50% solution wes then added snd the reacticn mixture
vas refiuxed for & hrs. Then ethyl elcohol and excess
hydrszine were vistilled out ia veouum. Un cooling
sthyle-p-tmincbenzoate sagaratesla. Yield (136 g).
gymthosts cof cve 4-¢imsthylaniilnge4'-cerbox

(V1) from pesminobsgzowl hvirszide
p~Aninobenzoyl hydrazide (7.5 g3 0.056 mole) was

diasotized with excess sodium nitrite (7.6 gy 0.11 mole)
snd concentrated hydrochlorie ncid to get pecerbonyl
ssido phenyl ciszoniwm chloride which wss then coupled
with X, Hedimzthyl aniline (8 g3 0.06 mole) in weskly scidie
medinm ot 0-5°., Mixture wag stirred ovarnight to complete
the coupling. “ater insoluble dve was Tiltered and
vashed with water, Yield (13 g).

The dye wra purified by chromstography on silica gel
colusn and reerystallised from beniene,

Te dyaes 4-Hephenylmorpholino-4'-carboxylaszidoszo
benzene (AaVIi)y le(4'-carbonylazlido)phenylazoez2-hyiroxy-
Secarboxynaphthmorpholide (XXVIII) and le{4'e~corbonylazido)-



phenylago-2~hyiroxy-3-cerooxynaphthanilice (AXIX)
vere simiiarly prepared by coupling the p-cardvonyl
atidophenyl dinzonilus chloride with H-phenylemorpholine,
8-hyircxy-2«cerhoxynaphthmorpholide snd Z«hyiroxy-3e
carboxy nsphihanlilide respectively.
klscussicn

The two cuifferent routes for the syanthesis of
carboxyl szldes heve besen schemstically represented in
Chert 5 {ioheze 4 and 5), TIn the case of Scheme 4 the
{ndtvidnol dves wore prepnred firzt and then they wers
gonverted to the oovvonviazides, ™e prevapstion of
dyes contolcin: ctrtonyl cxldes from the intermedists
p-a@!nab&nauyl%gﬁraziéﬁISs very versstile since 41fferent
coupliny cosponants cin be used with the zeme dimzonium
eceponent to produves the dyes of d{fferent cclours.
gipce thy intrrmediste praminchonizcylhydirazide csn de
prejeres zozlily the Zphese % hez obvicve sdventages,
gestics 111
grathesie of uryl azides

fyntreate of oryl ezides {2 the essiest of the
synthesic cocmpsred to 211 the above 2i2ides. Arvlezides
vere preparsd by the diszctisaticn of dvee conteining e
free smino group apd trertment of the Afsronium selt with
soifur e2zide in the 2cild medium whereby the diszo group

18 repluced by the szlide group (see Chert 6)19.
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™is is prepared from the dye p-sminoazobenzene
{eommercially mvsilable).

The commercisl sample of p-smincsscbenzene wes
purified by crystsllisation in benzene.

Te purified p-sminoszodenzene (3.94 g3 0.02 mcles)
was taken in weter (B0 ml) snd cooled down to 0°,
Concentrated hyurochloric neld (30%) (8.1 mly 0.05 mole)
ves added and stirred for 10 minutes. Sodium nitrite
(1.8 kg3 0.024 wole) was sdded ns 10% solution slowly
ané stirred for L hour. The completion of ﬁiazotiiatian
vas checked on stsrch lodide paper, After the completion
of the cdlazotizstion, sodium azide (1.44 g3 0.02¢ mole)
vag dissolved in 10 ml wster and was sdded alowly.
Frothing tekes plusce due to liberation of nitrogen ges
end the sdcition must be controlled at such & rste thst
excess frothing does not take place. The temperature
vss meinteined at 0P throughout end scic was added to
seintsin the solution at a pH 2.3, After the addition
of scdium szide solution, the reection mixture wes stirred
for 1 hr, Tha water insoludble dye was filtered mnd
washed free cf scid by water,

The compound wes purified by chrom=tography over

silice gel colunmn and wma\raery&tﬂlliza& from bentene,






The dyss Z-(4'-azido)phenylszo-p-cresol (XxXI)
and 1(4'-n2ido) phenylozo-Z2-naphthol (XXXII) were
prepared following the ssme procedure as given sabove,.
The parent Cyes conteining the smino group were prepared
by dlezotizing p-aminoacetanilide and coupling with
pecresol sud Pensphthol respectively snd then hydrolysing
in £0% soclum byiroxide solution at boil,

syathesls of Uve AXKILI

Jetrazotization of g-tolldine
o-Tolicine (8.38g; 0.03 wols) woee trken in 50 ml of

fce wvater ond comncentrated hydrochloric scie (8.5 gy
18.1 ml; 0.15 mol) was sdied. The mixture was coocled
down to 0° and kept under stirring. ooclum nitrite
(4.3 g3 0.066 mole) wes slowly saded ns 10% solution.
The mizture was stirred for 4-3 hrs. to complete the
diazotization which was checked by spotting oo starch
fodide paper. (3.83 g3 008 mole) of i,l-dimethyl-
aniline w=s then added to the diszo sclution snd kept
under stirring overnight in the sciulc medium,
Temperature was kept during first 5 brs. st 0-10° and
the: it was slowly sllowed to come to ruom tempersature,
Next dey, sgsin 1t was cooled to O and sodium mzide
(2,36 g3 0.086 mole) was added &8 & soilution in water
(16 ml). ‘he reaction mixture wes stirred for S5-4 hrs.

before filtering the water iansoluble uye., Yield (2.8).



The dye X441V and AKAVI were similarly prepared
by coupling the tetrazolized o-tolidine and 3,3'-dichloro-
benzidine with 1 mole of Pensphthol end then tresting
the other uncoupled dlszo group with sodlum szlde.
klagussion

Tne abovo examples prove our eariier observation
that aryl azide s 2 functiconsl group In dyes is the
easiest Lo urepsre 53 compared to the other azido
functional groups. Senzidine and the derivatives of
benzidine ape veapry useful in the cone step synthesis of
aryl szliss since the two dimzp sroune possess stepwlse
resotivity. Trus the tetrezatized bonglidine or ite
deriv-tives osn be coupled on one side with n coupling
component and ou the cther side an 221do group czn be

introcuced by i(restment with s=odium szide,

~yus contelolng &n azido-scetsmico group were

preperes Becoraing w the scheme shown in Chart 7 for
the Lyy aiaVie the Sye contéining & free amino group
@as trecteus witn chioroscetyi chloriue iu acetone in
presesce Cf on acic binding sgent. The resulting chlore
gerivative wes trested with scilum s81de 1o {sopropsnol

or Lept- ouiyl slechel te obtzim aye containing the



asido-acatenido group,

The Gye XAAVI wes prepsred from le-phenyleszoe

(4'«amino )-2-nephthol, which was obtrined by diszotizing
p-tminc scetanilide snd coupling with Re.naphthol and
the resultant dye was hydirolysed in £0% aqueous sodium
hyiroxide solution at boil for € hrs.

l-Phenylazo (4'-smino)-8-naphthol (5.28 gy 0.0z aola*)
wves €issvlved in 100 ml of scetone and meintsined
between O-E¥ by externsl cooling chlorvacetyl chloride
(8.6 g3 0.0z moleg) was acded slowly. oodium scetate
dissolveu in ice water (10% solution) was added till the
solution became neutral, The stirring was continued
for & hours more, The chloromcetyl derivative of the
dye wss isclzted by filtration snd precipltated vas
veshet with cola water. It wes then tsken in 150 ml of
tert-butyl slconol, Secocivm szide (1,43 g3 0.022 mole)
dissolved in 15 wl of distilled water wes sdded 2n¢ 2 ml
of scetic ncild was saded as uawlyst%. sclution was
reflured for 36 hrs., Lxcess t-butyl slechol wes
distilled out snd the dye crystrlliced from the solution.
The Gye was iszcleted by filtration snd weshed with weter
free of inorganic selts and air dried to give 5,7 g of

Gye AAXVI., The dye was erystallised from benszene.






Uye wea prepsred from Z2-phenyl e220-(4'<-eminoc)e-p-
eresol which wss prepared by diszotizing p-smino-
acotanilicde anc coupling with pecresol. The resultant
dye was & isclated and hydrolysed by refluxing in 20%
sodium hycrexide sclution for & hours,

g-Fhenyl 220 (4'-amioo)-pe-cresol (4.54 g3 0.02 mole)
vas tsken in 100 ml of scetone end meintained at 0-5°
by externsl cooling. Chloroacetyl chloride (2.5 gy
0.02¢ moles) wes added slowly. Godium ecetate ss 104
solution in cold weter wss added till the soluticn
became neutrsl. The stirring wes continued for two hours
more, LXxcess water was added and chloroscetyl derivative
of the Gye was filtered and washed with water.

The filter coke was teken in 150 =l of tert-butyl
alechol. Godium szide (1.43 g3 0.082 mole) Gissolved in
18 ml of cdistilled vater was added and 2 ml of acstic
eeid was sdded as catalyst, GSolution was refluxed for
36 hrs, sxcess terte-butyl alechol wes distilled out and
the aye crystallised from solution, The dye was isolated
by filtration and washed with water to free it from
inorgenic sslts., Yieldd of the dye was (5.5 g) after
air drying.

It wes furthsr purified by crystallisstion from

bsngene,



gy

The dyes 4-dimethylenilino-4'-szidoscetanido-
asobenzene® (XXXVIII); 4-pheylazo-l-azidoacetanido-
nephthelene (XXXIX); 4-azidoscetamido-ezobenszens (XL)
and 4-nitro-4'-asido scetemidoasobenzene (XL1) were
similarly prepared from the dyes conteining the free
amino group.

The starting meterisl for the dye XL p-sainoe
pgzobensene 1s commercislly svailable. The Bayer's
preduct wes rearyit&llinad from benzene and used in the
synthesis,

Gtarting seterisl for IXXVIII vas prepared by
dinzotizing p-sminoacetenilide snd coupling with
dinanhylunilinu and hydrolysing the resultant dye by
. rarxuxingﬁaaﬁ squeous sodiumhyiroxide solution. The
sterting materisl for XXXIX was prepared by diszotizing
aniline and coupling with <-mephthylamine.

The starting materisl for XLI was prepsred ss
mentioned in litersture®l by diszotizing p-nitro-sniline
with snlline.

The condensation ¢of the dye contsining free aminc
group with chlorvacetyl chloride wes very smooth and
quantitative, In place of scdium scetate & solution of

sodium carbonste cen also be uzed as an scid binding sgent,



The reaction could slso be ocarrled out by suspending
the dye containing the free amino group in water,

but im all our experiments scetone wes used as solvent,
vhere the resciants were ia » homogeneous phase.

The replacement of the chlorine from chloroscetyle
derivetive of the dye by szido group requires prolonged
heating in high boiling solvents. The same reaction was
trivd in scetone dbut the results were not vary setlsfsctory.
tert-sutyl alcohol was preferred #s s sclvent in view of

its low reactivity,



91

oser -%os- ( ~dmodap) () L 4
gz 1°2 1°2¥ §°¥2 22 O°2¥ otz S~ gt aspnod pey 259S§O0TyoTy Y
oose Ho-
0s€1 ..mwm.. ( *dmooep) (9) "
$°g2 1°2 8°2¥ S92 2°2 O°CY otz °Su- L aspacd pey 2g50P0Ty9Ty yy
oger Zoc- 2) 3
«  8°2 T1°%S 86T 1°C ¥°%S otz S~ ee-oet aopmod peu  <SoSyTWoTo 111
oget -%os- seypesn €9e
$°6T 9°2 ¥°Ss 8°6T T°E »°¥8 oztz -Sw-  ge1 pes sfusao %% WO 1M
oset -%os- (@) oce
9°¥2 ©°% 9°T9 §°%2 2°F 6°08 oz1z -tu- 031 seqnn pey 2oy 1,
oset Sog- (@) ao,»m
292 S°v T1°18 §°S2 2°F 6°0% oTIZ SN~ 0g-6b7 sewesu efuexn o0 N W¥TD A
009e  HO-
oseY -%08- @) gge
28°9T L°€T 23°GS B8°6T 1°C »°9¢ ootz -  z-TL1 seypssu pou  SoSyTuoTy ,y
009e HO-
ecet- Bos- () ese
G°8T 9°¢ 0°6¢ 8°ST T1°C »°¥S otz - °u- 8-LL1 sezetd pew  SoST®Ty 111
| H e 1 B b .ul@ vy *amTIOR puR
o psatelan BoIIRLSY .QQM< » dunoan sanjex STNBIOCS “ON°TS
s jedyeny Pps isLysuy e3eqd uI 0g°"d M T8> §shud JeTnoaTOH okn




9

a2

oLe1-%08~- (8) L1e
%12 22°¢c ¢°8¥ 1°22 $°C 1°6v mw.ww ey~ 00T-86 SeTpeeu efuean €oSxTTye€Ts yrY
. 0LET-%Q5- (8) S
S°9T 6°C 8°09 8°LT ¥°C §°8¢ 0212 5§~ LL~9LT S9Tpesu pey Po%9Tye2 rrpay
ooeT-fog- -
. 0297 0=~ (a) =
Loyt 8¢ «.m» 0°8Y 6°C 1°%S 0212 g~ (-dwodsp)QL seqnod pey 280%u® T2y - y1ay
09e1-0s- (g) seqnd TLG .
81z ®°v 0°2¢ 9°22 £°% 9°1¢ oz1z Sp- g1 Suiuyus moryex T ® 9Ty 1Ay
ocet-foz- (g) ese
8°81 9°c 0°GS 8°6T 1°C »°¥¢ otz ¢€x- 8=4L1 se3s1d pey oSyt 9Ty 4y
08T _0=0
. g!ﬂﬁﬂl () oz
62z .°¢ 90 £°S2 €°C 0'0op ov1z 185~ =211 saqno 93 7uM eBo¥x ™% ary
0291 O=0-
_ oset Zoe- (x) 825
8°ST 0°» 6°vs 8°8T 2°C 6°Sg otz ©g- g-291 aepaod ente  Z99%y023®2n 1rrY
oove Thy.
088T O=0- .
6.8 2ps- (2) 2277
T°%Y 2°¢ »°02 ®°91 g 1°8g ce1z Sx- 09z saoqe 2epaod enTy ®HoSySTyT2y ryy
oeeY oo~
0291 0=0- () 93
2'e L'9s 8°2 1°99 otrz %W-  osz sacqe zepaod XG4 D P 2TL0%. oy
- = el .
= emLy ey § %2 umi-dsqv @ dnoap ®ang en MWM“IWMM concre
e e — T Dot -d-m Two seLas ———T

P s



(@) seypecu :
$°C2 €0°F 2°19 B°8Z ¥°P» 9°T9 o012 8N~ L 24 ..oﬂoﬂaunauo.a cn-%mma 1YY
L°0C 9°F P°GY P°IE  O°F 8°¥S 0012 w»-m.. o-9g sejerd mOTTeX oﬂ-mmﬂo wYy
089T40=0~ , (g2) 9w :
- »'¢ 8¢9 TI'6T LT T1°99 o2tz Cr- 0g-2v2 tpnod pex mam-owﬂsu 1YY
¢ ( *dmodep) (g) -
- g°C €°09 9°6T O0°F 6°19 otz tox- 0.~69T  aspmod pen  PoglTy28n yrravy
0891 0=0~ (g) seqno ooe
- g% §°09 082 L'V 8'0 0012 Sy~ L8-c8T umoaq motrex  Sp®s®TalTs 1yawy -

% ”n?.m.n daeys of =
Q=0= (g) sajzerd ‘ :
8°L2 S 9°29 9°82 8°% 2°19 o112 ,mmm Y ne_.&ww !.muw Bﬁqmu o®® ey  1axYy

(%) 181
6°82 8°9 #$°9¢ 6°L2 0°9 6°Sg - 922 e®ojerd o3Tq & oSufulo Ay
0991 - () 2 %«»
8°8T 6°C L0°S® 1°32 $°'C ¥ orYZ i~ 0STY Seqnd XX pey Zo%TiglTs  arvy
ot -“og- €y a8
PET P°E  8°L¥ 1°02 L°E PSP 0012 t€g- op-z3T  swetpeso pey <P =CTp®YH rryvy -
1°C2 €°% °S'e¥ €°82 §°¥ 0°0¢ 001z  i°§- zr-oTr S3ejenye pew  s50%®WSTy  rIvy
oser %05~ (e) €9e
c41 0% G°B§ TI°8T  ¥'e eS¢ 0072 $SN- OB-GLY  serpesu pew  oPoSyCTniTs  Ivy
0091 - |
09eT -S0e- (9) s
$°02 2°® 3°0v L'0Z L€ O.0p  OPTZ -CH- o0t seerd sayur  sPo”0Tyés vy
N B 2 = B ] 4_..8 ag *3IATIOE DUE
TTTTTTTTesatesIgao . TUTgsIInansTTT cdaqy¥ » dnoan SINFIRE R geios Lo CORTYE

<.
=ETeL
Bl Shudind s IS Ly euy s 3w W1 Dg *°d-x Teo3sLyd ITeTOnISTOK afa




suojecy - ¥ 1yousylzy -~ J iouezveg - § - UOIESIYTEISAID IOJ PISR SULATOP
| 0g9Y 200~  (*dmodep) (v) ee
- O°F 6°08 I°02 ®°C 8°T¢ 001z to§ - 00T Jdepmod MOTTX EolyTTy®Ty vy
0geT  iQsD-
ootz teme (v) -
1°92 8°% 9°19 O 0€ ey 009 relgea®®Xx L/ -0 aeonod morTrey PN EPTy Y
0991 f0=0- , (¥} oee
- 8°C 1°G9 ¥°SZ  £°F $°%9 0012 8- SL-Ob  sepmod pew  o%¥*TE®To ¥IYYY
£Be
08917 iQ=0~ {*dmodep)
- g'% 2°8C P08 €°S §°€S 0012 .mm.. 091 aepaod mortex  olwtTw®To 1rzavYY
oser ¢
| ooee mo- (v) g
- g% $°482°.2 g% 08¢ 0012 SH-  9g-per Jepmod adryex  7oPa¥WWOTH rravyy
oose  fHO-
0997  40=0~ (¥) iy
- £°% £°29 2%z 1°% 8°29 001z °N-  802-902 aspaod poy 202 PWSTy mayyy
coze - (g) sepacd faid
- §°2 BCHP ZT'OT O°C €°09 0072 *mmm 022 eaoqe 3970TA usyOPeN oP1aSNCTpE2y  syyy
(g) Jepmod ¢ b
- g~ B°2LEBLT &% Tl oTiz (8n~ 05z eacqs 3e703a usipew c%w6Tp¥%y  syvyy
, ) oL
282 6°S 0°CL 922 6°¢ 1'% o1z t%e- orr-sor kgom sfualy  Sy¥TBAs  yYIYYY
M §(~duoosn) (g) ba
g 1T,
g°2Z 8°C 8°99 2°¥2 8BS §°99 ootz $8§-  Qu-89T satpesu jeTofA o mU'AeTH  IIYYY
K B 2 i H ) o ut | ;uﬁ.dﬁw ote | o
TTTTTTRRUTE340 Podhibasn oﬂMﬂm » dnoan ean3y en sInEmIoy "CH IS

= i sdyeay

= 1Sy esuy

sj3eq BI

Dotd- m T =D FsLaL

=2y

X @ YPOADD TOM



i.

e.
3

4.

8.

7.
8.

9.

10.

11,

ig,

o 138,

ls,

Schroeder, H.S, m’ﬂ Sel, W«l—i‘ 31
276 (1967}, e '

Steed, E. snd Murray, A., J.loc.Uyer Col. €8, 15 (1982)

ﬁﬂl?igégg'b- end idems, J.R., jmer.byestuffs feptr. 48,

Kslyaneramen, 5.y Fhob,{Teth.) Thesls, bLombay
University (1969).

l:tl;gj?gt;t Singh, Ph.D.(Tech,) Thesis, bombay University

BIOS 861, 44} FIaAY s Orange II ®F® "Frocotizel
Qrggggﬂ Chen 3@1’,”’ G{ﬁl Srd. Edn. (Ing“)g muﬂaﬂ"
Pe .

FIAT 7€4, Grocein Ursng G., Poncern 4 GBlL.

B1UG xi»_ﬁ v 433 FLAT 'IM -~ Methyl orsnge;
"Pract aai Ursau e Cbaniatry s Vogel, 3rd Zdn.,
longmens, 624.

BICS, ;sai, 413 "Fundamental Process of Dye Chemistry®
Flers-lsvid end Blangey (1049) Imterscience Publishers
Inc., New York, Table 19, Ger.Pat. E80846 (Fr. 12, 453),

"Fundasmental Frocesses of Dye Chemistry” Flers-David
snd Bisagey (1948), Intarsclence Publishars Ine.,
New York, 317-8.

Kelyansrsan, S., Phel, (Techy Thesis, 1969, University
of Bombey, p. 136,

(rpsalc Syfnthesis Coll. Vol. I (1982), John wiley and
fons, Hew York, p. 8,

Ashley, J.N. snd m@hﬂwn' GQL" WQ 1947, 80,

Ream, O. and wWaldo, JoHsy dolmeChematog. 43, 2285 (1921);

Crotcehor, L.H. and Plttenger, W.H., J,4Am,0Chem,S0¢.
163 (1988), T —

FIzT 1,313, vOLQ(I}' Pe 18,



16.
17.

18.

18,

20,

el.

a6

BIOS F.R. 1149, p. 24

“Practical frganic Chemistry”, Vogel, 3rd Zditionm,
muuﬂ‘g p. 1000 (1864),

B‘ilﬁt‘in, u, 570; J .FPharm, & Pharmcol. ﬁ' 187 (1954).
“Orgsnlc Functional Group Frepagations™, Sandler, B5.R.

and Karo, W.,, (1971) Acsdemic Press, New York,
Chapter iﬁ

Boyer, J.H., #nd Straw, D., J,Amer,Chenm,jog.
1642 (1953). o B

BIOS 961, 773 BIO: 1548, 199,



CHAPTER « IIIX

Application of Remctive ﬁijpuru Dyes to
Synthetic Fibres




S0 far, polyester snd cellulose scetate have not
been dyed with resctive dyes., Amongst the synthetic
fibres only polyamice has been dyed with reasctive dyes,
Frocinyl rangtl of resctive dyes {or polyamides were
introduced by ICI in 10569, In view of hydrophobic
nature snd low porocity of synthetic fibres the dye
molecule has to be carefully designed to ensure
penetration, level dyeing snd good fastness properties,
Procinyl renge of dyes resemble normsl disperse dyes in
being cGevold of water solubiliizing ionic groups but have
& group which is cspable of foraming covalent bonds with
polysmide fibres. In procinyl range of resctive dyes the
reasctive systems are different in different dyes. They
are applied ss normsl cisperse dyes tramaéilkly acidie
dye-beth. After the exhsustion the dye bath is made
slksline to bring sbout the chemicel resction between
dye end the fibre.

"Yercfix"® 1s another range of reactive dyes
introduced by Gayer for dyeing of wool and polyemided fibres,
"Verofix” dyes are water soluble dyes contsining

reactive system based on fluoropyrimidine ring.



Following proofs were given by Scott and

vxcktrsttrfa far the axistence of coveleat bond between
_ dyes sud hyion dyed with conventional disperse, azolc
or agid dyes csn be stripped by bolling with solvents
such 28 chlorcbenzene, propsncl or aqueous pyridine,
Although these solvents easily dissolve Procinyl dyes,
the dyed fabric caennot be stripped by them. This
suggests that some force other then adsorption, mechsnical
retention of salt linksge, 13 holding the dye on the fibre.
(b) If nylon fibre dyed with disperse dyes 1s dissolved in
o~¢chlorgphencl anc the resulting solution is poured into
propsncl, to precipitate dissolved nylon, the dye appears
in the liquid phase, «hen similar treatment is given to
aylon dyed with a& Procinyl dye the colour is reteined by
the preciplitate,
{¢) The ecolour of Froeiayl Secsarlet G is due to the presence
of an 2 a%0 group. Conssequently the dye can be reduced
on the fibre with scdium sulpheﬁykatutorual&chyﬁo and
formic seid to the amine contsining end products. If the
dye has rescted with the fibre, one of the products should
remain firmly attached to the fibre and should resist
extraction with hycrochloric seld, 3uch s "discherged”

fibre czn in faect be diszotized and coupled with & phenol
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to produce & nevw dye, If nylon 18 dysd with the
uarenctive enslogue of Preelianyl Secarlet G and treated
io & similer mesnner, no colour is developed.

E1éd snd Slnsele® gave further evidence of
chemical combinstion by epplying chromstography and
¢iffusion mwethcos, They showed that, if the dye is
mecheanically held or aé#nrbuﬁ on the fibre it can be
chromstographicelly separeted from the fibres 1f on the
other hand, the dye has :@aeted with the fibre, the
latter migrates slowly along with the dye 28 & single
molecule,

The reactive disperse dyes described in the thesis
vere applied 88 normel diesparse dyes for the aynthitie
fibres by usual dyeing procedures which are discussed in
experimental section. A few dyes were applied to
polyester fibre by high temperature dyeing method. 4all
other dyes were spplied by cerrier dyeing method at boil,
211 the cyes were applied ot neutrsl pH on polysmide and
cellulosze scetste by exhaust dyeing method,

Eestmess proversies (1) sublimstion fsstoess

The effeet of dry heat on disperse dyeings is of

great importance in cese of synthetic fibres, a3 the

dyeings are often subjected to X hest setting, curing of
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resinfinishes nand permenent process treatment at
high tempereture®. The colour chenges that may oceur
in dry heat are due to oxidation or reduction of the
dyestuff casused by the auxiliary chemicsls present,
More often, the changes in appesrance are due to change
in the optical properties of the fibre, discolouration
of the fibre, deeper penetration of the dye, fibre
shrinkage, aggregation or crystallisation. The loss or
transfer of dye within the fibre when exposed to dry
heat is called sublimetion fustness, The dyes with low
molecular welight veporise and condense on asdjscent fibre
when exposed to high temperatures or during hot pressing.

The dyed meterisl i3 stiched on both sides with
undyed % cloth and such sendwiched sample iz kept bhetwesn
two hot plates maintsined at desired tempersture, The
temperature renges in stendeprd test are - (a) 150° for
80 secs. (b) 180° for 30 secs. and (e) 210° for 30 secs.
in the increasing order of severity. Ihe dyeings are
theu examined for,

a) chsnze in tone

b) chsnge in depth

¢) steining of the undyed cloth

Creding 1s glven in terms of numbers ranging from
1l to § et particuler tesperatures, Fastness 1 represents
the lovest velue and 6§ the highest,



The sublimation rfagtuess given in the thesis
are determined st 210° for 30 secs. (severe conditicns).
(2) idght festuess

The test conslsts in exposing one part of the dyed
fabric (the cther portion 1s coversd by a metal shield)
along with stspdaprds, ander the stendard conditious of
tempersture, relative humldity end for specified time
pericd to &n intense scurece of light produced by s
iemon are dlscherged lemp (Xemotest light fastuess
meenine), The loss la depth of shesde or change 1n tone
is compered with the covered portion of the dyelng. The
fastness is expressed in terms of numbers ranging froam
L« seele of imoressiag light fastness,

snother method of detersining the light fastness
is by exposing the ssaples along with stundsrds to the
sunlight for specified time period., The light fastness
is evalusted a® mentioned above., The light fastness of
dyelngs given in the thesis sare dey light fastuesses,
Lrssent vork

411 the dyeings were csrried out by sxhaust dyeing
_ methodd fn cuse of pelyamide end cellulose ncetate fibres,

ixcept 8 few dyolinge, which were cone by high temperature

- . Gyelng methods, all other dyelngs é? polysster were carried

out by exheuet dyelng with trichlorobensene €8 cerrier.

Irichlorobenzene, being coaperatively least reactive
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of 21l the known carriers towards anlde compounds
was prefered as carrier for dyeing azido reactive dyes,
Ersparation of dispersicn

500 mg of dye end 800 mg of Temmol NNO were taken
in o glass tudbe contsining steel rods, Little water was
ndded and the tube rclled over on dye slectrie rellers
for 48 hours to grimd the dye into & dispersed state, The
dye paste wes then diluted with water to 250 ml. The

standard 0.2% soclution was used for dyeing.

Uye~bath was prepsred for 2% shade keeping the
msterial:liquor retio at 1160, 800 mg of Tammol NNO was
added. The fibres were inserted in the cold and the
tenperature slowly reised to 90-95° in one hour. ODyeing
was continued at 90-5° for 1/2 hr. more. The fabric was
then washed, soaped and dried.

g8 - Carrier Dyelng
Lyeing wethod is same as for polysmide and cellulose

acetate except that 2 g/litre of trichlorobenzene was

used a8 carrier,

LEAY i

when dyeing is carried cut under high tempersture
coniitions, the addition of carrier is not usually required

except in the case of heavy shades, where smell smounts



10328

103
of carrier offer adventsge. The dyebath is set with
0.6 - 1 g/l1t of » heat resistant leveling egent and
sbout 1 g/lit, of & speciml dispersing sgent which remeins
stable under AT conditions. Dyeing is started at 40°,
the temperazture of dyebath is incressed in 30 minutes to
boil and then in & further 30 minutes to the final
temperature of 128°. The dyeing 1s completed in 1-2 hours,
ihersolysls

£11 the dyeings were exposed to dry heat of 170°
for 5 minutes in & laborstory cven.

10 gme/litre dispersion wes x padded on polyester,
polysmide, cellulouse zcetzte snd on a €7:32 polyester/
cotton blend on & padding mengle, Fedded samples were
dried uné then exposed to heat st 170° for 5 minutes
in hot-nir blown curing chemder,

Exinting

Polysster, cellulose acetate and polyester/cotton
blernds were printed with & paste prepsred by sdding
10 gm/litre dispersion to kerossne emulsion thickener,
This paste wag used for priating., The printed cloth wes
exposed to dry heet im hot alr blown curfing chamber at
170° for 5 minutes,

Yechaplen of dye fixetion
From the literature surveyed in Chapter 1

it 13 clear that when orgeniec ezido compounds sre hested
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to decompose ylelding active "nltrene” intermediates
wihieh then underge various resctions such as, insertion,
abstraction snd other reacticas described ecariier in
Chapter I.

The dyes containing szido groups presently prepared
may be expected to yleld the following "nitrenes":

D-50g8g - Dbe80gNs + Ng
D=CONg © . DeCON: o+ N,
D-Bg - bels v Ry

....... D-NHCOCHgHg .  D-NHCOCHg=Hs + Mg

Ginge the ajtreanss genersted by tha therssl process

are in the s!nglat agg;ﬁa # typlesl resction which may be -

s stereospecific id?éwé;g}b@aﬁls.

Thus, whenutbw above dyes are resctively combined
with polysster, polyemide ané cellulose escetate fibres
by thersmofixstion the fellowing Dye~fibre bonds mey be
expected:~ _

(#) D-30,¥H-F

{b) DliH.P

(e) D-NHCOCH NR.P

{(d) DeCORF

D « indicetes dye molecule

P - ndientes Sibre molecule

The dye which e not reactively condined will also

undergo change through hydrogen sbstrecticn or dimerizstion



1. Polyester, polysmice and cellulose scetate dyed

with dyes conteining asido groups were thermolysed as
mentioned before. The thermolysed pleces were extracted
vith boiling isopropancl. Uyeings retein colour even
atter severe 'poiling Trestmest (av ¥ tor 1V Tinuvesy.

2. Thermolysed ssaples of polyester dyed with sszido
dyes wers extreoted with chlorobensene, The fibre was
found to retain the dyes even after extract at 132° ror
10 minutes. |

3o Thermolysed dyeings of polysmide and cellulose
acetate fabrics were extrscted with 25% aqueous pyridine
solution at room tempersture for 24 hours, The dyeings
retained colour,

4. when similar extraction experiments were performed
on fabrics dyed with similer disperse dyes which did not
contain the azico group, the dyes were completely stripped
off from the fibres.

5. The thermolysed dyeing on cellulose scetste
polysuide and polyester were dissolved in boiling scetone,
meta-crescl snd nitrobenzene respectively. They were

reprecipiteted by adding the sclutions to weter, isopropanol
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end petroleum ether respectively. The precipitated
fibre was founé to retain colour, thus showlng the
exlstsnce of co-valent bond between dye and fibres.
in the case of dyeings with coaventional disperse dyes
tne precipitated fibre did not retein colour,

Plscussions: The light fastness listed in the Tables
L-& are dayvlight fastuess,

Sublimstion fastness wss deterained by stitéehing
the undyed cloth on both the sides of the fabric and then
hesting the plece between two heated plates st 210° for
30 secs. Chenge® in tons and staining of adjscent
fabrics have been recorded in the Tables,

The GyoﬁzeentainSnx sulphonyl azido groups listed
in Tables 1 and/vere compared for thelr fastness
properties with the azo dye (KLII}&siﬁwhluh does not
contain an azido group. The dyes (III), (XV) the dye
waS prepared by two alternstive routes as described in
. Chapter (II) snd (VII) show & Gefinite improvement in
fastness to steining of the adjscent fabrics as compared
with (XLII) which shouws very poor fsstness to steining
¥uny of the dyes containing sulphoaylazido group
e.g. (II1), (XV), (IV), (V), (XVI) changed to deeper on-
: tan&jth&r&o&yaia.



The deepening of tone following thermolysis
of the dyeing of sulphonaszido dye on polyester may
be due to the chemical combinstion of the dye with the
aryl ring of the polyester polymer through sulphonamido
linkage.

CO0 - CiiCit—
Polyester '
Dye-5Ugh geemmmm s, Dye-80,8 . » Dye-50p0H
mc ﬂuk-(it[z— -

The UV and visible spectrs of the dyes (19, (11)

and (11i) were compared oand given in Table 7,

Ho. R Qy yisible
*naxc“) e =Molar *uax(nn) e-Molar
1) ~B0gKRg 202 758 475 3340
i1) ~50gRg 310 1670 485 2710
111)-50gKHFh 266 21700 480 37000

310 24300




STRUCTURE &

FASTNESS PROPERTIES OF DYES CONTAINING Trf
TABLE — 1 : Q
DYE NO! STRUCTURE DAYLIGHT
| FASTNESS
’ N:NCHa -~ P.E. { i 1
OH
O
L : ‘ A (-2 i 3-8
N = N SO2N3
, 3-4 1 2-3
OH
H XV OO
N=“—D A} 42 B -2
OH PE| 13-4 4-5 2
e ot
NO,S '
A 2-3 3-4 2-3
H3< P.E. 3 3 2
Vv ;\h«@—N\:N 502N3
H3C
H3C : A 4 -5 4
V1 \N" /4 \ N:N / \ :
) . - PE. 3
HaC
SO,N;
A i 4 4
=8l 50, N3 PE! 2-3 4 4
Vit
- PE 2 4 4-5
Vil
A { - -
X PE| 2-3 - -
t L _
PE| 2-3 - -
. %

AZIDO GROUF .

A= ON CELLULOSE ACETATE

PE.= ON POLYESTER .-



[TABLE -2/ 100 169

- DAYLIGHT | SUBLIMATION" FASTNESS |
GYENO SRSEREE FASTNESS | CHANGE IN| STAINING OF
- TONE ADJ, FA
O NHy
P W e e
/ ‘ »
X1 | SOzN3
. X PE. 5-6 4 -5 4 -5
A 3-4 3-4 4—5

X

O ‘—‘< >—— ,
{
ElNeo el I i
—— A 4 4 3—-4
| O Do
" E 0 .
OH A i 4 4
‘ co .
‘ RE. 2-3 4 4-5
XViLl O

X X1 SO2N3

; , - " i
dxxn 3 3-4 3~4
. f

| 2 4 4-5
b XX 2-3 " "

i e d
M= ON CELLULOSE ACETATE .- PE.= ON POLYESTER .

e —
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STRUCTURE AND FASTNESS PROPERTIES OF DYES
CONTAINING THE AZIDO GROUP 10
TABLE — 3
.. _ _| SUBLIMATION FASTNESS
pYeno STRUCTURE 2:;;—45;’57 CHANGE IN | STAINING OF
TONE ADJ. FABRICS
A - 4 -5 4~5
N=N CONjg §
OH
XXIV
PE. - 4-5 3
HaC A 4 4 4
XXV N / \ N=N / \ CONg
| HyC == =
P E 4 3-4 3
| . A - 4 4-5
| N\ \ i
/ i
xvii [ QN 7 Nenan/ N\ CONy
— — PE - 3 4
A - 4-5s 4-5
i
XXVl P E. - 4-5 4-5
A I 4 4-5
PE. 2 4 4
XXI X
ON CELLULOSE ACETATE

ON POLYESTER




ouP_

SS

THE AZIDO GR

STRUCTURE AND FASTNE

CCWT‘A’leﬂ'G

FASTNESS|

TABLE -

STRUCTURE




| sustimMaTioN
{ CHANGE TN’




L ¥

TIVE™ STUDY OF FASTNESS

PROPERTIES

© XXXV

OF

DYES

$Y5.i2

CONTAINING
_CHROMOPHORIC SYSTEM BUT DIFFERENT AZIDO GROUPS WITH A L vE
THOUT AZIDO GROUP.

:
&

TABLE —§¢
DAYLIGHT | SUBLIMATI N FASTNESS
STRUCTURE i . ¥
FASTNESS |CHANGE IN  !STAININE OF
TONE |ADJ FABRICS
o e e Y
OH Al 4-5 3 3
j N=N / \ NH COCH4
CH PE. | 4. =5 3 3
3 i
OH ' Al 2-3 4 4
f N=N SO, N4
PE| 3—4 4 3 -4
CH3
H
@ ‘Al 4 3-4 4
: PE| 3—4 &k 2
CH3 !
OH AL 4 .4 4 ’
N = N\@NHCOCH3N3 »
PE. 3 3 =4 4
Gl | | |
| : i
A= ON CELLULOSE ACETATE
PE = ON POLYESTER
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It is clesr from the Table 7 thet the
introduetion srylsulphonamido linkage is necomprnied
by & comsidersble (tend fold) incresse in the intensity
of ahscorption mexizme both in UV sad visible regionms,
Siailar effect is probably responsible for the deepening
of the tune on thermolysis as menticned sbove, This is
pérticularly the case when the sulphonezide substituent
is in the psrea-position to the RIo linksge,

Tre dyes ueatainingzgzlyhanylnaid@ group mate %o
the 220 lickege showed better fastness than those where
the eulphonylasido group wes parg to the 220 group. Thus
dyres (VIZ) snd (VX) hed better sublimsticon fastness
properties then (III) spd (V),

sulphonylasido greup, when introduced in snthraquinone
dyes resulted in dyes of good light 2nd eublimetion
festness,

The fastness proparties of the dyes conteining
cerbonvlssido group are listed in Table 3,

In ganoral they showed good sublimation fastness
of the order 4-5, Kven the simple structures liks (AxVI)
end (AXYII) showed sublimation fastness of the order 4 and 5.
Frobaply, they resat with the fibre substrates through
the “nitranes® which 4o nat rearrange to the i{soecyanates

which wonld bsjnarmal resction., The csrbonyleagido dyes



—
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therefore mey be forming carbonylsmide bonds with the
fibre substrste.

fivre
Dye~CUNg Dye-CON3 Dye=Cl«NHeFibre

Another interesting festure of carbonylaszide
dy:s was that they do not chsnge in tone on thermolysis.
The dye (XXIV}, however, behaved peculiarly during, dyeing.
Thus normsl dyeing expected from this dye wes deep red
but instead it gave a deep violet shade on polyamide,
cellulose acetate and polyester. The latter dyeings were
resistent to stripping in bolling isoproponal and chlorc-
benzene, The colour of the psrent dye is red but
dye bath slowly changes in colour during cyeing and
finelly 1t becomes deep viclet, The dyeings show very
good sublimstion fastness as can be seen from Taeble 3,
Arviazido Dyes

Dye conteining arylasido groups sgein show good
sublimation fastness. The festness properties sre listed
in Table 4. The sublimation fastness 4, cobtasined in
the case of the slaple dye (XXX) on cellulosze scetate is

procf of the existence of & co-velent linksge between

dye 2nd fibre.

The fastness properties of dyes conteining the
azidoacetamido group are listed im Table 5. 2All the dyes
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show good sublimetion fastuess of the order of 4.5,

43 compered to other ssido dyes, they show ilmproved
light fastness., Compariscn of the sublimation fastness
of the aye (XLI) on polyester viz. 4,4 (chenge in tone
and staining of adjacent fsbriecs respectively) with CI
bisperse Orenge 3 /4-nitro(4'-sminoszobensens)/ which
has sublimetion fsstness of 4-56 and 3 respectively
shows the improvement achieved by the introduction of the
azido group.

Comparison of the tuatn&:n propertiea of the
~dyes (III), (VII), (XXIV), (mxz) lud (XLII)? indiecate
the following points,

1) On cellulose scetate the dye contsining the
carbonyleszido group shows optimum sublimstion festness
followed by Cyes having sulphonylazide group in the meta
position to szo group and &x finelly dyes conteining the
azidoscetamido group. Jyes where the sulphonylssido
group was pere position to the azo group snd dyes which
containing arylesido group shovwed moderate sublimation
fastness., FHowever, on polyester, cyes aanta!niég sulphonyl -
azido group in the meta position to the szo group showed
best sublimation festness followed by dyes containing
aszidoacetemido and éurb@uylazide groups. All the
listed azido dyes have better sublimetion fastness
compared to (XLII) which does nmot contain this group.



Table € shows the results of a comperstive
study of fastness properties of dyes which contained
the seme chloromophoric system but which hed different
ezido groups with a dye not contsining an asido group.
The dyeing snd thermolysis was carried out under identical
conGitions ia the case of all the dyes.

The dye without the asido group (XLIIL)

(CI Disperse 3) shows good light fastness but low
sublisation fastness, Iamproved sublimetion fastness

is obteined by imtroduction of the sazido group ss will be
seen from the fastness listed for the dyes (XXIX), (XXXI)
and (XXXVII).

To study the exteant of covalent bonding of the
dyes to fibre aubstrates the dyes were stripped by
bolling with isopropanecl, anlaran.u§§a§§§3253§'¢§§§§ua
pyridine 2t room temperature for 24 hrs, These results
are shown iu the shede card, wherses the dye (XLIII)
was completely stripped by sll the above solvents ,
dyes (XIX), (XXXI) and (XXXVII) shoved much grester
reslstance to stripping. Dyes (XIX), (AXXI) and
(XXXVII) mpplied to cellulose agetate, polysamide and
polyester were prectically mot stripped at all im bolling
isopropancl, but some stripping was observed when the
dyeings on polyester were stripped with chlorobensene.
The dyes (XXXI) snd (XXXVII) showed more resistance to
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stripping in bolling chlorcbenzene when they were
spplied to polyester fobrics,

o strippiong is observed with polysaide and
celiulose acetate in the ¢pse of dyes (XX), (XIX),
(4L4X1) snd (XXXVII) when they were subjected to the
action of 86% nquocﬁ: pyridine for 24 hrs. as against
uyeings of these fibres Ly the dye (XLII1) which were
stripped considerably under similir conditions. The
ilght festuess iz cese of all dyes containding the ezido
groups vas low indicating that the formation of co-velent
bond has no fsvoureble imfluence om light fasstness,

%o forrelstion between the position of the szido group
in the dye nnlocnlév-nnﬂ light fastness of the dyes on
the various substrates wes spparent, However, dyes (VI)
(on cellulose acetate), (XI) (om polyester), (XII) (on
volyester), (AVI) {om ceilulose scetats), (AXVI) (on
sellulose scetste 20d polyester) shouwed good Light
festness,

Fellowing couclusions may be égawn from the
festuness properties listed in !tblattg;

1. byes containing szldo group applied to ebove
synthetic fibres by thersolysis show higher sublimstion fastnes
then dyes whieh=é&4 not conteéin the mzido group.
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3‘ . Among dyes conteining different szide groups,
&ya» és;h;;ylasiﬁo group showed best sublimstion
fastness on cellulose scetate,

3o Host of the dyes containing szide groups showed
gooé sublimation fectness cu polyester fabrics,

4, smong the dyes conteining suiphonylezido groups
those havipg sulphcuyleszide group in the mets position
to 820 1}n&&ga stivwed better sublimestion fnatnsns 28
compared dyes where sulphonyleside group waa tha pare
position to the 2830 group.

8. byes conteining a2ildo group in genersl show
lower light fastness. Thus covelent linkage of the
sbove Gisperse dyes containing asido groups with
synthetic fibre substrates cffers no sdvantages as
regerds light festness,



Shade Card (2 shades)

Before Thermolysis After Thermolysis XENO |THERMO

yamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate : Acetate

3-4

2-3

2=-3

ENO-xeno test ( Light fastness ) THERMO = Thermotest = Sublimation fastness



Shade Card (2 shades)

Before Thermolysis

After Thermolysis

XENO

Sec. call

olyamide
: Acetate

L

Polycater

XENO-xeno test ( Light fastness ) THE

Polyamide Sec. call

Poly cater

Acetate

4-5 4
3 3
1 4
2-3 4
1-2 4.5
2 4-5

/O = Thermotest = Sublimation fastness



Shade Card (2% shades)

Before Thermolysis

After Thermolysis

XENO

Sec. call
: Acetate

Polycater

Polyamide Sec. call
7 Acetate

Poly cater

ENO-xeno test ( Light fastness )

THERMO = Thermotest

4-5

= Sublimation fastness



Shade Card (29 shades)

Before Thermolysis After Thermolysis XENO |THERM
f Polyamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate

4-5
4-5
4-5
3-4

3

(ENO-—xeno test ( Light fastness )

THERMO = Thermotest = Sublimation fastness



Shade Card (2 shades)

Before Thermolysis After Thermolysis XENO |THERM
lyamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate
1 z
2-3 4
4
4-5
=
4

I[ENO-xeno test ( Light fastness )

i

THERMO = Thermotest

= Sublimation fastness




- Shade Card (2 shades)

Before Thermolysis

After Thermolysis

XENO

Polyamide Sec. call
Acetate :

Polycater

Polyamide

Sec. call
Acetate

Poly cater

3-4

INO-xeno test ( Light fastness )

THERMO = Thermotest

4-5

= Sublimation fastness
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Shade Card (2% shades)

T 1
1 |

Before Thermolysis After Tharmolysis [‘ YENO MTHE?\M
!
olyamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate
<
bl
2-3
4-5
4-5
4.5

LENO-xeno test  ( Light fastness ) THERMO = Thermotest = Sublimation fastness



Shade Card (2% shades)

127

Before Thermolysis

After Thermolysis

|

|

l XENO ; THERMO!

O-xeno fest ( Light fastness )

THERMO = Thermotest

Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate
2-3 4-5
3 4
“ 4
3 2
1 3
2 3

= Sublimation fastness



Shade Card (2% shades) s

Refore Thermolysis After Thermolysis } XENO |THERMO
Polyamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate
2 4
3 4
X 4
1-2 4
- 4
2 4

IXENQO-xeno test ( Light fastness ) THERMO = Thermotest = Sublimation fastness
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Shade Card (2% shades) s

» \
Before Thermolysis After Thermolysis XENO | THERMO

Polyamide Sec. call Polycater | Polyamide Sec. call Poly cater
Acetate Acetate
4
3-4
2
2=-3 4-5
} |
‘; ?
{
3
1-2

XENO-xeno test ( Light fastness ) THERMO = Thermotest /= Sublimation fastness



Shade Card (2% shades)

Before Thermolysis After Thermolysis XENO THERMO’
[ Polyamide Sec. call Polycater | Polyamide Sec. call Poly cater
‘ Acetate Acetate
- 4-5
- 4
5-6 4
3-4 4

XENO-xeno test

( Light fastness )

THERMO = Thermotest

= Sublimation fastness
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Shade Card (2% shades)

Before Thermolysis After Thermolysis XENO iTHERMO!
| |
Polyamide | Sec. call Polycater | Polyamide Sec. call | Poly cater
Acetate Acetate

4-5 3

4-5 3

2-3 4
3-4 3-4
< 4
3-4 2

XENO-xeno test ( Light fastness ) THERMO = Thermotest = Sublimation fastness
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Shade Card (2% shades)

Before Thermolysis ‘ After Thermolysis I XENO 'THERM
I | J

Polyamide Sec. call | Poly cater
Acetate

Sec. call Polycater
Acetate

a8

XENO-xeno test ( Light fastness ) THERMO = Thermotest = Sublimation fastness
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Dyes I1I(XV) snd V spplied by Fad-Lry-Cure
method on Cellulose Acetate, polysmide, polyester
and polyester-cotton blend (67:33%).
170° for 5 minutes.

Curing tempersture

Cellulose Acetate

Polyester

v




Uye V printed on Cellulose Acetste,
Polyester and Polyester-Cotton blend (67:338%).

Cellulose Acetate

N

134
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Results of the stripping experiments done
one dyeings of dye XXIX

Stripping solvent
and eonditions

865 aquecus Pyridine
for 24 hours

Boiling tsopropencl
for 10 minutes

Bolling chlorobenszene
for 10 minutes

Cohs = Collulose Acotate 5a, - Polyamide

Folie « Polyester
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2.
3.

4.
6,
- 8,

7.

8.

2.
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CHAFTER « 1V

Epectral Studies




In the previous chaptera we have discussed the

synthesis and application of reactive disperse dyes
contsining the azido group. The resctive fixation of the
dyes on synthetic fibres by thermolysis is explained by
first elimination of moleculsar anlitrogen to form
"nitrene” iatermediate which inserts into the fibre
molecule forming & covelent bond between the dye snd the
fibre substrate., It was therefore of interest to study
the decomposition of organic azides under electron impact,
The aim in the present study wes to study the pattern of
decomposition under the influence of electron impact
and t0 find out if 1t bears any relaticaship with thermal
or photolytic decomposition., Mess spectral studies of
some substituted erylszides and benzenesulphonazide have
been reported in recent yesrs, Mess spectral studies of
diazides and compounds containing szido scetamido groups
have not been reported so far, MNess tpﬂoéral study of the
dyes containing szido groups are also not reported so far,
Crow and wanzrnpl have reported the mass spectrum
of phenylszide which has a bass pesk at m/e 91 corresponding
to loss of molecular nitrogen (M-28)from the parent ion,
This is followed by the loss of HCN snd CgHg sceording



SCHEME —ICa)

m/e 9i

]

) 39
24

(¥ RS

+ - +
N3 N
/ N ‘N2
——T._—>
v \
I o
mj/e 19 mje 9l
+.
Cy4H3N
mjle 65
SCHEME — 1 (b))
+.
cuﬂ :
_ -HM
g

m/e 92 mfe 9}

—HCN

+
CsHg

mje 64
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scheme l(a), .

The nitrenium ion, CgHgN* (II) from phenylaszice
reerranges to give Hg-szepinium ion (III) prior to
eliminotion of CgHy/HCE, The possibllity of ring
expansion wes investigsted® and examination of mass
spectrum of 1,318 irbeled phenylazlide showed the
formation of asepinium fon (III) for rendomisation of Cel
throughout the ring prior to explusion of HCN., About
one~half to five-sixth of (II) rearrsnged to (III).
Kingston and NQnsana have established by deuterium
labeling that the nitrenium ion II formed from phenyl-
ezide has its hyérogen atoms rendomized before the losg’
ECN snd CgHg.

The behaviour is similar to the ring expension
pathway suggested for the (M-H)" ton (m/e 91) from
toluene®, where it is best represented by a tropyliuam
icn structure (scheme 1lb).

Similar ring expsnsion pathways have been proposed
to rationelise the mass spectrel deate on cerivatives of
quinoline, indol snd pyrelns and the even electron ion
Ggﬁal" from aniline.

soremoviteh’ snd co-workers heve studied the
electron impact induced decomposition of s series af"ertho,
mete and pars-substituted aryl aszides to investigate the
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SCHEME — 2
+c
N
‘ - HCN 4
> N  —> CgHyX
X mjiecgs
X |
v T
m'e (53 m/e 125 v
X=0,M & p=CHLORD .
X ~HA X OR
HX
—~
Hg - ++) N
m/e 90 m/e 89
-CoHa -HCN -CoHy HCN
+ + + +
C4H2N CgH3 C4HN  GgHy
mj/e 64 mfes3 m/e 63 M/Q 62 <«—

1 —HCNOR CpH>

m/e 37 -39
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possibility of ring expansion.

Freser® snd co-workers have slsc iavestigsted the
electron impsct decomposition of ortho, meta and pare
substituted arylasides snd & few disubstituted arylaszides.

sbramcviteh’ and co-workers have shown thet the
fragmentation pattern remsins ssme when the tempersture
i3 veried between 1685° snd 250°. Thus the major
fregmentstion 18 from nitrenium ion II and it does not
wetter whether (II) arises from slesctron-impret ionisation
or from theraolysis.

Eresent work
(8) 4ryl azldes

48 wentioned before, abwtnovtteh7. et al, have
studied the fragmentation p#teern of g, § 20l p-monoe-
substituted phenylszides, the substituents being chlero,
eyano, aitro, methoxy, phenyl end methyl groups.

In the case of g, m, p-chlore substituted phenyl-
agides they have suggested the following general pattern
of fragmentetion (Gcheme 2).

We have also studled the spectra of the g, g #nd
chloro substituted phenylezides. The fragmentation
pattern is similar to that given by Abramovitech otAnx.
We have studied, g, B ®#nd pemethoxyphenylazide and they
alsy show similar fragmentation pattern ss described by
Abramovitel et ul? The results can be summarised by



SCHEME — 3

o
2
¥

»--‘v
o

+. .f.-'
N3 N .
-Ny , -H
— ——
CH3
CH3, O/(
mij/e 149 ml/e 124 m/e 120
l—-Mc.
+
N )
= w0 + — HCN +
\ L
(o}
mije 106 mijie 78 mijie si
SCHEME — 4
+ +- g +
Ny N N N
= - N2 ~CHy ~CN - 55 4
il < : ~f> CgHa O
. mje 80
OCH3 OCH3 +OCH3
mie 149 mj/e 121 - m/e 106
*Cszl g ,,l'—co
C4 H2NO CsH4aN
mje 80 mje. 78
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the Shemes 3 and 4 a8 given in literatur 7,

1n case of the meta-isomer the peak at (m/e 121)
shows the formation of methoxyssepenium ion, which may
then lose & methyl radical to give the szepinone ion
(m/e 106). Loss of CO and then HCN gives the other
two major peaks in the spectrum, viz. (m/e 78) snd (51)
respectively. _

The fragmentation of p-methoxyphenylazide has been
summarised scoording to (Scheme 4).

In the mess spectrum of the pars iscmer two mejor
peaks are seen st (m/e 80) snd (52) which are not seen in

the spectrs of Qrghe and gets isocmers. This may be expleined

| on the basis of resonence stebilized nitrinius fon (IX).

We#d have examined the fragmentation pattern of
p-acetsmidophenylazide which can be used as an
intermediate in the synthesls of dyes containing sryl
aszido group. The fragmentation modes of this molecule
resemble the behaviour of phenylazide as well as
escetenslide,

Initial expulsion of -Ng; from the moleculsr ion
gives e pesk at m/e 148 (M~§3) (Gcheme -« 5) which further
eliminates -COCHy in one step (metastable peek
at m/e 76,9) as in the cese of scetsanilide, to
give the base pesk at (m/e 106). Metastesble peek is
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N3 N
AN - ~COCH, THON Lt
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CH3COHN Ha N mie 79
NHCOCH3 NHCOCH3 —CoH,
| +
x . AT X CaHaN,
m/e
m/e 176 m/e 148 m/e 148 mJ/e 106 /e 80O
—COCH3'
— HCN +
@N T CgHg4N
m/e 7g
v
m/e 105
+
C4H3N2

mje 79
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caleulated from the forauls
u* = :g fa this cese XII X111
"
3

g
“.'m =
148 7.9

(nnaﬂ-cccayé). Another major pesk in the spectruam ocomes
from the eliminstion of acetyl radiesl from (M-Np)
fragment (m/e 106), The further fraguentetions show the
eliminstion of -HCN snd ~CgHy which can be expleined
conveniently by assuming the substituted asepnium
struature for the m/e 148 peek (XII), The eliminstion of
HCE from m/e 106 penk 48 8 one atep process as shown by
& metastable peek at m/e 68.8. Except for the eliminetion
of ~COCHp and -COCHg, the mess spectrum is sisilsr to
that of phenylazide,

™o dyes, le(4'-22ido)phenylezo~-E-nephthol (XV)
and p-szido-azobenzere were then selected as typicsl
csses for the mase spectrel study cof the dyes contsining
the szido group. In the cese of l-(4'-.ezido)phenylazo-
Z2-naphthol XV, the base pesk is found at w/e 261,
representing loss of -Ng from the moleculer fon (289).
loss of scetylene from (M-Ng) results in the gcak.at
m/e 2386, The loas of -HCN from the (¥-N,) is a minor
process, vhereas the loss of -CHO and CO, the typleal
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fragmentation of phenols gein importance and give '
large pesks at w/e 232 and m/e 2388 respectively, The
loss of -HCHN end -cgah from these fragments results in
the pesks st m/2 205, w/e 206, n/e 206 snd m/e 207
respectively.

In cese of pe-azidosscbentene only the mass spectrum
is given since it shows similar szide fragmentation modes
as in case of dye (XV).

The fregementaticn pattern of the dissides
derived frem benzene or benzidine is 20 fer not repeorted,
The diazides wers prepared by Setrazotizing densidine,
o=tolidine, 3,3'«dichlorobenzidine and 3,3'~dimethoxy~
benzidine dnd then replacing both the dlazo groups by
azido groups by treatment with sodium sxide, Of the
bansene series only diszides from p-phenylenediamine and
m-phenylenedinaine eould he preparad but we could obtain
mass spectrun only in oese of ne-phonylenadiasine as the
para isomer di1d not have enough vepour pressure below

the decomposition tempersture to record the spectrusm,

4,4'-Diazidobiphenyl shows similar frageentation
pattern as ina onse of phenrlenids but fregmentetion
proceeds in »a stepwise manner. £ molaoule of nitrogen

is eliminated from molecular fon (m/a 238) (XVIII)
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to give & peak at a/e 208 (M-Ng) (Scheme 7) which
further loses a molecule of nitrogen in one step to
glve & pesk at /e 180 (M-Ng-Ng) (XiI). This process
shows 3 metastable pesk a2t m/e 168, The loss of HCN
from the ion at w/e 180 gives the base peak at m/e 163
(M-Ng~Hg-HCN), Further loss of HCN gives the pesk at
a/e 1268, The metestable peak for this process is found
st m/e 102.3. The peak st w/e 154, m/e 127 end n/e 128
are expleined by the loss of -Cplip from the fragments at
m/e 180, m/e 182 and /e 184 respectively ss shown in

Scheme 7.

. §.8'=dlagldobipkenyl - Scheme O
3,8'nﬁznathylut,diﬂtnszdab&pawnyi is & very
interesting compound rs 1t can lesd to two types of ring

expansions., Abremoviteh et alz have studied the mass
spectras of tolylsrides which also give rise to two ring
expansion products schewme 8 (a,b)., By the help of
further lovestigation on o-tolyleride W*ﬁla they have
shavu that the ring-expended species (xxﬁ*) (XXIV) or
(xx%v) end (IXVYI) are not importent in axylainin; the
facile eliminetion of CgHp end FCN but the grtho-
quinonoid type of structure (XXVII).

-
’ e

-,
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The mass spectrus of 8,8'~dinethyli-4,4%-
diszidobiphenyl reseables the specirum of o~tolyleside.
' The elimimation of H, from (N-Rg) ion does not teke
plece till the other ssldo group fregmentation takes
place. This behsvicur is similer to that observed in
ense of 4,4'-diazidoXiphenyl.
Thus mass speotrum of 3,8 =dimethyl-4,4'-d)a3ido~
blphenyl shows 7 feirly intenss molecular ion peak at
n/e 264, The elimimotion of -fy from thls gives a peek
st m/e 23€ whick further eliminetaes » moleeuls of
~8p to glve a peek ot m/e 208 (M-Ny-Np) Scheme 9,
tMminntion of ﬂ; from the pesk st m/e 208 gives
the dsse pesk for the spectrum et m/e 207 (M-Ng-Ko-H)(XXXII)
witioh Turther elisinatas ¢ H* to give » posk &ﬁ z/e 208,
fnother interesting Teature of the spoctrum s
the alimination of the «CHg from the riny expanded
species of %/e 208, This behsviour is similar to the
expulsion of a methyl group from xylantﬂs' T™hie one step
ﬁltuinaSSan‘erfnnthyl group shows 8 fairly intense
§gak (37%) 2t m/e 198 and the process zlso shows a meta
ateable peak at /e 170.5, The pesk at /e 192 can
arise from the fragsment st m/s 207 by the eliminetion of
» methyl group. 4 veek pesk ot m/e¢ 178 indicate the
elimination of another methyl grouvp from m/e 193 fon,



199

gs1 2/W
A
»1 AL 991 2/W
s _ e zursﬂ* 151 2/wW
NOH™
.ﬁ et - : T:Ww! 80Z 2/w €61 2/W ZUIIQ
y .
| . B )
o N > s8¢l
oza/w  ©OBI2/W  1812/W €MD - N €ao- 2/w
A H
& NOH-|* _mrwu- ofH
9eC 2/w ‘ v9zZ DAL
XXy JIAXX
. ) \\H: . . — -
<5— N—=, N < N h b
. N - - / \ M =g / \ / \\

€4 D EH qu\

6 —3W3IHDOS



3C
30

o
e} T | O
) © | 5 ®
Z m oy /\ oo
S A
\ / \” - i
Ty { : R [
5 g Y |
I Q X pers = B
S P & L O
% Foy ~
i A
/{’ . 4 ‘b ( D E"'
g h] " ™ | 2 ogre =
| f = o2 /l\ 4 & lo
[ i : O £
S + < u \1/ < LY
‘-.\':'// E [a'} i N o
R S osee -
. oy
7l b 4
| —0
. ((\l) g —_ N
~ o4 _.N
2 £ S

e L OT e S T _~:_! i
C L= g
‘»g AN "8
€61 ——=——uZ|

o s “ciHo
’ _ :_:5-.53 C)QI-—-““““‘::_:_1 u: Bt ——— —— e
, =
r Ej
cqy - 99 | ————r]
,A;‘ tO - % _jO
12 oL =
= \
- ::5—::% €51 m— © 16| e ]
» — » PR
ol Bl E "l
Op | ek T E Obl——xg 2 SR
¥
‘C:.( ‘E\
qei.‘;;,‘:-’f‘zo L2 1—= o VEIM;‘—:——O
Q PO —P(':"
- Sh—= =
. " S
=
10 =] o
_é‘ o £ Ol L O 00} __:__:_ 9
:‘ﬁ ;.:' :—*:_-]' 88 -...~___:
E 2 1
{ . Ll ——23 Sy a————
SRS 1 ==
=F = A hs—!
! I's ] 0s =
o To
A L e SI) o A : i — q;. A 4 : . ! v‘
- 3 o o O © o © o0 O o o o
S 2% 8 988 T v o« 2 cenain i

ALISNILNI 3AILYI3d ALISNIINI 3AILYI3Y ALISN3LNI 3AILVI3Y




(Ve |

154
The intense peak at w/e 181 snud w/e 180 arise from the |

ion m/e 807 by the elimination of -CpHy; snd -HCN
respectively. The latter process shovs & metastable

pesk at m/e 156. The fragment at n/e 180 cen further
eliminate -Cgily end HCN to give pesks at m/e 154 and

n/e 1538 respectively., The pesk st w/e 152 can srise from
the elimination of HyCN froa m/e 180 fragment. Another
interesting festures i3 the eliminstion of HCN from the

ion at m/e 193 in one step giving & fragment at m/e 188 | =

in one step giving a fregment at m/e 166. The process
shows mete stable peak at w/e 142, GSimiler elimimetion
takésxtrun the ion st m/e 178. Loss of Cglig gives pesks
at m/e 167 snd 152 respectively.

L = _Scheae 10
3,3'-Didhloro~4,4'-diazidobiphenyl behaves in sn
snalogous menner of ﬂ-cbloropbunylnu:dq’ and Z-bromo-

phauylazi&oa. The eliminestion of two nitrogen molecules
from the moleculsr ion et w/e 304 proceeds in stepwise
manner giving pesks at m/e 276 (M-Np) end m/e 248
(ﬂ~32~na). Further fragmentetion is explained by

sssuming the structure (XXXVI) for the iom at m/e 248
(Scheme 10), Eliminmstion of -Cl gives the base peak at
m/e 218, This is & one step process showing & meta stable
peak st m/e 183, The spectrum also shows the pesks at
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w/e 881 and w/e 21% indicating the loss of HCK and -H&l.
Charscteristic chlorine pattern is seen. Further
elimination of & -Cl takes place from the ion st wm/e 213
ine one step process, showing esn intense pesk 2t w/e 178,
The metastable pesk for this process is seen at m/e 149,
Agein the pesks at w/e 186 and w/e 177 indicate the loss
of -HCN snd -HCl from the ion at m/e 213, wWesker peaks
are slso seen at m/e 2228 and m/e 187 indicating the loss
of -Cglg from the lons at w/e 248 snd w/e 213, This is
snother typicel feeture of the spectrum of pheuylszide
derivatives. The elimination of hydrogen cyanide from

the ion st m/e 178 goes in one step process glving a

peak at m/e 151, The metastsble pesk for this process
is seen a2t w/e 1i8.5,

- Scheme ~ 11

Ln’tly ve have examined the fragmentation behaviocur
of 3,3'=dimethoxy-4,4'~dinzgidobiphenyl. This differs from
the fragmentstion of o-methoxyphenylezide as deseribed
in Scheme - 3 im which the base peak 1z at m/e 120,
representing the formstion of benzofurszan species.

The molecular ion of 8,8'-dimethoxy, 4,4'-dlesido-
biphenyl eliminates two molecules of nitrogen in stepwise
nunﬁar (Scheme 11)., The second elimimetion giving the
bese peak at w/e 440, The further fragsmentation can be



-~ 691 2/W
. :
f(_ - ONLHIID
v
p— L2l 2/w
o= Cuvs - .ﬂmrmu
961 2/w vs1 2/w L2l 2/w 001 2/w nom- 1.
e — NEHS S T T
w_mrmu — ONSHOS S umrmu — NEHSD NoH .. C‘HPD M H3D NOH - I+u NYD vSs) 2/w
NEHSD — NEHSD
OCHC + ﬁ
02—
8€l 2/W RES R
11X X L6 D/ W 281 2/w
" N ————> NEMSD — ONIHLD > NEHSH — ONEWS
i e N N e NEN3D —ONTHED "B NEHSD — on€usd
o | o o
- \ﬂ o 02
6E2 2 W fHo -
B 5 4
r ove 2/w 892 2/wW - 962 2 /w
NT N
XTXXX
L&
O
A, 028H o
N N <«<—— N EN<«— EN
o oih N~ e+ TN ok
€Ho0 OD&H €ND00

It — 3NW3HOS



1éo
169

Q91 ov
'l .:lﬂw{.! 3 i
€ (. un
N N + m!u
=
o 2/w
t osc o9 ¢ ove ozcc coe Om__ o9l ovi
T . ﬁ_# @ % m :___ ] i
> |
® »
N -
u. = 1 ® x
e ]

E6 ¢

orc




IS2/W  OS 2/w
zZsa/w 1S 2/w / /
€4 2
eNZD NHED NHED H"
-+
CHCH-
S 2= NOH
8L 2/w LI 2/w
ENCHYD NEHSH
+ +
‘ NINU - NOH-
rOl 2/W
1A X

+
N _
) N N
TN
&

POl 2/Ww
AT X

Z€! 2 /W
AlTX

+2-

o911 2/ W
X

Z1 — IW3INDS



162

expleined both by elimimation -CHg end -H* through
benzoxasole ring ALl es given in the Scheme 11, 1In
this cese, the formstion of benzoxesole ring by
eliminatipn of ~R° from the ion at m/e 240 does not
predominate over the -CHg elimination #s is seen in cese
of c-methoxyl pheanyl aside, |

- Gcheme - 12

The aptuegiw;huwu an intense molecular ion pesk
st /e 160, which eliminztes & molecule of nitrogen in
one step process to give a pesk at n/e 132, This
process shows & meta stsble pesk at m/e 109, The ion
at m/e 132, further eliminsates & molecule of nitrogen to
give 2 peak at w/e 104, Zlimination of H®* from this
glves the pesk at w/e 103, The base peak for the
spectrum comes from the elliminstion of -HUH from
azepeniun ion (XLVI) at m/e 77, Elimination of
sgcetylene (-CgH,) from lon at m/e 104 gives the pesk at
w/e 78, The penks at w/e 88, §1 and 50 srise by
eliminstion <HCN sad -Cgil, from the lons at @/e 78 and 77
&8 shown in Scheme 12,

i11iée ~ Scheme - 13
The spectrum of this compound was studied in detsil

u;th the ald of corresponéing Ne-deutersted compound.
48 in the cese of phenylazide the primery fregmentation
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process 13 the loss of a Ng-molecule (m/e 148) showing
a wetastable peak st w/e 122,56, This lon loses &
hyérogen atom to give rise to = peek at m/e 147, The
spectrum of the labeled compound shows that the amide
bydrogen is retained by the product., Hence the hyirogen
' stom that is los msy erise from the methylene group or
oune of the orthe positions of the erometic ring.

The bese pesk which is cbserved at m/e 180 can result
by the loss of ~CHZN from (M-Hg) lon or by the direet
ioss of -CHpl.from the moleculer ion., [oss of & hydrogen
stom from this gives rise to & phenyl isccysnste ion &t
n/e 119, Lebelling dets shows thet the smide hydrogen is
lost during this resction.

7he pesks et w/e 108, 106 result from skoléinl
rearrangesent processes, s shown in the scheme 13,

HeNg fon XLVIIX can underge & cyclisstion process to fors

2«(lH)-quinoxalinone, 3,4-dibhyiro-guinoxsline XLIX.

loss of «COCHg from this ion leeds to o peak at m/e 106,

In the labeled compound this pesk was found st m/e 107,

supporting the proposed mechenism. The pesk at m/e 108

~was not shifted in the ¥ lebeled compound. Hence, it

\ probebly arisecby the loss of «HHCO from the cyclised ion,
. The pesk at m/e 93 may heve the lonised aniline

structure, This lonised aniline is charncteristic of.
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scetanilides., It srises by trsnsfer of a2 hypircgen

atom from the methyl group to the smide nitrogen by a
four centre¢ process, folloved by the rupture of the
amide ring (LIV - >iV). 4 simple cleavsge of the amide
linkege resuits in the peck at m/e 98.

(Scheme - 14)

This spectrum slso shows the similer fregmentation
pattern as seen in cese of azidoscetenilide but
complexities srise due to the presence of the scetamido
group. Fragaentation pattern for the importent pesks
seen in the spectrum 1s given im Scheme 14, Here also,
the petks due to the skeletal rearrenged product cen be
seen slong with freagments arising from the elimination
of -CHgN from the ion ot m/e 208 LVIII,

An important festure is the elimination of &4 mess
uni ts representing the loss of ~COCHgNg from moleculsyr ion
peek LVII = LXIV, The ion et m/e 149 further loses
~COCHy to give a pesk at w/e 107 which gives rise |
peaks st m/e 106, 80 snd 79 by eliminstion of -H,

«Cglly and ~HCN as shown in the Hcheme.
R=Azidosgetanidoazobenzens
In case of this dye, the skeletan rearrsngement

process is absent as no peaks are seen at w/e 209 and
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m/e 210 representing the loss of -NHCO and ~COCHg
from the (M-lg) peak at wil w/e 252, However, the peak
due to elimination of «CHg from (MeNg) lon 1 seen et
m/e 224, which eliainates ~H* to give a paﬁk at m/e 2238,
4 pesk i3 alsc ssen st w/e 196 representing the loss
of «Gﬁckﬁxa from moleculsr ion m/e 280. C(nly spectrum
is given in this cese.

Lfonviazls

Campbell and punnt® in their short communication
on mass spectra of sulfonylezides have given M', M-28,
M-42 and M-43 peaks in case of benzenesulfonylazide
snd pe-toluenesulfonylazide,

We have re-exsmined the mass spectrum of benzene-
sulfonylazide, p-toluenesulfonylazide along with
p~uaatgaﬁdabnuttncsulranylatiﬁa, 3eacetanido~4-methoxy~
pensenesulfonylazide and the dye, 4'~H,H-dimethyl-

an&uataabaa#aau~4~nultunylasadtu

dg¢ (Gcheme 158)

Trhere 18 no eliminstion of s molecule of n&trogan\
from the molecular ion as observed in thermal Gecomposition
of sulpronyl s2zides giving "nitrene® intermediate, Instead
thers 12 sz intense peak 2t w/e 141 showing the
¢liminpation of «lg (M - Ng) from the mmismsimrxianx
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scleculsr fon (LAVII LXVIII)., The next intense
pesk, which is alsc base peak of the spectrum is et

m/e 77 showing the loss of -50gp from (M-Ng) ion

(Scheme ~1862). The peaks below m/e 77 arise from the
fragmeuntation of benzene ring. |

Here mgein, the fragmentation pattern is sinmiler
to that of benzene sulfonylazide., From moleculer ion
~lg 15 elimineted giving en intense pesk at m/e 185,
Then, ~80g 1s eliminated from (M-Nz) lon giving the
bese peak st m/e 91 (Scheme 156b),

The compound shows the fragmentztion expected from
both sulfonylazide and ecetamido groups. The molecular
ion losdes - Ny In one step process to give a pesk
at m/e 198. The metastable perk for this process is
seen st a/e 183, The jon (M-Ng) further losges -50, to
give a pesk st n/e 134, Further fragmentstion is due to
the agetsnilide resulting from the serlier fragmentation
@8 shown in Scheme 18(e). The base pesk of the spectrum
is seen 2t w/e 493,

methoxybenzenesulfonyleside
This compound initislly shows the fragmentations

due to sulfonyl-esido group. The moleculsr ion wm/e 270
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eliminstes ~Ng in one step process to give the bese

peak at m/e 228, This process shows 2 metastable pesk

at m/e 193, The loss of 42 msss units does not arise

from the elimination of -COCHyp from the molecular iom

a8 there is no pesk seen ot w/e 227 which is expected

if acetamide fragmentation is tsking place, The ion

(M=Ng) don-then loses -50p to glve 2 pesk at w/e 164.

The further fregmentation shows eliminetions due to both
methoxy end ascetanilide groups as given ia the Scheme - 16.

This dye containing the sulfonyl szido group shows
the fregaentations expected from & sulfonylagido group.
The expected fraguentstion pettern due to the-sp expulsion
of Ng snd 60p 18 seen in the spectrum,



8 gms (L02 mole) of petsincacstenilide was
pasted with 10 ml concentrated hydrochloric acid
60 ml water was sdded snd solutiom was cooled to 0°
under stirring. 1.5 g (0.022 mole) of sodium nitrite
was Gissolved in weter snd added slowly. Completion
of dlssotization was checked on starch lodide peper.
bxceoss nitrite was removed by adding sulfinie meid
1.43 g (0.028 mole) of 9odlun azside 4issolved in 10 ul
water was ndded dropwise meimisining the tempereture st
0®. solutioa was stirrsd for 1 hp. 'crwma peacetemido-
phenyluzside was isolated Ly Tiltration, It was
recrystollised from benzenme, M.p. 108-10°,

4,4'-Ulazidobiphenyl, 3,3'«dinethyl-4,4"-dlazido
biphenyl, 3,3' dimethoxy~-4,4'-diasidobiphenyl, 3,8'-
dichlorg«4i,4'~disnsidobiphenyl snd motephenylenediezide
were prepsred by followimg the above method from tha
corresponding diamines of benszidines and setaphenylene-
¢iemine. (nly mephenylene diaside is liguid which was
1solsted by extrsction with chloroform from agueous
solution. Further it wes purified by distillstion under



vacuus st 70°/4 mm on @ low flame.

The remeining diszides were purified by
crystallisstion fron benzene. Melting points of the
biphenyl diezldes ere 122-4%; 88-89°, 90-91° end
155-7° respectively.

The preparstion of dyes containing aryl aszido group
is menticned in Chapter II,

9.3 (0.1 mole) aniline was taken in 50 ml acetone
and kept under stirring at 0-10° 12.4 gas (0.1l wmole)
of chloro acatyl chloride was added. 2Z20% Sodium ncetate
solution wes added ¢4l the solution becomes neutral,
It was stirrad for 1/2 he. at 0-10° 2ad then st room
tempersature for one more haur. The chloro derivative
wag fsolated by filtration., It wes then dissolved im
100 al tert-butyl sleohol, 7.17 (0.1l mole) Sodius
azide disgolvod {n 20 nl wvater was sdded and solution
vas refluxed for 48 hrs, ﬁxness'tarzabatyl sleohol wss
resoved by ¢istillation and compound wes filtered. It
wes purified by recrystsliisaticon from bensene
m.p. 79-80°,

p-scetonido bwnapmw sgido scetamide wes #rtptr.d
by the above method from p-asminoscetanilidey m.p. 210°,

Syathesis of dye containing asido scetamido group
is given in Chapter II.
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It was prepared {rom beaniens sulphonyl chloride by
treating with sodium szide in acetone. benzene sulphonyl
ehi#ii&o.ncaerﬁing to Vogel (pp.822) treating 17.6 ml
benizene with chiorosulphonle scia 40 ml at 20-26°. after
the sddition of bengene the mixture was stirred for
i bour. Then poured on crushed ice and olly layer was
extracted guickiy with csrbon tetrachloride, Benszene
subphonyl chicride was lsolated by remuving carbon tetrae
chioride. L% was then Laken in 100 al of scetone;
bded guws (U.82 mole) of sodium sgide dissolved in aolﬁe’cr
water was scted slowly. olirring wee continued for 1 hr.
inough water wes s0ded L0 sepereste the lezyers. Ully
layer{é was extrected with benmene spd bensene sulphonyl
# agide wes iscloted by removing bengene, it was

furtber purified by vscuum dictilisticn st 769/4 am,

iV was prepared irom comwercisl p-toluene sulphonyl
chioride vy trestlug with scdiuw sxide ss described above,

p=ivivene sulphonyl sside was purified by vacuum
cdistillisciou,.

Toe prepiration ol pesceiswidy vensene sulphonyl

ablde, l-ugelswido~d-methuay-i-bDensens sulphonyl szide
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and the dye contaeining sulphonagido group has been
given in the Chapter II.

Structures of sll the interamediastes containing
the azido group wes confirmed from IR,

| Mass spectr: were recorded on CiEC-21-110B msss-

spectrometer using the direet inlet system at 70 e.v.
The source temperature ranging between 70-180° was used
during these messurements.
15 spectroscopy

Several extensive reports have been published
regerding the infrared spectrs of organic as&dclll'l‘.
All thesg reports arise at the ssme conclusion that a
strong sssymetric stretching frequency in the region
£160-2090 em™} can be attributed to the szido group. It
is slightly influenced by suhctitucats, and highly
charscteristic of the eaido group. Symmetric stretching
of the asido group occurs in the region 1340-1180 on~t
and bending &t about 630 en~l,

We have only used the IR spectroscopy to confirm
the presence of the szildo group in the dyes. IR spectroscopy
serves 8s & useful and quick tocl in the identification
of dyes conteining the azido groups. Few spectrs of the
compounds conteining different types of the aztido group

with the same chromophoric group are given, The mein
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feature in these spectra is the strong peek iu the
reglion 2160-2000 em™3,

The IR speetras were recorded on 137-E Perkine-
Elmer-infracord spectrophotometer using Nujol mulls of
the compounds.

UY_spectrosecopy.

UV sbsorption techniques heve been used to study
the orgenic azide since 1930, GSeversl papers have
~ appeared reporting the UV absorption of aryl-a:idcsla.
The effect of the asides group is x to incrssse the
intensity of the long wave length bands substantislly,
Heiser, et al., have observed that & red shift of the
entire spectrum occurs with increased intensity. Aroyl
ssides (ArCONg) have been studied by some Japanese
workersi®, Benzoyl aside is reported to hsve s msaximum
st 245-5 nm while substitution in the para position
csuses 8 shift to longer wave length.

The lomg wave length bend (288 ﬁa) is not found
in sulfonyl ezidestl. Due to its low intessity it 1s
hidden under the teil of other intense but shorter wave
length sbsorptions. |

UV snd visible sbsorption spectrs of a series of dyes
contzining the same chromophoric group bdbut different azide
linkages were recorded in chloroform sclution. The



results are given in Tebles 1 snd &,
These spectra vere recorded on PerkineElmer-
350 UV (visible) spectrophotometer.

Be.No. R oy ¥isible
‘max e-¥oler \gax e -Holar
in am in nm

~50gliig 302 758 475 3340

g -5ogNAPR® 266 21700 480 87000
310 24300

38 ~50gNg 810 1670 466 a71o

4 -COlig 822 1180 488 aa10

6 «HNg - - 465 4850

6 -NHCUCHgNg 308 742 475 2340

*spectrs 1s not given but only the vslues
are given.



S.He, Substitution oy Visible .
Ymax  e-Molar wggayx  e-Molar
in on in om

l & a3 “&Wa
Ry = Rg=Rg= 510 1670 485 3710
2 R = - B0 :
1 e's 302 1002 445 1770
R = aaaaaua
3 Ry = =3
3 = "% 502 183 466 1806

R= Kl = Eg = H
4 B = Rgs 805, 1) 336 16,500
ReR =H  11) 208 14,100
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SUMMERY

CHAPTER -1 : Introduction

This Chapter covers a brief review on the
development of reactive dyes. This is followed by
discussion on the relationship between the chemical
constitution and fastness proportion of disperse dyes.
Since the present work deals with the synthesis and
application of reactive disperse dyes containing azido
groups (which can be applied to synthetic fibres)
chemistry of azido compounds and "nitrenes" is also

discussed.

CHAPTER - II : Synthesis of Reactive Disperse dyes

containing the Azido group

Procinyl dyes are disperse dyes containing a group
such as monochlorotriazyl, 3-chloroathyl- sulphamoyl,
epoxy, Y-chlore-B-hydroxyethyl and haiogenopyrimidino
groups capable of reacting with nylon under alkaline
conditions. These are appiled to nylon as normal
disperse dyes but dye bath is made alkaline after the
exbausation to bring about the chemical reaction, Even
though there is a clear avidence of the chemical
reactivity of Procinyl dyes towards nylon there is no

evidence of their reactivity towards other synthetic
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fibres such as secondary cellulose acetate,
triacetate, polyacrylonitrlie and polyester fibres.

In fact at present, there are no known reactive dyes
for polyester, secondary cellulose acatate, caliulose-
triacetate, polypropylene and polyacrylonitrile.

The search for the reactive dyes for synthetic
fibres in general and polyester in particular was
undertaken to cvercome some of the following drawbacks
of disperse dyes.

1. The relation between colscular complexity and
sublimation fastness is well established. Higher
the moelecular weight the better is the sublimation
fastness. But the primary requirament for better
penetration and substantivity is the simple molecular
structure of the dye. Thus, it is very difflicult to
get a disperse dye having high sublimation fastness

in yellow to red orange. If we have a group capable
of reacting with fibre substrate, one oan get simple

aeo dyes with high sublimation fastness.

8. The idea of obtaining a single dye capable of
reactively combining with different types of fibres in
itself is very novel and attractive. a single dye can
thus dye reactively a variety of fibres and their blends.
The reactive group selected was azide group which

generates "nitrene" under therolysis and the nitrenes
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so generated are known to undergo insertion
reaction with aliphatic and aromatic hydrocarbons

and olefins.
Dyes containing sulphonyl azido group

Dyes containing sulphonylazlide groups were
syathesised by two routes: (i) conversion of dyes
containing sulphonic acid groups into sulphonyl
chlorides with thionyl chloride in presence of
dimethyformemide in suitable solvents such as choro-

bensene,benzeneetc.andthetreatingtheresultant
sulphonyl chloride with sodium azide in acetone. (ii)
Intermediates contaning sulphocazido groups were first
prepared and subsequently used for the synthesis of
dyes. For example, acetanilide with or without
substituents was chlorosulphonated with chorosulphonic
acid, the resultant sulphcnyl chloride was treated with
sodium azide in acetone to get corresponding sulphonyl-
azide.

p-Sulphonylazido cetanillde was hydrolysed

with hydrochloric acid to the corresponding amine which
was diazotized without isolation and coupled with verious
coupling components such as P-naphthol, dimethylanillne
p-cresol etc. Similarly insoluble dyes were chloro-

sulphonated and converted into sulphonyl azides.
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Carbonylazides

The dyes containing carbonyl azide group were
again prepared by two methods (i) converting the dyes
containing carboxylic acid group to the corresponding
carbonyl chloride by treatment with thionyl chloride
in presence of dimethyl formamide and then treating
the resultant carbonyl chloride with sodium azide
in acetone. (ii) p- Aminobenzolhydrazide was prepared
from p-aminobenzoic acide by known mathods. It was
diazorized with axcess sodiumuitrite to the p-carbonyl-
azidophenyidazoium chloride which was coupled with
various coupling componants such as p-naphthol , dimethyl-

aniline p- crasol etc,

Aryloazides

Arylazides were synthesised by diazotizing the
dye containing a free amino group and then treating
the diazo compound with acdium azide under acidie
conditions.

Dyes containing azidoacatamido group

Dyes containinig azidoacetamido group were synthesized
by treating the dyes containing a free amino group with
chloroacetyl chloride. The resultant chloroacentamides
were refluxed with sodium azide in tertiary butylalcohol

to get corrssponding dyes containing a zidocetamido group.
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CHAPTER - |1l - Dyeing of synthetic fibres with
reactive disperse dyes containing the

azido group

The dyes were applied as normal disperse dyes
on cellulose acetate, polyamide polyester.

On celluloseacetate and polyamido, the dyes were
applied by exhaunt dyeing method at 80-90°.

On polyestar the dyes were applied by two methods
(i) Carrier dyening - the dyeing of polyester was carried
out at boil in prsence of trichlorobenzene as carrier.
(i1) In few cases the dyes were applied by High
Temperature dyeing method (HT) at 120-130°.

Pad - Dry - cure method

Two dyes were applied by this method. The
dispersion of the dye(10 gms/lit) was padded on to the
fibres on a padding mengle. The padded samples were

dried and cured at 170° for 5 minutes.
Printing

dyes dispersion was added to kerosene water thickener
and printed on cellulose acatate, polyester and poly-
ester cotton blend. The printed fabrics were dried
and cured at 170° for 5 minutes.

Theromolysis

Thermolysis was carried out to generate the

nitrenes and bring about the reaction between the dye
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and fibre. All the dyeings were thermolysed at
170° for 5 minutes.

Light and sublimation fastness were datermined

for all the dyes on callulose acatute and polyester
fibres.

Evidence for the oxistence of reaction between dye and fibre

1. The dyed and thermolysed fibres were extracted
with bolling isopropanol and chlorobenzene or with
aguaeus pyridine at room tempereture in case of
secondary callalose acetate and polyamide.

2. The dyed fibers were dissolved in suitable solvents
and precipitated which gave akour coloured pracipitates.

3. Comparision was made with dyes containing the
same chemical structurebut without the azido group.

In the case of dyes not containing azido group, the
dyes were completaly stripped from deyings when
extracted with boiling solvents. The dissolution of
fibres in this case gave colourless precipitates.

In ome  cases the deepeing of the colour was
obsarved aftar thermolysis. Explenation for such a
change is given with the help of UV spectra of dye
containing azido group and probable compound expected
after the thermolysis i.e. insertion product.

The fastness properties of dyes having the same

chemical structure but differant azido group were
compared.
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CHAPTER - IV : Spectral studies of the intermediates

and dyes containing the azido group
Mass spectral study of the intermediates and

dyes containing arrlazido , azidoacetamido and sulphonyl
azido groups was done . Few diazides of the benzene
and bipheny series were also considered . The probable
fragmentation pattern is explained with the help of
schemes.

Use of the IR the spectroscopy to identify the presence
oftheazidogroupisillustratedwiththe help of
the spectra of a number of dyes.

A study of UV and visible spectroacopy is made
on the compounds containing same chemical structure

but different azido groups.
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