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ABSTRACÎ

In order Èo galn lnformatfon about Èhe forsraÈlon of prfunaty

arnlne from the themat decomposfÈfon of diazofmfno compounds whlch

was flrst reported by Dayal (tO¡, the effecc of varlous atomaËlc

substfËuenËs on the yleld of prtnary æine has been lnvestlgated 1n

buffered aqueous medla at elevaÈed temperaËureso

During Êhe course of thls lnvestlgaÈfon, lt has become obvfous

thaÈ reaction pathways leadlng to producÈs oÈher than aromatfc a¡ulne

must be lncluded 1n Èhe Ëencatlve mechanÍsm firsË proposed by Dayal

(.tO¡. However, the results of thls fnvesËigaÈfon have not sbed any

new light on Èhe mechanfsm of formatlon of aromaÈf.c arnlne from cbe

deconposlËlon of dlazofrnino compounds.
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I. INTRODUCT-I-O-N.

Tbe fnporËance of trfaseneg has long been recognf.zed fn the

dyefng lndustry ae a É¡ource of dfazonlt¡m lons fn the nanufacture of an

lnportanÈ class of lrater soluble dyes known aa Rapldogens(32). Under

acl.d condltlons the trlazenes deeompose vljr- an fonlc patbway to glye

the correspondlng diazonlum salt whlcb ls subsequently coupl.ed Èo a

sultabl.e couplfng coûponent of tbe Napbtol A S type (3-hydroxy-2-

naphthanllldes) to glve the resultlng dye. Another fndustrlally

fmportant class of dyes åre Ëhe amfnoazo dyes. The laÈÈer aEe fotrned

as producÈs ln the ¡¡ell known dlazoanino rearrangeoent(3zr19).

llcnvever, hornol.ytlc modes of deconposlÈlon are also known for

trlazenes of the type Ar+{ : N-NRz and Ar-hl = N-I{HR These

compounds have been sho!¡n Ëo possess the abil.tty Èo initiate polynetlza-

tlon of a varlety of monorners aÈ temperaÈures ln the neighbourhood of

100oC(11), the polper lndustry al,so makes use of triazeneg as blowlng

agents ln the manufacture of foamed synthetic rubbers (b2). Blowiag

agenÈÉ¡ are conpounds capable of llberatfng tases on heatlng sueh as

triazenes are capable of dolng.

As addftlonal and perhaps nore fmporÈanÈ polnt of LnteresÈ wlth

regards to Ërfazenes are thelr Èumour lnhibftlng properÈfes. About

flfteen years ago, Clarke, Barclay and Rondeswedc(9) reported that

certafn aromaË1c trlazenes exhtbfted fnhfbitfon of mouse Sare,oma - 180,

More recentl.y, several papers have appeared fn the lfteraËure concernlng

the antf-leukemic and trnour lnbfblrlng properÈ1es of trlazenes(2yr26r27,

( 28J,

Recently, Dayal(tO¡ *Oorted another mode of deconposltlon for

trlazenes, Ile deconposed 1 g of l.-(2-earboxyphenyt)-3-pyrrol.lnoÈrlazene

(hereafter to be eatled A) fn the presence of 50 ml, lraÈer at 40oC for
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two days fn an oll bath,

c0 0H

N =N_

Tbe product of decornposlÈlon was obsenred to be a dark eolfd naterfal.

¡¡hfch afÈer several recrysËall.lzatlons from benzene yfel.ded .2 g

of a solld (melttng pofnË t45oC). The producÈ was ldenÈlffed from

lÈs eleúentat analysis and ftg u.v. and i.sspectra to be anthranlllc

acl.d. tonever, be was unable to lsolaÈe any product orlglnatlng fronn

the lnfno portlon of A"

1o date, no oËher reporË of such a mode of deconposlÈlon of

diazof.rnfno coopounds has appeared fn the llteraÈure. W€, therefore,

wish to lnvestlgace thls partlcular mode of decomposftfon and the

factors whfch lnfluence ft.

A
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TI" TITERAÎURE REI¡IE¡{

t u Generat

Trfazene lËself, fs an unknown subsËance, but

./H
H_N-N_N\H

12 3

approprlaÈe substltuÈlon of the varÍous hydrogens foms the baslE of

the nomenclature for tr¡o lnportant classes of derlvativesn If tbe

hydrogen on NX 1s rep!.aced with an aryl grcup, and eirher of the N,

hydrogens fs replaced by elther an allphaÈic or aromaÈfc grcup¡ the

ÈrÍazene in questlon is cal.led a dÍazoamlno conpotmd I.
H

II. Ar-N=N-N-P.

If boch of the N3 hydrogens are replaced,

trlazene a dlazolmlno compound II.
R
I

I I. A r-N:N-N-R

we call the resut tlng

The general nethod of preparatlon for trfazenes (25) lnvolves

nfËrogen coupllng of a dfazotfzed amlne to a free amlne fn a baslc

nedlr¡¡n aecordlng Èo the followlng schæe¡

tbe

N;

HNR"___-__J_>
No CO23 -N=N-N-Rz

Èfmee a great controversy existed r*ltb

actual strucÈure of dlazoamlno compounds sfnce tbese can

ÈauËomeric fomg"

regard Ëo tbe

exlst fn tÑæ



H

x-O-N-N-il-O 
-

x-@-[-*:*-O
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III IV
where X = any substlÈuenË used for labelllng purposego

the questfon 1s, lf one tries to make III or IV do we geÈ a

mixture of III and'IV or do tre get prfmarlty one or the other but

not boch? Many aÈÈempts have been made Èo resolve thfs dllema and

tbe relevanË ¡ærk has been revlevred by Cæpbett and Day (8) and

sr¡mariaed by Zollfnger(32). More recencly, the questlon has been

unequfvoeally settted by Gtadkova(tSrL6) who concluded frorn bls

crystallographic stn¡cËural studles thaÈ rrthe daËa attesË Ëo the

equfltbrfi¡n of È¡¡o Ëautornerlc forms ln the given crysÈal,.n 0f course,

for dfazoinlno cornpounds such as II such proÊoÈtoBy Ls nonexLstenË due

to the Lack of a Labite proËon.

1. --Knoç¿n Mod-eå oJ De-c-oJqp-o-s1-Ë-1-o¡

Decomposltion of trtazenes proceeds via dtfferenÈ rouqes,

depending on the reaccion condlËfons, Trfazenes have long been known

Ëo rearrange under acfd condltlons to fom amlnoazo dyes:(3z). lbe

presence of the correspondlng amfne also enhances the reactÍon" The

H

%çN=N-Ñ-O-* H+ 
> cuH¡N:N-ONH'

general,ly accepted r¡echanfsm for the reacÈLon fs the one flrsÈ proposed

by Frlswell and Green (13,14).

H*
H

coHu N=N-il-o %'-L.N:N þo
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O ru'L-*; + 
@NHz

+ O--Hz--,cur;N:N-O*H2 o Hn

The rnaJor weakness of thle nechanfsrn fs that fÈ falls to explatn

uhy a poor yleld of Èhe azodye fs fo:med whe,n diazonfum fons are added

slowly to a solutlon of the anfne tmder the same condfcions as the

preparatfve dlazoaufno rearrangemenr (600-1000 C) (32), Ibis suggests

Èhat a nechanlsn of tbe rype proposed by Goldschnl¿t(rz) roay be more

reallstic, Sf.nce anfllne facllftateg the rearrÍ¡ngerrent he proposed

thaÈ I nueleopbfllc attack by anll.lne proceeds as follo¡rs:

n ru-ffn . ï4t-q r1 --) r-bN- @ t * c6 FL=NHz

ri A bc ? 
ry

tHs % '-b
As a consequence of the prototropy $hfch exfsts fn dlazoamfno

cmpounds, tbe LaÈËer may undergo a phenometron known as dfazo nnfgratl.on

(32)¡ a

"@{ + rz*-O y ar-O-=*-l-O*

It
t-O)-NH, + ;--Or i x-Oi-*=*-@o
whereby a dLazonfuû group fs transferred from one arouatle nolety to

r
% t- N:N-Ñ+-

tl

tu tL= *,



anoÈber via che fntermediacy

Petftcolas and Thlrot

of the types C6E5-N : N-NíR-tR

-6-

of a triazeneo

(24) stu¿1ed the decomposltfon of Ërlauenes

(le. dfazoimlno compotrnds) at room

ËenperaEure, lhey followed che rate of decomposlÈfon as a funcÈlon of

pH fn order to elucfdate tbe mechanlsm of the reacÈlon. The secondarT

a¡¡lne chogen ¡ras Èhe fotlowlng:

.öi+
rrtrere R = alkyl or hydrory alkyl

X : various funcËlonal, grcups'.

Tbey found thaË for a glven trl.azene ( R : CU.2-Cn2On ) ln the

pE range six Èo ten aÈ room ÈeûperaEure, Êhe rate of decornposlËlotr

increases as a funcÈlon of tbe X substlÈuent in the followfng orderr

OCE3Þ NHCoCB3Þ E> Cl) Br) S03HÞ SO¿w(CH3)2> 315 dlchloro. In

other words, electron releasing groups lncrease Ëhe raÈe of reactfon,

Thls daËa suggested to the¡¡ a mechanlsm of the following Èype:

H ts.
z TFb-N=N-ñ+-(Q-x

k , tu*u *å

co;\_-á

+'-T-(Ð-t
R

thls substlÈuent effect has been LnÈerpreted to mean that as the

basictty of, N3 Ls lncreased by electron releasing subsËltuents, K and

fZ]foctease and hence the overall. raÈe of decoruposlËfon lncreases sl.nce
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r'ths raÈe = k LzJ. cn;

Tte fol.loning Èrf.azene G6E'-N - n-lr**r4ooE waE

decomposed a¡rd a fasËer rate of decoroposlÈlon was predicted for {t

sfnce Nt was nou more baste Èhan 1n Ao lbe raÈe was obsewed noË Èo

be fastero æd on thls basls the autbors reJect Èhe above mechandso"

[owever, we thfnk thaÈ Èhe tatter rnay not be sufffcfeot cause Èo

reJect the above mecbanl.sm slnce the dlfference ln rates nlgbt be due

to the dtfference ln uucleophfltclty of tbe alfphaÈlc a¡lne relaÈlve

to the arolnatfc amÍne ln the rate deternfnfng step 2"

Anotber mechanf.sm rùfch has ÈentaËively been proposed ln the

sane paper ls thE fol.lorsf,ngr

lfe-chanilsq Iå 
iì q 02

l tutb-rr¡=¡¡-fu-($x 
=#t -%r;r'[

a

HN

ctoz

zn-¡@-* --t-b*
lte above mecha¡rlsm also bas to be reJected sf¡,ee a ploc of the

obsen¡ed ËaÈe constant k versusif] glves a slope of *1" If the

followfng nodfflcarfon 1s made to the above mechanlsn, then tbe p'E

effect can be ratlonalfEed,

c\qH

%HuN=N-i-@* ,ry-tt-*;

c'.oã

+ n-n-@x

t9f

i-o"
n
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As Èhe hydrogen fon co'ncentratfon lncreases, Ëhe concer¡crat{on

of D wlLX. lncrease rel,atlve to C and hence Ëhe overalL rate of deeornposfÈlon

w111 increase since raÊe = f. [o]" Thls rnechanlsm musË also be reJected,

however, elnce electron reteasing substieuents at X saould be expected

to blnder the rate dete¡mfnlng sËep by lncreaslng the nucl.eophllfctty

of N, whlch ls contrary to the obsen¡ed results,

In order to account for che pH effeccs and the obserr¡ed substl.tuent

effects, Petftcolas and Thirot develop a mechanism which asslgns a

speclal role to the ortho carboxyl gr'oupc

lreJ:Jrqrr.lsrn III- CO: I - Ço 
O

\ ¿ lt -\.-
1 c*t*=f{-f@* + H* S%ts*=*-l-Q}*

RR
uI

Z.rut *=N

r!
(?

(ï

;Nrjì 
|

R

The rate expresslon is nor¡

rare: t [rr] = t r frlffi
For a glven hydrogen lon concenÈration, the effect of elecËron

releasing substLtuents X ls Èo deerease the actdlËy of che carboxyl

group and therefore K wtll lncrease and the obse¡r¡ed raÈe should lncrease

r¡hich ls ln accordance witb the e<perinental resulÈs,

If [If] fncreases, II will tncrease, therefore the overall rate.

tc'o -
\ c0'

-ö" -Lrrut-*z + iO-
R
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shoul.d fncrease wblch Ls also fn accordance wlth the obserped experfmental

resul tg"

In our oplnlon, these auÊhorss results do noÈ allow Ëheû to

dlsttnguish bet¡men mechanf.sms I and III s{nce both tbe subsrfÈuetÈ

effects and che pE effects predict Ëhe same results for both the proposed

nechanlsms I and III. therefore, tbe ttspecial rolen of the orÈho

carboxyl group has not been establtshed by rhese studles.

Andakustdrtn (2)__studled che rhe¡mal decomposiÈfon of trfazenres
H

of the type R.l{ : W-ff-C6ä5 tn buffered aqueous Eysrens a¡rd found

ËhaË the deconnposiÈion raEes are fastest at pH : 1, whfle at pllls greater

Ëhan ten, the trlazenes decom¡rosed only very slowly" lle also sEudfed

the deconpositlons ln wet organfc solvenËs at 20o - 40oC, Altbougb

he obsen¡ed no deconposftfon in dry organlc solvenËs at 40oC, he

fotmd that Èhe rate of decoryosiËion gradually lncreases wfth lncreasing

waËer concentratlon" From hls results, Andakusbkln concl.uded tha¿ the

reactfon proceeds as follows ln wet organlc solveriËs:

E
I

1o Ar-N-N : N-R + 'HOH 

-Ì 

AroNHo + R-N = N-OB

2n R.l{ : N-OH R'*.08,*Nz

3o R' * "OB -----t R-OH

He later found (3) that the deconrposltlon was catalysed by FeSOU

and NarSO4 and that Ëhese also lnltlaÈe the deeornposf.tlon of the

dfazohydnoxide ln the follouring fashlons

R.N = N-oH + FJ+ R. + N2 + ott- + F"#

Alfemva (1) also studled Èhe decoroposLtlon of altphatl.c-aronaÈfc

triazenes Ln aqueous aLeoholfc mixÈures ln the presence of acetlc aefd
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froa 50o - 90oc and found Èhar the deconposltfon proceeds accordlng

Ëo an lonfc mechanlsrn nith the formatlon of anlllne, N2, alcohol, or

Èbe corresponding ester and unsaturated hydrocarbon:
Eoo
I lt ll .1. C6H5-N-N = N-R + Rr¿-oH C6H5-NH2 + R-N : N-o-ö-Rr

0O
_ ll + oll2" R-N = H-Oi-At ) R-N =N + R'-öæ-

3. *-*å -----+ É + n,

Ee also reporeed thaË aË elevated ternperatures, tbe reactf,on

aPpears to proceed both by the fonic a¡rd radical mechanlsms ln neuÈral

solutlon.

Eardie and lhmpson (1g) have studted the thermal deconposltlon

of trlazenes in tron-aqueous golvenËs. lbey found that diarylËrf.azenes

deconpose honolytically at 15Oo - 160oC fn aroanatlc solvents eo yteld

phenyl a¡¡d anllino radicals ln the followlng fashlon:
H.l

1. C6H5-N : N-N-C6H5 

-_+
N2+C6H5.+C6H5ÑU

2. C6H5. + C6It5NIt. --------+ c6H5-I-c6H5
n

3. C6H5' * aOH6 C6H5-C6H5 + It.

4' c6H5-Ñ-H' + H 
--à 

C6H5-NH2

Dolgoplosk (11r12) found tbat ln otber non-aguêous sotvents such

as hydrocarbons, a slmflar nechanls¡ held:
H- | r ,.ln R-N : N-N-p ---+ R" + N2 + ó+¡-H

2o 2R, -_____) R_R

R

3o n" + /-Ñ-H Ø-rf -n

RecenÈly, Nakayamar Sfmæura and Yoshida (23) have scudled the

the:mal decmposlËlon of 1-(2-carboxyphenyl)-trfazenes ln non-aguêous
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solventso Tbey heated 1.-(2-carbo:Ð'?henyl)-3r3-dtmethyl.trfazene

(hereafter to be called A¡ ) tn refluxlng aceslc acfd for ÈhlrÈy minuteat

N =N -N-M e,

and found a 707" yfel.d of salleylfc acid, an 857. yleld of NrN-dfneÈhyl-

acetamide and a Lfl' yl.eld of phenyl aceËaÈen lAe fornatfon of pheoyl

acetate tread theo Ëo suspecÈ thaÈ benzyne mfght be generated frora ehe

decoutposltlon of the trlazene sfnce phenyl acetate corresponds to tùe

addltfon of acetlc acld to benz¡me. To test Èhis bypoÈhesisn Èhey

beaced Àt tn chlorobenzene in the presence of zr3r4r5-teCrapbenyf-

cyclopentadf.enone and got a yleld of 80% (based on À?) of the correspondlng

benzyne adduct Lr2r3r4-tetraphenylnaphthalene. Ttre æcbanfs'm proposed

by these authors 1s the followlng;

1,
-N=N- N-Me,

A'
co2t-J

ldofr

--------+

H
I

l-Moe

c02H ol
Z,

2. l+ NZo COZ+ MerNH

The tesc described above was repeated for the nethy!. escer of Ag

buÈ no benzyne adducË could be LsolaËed, ltls, the authors cl,afn

provtdes strong evfdence for Èhe fo¡matlon of the fnner eaLt. Z I ln the

generaÈlon of benz.¡ne fron 1 -(2-carboryphenyl )- triazeoes.

3 " _N_qL }fgds. -o-t D-e-c-gneos_t-t fgn

Dayal (10) reporËed a decæposfÈlon product for A ç¡ü1ch could

lèr.r$tuo,
li rÍ 

-'

-c0t



noÈ be accounÈed for by

that decoryosf.Èlon of A

as anthranlt ic acfd,

'L2-

any of Ëhe prevlousLy reporÈed modeE, Be found

ln Èhe presence of waÈer gave a producË fdenttffed

rAYcqH\l\=r--!
ozH

+ tzo
NHz

Be also follolred Ëhe raÈes of decomposlÊton of A tn several

buffer soluEl.ons at 4OoC by following the change 1n absorbar¡ce of'A at

270 nn o Fron the uovc spêctra of the product he concluded thac the

only producc of decomposlÈlon of A was ar¡tbranlllc acld" A sr:unat7 of

hls results appears Ln tbe fom of a pE rate profl.le ln Fig, 1," It
fs seen chaË the race of decoroposltlon tncreases ln tbe pB reglon

I - 2 but levels ouÈ raÈher quickly after pE = 3. Be also found tbat

ln L N, Na0E, A. is stable and does noÈ decæpose. lbfs tnpltes thaÈ

the pE. proflle must reËurn to the absclssa at some pH greater Èhan

seven. On the basls of bts experlnental results, Dayal suggested the

folloulng tenÊaEfve mechanls'm Scheme I.

Slnce Èhe most baslc nftrogen fn A ls probably tbe pyrrollne

niËrogen, Lt was postulaËed that ln acldlc solutions, A ls proËonated

on Ëhts site to glve IIA+. Because decorupositlon lras for¡nd to be nerT

slow under moderaÈel.y strong acld or basle condltlons" Dayal proposed

ÈhaË onl,y neuÈral A decomposes to anthranitlc acld. He proposed tbat,

A decomposes by way of' the zlrlÈterlon Z and. thaÈ Ehe o-carboxyl group

provldes the neeessary proton Èo convert A to the z¡ritÈerfon, Tbe

znrftterlon expected to be present 1n the largesÈ concentratlon fs Èbe

followfng:
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Slnce Ëhe laËËer ssrltterlon could hardly lead to the formatlon

of anËhranft ic actd, ít was proposed that the zwlËterlon z, although

present 1n lower concenÈratfons, 1s Ëhe one leadf.ng to tbe fornatlon

of anthranfllc actd, No N-nl.troso-3-pyrrolLne was isolated; ln fact,

no product orlglnating from the pyrrollne was recovered" IÈ was

assumed thaÈ Ëhe pyrrollae resldues were lost through oxfdaÈl.on and/or

pol¡rmerfzatf.on, Dayal also atterupted to detemlne the pKts of A, but

decomposiËion ln aqueous soluËions was slgnlficant even at 20oc and

therefore furËher atÈeûpts uere abandoned.
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Fron the prevlous dlscusslon lË fs obvlous ËhaÈ Ërlazenes tray

decompose vf-a-,illfferent rc,des depending onthe sÈnrcture of the respeetlw

Ërfazenes, the sol.venE, the teûperaËure and flnally Èbe pE of the

solutfon, Bowever, none of tbese koo¡rn modes of deconposlÈfon can

account for Dayalts reporÈed formatlon of arûrnatfc a¡ofne frou a

diazofrnlno cor¡pound ln aqueous sotuttono

Ttre obJeet of thls lnvestlgaËf.on was to ftnd ouc ¡rhat reactlon

condltlons favour Èhe fo¡matlon of arûnaËf.c amlne. Bavlng accompllsbed

Èbis, we also ori,t.¿ to sÈudy the kineclcs of the reactlon, dlsappearance

of trlazene and appearanee of aromatl.c aml.ne la order to elucldate the

mechanlsa for Ehls reacLlon path way. We soon reallzed that mass balance '

based on Èhe arooat,lc mofety of the molecule nas noÈ achleved duriag

Èhe course of the decomposltlon producÈ analysfs. rn other words, tbe

st¡m of the aromatfcs found did noÈ add up to the expected amount based

on Èhe orlglnal trlazene eoncentraÈton, As a resulc of thts dLscrepancy

we declded to study how dffferent subst,ltuents ¡rould affect the ylel,d

of aromatlc amlne"
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, r-v" 4pjr_urIs.

I, l-(Z-carborypbenyt )-3-piperldlnoËrfaaene (ß)

,c00H

N=N-Nt\
\__-/

L

acld wfth plperidtne ln a basic medfr¡rn as recorûnended by Rondesvedt

and Davis (25) for the syothesls of Èrlazenes, Plperfdlne

was chosen as Èhe eecondary amine because Dayal (10) had suspecÈed thaÈ

N-nitrosopyrrolfne was readll.y subJecË to oxldatlon and pol¡rmerlzaÈlor¡

reactfons. Ho¡lever, r+orks done fn tbfs laboraËot? by Dr. G.R. Taylor

(30) shor¡ed that N-nltrosoptpertdlne nas a stable corapound under the

condftlons of the deconposltlon of E" Be also showed thaÈ N-nlÈro-

sopfperfdfne ¡¡as noÈ a final product 1n the deconposltlon of E siace

Èhe u.v" spectrum of the deconposftlon producÈs shoÍred no slmflarltfes

Èo Èhe u.v. spectrun of N-nftrosopiperldlne.

Tt¡e fnvesÈlgatfon began by Ërylng co dete¡mine the rateE of,

deconposltl.on of E. Tbe usual way of dolng thts 1s to foli,o¡ç the

dfsappearance of reacÈant, or appearance of product as a functlon of

tfme usfng so!¡e suftabl.g analytfcal r¡ethod to monlÈor the respectfve

concenËratlons, One of the sfnp!,est, srays of dolng thfs fs to foll,ow

changes fn absorbance of 
,a 

specles fn tbe u.v" spectr:un as a functloo

of tfme. The nain requlrement of tbe nethod fs that product and reactant

must show absorbance characterlstlcs at sufflclently dlfferent waveleagÈhs

to avold muÈual. fnËerference.

Compound E ç¡as deeomposed at roon Ëenperature ln varlous buffer

Conpound E ¡ras synËheslzed by coupllng dLazaEízed authranl,l,lc
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so¡.utl.ons rangl.ng from pH 1.2 to I and tts u.v, spectrur¡ Bc¿rnned aÈ

varlous tfne lnËen¡als for each pE, An allquot of a stock sol.utf,on of,

E (tn 0.L N NaOH) was added !o a non-themosËaÈed u.y" cell. already

contafniug a known vohme of the buffer, and Ëhe speccrum lras scanned

fsnedtaÈely after Ëhorougb rnfxfng of the solutlon. Sæe of these

specÈra are sho¡un ln Flg"es 2r3r4 for the pHts 2.8u 7 and I respectlvely,

It ¡¡as obserrred qualttatfvely by comparlng Èhe approprlate balf ltves

of E ac Èhe varlous pHls that the rate of deconposlÈlon follows a.pB

raÈe proffle sfnllar Èo the one gfven by Dayal (10) p1U" 1. However,

aË pHss greater than 6 the rate of decomposlÈlon beglns Èo decrease,

In Fig. 2, tbe lsosbesÊlc pofnts at 272 and 258 nm strongl,y suggest

thaÈ E fs decomposlng prinarlly Èo one product,, say El. Hoçever, tbe

lsosbestic polnÈs aÈ 307 and 289 n¡n suggesË Èhat Er ls undergofng

further decomposltlon to some other producÈ, let us call fÈ Etr" All

pHls up to and lncludlng 6 show tbls same fsosbestlc polnÈ paÈËerrr,

but aÈ pB 7 Fig. 3, the Èwo hlgher ?ravelength lsosbestic points dfsappear

and at pE 8, FLg" 4, all the lsosbestfc poinÈs have dfsappeared.

Glearly, the decomposlËlon appears to be getËfng more conpllcated as

the pH of the buffer fncreases beyond 6"

Dayal (10) concluded fro¡n the u.v, specÈn¡n of the producÈ of

decornposftloa of A (Page 2 thls thesls) that the only aromatlc product

fomed Ìras anthranllfc acfd. Ffg. 5 shows tbe pH dependence of

anÈhranllfc acld fn Èhe u.v. specËrr¡m. As che pH lncreases, the

absorbance f.ncreases tn Ëhe regfon of 3!.2 nm and decreases fn the

reglon of. 272 nm. Eowever, ühe spectn¡n of E0r ln Ffg. 2 sho¡rs that

f Ës absorptlon rnaxlnuû occurs aÈ about 296 t:ur,. Therefore, Etu can¡rot

be aothranfl.fc acld. Pig. 6 shows â üoyo speetñ¡m of salleyllc acld as a

function of pH, The absorbance maxfmum aE 296 nm suggests that Et8 may be.

sallcyllc acld, Further evidence for the presence of salfcyllc acfd wag
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FIGURE 3

Decompositlon of E at pH 7
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Spectrum Showing pH Dependence of Anthranlllc Acid
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FIGURE 6

Spectrr:m Showlng pH Dependence of Sal1cyllc Actd
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provfded by a colorfmetrfe nethod to be descrfbed [aÈer,

Tbe fo¡matlon of sall.cyltc aefd 1s perhaps not Èoo surprfsl.ng

gince lÈ ls weLl knoçnr Èbat trlauenes may decoropose under acld condftf.one

to gtve dfazonlun ion and secondatT amfne (32r24)o l.-eo the reverEa1,

of the formaÈlon of tbe Èriazene. The diazonfu¡n lon can subgequently

reacÈ r¡lth r¡ater to glve subsEtÈuted phenol and nlÈrogen fn Èhe

followlag way:

co0H

N= N-

JO0l{
1. Ho __)

N=N-f,lo)

E

2.
c00t-l

N;

00r-l

lHn

FLg. 7 shows

u"v" cell as a

F

gpecÈra of Z-carboxybenzenedlazonfi¡m fon

ftmcÈlon of tfme. The lnftlal spectnrm

*, 1

F decooposf.ng

bas enfna
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ebsorpglon maxLmum at 255 nm. A sfmll,ar absorptlon patÈern can be seen

1n the spectrurn of E decomposlng ln Ftg. 2. NoÈe ÈhaÈ che specÈra of

F also show fsosbestlc polncs at 307 and 289 nm. Xt would seen

reasonable, then, Èo lncerpreÈ Flg" 2 as fol.tows: under acfd condlËlonsu

EH* fs decomposlng Ëo dlazonlum fon F (fsosbestle points at 272 and 258

nn)¡ then F reacts with çrater to give sallcyllc acfd Elr (fsosbesË1c

points aË 307 and 289 nm),

IÈ fs obvious from the spectra ln Flg. rs 2 Eo 4 that the raÈe of

decornposlËfon of E would only be sÈudled by uov. under acid condfËlons,

slnce aÈ hfgher prEls Ëhe absorptfon of products fnterfere (see Fig. 4),

However, the concenËraLlons of the products can be followed by

converÈing Ëhera Èo other specles havlng absorptfon maxfma whtch do noÈ

conflfcÈ wlth that of the reactant,

To do thfs, advanÈage was Èaken of tbe fact thaÈ many armaÈlc

phenols, lneluding salicyllc acld, wfll react wlch ferric lon to fom

a coloured conplex in acld sotutlon; see F1g. I for sallcylfc actd

plus ferrfc lon specÈrum. Flg. I shows thaÊ the abosrptlon maxfmt¡n

ls at 525 nm and that the absorbance ts hlghly pH dependent. IÈ also

shows tbe time-dependent stabflity of the complex, since each spectnrm

was repeatedly scanned from ten mlnuÈes after nlxlng up to two hours

afËer mfxing wlÈh no vlslble change 1n absorbance over the Èfne perfod.

The only limftatlons encountered with thls colorimeÈrlc method 1s the

rfgfd pH control requlred and Ëhe lnterference caused by phosphate

buffers. PhosphaËe buffers coverlng Èhe pII range 6 to 9 could noÈ be

used because of a precfpitate whlcb ls fo¡med ln the presence of ferrlc

ion. thls problem ¡ças easlly ellmfnaÈed by uslng other buffers such as

sodl.um hydrogen sueclnaÈe plus sodium succlnaÈe ln Ëhe ptl range 5,8 to

6,2 and borlc acl.d plus borax in the pH range 6.7 to 9.2"



FIGURE 8

Vlsfble Spectrum of Sallcylfc Acld Plus Ferrlc

Solutlon as a Functlon of p[

l. pH 1.74

2. pH 1.31
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The pH conÈrol. probl.en was solved by cal.fbraÈ1ng for sallcyl.lc

acld prior to each decomposltlon of E, Reference sal.fcyLfc acid

mfxÈures were buffered Lo exactly the aame pH as thaÈ used ln Èhe

decornposftlon of E so that an aLlquoc of sal1cyllc acid sol.utfon plus

an atlquot of ferrlc fon solution would give the same resulelng pE as

an allquot of solutlon E plus an ldentical allquoÈ of ferric lon

soluËfon"

ltre concenÈraÈlon of anthranlltc acid was followed usfng a

colorfrnetric meÈhod prevlously reported by Kupfer and Atkinson (20).

The method ls based on the fo¡maËion of a Schiff base between a prfmary

amine such as antbranfllc acld and p-dfmethylarotnobenzaldehyde (pna¡),

Flg. 9 shows a spectrt¡m of the resultfng Schiff base havlng a

maxfmurn abosrbance at 450 nm. The Schtff base was shown to be stâbl.e

for aË least etght hours after mlxfng the primarT amfne and the PDAB

soluËion,

Compound E was decomposed at 50oC fn an ofl bath ln buffers

ranglng fron pll 5 to I and the product concentraËfons r¡ere monftored

uslng the above descrfbed colorfmetrfc procedures. Tabl.e I shows a

pH

% ylel.d anthranlllc acld

% yield sallcyl.lc acfd

ToËal mass balance

strrrrrary of the resultlng

one obsen¡es an Lncrease

product dfstrlbucfons at 50oC, As pH lncreases,

in the yleld of anthranlllc acld, a decrease

Table 1

5" 14

0.0

99"0

99.0

6,04

L"2

96.5

97.7

7 "96

20.o

37 "5

57 "5



FTGURE 9

Speetrum of the Scbtff Base Formed Frm

AnÈhranllic Acid plus PDAB
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fn the yteld of sal.lcylle acfd and a decrease ln overall mass bata¡ree'

based on the aromatfc nolety of E. rt appears then, thaÈ under cùe

condftlons where anËhran1llc acfd ls fo¡med, so4ne oËher producË besfdea

sallcyllc acld ls befng foined"

Slnce noÈ all of the producÈs could be accounted for Ln tbe

anatysls, we decfded to postpone klneËlc atudles and to Look for

react,lon condltlons nhlch ntgbt opÈfnize the yleld of anthranll,te

acld. To do Èbls, we lncreased the pH of the decompositlon medfr:u and

lncreased tbe ternperature to l00oc so Èbat decomposfÈfon could go to

completfon ln a convenÍent Ëfrne ¡lerfod,

.Table 2 glves a surrnerJ of the product ytelds at l00oC frorn pE

pB

% yfeld anthranllfc acf.d

% yield sallcylfc acld

Total mass balance

1ab..1.e -2

7 "96

5.7

78.0

83.7

9.53

19.0

50"0

69"0

9,?Ã

22.5

35"0

57,5

7,96 to 9.2. As before, Ëhe product dtstrfbutlon follor¡s Ëhe same trend

as a functlon of pH. BuÈ, lf one conpares Èhe data of pH 2.96 at
50oC (Table 1) and t00oC (fable 2), one obsen¡es rhaÈ rhe overall,

yfel'd of anthranfllc acld has decreased at 100oC and rhe overall yiel.d

of sallcyl.lc aeid has fncreased aË Loooc. rt ¡¡ould appear fron these

producË dlstributlon studles thaË the reacclon conditions mosÈ favorable

for anthraullic acfd fomaÈlon are tbe lor¡er Ëemperature and sllghtly
more alkalfne reacÈfon condltfons,

In order to verffy whether or not anÈhranlllc acfd could be forned

frorn 2-carboxybenzediazonit¡m lon F, a 5 X tO-2 U solutfon of F was decomposed

at pH 8"5 and LO0oC' Analysls of the decomposftlon nixture usfng the

prevlousLy described neËhod revealed the absence of anthranlllc aeld,
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AË Èhls sËage fn the lnvestfgatfonu we could stltl not account

for aLl. Èhe products of deconposlËlon orfgtnaEfng from che aronaÈ1e

portlon of E" Fron r¡ork done on anoÈher Èrl.azene (1-(2-nftropbeayt)

-3r3-dlhydroxyethylErfazene), we suspecred rbaÈ one of the producÈs

fo¡:ned nfght be benzolc acld. Horcever, iÈs analysfs by u,v, fs subJeeÈ

Èo Èhe same probl.e¡os as Èhose experienced for a¡rÈbranlllc acld and

salleyllc acld buc no convenlent colorfmecrlc nethod could be for¡nd

for benzolc acid analysls. Therefore, we selecÈed a gas chronatographlc

procedure which has been reporÈed by ManJartez (22)" From pretfiafnarT

control experlnents, we found thaE a 5% or less yleld of benzolc acld

could be detected 1f the 1n1Ètal concentraÈfon of E lrere of the order
oof 10-'H. Conpound Ess 1f!0lc of solubllfty 1n water 1s of. the order

of, 2 X t0-3 lt; therefore, anoÈher more soluble trlazene had to be found

for thls experlnent. l1re one selected was 1-(2-carboxyphenyl)-3.,metbyt-3

-hydroxyethyltriazene (hereafter co be call,ed G).

6
1þo 50 rol sanples of 10-2 M G were decomposed fn sealed ampoulee

at 10ooc to keep reacÈfon tfmes brief. one sæple r¡as buffered aÈ pB

8,1 and che other at pH 8"95. After rwo days fn the bach che ampoules

Itere removed, exÈracted three tlBes ç¡ltb eËher and the ether extraetg

lrere concenÈraÈed down Èo 5 nl. on a roÈatT evaporator. samples froa

tbese exEracts were lnJected ln Èhe gas chromatograph under condltl.ons

for ¡vhlch Èbe retentlon tfne of benzoic acfd wag kno¡¿a" uslng tbe

most seTrsltlve detecclon condLtlons on the lnstn¡ment, no benzofc acld

vras found. Therefore, the aronatic rnofety of the Ërlazene ls stl[l not

completely âccounced for,

-cHr*1-oH
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Because of thfs Lack of mass batarice we declded to extend Èhe

investlgatlon to a substltuent effecÈ sÈudy. In other words, we wlshed

Èo study tf che nature of che substltuenc on Ëhe aromatlc nucl.eous of

dlazolmfno compounds affects the amounÈ and types of products forned

under dlfferent pH condlttons.

2. 1-(2-benzenesulphor¡tc actd)-3<norphoLfnotriazene (E)

s 03H -3
rn vfew of the wor'k reported by Perircolas and Ít¡irot (24) we

thought lÈ would be lnteresÈlng co study the effect of a sËronger acfd

substftuent tha¡ the carboxyl group. Therefore E lras syntheslzed and

fsolated as lts sodfi¡m salt. However, the latËer could noc be purtffed

and hence invesËlgations based on lt had to be abandoned.

3. 1 -( 2-nl crophenyl ) -3,3 -dihydroxyethyl rrlazene (J )

c OH

c H2c H2oH

N= N-

H

oz

,C
=N_N\
J

H
2 \

J l¡as syntheslzed 1n tbe usual manner. Dfethanolamlne was used

as the 20 amfne to lnsure tO-2 U solublllcy of J. Prelfmlnary experlmenÈs

showed that u.v. spectrophotometry could noÈ be used as a tool for the

product anal.ysls of the decomposftlon of J sl.nce J absorbs at wavelengths

l¡here the expected products 2-nltrophenol and 2-nltroanfllne. absorb.

laese experiemnts also showed Êhat Èhe expected producÈs do not fom

coloured specfes çrfËh ferric lon soluÈlon a¡rd PDAB solutlon respecÈlvelye
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..
However, LE was shonn Èhat the extenÈ of reactlon could be fol.lowed by

measurfng the absorbance of J aÈ 27O r:ø.

As before, the decomposlËfons of J were done ln sealed arnpoules

at l.00oC Ln an oll. bath aE varlous buffered pHes. AfÈer Èrlo days aÈ

100oC the deconposltion of J aÈ pH 5 was onLy 75% compleÈe and after

slx days aÈ pH 6 the decomposit,lon r¡as only 61% compl.ete.

Fron these obsenratl.ons, lt ls obvlous that the effect of the

elecÈron-atËractlng nltro group fs to slow down drastlcally Lhe rate

of deconposfËlon of trlazene by cmparison wfth tbe ontho carboxyl

group 1n E, sfnce at these pHts Êhe decomposfÈlon of E was usually

complete after a few hours at 50oC, Also, one obsen¡es thaÈ the effect

of pH on the decomposition of J is si¡n1lar co that experl.enced ln the

decoroposltion of the 2-carboxyphenylÈrlazene E. ThaE 1s to sây,

increaslag the pH decreases Ëhe rate of decomposltl.on.

Ttre analytical method evenËuaIly selected for the producE analysls

of J was gas chromaÈography. Under Ëhe proper colusrr condftlons both

of tbe expected products 2-nlËroantllne and 2-nitrophenol, gave suicable

peak shapes and retenÈ1on Èimes. A Èrf.al decoroposlËion of J aE pB 5

showed the presence of 2-nlÈroanlllne, nitrobenzene and traces of, 2-

nltrophenol. Evldence for these sras establfshed by comparfson of their

retenEion Ëlmes vrleh the retenÈ1on characËerlstlcs of reference sampl.eso

Addltlonal evfdence lras also acqulred from analysls of the mass spectra

produced by the varlous peaks in Ëhe chaonaËogram of the products.

Prior Èo fnvesÈigaÈlng the quantlËaÈfve dfstrlbutlon of the

observed products, several control experfmenËs trere conducted to check

ouË the analyËleal method to be used. Because these conErol experfments

showed that the analycical, meEhod had so¡ne llmftatlons, a brlef resune of

-the analyÈlcal method used should be glven, After a LO'Z M solutlon of
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J ln a buffer has spent a glven number of days fn an ol1 bath at [00oC,

fL fs r¡ade basfc wlÈh KOH pellets and extracÈed three tfmes wlÈh equal.

volumes of chloroform Èo remove nltrobenzene and 2-n1Ëroanitlne. The

chlorofo¡m extraces are concejnÈrated dorøn on a rotary evaporator Ëo a

flnal r¡olune of approxirnaÈely 5 nl and drfed over MBSOO. AfËer fllterfng

off the drying agenÈ, a knor¿n anount of fnÈernal. sEandard ls then added

to the chloroform extract, and the resultlng mlxÈure chromacographed,

The baslc aqueous extract ls chen roade acldlc and Ehe same procedure

repeated Ëo remove the 2-nfÈrophenol

In order co check Èhe exÈractablltty of the expected products

from water, u.v. concenÈratlons (approximately 5 X 10-4 M) of 2-n1Èro-

anillne, 2-nfÈrophenol and niÈrobenzene were made up 1n pH 6 buffer

and che respectlve uov. spectra recorded. Each solution was extracEed

Èhree tfnes w1Èh chloroform, and u.v, specÈra of the aqrleous phases

were recorded agaln to see how much of the solutes erere remalnfng fn

soluÈfon. For all three soluElons the absorbance ot the respäctive

peak naxíma goes to zero after exÈracÈion. In other words, no soluÈe

remalns ln Èhe aqueous phase"

So that the entlre analyÈlcal method could be checked from sÈarÈ

to flnlsh, a reference mixÈure comprfsing the three expecued products

tras made up in pH 6 buffer soluÈ1on and 50 nl allquots of 1t ¡vere

subJected Ëo Èhe same procedure as a typfcal decomposlËlon mfxture would

be subJected to, The concenÈratlon of the soluEes ln Ehe reference

mixture çras 10-3 ll wlth respect to each of tbe ¿hree soluÈes. Ttrfs

corresponds to a L07" yleld of each soLute in a decomposfcfon mfxture

tf the fnlÈlal concentration of J ¡¡ere 1O-2 M, T\rc æpoules labelled

(a) and (b) respecElvely r¡ere fflled wlth 50 nl allquots of the reference

mixËure. These solutlons were degassed by bubbltng nl.trogen Èhrough
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them for Ërüenty minutes and the ampoules were sealed under nitrogen,

AfLer slx days fn a l00oC boch these soluclons were analysed for Èhe

three sotuÈes by che gas chromaÈographlc Eethod descrfbed aboveo I\do

more 50 ml allquoes labelted (c) and (d) respectivel.y whfch were at

room tenperaEure for sfx days and exposed to the alr were analysed fn

the same way. One more 50 ml aliquoÈ, (e), ldenclcal to (c) and (d)

was anal.ysed Ín the sane fashlon except Ehat the concentraclng of the

chloroform layers was done by flash df.stlllatfon. Table 3 glves a

Table 3

TrfaL

% recovery o-niÈrophenol

% recovery o-nl.t,roan11 lne

% recovery nlÈrobenzene

83.0

52"2

b

61" 6

84.6

55.8

57.O

BB 78.5

72.L* 51.0

e average

69.9 62,5

84.0 93.6

52.5 52.9

* c not lncluded ln average

strrr¡ary of the percenË recoverl¡ of each solute per trial analysls donê,

From Ëhls Table several. obse¡rrations can be made, Ttre flrsÈ one

ls thaE the reeovery of these components ls far from quantltaË1ve.

This ls very surprlslng, slnce our previous exËråctl.on experlments

followed by u.v. showed that none of the solutes remafned ln the

aqueous tayer aft,er extractl.on, Ttrus far, no satLsfactot-y explanatlons

have been found to account for this dfscrepancy, Secondly, these

results show thac thls dlscrepancy ls not caused by che hlgh temperatura

condlÈlons, che presence of alr or the ¡neÈhod of concenËraÈlng the

e:çtracÈsc A Èhfrd obsenraEion ÈhaÈ can be rnade Ls thac the percenË
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recoverfes are f,alrl.y conslstenc, aË Least, for 2-nltroanllfne and nftro-
benzene,

Fifty nflltlitre alfquots of t0-2 M J ln buffered sol.uÈfons were

decomposed under nlt,rogen atrnosphere aË IOOoC for seven days. Duplfcate

sanples srere decomposed at. pE 5 and 6. The analysf.s was conducÈed as

described above and the resulÈs are gl.ven ln Table 4.

The exÈenÈ of reacElon can be deduced fronr Lhe u.v. absorbance

of J at 270 nm before and after the six days ln che oll barh, By

applying Èhe percenËage recoverles obÈatned from the reference mfxture

study, one can approxlmate the acrual yield of che products ln the

deconposftion of J. rn oEher words, lf recovery were quanÈltarfve,

Ëhe product dlsÈrlbuÈton 1n the decornposlÈion of J should be greaËer

Èhan tbose reporËed 1n TabLe 4" Table 5 Èhen, surmarizes the esclmaÈed

yteld for each of the products"

Tabl.e 5

pE

% decomposfÈlon

% yleld o-nltrophenol

% yleld o-nlËroanlltne

% yleld nfÈrobenzene

pB

% yield o-nftrophenol

% yield n-nftroanfline

% yfeld nltrobenzene

Total % yüeLd

Table 4.

5

100

.5-1

4.6

4L.7

5

1"0

5,5

79 "4

94.9

5

100

.5-1

4"6

42"0

6

61

.5-L

3.7

29.5

6

61

.5.1

3.7

29"5

5

1,0

5"5

79"4

84"9

6

t.0

4.4

55,7

60,1.

6

1"0

4"4

55.7

60" I
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One observes fn TabX.e 5 that ff the decomposfËlon at pH 6 were

allowed to proceed to 100% reactfon, the amounc of. Z-ntËroanll.lne and

nLtrobenzene vrould exceed Èhose arnounts produced aÈ pH 5, Table 5

also shows ÈhaÈ as the pH of che naediurn is lncreased, the yle!.d of

2-nltroanfllne and nltrobenzene aLso lncreases.

ltree oÈher Ëriazenes were also synÈheslzed to sËudy the effect

of tbe aromatfc substftuenÈ on che decornposlElon of dlazoimlno

compounds. These are 1-(4-carboxyphenyl)-3-norpholinotriazene (K),

1-phenyl-3-morphollnoÈrlazene (¡.), and t-(2-rnethoryphenyl)-3,3-dthydr-

oxyethyltrfazene (U)" Unforcunately only qualitatlve lnformaËlon ls

avallable for K and L, and none ls avallable for M"

4. 1-(4-carboryphenyl)-3-rnorphollnocrfazene (t<)

HoocON=N--3
K

Co,mpound K was synehesfzed by the usual method uslng rnorpholfne

as the secondary amfne of cholce Èo lnsure sufficfenÈ solublllty of K

in water. Prel.fnlnary experlmenEs showed thac the colorlnetrlc test

descrlbed for anthranlllc acld works also for p-amlnobenzolc actd. Tt¡e

resulEfng speccnrm of tbe coLoured complex appears ln Fig, 10.

SoluÈlons of K (10-2 M) ret. decomposed at l00oC in an ofl barh, ln

buffered solutions of pH 7.23 î.ot one day and pH 9,85 for 12 days,

Upon rernoving the decompositlon mlxture from the bath ¡re obserr¡ed that

the solucion had a yellow colour and therefore, a specfal precauÈlon

was Èaken 1n preparlng the solutfons for the u.v, reference and sample

cell.s. Tbe sampte solutlon lras *"a",rp with 5 rnl of deconrposfelon
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Spectrum of p-arnlnobenzoic Acid pLus PDAB
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-ml-xcure plus L nl of PDAB and the reference solutfon contalned 5 ml of

decomposftfon mfxture pl.us 1 ml of roraÈer. Ffg, Ll shows Ëbe sprectrrrm

of the cotoured cornplex obtained fron a pH 7"23 deconposttfon" An

ldentlcal specLrum was obse¡r¡ed for a pH 9.85 decoanposfÈion" Fig. 12

shows a spectrum of PDAB ln tbe wavelength reglon of lnterest, From

ft one câri esEimaËe Èhe PDAB concrlbuÈlon to the absorbance aE 445 nn

fn the spectrum of Flg, 11, From Flg. ts L0 to 12 one can conelude

thaÈ the decomposlt.ion of K leads Èo the formarlon of prfrnary amlne

under Èhe reacclon condlË,lons descrlbed avove. sfnce che extent of

reactlon for thls decornposftlon 1s unknovrn, thls represents a

mfnl¡num yteld of approximaÈely 107..

In vlerp of the fact that rhe sum.of rhe producE ytelds from a

simllar trlazene E never approached 100%, lt was noÈ considered

profftable to do a more quantltaËlve srudy of K.

5. 1-phenyl-3-morpholinoÈrfazene (l)

o--N--:)
Conpound L was syntheslzed ln the usual manner uslng morphollne

as the secondary amlne of cholse to lnsure sufffclent soLublllty of L,

Soluclons of L (10-3 U) tr, buffers of pH 3.85, 7.23 and 9.85 were

decomposed fn a loooc oll bath for Ès¡enty-four hours, AË pH 3.g5 and

7,23 the reacËlon was cornplete sfnce the absorbance for L aË 310 r¡n

had gone to zero. For pH 9.85 howevern Èhe extenË of reacEfon was only

about 50% cotnpleËe afÈer one day Ln a hundred degree batb. At the

lor¿est pH studled, the only product of decomposlÈlon presenË was phenot

L
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Spectrr.rn of Decomposftfon Product of K plus PDAB
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Spectrum of PDAB
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as fdenËl.fted by fÈs u,v, specÈrtrn and by the colorfnetrlc neÈhod

described for anËhranfltc acid. A Èest of the decomposftlon mfxture

for anlllne w1Èh PDAB gave negatlve resul.ts. Ac pll 7.23 tb.e product

of decomposfËlon lras noÈ z'eadlly fdentfflable from the u.v, spectrr¡n,

but a test lrlth PDAB also gave negatl.ve results. A slmllar result

was obserr¡ed aÈ pH 9,85,

To fnsure that the PDAB Èest was senslÈlve enough to detect

appreclable percentages of anllfne 1f lt were formed, an aqueous

anlllne sotut,lon (5 X LO'5 M) was ntxed 1n the usual manner ¡¡tth PDAB

solutfon to gtve an absorbance readlng of .2 at 425 nm" Sfnce Èhe

fnttlal concenEratfon of L vras 10-3 U, thls corresponds to a 5% or

less reacËfon whLch could have been deÈecÈed.
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v. _ ccÊ{c_Lu-sjLqrs-

The concl.ustons r¡htch can be drawn from the above results secÈ1on

may be srrrnrnarÍzed as fol.l.ows:

1, 1-(2-carboxyphenyl)-3-ptperldinoEriazene (E)

a) From the spectral studles of E decomposlng as a functlon of

È1me one obsen¡es ln a qualfËative fashton that Èhe pH rate proflle

follows thaË reported by Dayal (10) Ftg. 1. However, Èbe rate beglns

co fall off rapfdly above pH 6.

b) In the pH region ¡rhere the rate of decompositlon 1s decreaslng

(at pn 6), an lncrease in pH lncreases Ehe yteld of anËhranllc acid,

decreases the yield of sallcyllc acfd and decreases Èhe overall yleld

of producÈs,

c) For a gfven pH, lncreasfng Èhe decornpositlon tenperaÈure

decreases the yield of anchranlltc actd and lncreases Ehe yleld of

sallcyllc acfd.

d) Although Ehe experiment could not be done uslng cornpound E,

results obtained wlth G shows thaË no benzolc acld ls foraed, If we can

assune ÈhaË the naËure of the secondary arnine cornprlslng Ehe tmlno

portfon of dlazotnlno compounds does not affect the product disErfbutlon

for the aromatic moieÈy, rire can say Èhat no benzolc acid ls formed from

the decomposlËion of 2-carboxyphenylËrfazenes,

2. 1-( 2-nitrophenyl ) -3,3-afnydroryethyl crlazene (J )

a) tbe orËho nlËro group appears to slow dowr drasÈtcally Ehe

deeornposltlon of trl.azene by comparlson ç¡lth the ortho carboxyl gloup.

b) In the pH reglon studied, Ëhe rate of deconposltlon of J

decreases with increasing pll.

c) Increaslng the pH fncreases the ytel.d of both 2-nltroanllfne

and nl.Ërobenzene"
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I -( 4-carboxypheny1 ) -3 -morpho1 fnot,rIazene

At pHts greater Êhan 7, p-aminobenzoic

I -phenyl -3 -rnorphol lnotrf azene (1,)

No aromaËlc amlne was obsenred 1n the pH regf.on 7 to 10.

In addltton Lo the above conctustons, lt can be sbown ln a

qualltaclve fashlon from Ëhe observed reactlon t,lmes that the varfous

substlÈuent,s on the aromatlc portion of diazolmfno compounds fncrease

Èhe race of deconpositlon ln che followlng order of substftuenÈss

2-COOH>4-C0OH>HÞ2-nlEro. A1so, for Èhose trfaaenes where prlnar¡r

nmtne was formed, the ytelds of prlnary amine fncrease 1n the followtng

f ashlon: 2-C00H> 4-C0OH )2-nltro

At ffrst slght, fÈ would appear thar rhe absoture ylelds of

aro¡naÈlc amfne can be correlated wlth the raÈes of decompositlon,

sfnce the ylelds of aromaÈlc amlne and the raÈes of decomposfË1on

increase ln the same order of subst,ftuents. However, ln the ease (E)

where the raLe of decomposftlon was lncreased by ínereasing Èhe

temperature of the reaeÈfon, ft, was obsen¡ed thaÈ the yteld of aromatfc

amlne decreased, Therefore, there eppears to be no slmple correlatlon

beÈween rate and yfeld.

One also obsen¡es thaÈ ln Èhe pH reglons where aromaÈfc amlne

ls forned, the rate of.deconposltlon 1s decreas{ng as a functfon of

fncreasfng pll. FurÈher moÌe, an lncrease ln pH lncreases Èhe ¿rmounÈ

of aromaÈfc a¡nlne fo¡med,

For aLl the trlazenes studf.ed, exeept Èhe 2-n1Èrophenyttrlazene,

the formaÈlon of the correspondfng phenol from the aromaele portlon of

the trfazene aPpears to be an funportant reactÍon paÈhway, IËs formatlon

can be raÈlonalfzed followlng Peritcolas and ThlroÈ (24): flrsÈ,

ProÈonatlon aÈ N3 to gfve a protonaËed speeies; secondly, the dlssoclaÈfon

(r< )

acld 1s formed from K.
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of the protonated epecfea lnÈo dlazonfuru fon and secondary amfne$

ffnalty, the reactfon of the dlazontum fon with vrater to gfve pheno!,

and nl.Èrogen,

On Èhe oÈher hand, the formaË1on of deamlnatlon producÊ eppesag

to be the favoured reactlon pathway for the decomposttlon of Èhe

2-nltrophenyltrlazene, since htgb ytetds of nlÈrobenzene nere obsewed"

This fact can besÈ be ratlonallzed lf one recalls tbe ¡rott of,

Àndakushkfn (2) (Page 9 thls thesls)o nho fotmd thaÈ the diazohydroxfde

fomed from the decomposltlon of Eiazenes can dlssocl.ate lnto organfc

radfcal. and OH radfcal. plus nitrogen, Ocher reporËs (4r7 r29) exist

fn the llterature sEaËfng ÈhaÈ benzenedtazonlum fons decompose ln

alkallne nedia vla. a free radical nechanlsm to give aryl radlcal. IÈ

has also been reported (4) Èhac ln the presence of ttalphatic hjdrogea-

conÈalnlng compoundst¡, Èhese aryl radfcals may absÈracÈ hydrogen aÈollE

to glve the appropriaÈely.substf.tuted benzenes accordlng to3

Aro + R-H --+ Ar-H * R"

The only such source of altphatfc hydrogen avaflable fn our Ejrsteog

are Èhe secondary amlnes whlch are formed fn the decomposftfon of

Èrfazengs"

From the prevlousl,y stated concluslons and obser:ved produet

dlstrfbutl.ons, ft fs obvlous Èbac the decomposltl.on of dfazofnl.no

compounds fn the weakly acidfc to weakly basfc pH regfon fs veqT

complfcaÈed, In some cases, prfrnary arornat,lc a,mine and phenol. are

maJor producÈs, and in other LnsÈances, prtmary aaomaÈlc arnlne end

deamlnation producÈ are predomfnanÈ. In addlclon, the gatberfug of

fnfomation for Èbese eystens fs further conpllcated by Èhe facÈ thaÈ
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the analytlcal. methods requfred are varLed, long and tedfous,

1È fs probabLe that the obsen¡ed product dlstrtbutlons resutt

from a set of parallel. competfng reacElons, each of which can be

lnflueneed tn dtfferenÈ ways dependlng on Èhe reacEion conditlons used

and^ the Èype of substlÈuenÈ on Ehe aromaEic porË1on of Èhe Èrlazenes

sËudled" However, no dlrect evfdence exlsts for tbese cornpeting

pathways frorn thls study. Tt¡e ulÈfmace sortlng ouc of Èhese parhways

would no doubt be a lengËby and difffculr proJecÈ.

Wlch regard to Dayalrs mechanlsm for the decomposfÈ1on of trlazenes,

the present trork does not shed nuch rnore llghc on the mechanlsrn of

formatton of prfnary aromatlc ¡mfneo llowever, lt has become obvfous

thaÈ the pathway leadlng to phenol formatlon musÈ be fncluded for those

trlazenes studfed whlch gave Ëhe appropriate subsÈltuted phenol. lhe

work of Taylor (30) rt"o casts some doubÈ on the format,fon of N-nfcroso

compound as a ffnal product 1n che decomposlËlon of trf.azenes. rn

vfew of the conplexlties we have encounÈered ln the decomposftlon of

triazenes 1È appears that the elucldatlon of Dayal¡s mechantsm ¡sf[[ be

laborlous and dffffculÈ.
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VI" Ð(PERIMENTAL

A_. SJgr-t-h_e_s ls_ -of -D_l-a-zotqfno Cqnpo-u¡d_E_

ln General mechod and materl.al,s

Tbe dlazofmtno compounds used were synEhestzed by che general

rnethod of Rondesevedt and Davls (2S) wtrfch lnvolves the nttrogen

coupllng of the dlazoÈfzed aromaclc a¡nlne Èo Ehe secondary amfne fn a

basfc sodlum carbonaÈe soluÈlon, All the aromaË1c and secondatT

amlnes were comaerelally avaflabte samples and atl were used wlthouÈ

further purlflcaÈ1on.

the purlty of all the reference coflrpounds used for u,vo callbratfon

graphs ¡ras checked by determl.natlon of thetr respecÈ1ve meltlng pofnÈ$,

Those conpounds whose purfty was quesÈlonable were puriffed by sooe

sultable neÈhod descrlbed fn the approprlate secÈfon beLo¡1"

The purity of the f.nternal sÈandards and the reference compoundo

used ln the chronatographic analysis lras checked by determfnaÈfon of

thelr respecÈLve nelting polnÈs and the lack of extraneous peaks on

thelr respecÈfve chromatographlc Èraces. llhere appllcable, the

partlcular lmpure compound was purlffed by a suitable method Èo be

described ln the approprtate sectÍon.

NOTÃ - All meltlng polnts were Èaken on a callbrated Flsher Johns apparatuEo

2. 1-(2-carboryphenyl.)-3-pfperidlnoÈriazene (E)

AnÈhranflic acid QZ g¡ was dfssolved ln a mixÈure of concenÈrated

BCI (10 ml) and eracer (30 rnl)" After addtag Lce (25 g) and more EGI

(7,5 rnl) to the above soluËlono lt, nas cooled to 0-5oC usf.ng an fce

bath" To thfs solutlon r¡as added sl.owly dropwlse a cold solutloo of

sodlun n1Èrlce (7.2 g) f.n water (14 rnl) tflt an excess of nltrous acl.d

was present, the presence of nltrous aeld ¡sas detected using potassluo

fodfde-starch paper cyhich turned dark blue i¡¡ruediately on contacÈ nl.tb
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the soLuÈfon contafnfng unreacÈed nltrous acfd. The excess nlÈrous

aeld was decomposed by addtng a few crystals of sulphamlc acld to the

reacÈfon mlxÈure and the sol.utlon was checked agaln lrfth potasslum

fodlde-starch paper tll,L no colour change ¡ras obsen¡ed"

A solutfon of pfperldlne (8.5 g, 0,1 ¡aole) 1n water (100 rol,)

contalnfng an equimolar arnount of sodlun carbonaÈe (28"6 g) was cooled

to 5-10oC uslng an fce bath, The dlazonfu¡n sol-utfon prepared above

was added rapldly dropwlse durfng about 10-20 mlnuÈes Ëo thfs alkallne

soluÈlon of pfpertdfne, After stlrrfng thls reactfon mixÈure for "5

hours at 5-10oCu ft was acidifted carefully ¡rith 6 U HCI ttlt E

preclplËated from Eolutlon. Ttre crude product was fil.tered on a

Büchner funnel, washed several times wltb cold water and dr1ed. the

crude Èrlazene lras recrystal.llzed Ewlce from methanol glving 7.5 g of

pale yetlorr needl,es ßop, 86-87oC. the structure E was establlshed by

elemental analysls (see Tabl.e 6) and mass spectromeÈry (m.s.). The

predornlnant rn/e values are: 83, Ll+g, l2l, 85, 84"

3. 1-(2-nttrophenyt)-lr3-afnydroxyethyltrlazene (¡)

Cornpound J was syntheslzed ln the same fashfon as E excepÈ Ëhat

cn¡de J prectptÈâtes frorn soluÈlon at the coupllng stage, lhe cn¡de

product was ffltered, washed several tf¡nes wfÈh water and drled. AfÈer

treahent of a benzene solutlon with charcoal, Ëhe crude product was

recrystalllzed Ërclce from benzene glvlng brlght yellow needles m,p.

64-65oC (see labl.e 6). ftre predornlnant m/e values are t 254, 237, 1,81,

150, 1,38.

4. 1-(4-carboxyphenyl)-3aorphollnotriazene' (K)

Compound K vras synËheslzed fn the usual m¿rnner excepÈ the sodù¡n

salt of K preclpltates out of sol.utlon at Ëhe couplfng stage. lte

solutlon was flltered on a Büchner funnel and the salÈ was redfssolved
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ln a nlnimuû amount of dl.stllled water and acfdlfled carefuLly eûLth 6 H

HCl, Crude K preclpitated from solut,lon, ¡¡as flltered on a Büchner

funnel. and washed several. tlmes wlth cold lraËero lbe cn¡de product was

recrystal.ltzed several tLmes from 95% ethanol glvlng LZ g of flne wblte

crystals, n.p. 205-206oC (see lable 6). lbe predominanË n/e values ares

L49, LzL" 103, 93, 76,

5. 1-phenyl-3.'rnorpbollnotrlazene (L) , t

Conpound L was prepared fn Èhe usual manner and lt precfpltâted

from solutfon at the coupllng stage. lbe crude product was flltered

and washed several tfmes wlËh cold waÈer. Compound L was obsenred to

be a 1o¡c rneltlng materfal and all atËerûpËs to recrìystalllze lt resulted

1n the separatlon of an o11. AttenpËs to purlfy L by vacurn dlstlllaclon

fafled slnce the heat requfred eaused rapld decomposlÈlon of'the compoundn

Ffnally, L was placed ln a subllmaËlon apparatus and the laËter lras

evacuated to a pressure of 15 nn llg pressure using a trater aspl.raËor.

The bocton of the sublirnaËfon apparatus nas heated gently usfng a beatlng

mantle untll the vapóurs of L began to condense on the cold ffnger. lbe

yield of crude product was al,mosÊ quanËfÈatfve but only a sufflcienc

amount of L was purlfled for the decomposftfon trials and Èhe stn¡cture

dete¡cnlnaËf.on. lhe pure product ctystals are pate yet low needles n.¡1.

25.6-26.6o (""" Table 6), lbe predominanÈ m/e values are: 191, tOs, 77o

sLe 2ß"

6. 1-(2-benzenesulphonlc acld)-3.*norphollnotrlazene (H)

Compound B was s¡mËhesfzed ln the usual mannero AÈËêrnpËs to

fnduce precipitatíon of tbe free acld by actdtflng an alfquot of the

reactlon mlxture wtth 6 M HCI falled. Thls acidifled allquot was also

exËracÈed several tlmes wÍÈh varlous organlc solvents but subsequenË



-50-

evaporaÈlon of the extracts yielded no organfc naterfal" Flnall.yu the

agueous reacËfon mfxture rras evaporated on a roÈary evaporaÈor åt a

pressure of 0.1 m Hg" Ttre lnorganlc salts whfch remalned behf.nd were

washed several Èlses wlEh absolute methanol on a Büchner funnel.

Evaporatfon of the washings on a mtary evaporaÈor yfel.ded 10 g of solfd

organle material. Its .r.o. 
"p."Èrum 

showed slnllar absorptfoa

characterfstlcs Ëo those obtafned from prevlously studled Ërlaaeaes. ,

Comparf.son of the u.v. spectrr:m of startlng materia!. shoræd that Éhe

organlc material recovered was not, sËartlng materfat " Xherefore, we

concluded that Èhe organfc materlal recovered was Èhe sodLr¡m salt of

H since the m.p. of thls organlc materfal is greaÈer than 300oC,

Horrever, all atEernpts Èo purlfy thls salt by subllmaÈLon or recr1/stalllzatloa

fafled.

7 . 1 -( 2-methoxyphenyl ) -3, 3-athydroxyethyl. trlazene (H)

Gonnpound M was synthesfzed ln Ëhe usual manner and crr¡de H

preclpltates froo sotutfon at the coupling sÈage. Cn¡de M was

recrystallfzed four times from a benzene-petrolerm eËher solutl.on

giving LZ e of fine whlte crystals¡ mop. 69-70.50 (see Table 6). lte

predomlnant n/e values are: 239, L66, L37, L?3, 77"
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B "__B-qf_f e r- S-o_lgu lon s

Buffer sol.utions were prepared as suggested by Bates (5) and/or

BrlËLon (6) usine HCI and sodlurn aceÈate to buffer the pH regfon 1-5,

sodlum hydrogen succinaÈe plus sodium succlnate in the pH reglon 5-6,

and boric acfd plus borax ln Ëhe pH reglon 7-9. The lonic strength of

the rnedlum Bras adJusted to 0.2 wlth KCl. All plr measuremencs rüere

made wlth a Radlorneter Model 4C pH meÈer using shtelded glass (G 202 B)

and calomel (X 100) electrodes aE room temperaLure. The meÈer was

callbrated at 25oC wl'th ef cher .05 U terroxalate, .05 M pocasslum

hydrogen phthalate or .01 H borax dependfng on the pH reglon of fnrerest.
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C_,_ - Pro_d_u-c Ë_ :4,n-al..vs.l s_

1., 1-(2-carboxyphenyl)-3øorphol.tnotriazene (E)

Conpound E was alloçred to decompose aË :room Ëenperature, fa a

spectrophotometer calL and the spectn¡m of the reactfon ofxtuae srag

scanned at varlous lnÈenrals of tlme. Cønpound E (0,145 g) was dfssolved

in 250 nl of 0.1 N NaOH Ëo gfve a flnal concentratlon of 2,5 X tO-3 U

in E. lhe spectra Ln Fig,ls 2-3 were produced by seannlng, lmredlaËely

after mixl.ng, a solutfon of E (0"1 ml dellvered wlth a 100 ul syrfnge)

wlth 2.5 ¡nl of appropriate buffer already contaiaed ln a L cm quartz

u"v. cell, the referenee cel1 also contalned Èhe saøne buffer as la

the sample cell" All u,v. specËra srere scanned on a Perkln Elmer

llodel 450 spectrophotometer, and all absorbance measureme'nts at ftxed

wavelength were done on a Beckman D.U. spectfirphotometer.

Ttre spectrr¡m of 2-carboxybenzenedlazonium salt (F) fn Flg. 7

lras recorded after dllurfng an allquoc of cold 5 X 1O-2 U F wiÈh 3 U

ECl untll lts absorbance becarue measurable la Èhe u.vn regloon

AnoËher allquot (4 rnl) of rhe game soluËion (5'x 10-2 M F) was ,

added to 96 nl of pH 8.5 buffer ¡vhich had prevlously equllibrated in

a 100oC ofl bath for one half hour. After slx hours ln the bath, Èhe

decomposl.Ëlon ¡olxÈure was analysed for anthrantllc and sallcyllc acld

using the usual methods but only the tesc for sallcyl.ic acid was posftlve

(aoz" yrelo),

Prior to dolng producË analyses on the decomposltion mfxture of

E, calibratlon graphs of the expecced produets were constructed. The

anthranlllc and sallcylfc acids used for calfbrating purposes were

used as recefved slnce botb had narros neltfng polnt rangeso 1he p-

dfnethylanluobenzaldehyde (PDAB) was purfffed by elurfng a benzene

solutfon of 1t through a column of acÈivaÈed alumfna" Tt¡e solvent
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çtas collected and concenÈrated on a rotary evaporator, CrystallfuaÈf,on

was fnduced by addlng peÈroleum erber (b,p. 40-6OoC) to rhe benaene.

solucfon of PDAB. T'he resul.tlng crysÈals were flltered on a Büchner

funnel, drled and gave a meltlng pornr of 74-75oc. The reagenE pDAB

solutlon ltas PrePared by dlssolvlng 60 ng of PDAB per rnfllflirre of 3l{

H2so4. the reagent solurfon for rhe salfcyric acld analysls was

prepared by dtssolvlng FeC13 (fO e) fn 1 l. of O.l M RCl.

For che cal.lbraclon graph of anÈhranlllc acfd, soluÈions conÈainfng

knor¡n concentraËlons of the acld ¡rere made up, Ffve nl of a givea

concenÈratfon were mlxed wtth t nl of the PDAB reagent and che resui,tlng

absorbance read aÈ 450 ng, Ftg" 13 shows a typfcal calfbratlon for

antbranlllc acfd,

For the callbraclon graph of sallcylfc acld, a sllghtly dffferent

approach had to be taken due Èo cbe pH sensltivfty of Ehe nechod. ltls

time, the soluEtons contalnfng known concenÈrat,fons of sallcyllc acl.d

were made up fn the same buffer to be used for che decomposiclon of E,

lbe reason for thfs was EbaÈ 2 ml of callbratlng solutlon plus 5 ¡ul of

FeClt solucfon nould have the same resultfng pH as 2 ml of decomposftfon

mlxÈure plus 5 ml of FeCl, solucfon. Hence, prlor Ëo eacb deconposl.tf,on

of E at a new pH, a new calfbratlon graph of sallcyltc.acld bad to be

consÈn¡cted. À typfcal calltracton graph for sallcytic acfd ls shown

ln Ffg" 14,

Compound E was decomposed aÈ several pHrs at 50oC and aE t00oG

1n reacÈfon vessels equfpped w1Èh reflux condensers. Four ml of a

5 X 10-2 M srock solurlon of E (f.n 0.1N NaOH) were added ro 96 ¡nl of

buffer which had prevlously equllfbrated ln che temperacure batb for

one half hour. After Ehe reactlon was couplete, Ër*o allquoCs of,'

reacËlon nfxËure were mlxed ¡¡tÈh the respective colorlmetric reageoÈg



FIGTIRE 13

Callbration Graph for Anthranlltc Acfd
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FIGURE 13
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Cal.ibraÈlon Graph for Salfcylfe Acld
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arid the absorbance read fr¡qnediately at 450 nn for anthranlllc acfd and

525 nm for salicylfc acld. TAe absorbance of the respecË1ve producÈg

was used 1n conJunctfon with Èhe calfbration graphs Èo deterrfne the

concentratlons of these producÈs, Ttrfs procedure vras repeated at

varlous Ëlme lnÈenrals near the end of cha reactlon tfll the absorbarice

of botb producÈs remafned constanto That is Èo say, the reacÈion ¡oas

cmpleÈe"

2o l-(2-nturopbeny!.)-3-afnyaroxyethyltriazene (J)

fre analysls of the products ln the deconposf Efon of J was done

on a Hewlett-Packard Model 700 gas chrornatograph (g.c.) uslng dual

flame lonfzatlon deteccors.

The colrwr used was a glass colurun having dinenslons of 2¡¡ X &m

It r¡as fllled wlth an lnert supporË called Chromosorb W-AI.I 45/60 mesh

slze whlch had prevfously been coaced r¡lth 1.0% by weight Carbowax 20M

lfquld phase. lbe column packlng rras prepared by dfssolvfng Ëhe lfquld

phase (fe) fn cblorofom (50 nl), To rhis soluÈ1on lras added the

lnert support (9 t) and the solvent was removed slowly on a roÈary

evaporator 1n order Eo coaÈ the Lnert supporÈ evenly with the l.lqutd

phase. A glass wool plug was lnserted at one end of the coluru¡ and a

genÈle vacur¡m applfed Eo the same end whlle Ehe coated support was

introduced at the oÈher end of Èhe column by means of a small plasÈlc

funnel" AfËer the coh.¡mn was-fflled, a glass wool plug ¡¡as lnserÈed

f.nto tbe fnlet end of the colurnn was then mounÈed fnto the g.c, ovenc

Prlor Èo uslng Ehe columr¡ on a rouËlne basfs, ft was condltloned ln the

oven at 215oC overnLght,

For all the anâlyses, che lnJector temperaÈure lras set at Lt0oCu

the detector aE 2lOoC and the lntet pressure regulaËed at 22 p.eofn for

Èhe carrler gas. Slnce the fnsLrumenc ls noË capable of lfnear temperaËure
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Prograrrrnlngr all tbese produccs had to be anal.ysed ar dlfferenÊ oven

temperatures, For nltrobenzene the oven EemperaË,ure eras sec aE 10soce

for o-nl¡rophenol at 115oc and for o-nfrroanflfne at lgSoc"

lAe method which was used for the quantlËatfve anatysls of these

producÈs fs called the lnternal scandard rnethod. ,sLandard scock

solucf.ons of inÈernal standard and a glven.componenÈ were prepared

seParaÈely ln absolute metbanol, Solutlons conËafnlng known lrefgbt

ratf.o of the sample and rbe fnternal standard were prepared by

dellverfng known voh¡mes of each stock soLutlon ¡¿lËb an automaÈfc buretceo

Each voh¡me dellvered was subseguently wetghed on an analytfcal balance

to fnsure Ehe accuracy of the weight raÈLo. Eacb callbrant, solution

whose welght ratlo of solutes was accuraeely knowr wss ehtûmaËograpbed

three Èfrnes by tnJectfng 1 ul samples on Èbe coh.¡mn Èhree Èimes. Each

lnJectlon ylelds cwo peaks, one for the sanple and one for the lnÈernat

sÈandard' Each peak area was measured three Ëlmes wlÈh a Hughes-Onens

Zero settlng compensatlng PlanlneËer and the average of the chree

readlngs was used 1n the area raÈlo detet'nfnaclon. All chree fnJeccfons

for a glven callbratfon polnt on the callbracfon graph were measured

fn thls way and the average of the three area ratfos nas used to ffx
Èhfs glven callbratlon polnÈ on rhe graph. A typlcal calibraÈfon graph

fs glven tn Fig" 15 shorrlng the area raÈfo of sample to standard on

Ebe ordinate axls versus the wefghÈ ratlo of the sanple Ëo standard on

the absslca"

the fnÈernal scandards used for o-nftroanlllne, nttrobenzene and

o-nftrophenol were phenanÈhrene, p-nftrotoluene and erhyl benzoaËe

resPecÊlvelyo

To check the overal.l anal.ytlcal procedure lncludlng exÈracÈfon,

a syntheÈlc ¡nlxture cont,afning l0-3 M nltrobenzenee tO-3 U o-nlcroanllfne



FrcJrsL_15_

Typtcal CaLfbratlon Graph for ONA dernonstraËlng

Èhe Internal SEandard Method
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'-1
and l0 - M o-nlErophenol ln one lltre of pH 6 buffer was prepared. Fffty nl

al'lquoËs we¡€ made basfc wlth Koñi : pllees, exÈracÈed three tlnes ¡¡f th

equal volumes of chloroform and the chloroform extracÈs Îrere concenÈraÈed

on a lotary evaPorator. A knonn amounc of lnternal st,andard was added

to thls solutfon and the resultfng ml.xture was chromatographed three

Èfmes and the peaks ltere measured as ln the callbraEfon. Slnce Ehe area

raÈfo $las meesured and Èhe amounÈ of fnternal standard added çras knorrn,

the calf.braE,lon graph nas used to ffnd Ëhe amounu of a gfven componenÈ

actually 1n the sample. The aqueous layer fron the above extractloo

tras nade actdlc and the enclre procedure repeated for l.È. Fron Èbe

basfc exÈracElon, o-nltroanlllne and ntËrobenzene nere fsolated and

frorn the acfdlc excracÈion, o-nl.trophenol was fsolaÈed,

For the deconposlrfon of J, 50 nl allquots of l0-2 H J r¡ere

pl,aced fn ampoules and degassed for twenEy mlnuÈes usfng dry orygen-

free nlËrogen gas. lÎte ampoules r¿ere sealed under nlÈrogen and plaeed

fn a l00oc o11 baÈh for seven days. The producÈ anaLysfs for J was

done ln exactly Ëhe same manner described above for the synthecle

ml.xture,

The three produets ¡rere ldentfffed by conparing their g.c.

retenÈfon tfmes and mass spectra wlth the reÈention tlroes and mass

ipectra of authentfc sanptes.

3. I-(4-carboxyphenyl)-3-morpholInotrlazene (K)

compound K (0.0237 e) fn 100 mr arrquors of buffers pE 7.23

and pH 9.85 were decomposed for 1.2 days fn a l00oc oll baËh" Ttre

spectrum ln Ffg. 11 was prepared by puÈcrng a solurron of 5 nl,

decomposfÈlon ml.xÈure of K plus I ml of pDAB reagent ln rhe sarople

cell and 5 ml decompositLon mlxture plus I ml of nater fn Èhe reference

cell' The reason for putÈlng decorrpositlon mlxture fn boÈh Lhe sanple
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and reference comparhencs was to avofd lnterference of the yel.tow

colour present in Èhe decomposftlon mlxËure"

4. t -phenyl-3-roorpholfnotrfazene (l)

Compound L (0.0191 g) 1n 100 mL al.lquots of buffers havlng pE

3,85u 7.23 and 9,85 respectlvely nere deeomposed fn a 100oC o11 bath

for twentï-four hours. lhe colorimetric test for anlllne usfng PDAB

reagenÈ was perfomed ln tbe usual manner by mlxlng 5 rol of decomposfÈlon

mLxture plus 1 nl PDAB for che sample compartmenË of the spectropirotor"t"t

and placlng a solutlon of 5 ml approprfaÈe buffer plus L ml of water 1¡

the reference compartment and scanning che uov, specÈ¡ît¡û.
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