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AB,STRACT

The poLa.r conpoutl<i. 2- (&*hydroxyplienyJ-amino) propenoic

aeid was confirmed qualitativeÏy ás a urínary metabolíte of

N-ísopropyianilf ne in t,he rat, o il.lustratíng the rnetabolic

pathways cif arornatíc hydroxylatj-on and side ehaín oxidatÍono

It was established that at least "çws rnetabolftes of l{-isopropylani-l-ine

are exsret.ed 1n the bile, and three metabolí1,es in the urineo all
of lvÏ'¡.ich are 1íkeLy conjugated. Pr'eliminary studies l.Iere also

carrj-ed out on the biliary metabolftes of N-i.sobut,yl¿ttilíne u and,

on the nature of the eonjugates of l{-ísspropy}aniline metabolites

Ín the urine and bíLe"
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ReseareF¿ ån th.e gut **ui fi-eåd of drug rqetabollsm lias

fnereasecÌ greatl-y in Êhe last thå.rÊy years as r¿&trr encie.s.rrours to

keep str-åd.e with the metabaÏíc fate of an e\''eÌ"-inÇreasing .r¡rimtrer

of drugs e.r¿d cheufeal-s i-n uiarrunal-i.an eysteloe * The impcrBance of
eueh studf es e.annot be overemphasised. As suc}¿ ccrnpounds &re

forel¡gn to the no::irua1 roetabeLic pathvrays of en organîsm, they

¡nust be ¡neËabollsed. and eïåsiina$ed. in a form wirlch renders the

connpound non-toxie f:o the cr"ganåsm" If the coupound were not

rend.ercd non-toxåcu peåsonånË or even death cauld resu-lto

DetoxieatLon may be deffned ae Faeeelenated. el-imlnation

of forelgn co&pCIuRds and, frequen'l;Iy, the neu',:rel"lsatíon of any

phar"reacelogleaÏ ae'Í;ívj"ty they ¡lßay posses$n (Fav"ke, 1968a}" Most

drugs, detoxÍeated in the li-ver, are eåbher exev'e8ed in the blLe

and voíded í¡r the faeees ¡ or are taken to the kådneys and. exereÈed

fn the uråne" Other Sess åmponflant sft,es of detoxicaÈÍon are

the lungs, gastrofntest,inaÌ tracto k{dneys and skån"

Over the pa.st, few years, researeh þlas been ln progress

fn our laboratorfes on the metal¡ol"ism of N-alkylaronatlc a¡ulneso

A.ronati"e a.mines have been found Èo be imporüant intermediaües

fn drug and ehemfeal manufaet,uríng, and as sueh coulct produce

healtb haaarris. The chemf"cal le-anlnodfphenylu formerly used as

an aRtfoxi.dant (Casee L95l+) was far¡nd to produee a variety of

tumot¡rs fn raÈs (WalpoLe Så al. e L952) and bladder tumours fn

dogs {}Ialpole gg el.e 195&.}" T}iese workers expressed the víew

the't aromabfe anl.nes are carefnseenfc because of theår conversfon

fn the body to g.Ë!þg-Þiydroxyarnlnes, whie.h are dåreet carclnegenso



Thus, 2.-naphthylan:i-në w&s ånar;tåue ísr måe e rqa a bladder e a-re ínogen

v¡hen åmplanÈed as a paraffi"n pei-"le'b bui; bi-adder *a¡rcinomas were

regularly produced by im¡rJ-antal;i-on of tÌ:e o*h;¡droxylated

metab.:Lfte.q cf ti:e e*r{-ne {BoyJ-anci, L95Êl:," To cla.te, stu.díes ori.

N*alkylarsmatåe ami*es have been ea"rri'ed. ont on the urlnary

exeretíon of ¡qe'Gab,)-]-i".bes ln the ref,u anri í¡r sorfle ca.se6 the major

metabolites haire not yet been fdentified' .A-Lcxa¡rcier g[ g}.
(1968) were abie to accou¡rt for oaly 26 pereent of the radíoactivíÈy

excreüed in bhe 2la-þrou:' urine of ra&s inie*'bed with N-ggg*

but,yJ.anillne-å&c hydroch3.ori.de, anci Alexander and Si.i;ar (1969),

"eondree 
ûång siniiLa.r experlmente cn N*lsoprepyJ.anål'i..ne, f dent5"fíed

7A pereent of the metabolåtes excreted ån Z&.*I¡our urtne" In

order to obtaln a eompJ-et,e underetandíng of tl¡e meta?¡oÏ1sm of

these t,-ì'oo i{-alk:y}a-r"ü}TåaUie aaiv¡es i.ri pari;i*r;.iaro i;he reraain:lng

metabolåtes n'¡i¿st yet, be id,e¡rÈified. In tlte casë of both N-ËgS*

butylanlliyre and þJ-ísopropylanÍlåne, the* ai"rthsrs concluded that
polare water*soluble metaboli&es eonstitute the unf.denÈified

fractlone. .Atûenpts Ëo charaeËerfse a possible polar metabolite

of N-isopropylaniLÍne compråse the first pari; of this thesís"

Whil-e r"enal exeretl"on studíes have 'been wåde1y docunented

and revåewed {sperber¡ 1959 and Peters e L962] s the study of extra-

renaL pathways of exeret,åa¡r has been ignored Èo a considerabLe

exte¡:t " Bíilary e)çcretic'n stuclies, and the role of enterohepatlc

cire uletíon in the detoxieation c'f f oreÍgn eompounde 3 are noI'J

galning v¡ider promfnenee eeong v".""eareh€FSo For practical and

üheoretieaL reasons etudies olr ir*paÈåe excretion have lagged

Uefrin¿ those made on the kidneir (Smith, l-966]. Hewever, a large
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nultiber of dr'ugs s.re now known to be excret'ed ín the blte and

theref,ar+ the possibii*.by thaË drug toxicåty måy be related to

ent,eroìi€p,atie eirct¡latåor¡ must, be eonsidered (WÍllíans gq *3",

Lg65J 
^

Ttrere Ìrave been fert" reporf;s ln the llterature on Ëhe

biJ-lary excretlon of aromåtic amines" lfhil-e dÍphenyl-amåne has

bee¡r repci.ted to be roetabolised. and excreted ln the bå}e of rats

to an apprecla¡Ie extent (Alexander, L965lI, studÍes on the

metahoLlsm of ani}ine have revealecl very little exeretion of thfs

eompolånd or åÈs metabol-ltes in the bí}e (Wil1fams gL êå", L9651"

flherefone, prelåmlnar:y blllary exc]*etion experigiettu *ere under-

taken wíth iiÏ*isobutyJ.anitfne ancL N-lsoprOpylanÍ'i-ine to determlne

if, bil-e proi,åded arà lnportant mc¡de ç3i exeret'ion fo¡' t'he N*

alkyJ-aroffiåtic ami-nes u
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IT. MET:Á8ÛLïC FÀTI] ÜF r,'ilRETû¡l C0l.iFÛlll¡Dë

The ù'.¡:"m lrdeÈoxfce-Èåc*rî fornerly was used in its
nar¡:næest, sen#ee åmplyfng tk¡aË for.ei-grr compoun.cis undergo a

redr¿ct:.i*rn i.n to:líeity when erânsfornied in tl¡e body, T\Eo con-

tradleüå'lnse hotsever, beeame apparenËt (1) sol*e' compounds,

such as 'Êariurn sulpirate and aromatåe sulphoníe acÍds e are

exerc*tecÌ almost tctaÏly unehangede and 12) cetrr.åin forefgn

substanees are converted. fnto slore toxic metaboÌltesn For

exa'npleo picrf-c aeid (1.) is partiaì.ly redueeC to the raore

toxic grÍ-*rarnie aeÌd ( II " ) "

Noz NHaNOe NOa

---+

OH

f¡r|il

Noz

ïï,

Detcxlcatfon now refers t,o all- nretabolic ciranges undergone by

foreågn compounds in the bodyn and it is essentía1J-y a two*phase

proeess of metabolf.e transformation and conJugatíon, givlng rise

to metaboJ-i9es (including ccinjugat,es) whietr are Èhen excreted

fn the u¡:inen bfle and expi;ed afr (Parke, 19é$a)"

MeËabolåc. transforinat,Íons ere reactÍons in whieh the

foreígn coropound unclergoes 'a r,slde varlety of oxid.ations u reduc-

tions and hydrolyses, usu;..l.:-y íntroducing functíonal groups whÍch

fncrease the polarity of rt;-tllolecule and act as centres for the

second phase of the pror,*i,í.-'' 
-'' 

These metabolåc transfor"utation ,

s.¡
reacbíons are generall!- i,':.r,'erred to ae phaee I type reactions

OH

j*l
t. rl\r-

Noe

T"



(lllïlfanis, Ig59aj ,

AII transfor¡naûåons of foneign molecules are catalysed

enaS"mati.callyu and mosÈ cf these enßyüßes are present in the llver
mJ-crososnL fraetion (lriíIJ-farus, ].96?), For¡ts (19611, employi.ng

densí'Ly gradient, eent',r'i.fugationu elect:"on ml.erographs and enzyme

activity studies, determ.in-ed that the smoosh endoplasmtc neti-
cuLum Ìred for-¿r *vimes êhe abilåBy t,o metabol"åse hexobarbital &s

the rough endoplasurie retículuri, Hyelrol},si5 of a.mådes and esters

may be microsomal or non-nlcrosomaT, Reduction of nltro and azo

conpounds f nvolve nrle rosoraa.l enzyraes, v¡hile aldehyde anC ketone

reductfons &re Ron-mierosomal Ín nature" 0xfdation, 'Þhe mosb

general, reaetion und,eygane êy foreign compoundsu 1s mfcrosomal as

regards hydroxyS-atíou of acyclfc, aromatíe and alicycl*e compoundsu

epoxid.atÍon, N-hydroxylatåon of amfnes, lrl*oxldaüåon of tertåary
amLneso S-oxidatåonu dealkylaÈion, deaminetion and desr¡lphura-

tlor¡o Non-måcrosomaL oxldatíons ånclude deasinatåon, oxidatåon

of aleohols and aJ-dehydes, and aroniatÍsa.tisn of a]-leyclic

compounds (Parke, 1968b) 
"

ConJugar.loRs are syntheses by tøLrlch the forefgn

compcund or any of lts ¡aetabolftes ís sourbfned Þ¡ith endogenous

moleeules or gr'Õups such as glucuroníc aeid.o sulphuric aeid and

amfns acidsr oF met.hyl and other a.lkyJ- groups. lüfth the exception

of th.e latter, these synthesis reaetlons 6enerally nmke the

molecule more polar e-d less lipÍd*soluble, and thu.s more readíly

exereted" The eonJueation':'eactions are generally referred to

as phase II reaetior ' : -i ì ',..-,ì"ms Lg59al , A foreign compound or

rnolecutre which a].read}rl,:ó,.;alns a site for phase II reactions



t-

vrlll- nclt necessåriiy 5o tirrough Ëhe phase Ï reacÈion stage.

ConJugat,åon of foreign compounds and their metabolåtes to One

of the aforementloned. endog¡enou.s substrat.es takes place most'

ofteg by a transfer of the end.ogej:ous su"bstnate fraia the eo-

en¿ynes that parttcfpate in ir¡t:errcedÍr"ary rceüabolism. However,

the enzynres whÍch catalyse the transfer are usu.aJ.ly speeifS.e for

the .formation of the conju-gates of foreLgn compounds*

The paÈhways of red.uctåsn and hydrolysfs e.re of nÍnor

ånpçrtance ln the meta"polis¡n of I'T*atkylaromaüie amine'$ " 0xåCa-

tion and conJugation, horoiever, êre quÍte lmpertant ar¡d wi-ll be

deaLt v¡i.th $.n respeet 't,o the conr¡:ountLs under fnvestågatíon.
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There have been fei'r repor&s in the 1återature on the

metabo3åc fate of the itl-alkyi-arouatfe amines" 0xidative

degradations such.as oxÍcÏ.ative N-deal-kyJ.ationu hydroxylaBion of

the aromatic rfngu and side chain oxådation have been reported

Ëo eceur v¡ith thic class of compou.n<is (Alexan,ier and SlÊar e Lg6g) þ

and at present êppear to be Bhe major types of uretabolíc attack

fnvol-ved, These typeo of oxåcla.tlons have bee¡¡. found to be

míerosar¿al in nature a¡rd require oxygen and redueed nlcotLna¡nLde

adenine dånucLeoËide phcsphate (NÂÐPH2) te fr.inction (Gíllettet

Lg6zJ "

4 . -"9"&TIYå:II:ÐE4Lr$STJW,
This type cf degreda'r*íon is typåfied bl' the fclle*'ing

reactíon, iÍr whåch IrTuN-dimethylanilíne (TII.i åe dealkylated to

anillne (V.), wÍth N-nethylanílíne (IV.) as an i.nter&edi"ate

(Parkeo I968c);

I'JH^

ïïr " fv.

Many dlfferent foreígn alkylarnlnes are dealkylated by

the mtrcrosomal enzyme system, ineludfng N-methyJ" and dirnethyl-

barbiturates, hydantolns, ad,renallne, ephedri.ne, aminopyríne and

pethidine (Parkeo 1968c), The requínements of the enu]rue systems

VO



responsi.ble for l{-dealkylation are essentiêIly sinllar to 'çhose of

the othe;' oxld.aÈf on systems " Natì¡re1 conpounds such as sarcosine

and dfmethylamf.noethanol are úeai"kylated by mitochondrfal enzyËes t

nod microsarnal enu )rmes {m nu , L955) " The N-dealkylatíon

mechanlsm ís ttiought, to lnvofve tire enrymte forrna.tion of an N-

oxfde (Zåegler and Petti.È, 1966) or hydroxymethyl intermediaÈe

(Meffiahon and Sullil'an, 196t*), whích then rearrä'nges inÈramol-

eculariSr te yÍelct the anÍne, N*hydroxy!ûethyl intermediaÈes are

sometlmes sufflcLently stable to form glucuronide eonJugatesu

which are excreted in the urine. Diphenylamíd (VI') for"ms a

hydx=o:<yørethyl lnterrnediate (VII.), which can combfne wlth

glncr.lronåc acíd to f.cs-æ'*:ær;x.ii¿gate (VIII.) (Mcffahon and

Sull-lvai:, 1965 ) "

tens ,CHq 06H,. CH^OIí C6Hl . .rCI{A006Hgt6,\ /---t 
-o-2\ ,/ É \ ,/ á' n

ìcucotu .'cncotl. -cHCoN,/- -- \ ,/ \^", ./ \caY{ 
"*3 

csqí 'cl{3 cçHí -cH3

vr. vïI. VTTT.

In the study of the metabollsm of, N-alkylaromatie

amlnes Ín the ratu N-dealkylation was found to occur, with

concì¡rrent Ïaqg-hydroxyl.ation of the benzene ring t'o yieLd g-

aminophenol, Thls metabolite accounted for the fol-lovrfng pereent

of radioactlvity exereted 1n the 2&-hot¡r urine after Lntra-
1r.

peritoneal adminÍstratic¡,,oJ each respeetåve o\"C-1abe11ed

compotrnd: N-Egg-buty' l.r,,j, ,:,, 
e r L3/" ( Alexander gg g}-" , :"g68 ) ;

N-lsopropylanilíne, 8f, !:i l;;:ander and. Sitar', t969); N-!Srg- 
:;
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butylanl-1åne u ï"gf" {Bror¡nå tr970i anC T'tr-ieobuty}anÌ.låneu 55"7f"

(Thlessenu 19691. This reaction has also been extensívely

studíed with a nr;¡¡ber of unl-abelied N*alkylaromatie a.månes such

as N-n*buðy1an.íÌine arrci N*g-Fropylani.lfne, and the production of

g-amÍ.nophenol- L:as been observed itt *"uty lnstance (Ålexanderu

unpubllshed resuh',s ) o

P_" _nYpggxlÈ$lr0N 0F. TlþlF AB0liA.grs Rrl{G

Microso¡nal ring hydnoxylations are eurrerrtly considered

to involve eåther: hydroxylat,íotr. 'by a free radlcal (Smith, 1950);

the formatlon of an epoxide followed by íntravnolecular re-

årr"aftg€FrÊRt Èo for¡n a phenol (Boyland F Lg51;Î{echanísm 1); or a

more compl-ex meehaniss ån athåch aü arene-lB2-epoxÍcie fs a common

fntermecìÍate for the end production of phenols, cateeholsu

hycirocarbone or ffercåpt,urJ"e acids {Parke, -'r$68d; }.lechanism 2}.

rnicrosoma] enzymes

* 0z + Ì{ADPH2

Ivlechanism 1"

g:'



nli cyoscmaL
e n 7, ),?fflg s

* az + NAÐPH,

UIL

û{J0}i
I

*cti2ctilJIlc0cH3

l¡iechanisnl 2.

Ànother possible mechanism is one in r,vhich h)'ciroxymethylation of

the aromatic ring occurs. Guinea pig liver mi.crosornes have been

shovrn to convert aníline (IX. ) into g-aminophenol (XI') v:LA the

forma.t,ion of p-a.rninobenzyl alcoho] (X" ) (Sloane , L96h) 
"

^ttL-/ fl

Iry\OHlll.l
\t^--á-

mic ro s omal /:\ mi c rosorn'a1 Æ\
hr'z enme'HOCH( /Þ,rr=%*-* 

t\_/*t,
t-J * ñÍnnr,

ìi

XI.ïx, Xo



The

benzenes such

the Cirec'Cin¿;

(Parke, 196iid )

-]l

oríeniation of hYdroxYlatien

as t,he N-alkylanilines can be

rrature of the substituent or

of monosubstituted

deter¡nined either by

by species vari.ability

If the subst,ituent is qf!¡g,/para-directing, Ùhese

positions v¡ilI be hydroxylaLed. .If the substituent is meta-

^ exâ*"r* nra.".,n".r ze'¿ne- at1 three positionl-have beendirecting, for example nitrobenzene, all three positi

found to be h¡rdroxylated, with the hydroxyl groups entering

predcminantl-y at tlre p€Lra- and rqele- positions" As for specles

variation, Pa"rke (1960) reported that aniline is hydroxylated 1n

various species as fol-lows: rabbit, p-aminophenoÌ 5If", o-amiuophenol

9/"; dot{r p-aminophenol LL%, o-aminophenol 25%; rat, p-aminophenol

toï/r, o-arninophenol I9/".

fn addition to N-dealkyLation, the N-alkylanilines have

been shown t,o undergo ring hycl.r:oxylation wjthout removal of t'he

lù-alky1 group" Thus, it has been shown that NrN-dimethylaniiine

1s metabolísed to p-hydroxy-NrN-dimethylaniline and p-hydroxy-l'I-

methylaniline in the rabbit (Horn, 1936). Furtherrnore it appears

that the type of reacti.on r.vhich occurs is species-dependent. For

example, I'ïrN-dímethylaniline yields o-arninophenol- in the dogr as

compared to the metabolites formed in the rabbit as described

above. ltith respect to NrN-diethylaniline, tlre g-hydroxylated

procluct is formed in both the dog and the rabbit (Horn, 1937).

r,',hen the side chain,is longer bhan ethyl, p-hydroxylation again

has treen dernonstrated to be a major metabolic route for the parent

N-alky]anilines, âs demonstrated in the following series

p-hydroxy-N-l9g-butylaniÌine IO/, (Al-exander g[ aI. ¡ 1968)

p-hydroxy-N-isopropylaniline 6f'/" (Alexander anci Sitar , L969)

p-hydroxy-N-t-el!-butylaniline 89% (Brown, L97O)

g-hydroxy-N- i s obut y1anil ine 37f, (Thiessen; f969)



Br:anehing of t,tre N*elkyl sicte chain ha's been shr¡wn Ëo

aff,eet the !ûetebo3-åe pathway utålised"* hl.,len the chaårr is branched

on t,he ct-earbon (the cartron adJaeent t,o the nítrogen), g-hydrox-

ylatit:n predominat,es { e "g. l{*f"soprcpylenÍiåne and tt-$'gÏ"T**

butyl-anilåne)" ïf branchlng 1s on the åì*earbe¡r¿ (the carbo¡r one

remosed from the nltragen, t'l-dealkyJ.a.titln and g-hydroxylation

e omblne$ predomÍ"nate r ås dernoneÈrated by the metåb61f srs öf N*

fsobutySanil-ine (Á,lexander and T'hlessenu I97û)' TE thus eppears

that the f-urr,her the branchlng oceurs frc¡n the nitrogenn the

greater Ëhe degree af N-dealkyJ-aÈ1on"

ç.*jl:Ðp cll4lH 0ëÃIA3J0A

The quest for poJ-ar netabolåtes t¡hfetr Ìrave been

demonst.rated, to oeeul- with N*see-butyLanllfne acLd Si-åsopropylanll-ine

has ied t6 the invesf,ågatlan of oxi-datiora clf the aåiryl eiele eÌ:ain*

Such netaboli"e reaetlons eould yield organlc aeide, vi'liíeh

potentfalÌ-y eould froÊsess the polar propertles içl:ich ha'¡e "peen

attrLbuted to th.e u.nådentifierl netabolft'es " T'{hi}e TfÊeraÊtEre j"e

searce on oxidatlon of thesc eompoundsu Alexander g[ g!" (1968i

fo,¿nd that three percent of l{-,q.çg-butylanilåne (XIf "} 11'e.s exereted

as 3-pheny,laminobutyrte acfd (XIII.l when ad.minfstered to rats"

Rrltnrl^II nfÍ
t\l¡vr¡vl¿^v¿¡-1e)

CH")

NHCl-{CH^COOH
l¿

cH3

XTf "
X]IT "
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Hovsever, Iriexander and $Íta:: (19ó9) could demonstrate only a

sinall propor,uion of I'i*fsopropy'l-anilåne beång oxfdised i-n t}':e side

chai-n to jri-eld 2-anlifnop:'op5-oníc acid"

Nu.aerüus e:o;her SfGtåpL; ef- drugs containing alkyl slde

chagns proviCe exeel,iecit evide¡rce t,hat oxídaÈlon,of Èhis type ls

a nnajor degradatíve pathway* Te::niinal f.¡) oxådatíon is

e¡cem,plj.ffert b}r gþç fore.atlon of 5*eÈhyI* 5*t'|q*hydroxyethyJ.)

barbituria aefEi (XV,) -¡¡he$ dtet,Ìrylbarbåturíe aei-d (XIV") is

adrninåstered te raËe (Golclschu'¡åcÌ.'ù and flehr, L9571.

-_..---}

F¡.

The ¡eore eommÕn barblture.te, butabarbital (ivÏ"), has been shown

by ldaynerÈ and Losín (L955) to be metabolíseel i-n quantÍtfes of

28 to 35 percent to 5*ethyl-5*(2e*eanboxy*1t-methylethyl)

ba¡'btturlc aeld ( XVII. ) .

0

i{N\cH2ÛHzoH
I I 

cHzcrr3

o \¡¡--*o
H

I nrr

'.^3rlo\N^
H

XVII "

I ct{^cH.,
,-/-\ ¿ )HT 

ft4curcH,o\r,z\""3
H

XVÏ.

o

T.*1,--1ä,,
o\mz\ o

H

XIV"

cH3

HCH2C0Oit
NH
" rr3
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penult:ì.mate (¿.:*1J sy:åejatåo¡r is exhfbffied tr3, pentobarbital (XvTlI")

in the foi:matåon of a seeond.ary alcoholn 5*ethyl*5*(3 e-hydroxy-

1ç*;.*etþ¿yJ-bu'cyÏ.) barbiturås acfct (xÏx.}r as rsell as ttre ter¡nfnatr

acíd u 5-etlt5rl*5- {3 e-carÌ:oxy*I t *roet}-:.y1-propy} ) barbíturíc ae ld

(XX.i (BrodÍe gg ål'B 1953 and Fr:ev e9 -qå. e LgSg),"

i c'^cti.
H¡ÔcHãH^åu^cH..,
I locH..,¿ t )

gÅ--5-t\ )

H

WIIT G

n

\ vn?vrLS

HN/ \cfrcH^cHCH."i l-"ò;;'ð;""3
4iU,..{-O }

H

Xf X"

+ 0 r,Lr nu
-o.\ ""2""3

H\f \CHCH^ CH,, C 00Ht lÅ,,¿ ¿
| | Lrll'¡

o\itl"Ao )
t-.I¡¡

XX"

Ethy1benuene (xxT.) I fn rabbits, is metaboli"sed to phenyS-acet,ic

aeid ()'JIT" ), and to methylphenyleart¡lsrol (XXIII. )å ¡r'hfeh

eonverf,s to rnandelÍc acld (XÏIV" ) and benuolc aeÍd (NXV. ). The

netabolites are exereted as conJugates of phenylaceticn mendelie

and benaoåe acids respectivej-y (81 Masrf qS" É, u ]9561 
"
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üt'cH?cH3 üci{zcco'
XXIT.

XXTIT "
XXIV" X;{V.

Sfde chain c¡xid.atsåons of thís t,ype are ca'talysêet by enr'ymes

"'s'orqenÈ- 
ln lf-ver nl-erosor¡es (Ma.r'kr .1.963)3 a.nd Brodåe gg g"

Ìr& vuvÃ6v

(W551 found, that both reduceci nåcotínarrríde adenine dinucleotfde

phosphate (NADP) and txygen ê"re requLred fer the reactåon to

occuro The req.uirementn ef Ûhe system, therefore, are

eseentla),1y sJ.rnå}ar" to those of the ar"o¡natlc hydroxyl-ation sysgem.

Ð.**99S{#Æ"f9$'
The folLowlng genereJ" types of conJr.tgatíon reaeËicns

are known to oceur (Smíehe 1966) 3

Glueuron.'l"c aeid conjugafllon Glucosfde for"maöíon

Ethereal sulphate synthesis tluÊåIûlne eonJugatiotr

Orníthurfc acid sYnbhesís

Cyanide-thfocyanate detoxieation

Methyl-atlon
'ii

X]{I.
I
t

i

Ittr\(r y'-cÌ{ct{3
\--J oH

Hlppurlc aci.d eYnthesÍs

GluËathLone eouJugatlon

Mercapturic acid forraatlon

AeetS'latlon
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Of, the above mechianisms, g3.ucuronide, ethereaÏ sulprirate,

aceÈate and glutathione for'iaat*on. hase been cïernonstrated ån t'ire

metebçl-ås!Ê of antline (p¿rke, 1960 and Boylarrd et- êå" , 19ó3 ).

It fs possible t,h¿tt, glycf.ne e<lnJu.gal;€s nå'y al"çso form wfth N-

alkyl si-cte ehains whose Ëermfnal- (ß) rnethyl grotr-p has been

oxldj-sed to a car:boxy1 group" Bthyl"benzene, whích fs pa'rtially

metabolieed in the rabbf t t o phenylacetlc acåeT, ls exes"eted as

phenaceturj.c acid, a glye ine conjngate (El MasnÌ. g[ êå.u Lg56l .

Thereforeu it seer$s possibì-e that stme of bhese reactÍons may be

lnvolved in Ëhe cönJugatfon of the N*alkylanilinesr whieh are

knr¡wn to conJugate sinee they must be ïrydroLy.sed prÍor bo

ldenttffcatåon of Í;he free nTetabolåteso

L " Êlpggrc"+Åqégul-gq-eåqaaSåog

conJugatåon "with glucuroníe aeid iç lfkely the aost

eoni.rnon conJugatlon neehauísm, occt¡,rring in 41.Ï mammals and nost

vertebrates exeept fishes (Fanke, 1966e), The cat ís one

exception, usfng this pathway only to a verlr minor ex&ent,' ThÍs

speeíes eån, hor{tever, excrete the glucuronlde of hyd.roxylated

metabolftes of Z*s.eetamiclofLuorene in t,he urlne (Wefsburger

gg gÀ" e :tg6t+} and of progesterone in the bj.te (Taylor anci

Seratcherd.n 1961) 
"

The syntiresis of the glucuronlde proeeeds viå transfer

of the glucuronie acid from urídlne diphosphate q(*Ð-glucostld*

uronÍc acid (UDPGA) to an eceeptoro eatalysed by the enuysle

glueuronyJ- bransferase (Uf,P transglu.curonylase), whieh *.s present

fn the l-fver mferosomes (D'¿tton o J956j, Glucr¡ronlde synthesis ís

not Llmited to the livern Tt has been found to occur as well in
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the kidney, lung, spleeno T:].adder and t,issues çf ühe gestro-

f.nt'estf nal- trae t (schacter .g!. åå. u l-959 u and s'û.evenson ancl

Dutton,1960)"

The O-glucuroniCe Ís the nrost pnobable conjugaêe üo be

formeEï by N*arkylani3frre neiaboÏåtes, eåther on tìre phenorie

groLlp fornecl by hydroxylation of the aroru¿.tie rång ieÈher type):

n,Ç*rn o6ï1eo5oÇ-r-

or on a earboxyJ- radlcal" .r'ee:eeg å,ng from sfde ehain oxfd,atfon
(est,er type) :

{}'NHRCOOH QNHRC(.ìoc6Heo6
R : alkyl chain

The ether type glucurontde hae been shown to oceur wåth the p-
hydroxylated metaboÏites of t{rl{-dimethylani}ine and NrN-

dietirylanllÍne (Horn, 1936 and Lg3'7i and of aniline ftself as

g-amlnophenyJ-glueuronfde (WÍi.Liams gg êÅ" u 1965) " gS$,-

butylbenuene (XXVI"), ln pa,rt,, is first oxídised to o4ro<-

dimethylphenylacetic acid (xxvrr, l, then excreted ås an ester
type glucuronfde (XXVITI,) J.ftobÍnson and ïIillfams, TgSjl"

:'"

ì'--
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CH.t)
ü* cll.t)
^!f

-- 

ntf/- \ i"3( ,> Ç-c00H
\\fil\ // cH^)

XXVTT "

lrt
---+ 

\-Æufoo'u'nou

XXVITT.XXVT 
"

ConJugations of

fllustrated 'bY

a8

A douLrie conJugate is forrned, ttíffh g-hydro;rybenæoie aeidp oo both

thc phenoÏ-fc and earboxylle aeicl grCIups (Parke, lp6$e')"

¡q*glucuronfdes have been shown to oeeur on the nibrCIgen

atom of an aromatf e amåno gro',rp, a sulphonanft{eu & carbarnyl

grÕup, ot ín a heterocyeLle ríng eompound" Anliåne-N-gtrucuroníde

(NXIX") ccnn¡prfsed Bhree ¡:ereent ofl the dose of aniline excreted

l^rr natrr*4fe f '!)*eÞn 1OÁtaì-
UJ ¿taw¡r¿Uú \¿6À¡!.v9 e'/vvto

elNHC6'eo6

sutphathfazole*N}-gLueuronide {XXXI. } (Parke, 1p68e} 
"

-rrÕ SO^N
"l

XXIX"

the su^lphonanides may be on eltirer nit'rogeno

sulphanila$ide-N4-glucuronide (XXl. ) and

S-\

<-)c6Hq06NH

XXÏ.

s0zNH"

XXXÏ 
"

c6ugo6



&leprobama.be giucuronicte (xxg11" ) illustrates conJr"r.gatlon of

ear.banyl gror.z'p and suJ-irhísoxåËr¡tre*Ï{2*g}ucus"oni-de ( X)lfIII" )

conJugates orå the heterûcyslie ring.

ÌsH^
t¿

I ll cH.

\l'.t-"'
SOZtiH --\0 ,lti -cUUtOU

ïxxIr. XXX]II.

2 o E-!.ÈgæsL p-tl&.p-Þe.t-e*q eei ueg! åq*

sulpirete conJugatlon is commonly assoeåated w1Ëh

phenols (phenyl sulphar*r:.XËli"] Uut Ít has also been shog'n Ro

öccur **fth a.llptraeåc aleohol"s (Boström and vester¡nark, 19é0i

suckr as ethano-L iethyl sulphatee XNXV,) and r"rft.h aroroattrc arolnes

(Boyland e-T: gå. Þ Lg57 and Roy, t95S) sueh as anlLfrie {phenyl

sulphamaÈe, XNXVI. ) '

cH3 cH20s03H

., .j

xxxrv" i,., JXXV" XXXVT"

Thfs type of conjugatlon ís thought to be the mosb primftive of

detox*catíon ¡neehanism: ; '!;, rshich an actåvated fonu of sulphate

ls ûransferred Ùo an ê,:''ji -'r¿-'.,".,.rooJ.ecule, sueh ås a phenolu und'er
. : 

j 
,r

the l-nfluenee Of A,:;'..,.,, t:¡t:,,.'...,;-,...*,:i'erAge (de TfieiO and TkaCZ, 1950)'
':.!.' ', ":- ";''

Robbíns and Lipn.en-"ti,'å),!¡'ji,irort'ed the actlvated fortn of sulphabe

"3"7 ,\

rì LTw Lt3

c

ct{20ccÌ'JH2

tii20ccr'ùHC6Hg06

NHS03 H
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to 'ne 3 r-phosphca.clenosine*51-phosphosuiphat,e. A nunber of

different srrl-phctrar:sferases aT sui-phoki-nase appear- to exist.

3, pþ-"lethiorye :qnius

Tìre g)-u.tathione ccnjug,ation reaction is. a relatívely

recent cliscovery of consi derable :llnportance, especially rcÍth

respe ct to biliar'y excretion " Naphtlialene (XXXVII. ) is considered

to forrn a Ir}-epoxide interrneCiate (XTXtlI11" ¡, v'¡hich 1s.catalysed

by glutathiokinase to r.eact with gluta.thione (:{XXIX" )s producing

the conjugated cornpound (ill.), This conjuga.te is an intermedÍate

in the fcrrnation of a preaerca.pturic acid (XLT"). 0n treatment

with minera] acid, either 1-naphthSr]¡1ç.*apturic acid (xtII. ) is

formed by the lcss of the elernents of vra.terr or Z-naphthol
, -rF --++ \

tÅLrJr " J ny rhe loss of N-acetylcysteine (Roylancl Så gå", 1961)"

miCrOsCrmeS

+ I\üADPH2
*oz

XXXVÏÏ. ruffiVl] T .

/coNHCHzcooH 2t,
hflJ
I\¿lô

/4
+HS CH^CI{K\

NHC0CH2CH2CH

xxxrx" 
¡\coorr\t (-J:gffi,\"\-y'

!; Subsequently abbrevÍated as Gu XL.
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H 
_ 
SCll2Cfll\iHCCCHI

"\T{^- coon ffHzc¡r'rHC0cH3\ c00H

XLI "
XLIÏ.

XLTIT "

Compounds such as lodobenzene and pyrene (Boyland and

Sj-ns , i95{) and suipìio'ororno;oliiiiaiei¡i (Co,;r'oes ard Si;akeiuin , .i96O)

have been detected as conJugates of glutathloaee cysteine and,

cysteinylglycine, before being excreted as mercapturi.c acÍds.

Boyland * a1_. (1963) observed that trace amounts of aminophenyl-

and amlnonaphthyJ-mercapturie aclds appeared as met'abolltes of

aniLfne and 2-naphthylamf.ne respectively in the uri¡re of ratso

These acids must be for¡ned slnflarly to aromatic hydrocarbon

conJrrgates by eombfnatlon of the hydroxyJ"amino compounds with

glutathtone, followed by an lntranolecular rearrangement,

transpeptldatlon and acetylatlonr âs lllustrated by the'

foltowfng sequence (Parke, 1"968f) :
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NHOH
J.

á\ glntath:Lone (G)

lri
V 

glut'at'hiokinase

i'lH*,SG

¿'\V
:earrangener.t, ,

transpeptidation
acetyl-ation

scH2cHi"jFIc00H3

COOH

Jagenburg and Tocska i19ór+) found that ¡uhen two qram quantiÈíes

of acetopheneÈldåne rorere adminåetered to humans, 9r*o pereent of

the dose rn'as exereted in 2l* hours ae S-(t-acetamÍdo-$-hydroxy*

phenyl") cysÈefne, a rûercaptr¡råc acid derivatfve. In vå ew of

these reacfllons, it would noÈ be unreasonable to assume thee

seeondary alkylaromattc amines might uneiergo simi.lar conJugation

reacÈions o

n+" Âgeå*å!.¿gg

Thls ls a. general æetabolíc pethway for aronatic aminesu

sulphonanfdes and some forerþn arulno aclds such as phenyl*

eysteÍnes, In the case of anållne ín rabbits, only a very small
\amount of aaetanfllde (0"2,t;:6¡"eent) was fougcl (Parke, 1960).

Thj"s was consistent wlth li;-'_'.'onort of Smlth and Williams (191+Sl

that aeetanfl1d,e is g-hydiì:;--:råËed extensively, then nretabollsed
.Ì¡.

to the eorrespondfng O-glucuronl,de cr etÌrereal sulphabe 
n

ìTIJ¡rr¡2



constittÌ.ttng a double

such as stiì,phanilamlde

nitrogen atCI¡Es (Parke t

ì

\

XLTV"

XLVÏ.

The aeetyJ.atlon reactj-on usually occurs in the liver but

sulphanllanj.de and. g-anÍnobenzoic acid have been shown to be

acetylated by rabbit reticuloendothellal cells (Govier, 1965)"

As for most other blologÍcal acetylations, aeet'ylcoenzyme A ls

the required intermedlate in the acetylation of aromatic amlnes

(lfilliams, 1958b ) .

5. Gly-eíne con.iugatton

ConJugatlon with gJ-yeine and other amlno acids is

characteristlc only of carboxylfc acíds and ís thus a possible

reactlon of N-alkylaromatic amines nrhose slde chain has under-

gone 6J oxfd.ation" Glycine conJUgates are kno¡vn as tlhippuric

acLdstto híppuric acld itself being the conjugatlon producü of

benzof.c acid and glycineo EI Masri gg g!" (1g56)*have shown ühat

IIHC0CH3

@?3_

conJugation nechaniem. Sulphonamidest

(XLïV¿)r rnay acetylate on either or both

19689; XLV", ïLVI", and XLVTI" ).

{Hz

^

V
S02l'lHC0

XLV.

>--

,/

cH3

s02NHC0cH3

XLVII.

,i.Based on studies by Bray (194.tì), Biochen. J. IuT.t h.7l+,



75 perceut of toluene

ac j-d (I ) , with benzoic

(XL\rl.II") is exereted

acid (XLIX..) as the

in ¡nan as hippuric

inter¡nedi-ate,

t".XL\,'TII 
"

Nicotinic and salicYlic
salicyluric acids (LII. )

c00H CONHCH¿CO0H

^

I il 
-+ 

t- !\-/ v
XLIX.

acids form nicotinuric (LI.) and

respectively (l.arke , 1968h ) .

¿>(0ONHCFrzc00Htil
\-./-0H

LÏ. LII "

GlycÍne conjugates are also formecÌ by conpounds such as phenyJ-acetic

acÍd (a substituted acetic acid), cinnamic aci<l (a p-substituted

acrylic acid), and cholic acid (a steroid acicl). Aliphatic

carboxyli.c acids do not conjugate with glycine (Parke, 1968h).

This type of conjugatlon is a three-step rnitochondrial

reaction: firstly, activation of the carboxyl group with ATP to

form R-CO-A}4P (Ai\iP is adenosine monophosphate), which is util.ised

for the forrnation of an acyl CoA in+.ermediate. This product is
then condensed v¡ith glycine to give the hippuric acidr âs shorvn

here (Kellerman, 1958)"



RCOOH + ATP,:.

ñ,. 
^ 

QU:Luuitùn.'
RC0-Al-1P -------+

CoASII

Y;ATF - .¿\denosine triphosphate
e,.CoASH üoenzyme A

Al.though l.ittle research has been done on conjugated

metabolítes of l{*alky}aromatic amines, the pathrtrays described

here (glucuronide, ethereal sulphate, glutathione, acetyJ- and

glycine conjugation) are the most feasible detoxication routes

ínsofal' as the compounds rn qriestion are concernedo

RûOSCoA + AI'ÏP
I

lu^t¡cH^cooltl¿z
I

I

oNl-lci't2cOoH r-



26-

rv. F$IEROHEpJLrq_crRcrlLArTOrü A-Ìip_ BrtrARï F_x-cJtFTT_gN_0¿,E0FqIç-t{

COMPOUNDS

The secretion of a drug-in the blle may be an frnportant

factor f¡r influencing the pharmacological propertles of Ëhat

drug (S¡roith, 1966). An iraportant corrsequence of bll1ary exeretion

le that e compound nay undergo the process knortrn as entero-

hepatie eireulatíon" Following adminlstration sf a drug b1, any

route, the drug enters the bl-oodstream. Metabolism, lf ft does

occur, takes place mainly 1n the liver" If the drug enters the

bile duct ft will be passed into the gut, from which ít may be

either reabsorbed and recirculatedr op excreted 1n the faeceso

If the compound is reclrcul"ated, the efficieney of the lfver in
i'€-G:ccr.ctiüg the coupoünd ås an inportant facta¡-o ihis efficiency

nust be considered in relatlon to the efflcacy of competÍng

excretory mechanfsns sueh as the kidney. Extra-hepatfc elfmina-

tion w111 deerease the total amount of drug available for re-

cycllng. thus, a compound detected in the bile could st'íll be

excreted fn the kÍdneys in view of this competing mechanism

lnvolved Ín enterohepatlc cfreulationn Usually, however, a drug

lnvolved 1n true enterohepatic circulatfon v¡ilf be excreted in
the faeces, and it ls therefore hazardous to assuee that if a

drug is adninlstered orally and is detected in the faeces, then

1t ls not being absorbedo Parenteral adnlnlstratl"on w111 sub-

sùantiate enterohepatic circulation as faecal excretion of the

drug w111 sttll üake place. The following diagran explains the

process o
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-*+Kf"dneys--+Urine

Portal-
Sryst,eB

An obvi<:l¡s resul.t of this process is that a forelgn

eompounú might persisü 1n &ìre bod¡, for unduly long periods, Thie

has beer.r found for morphfne (ïíoods , J95¿+) and glutethimide

(KeberLe 99 eå" e Lg62) ln dog4s and for dÍgitoxí¡r fn man (flIclta

gg gI" u L95t+1 ,

' The meehanåsíñ':u-y l'iäíeh eompound.s pess from the }åver

into the bine fs consldered to pnoceeel ln the folfo$tilxg ruanner

(Sche.r;.ker, L962j. 'lhe compoirnd fs firet absorbed fnom the blood

of the hepat,fc så¡lusoåds lnto the hepatåc parenel:ymal cellsu and

then fs either transfenred ln a metairolfsed or conjugated form

into the biles oF alternately is returned to the sínusof.ds,

ultÍriately to be excreted by the kldn@Ysr as shown by the

enel-osed part of the dlagram, The hepatie parenchymal cells

have highl-y permeable raembranes, providÍng e. porous boundary

beêvreen blood and bÍlen The pas$åge of most nolecules and. lons

smaller than proteins ,f-s'thus faeí1ltateC" I{any substances have

been shorvn to appear fn the båle in concentrat'ions sl!ûflar Èo the

pJ-asma concentratlonr_:--i.* a sÍmple dåffusåon proces€ (snnitho

1966). Such compourds :{ns--'J:i.lde glueose, the íons Nu*, K+ and CI-

and the glucuronide .1,¡i,,*::.,-.inophenol" But highly polar compounds

such as bi.le sa1tr. bi¿ii'.Íuin glucuronlde and conjugaües of sone

onIarcu
I
It
I

vgu'

.L

I 
aiti

Gut Faeees
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foreígn conpounds were found ùo be elçcreted ln much hlgher

concentrations by a process of acti.re transptrto Brauer ß959)

has determíned that, in order to engåge fn +*hls active transportt,

compounds ¡aust meet three eonditíone: (1) be presenÈ fn Èhe

blood as anlons; l2l have a molecuJ-ar v+eÍgh.t greater ühan 3OO;

and (3) bei bound to plasma proteíns. Á,n åncrease in molecular

wefght is accsmpanled by an lncrease in båIfary exeret,åono For

exampì-e, the glucuronide of ls*hydroxybiphenyl ($'l.IoI" 3&6) is

exeretecl as 58 per cent of the dose 1n the Zi+-hour bile of raüst

whlle that of g-aminophenoJ- (M"trf" 2851 is not, excrefled at' all
(Wflliams et å1", L9651 " A free hydroxyl group also appears to

increase biliary excretlon of a compound, as ¿F¡&r-dihyctroxybíphenyl

nonoglucuronlde (M.W" 36Zl is excreted as 92 pereent of 'Lhe dose

of the parent corupound. The only conJugaüícn nechanåsns known

definltely to be prominent in ma'nmalfan bilfary excretion are

those involving glucuronic aeidu ethereâI sulphate, hS.ppuric acid

and glutathione, the most inportant of these being glucuronle

acid (Smith, L965\. Polar compounds ¡vhj.ch have beeome eonjugat,ed

nay be hydrolysed by intestlnal flora or enuy&es (gJ.ucuronf.dase,

sulphatase) príor to being reabsorbed from the guto

, The phthaleln dyes, fluorescel.n and sulphobromophthaleln

(BSP), have been used r+idely 1n bllÍary excretlon studieer âs

u¡elL as dlagnostlc agents 1n gall bladder exanlnationo Krebs

and Brauer (1958) found at least fi.ve metabolltes of, BSP 1n the

btle of the rat, cat, dog, sheep and chlcken, and except for the

Iast specíes, llttle unchanged BSP ruas excreted. These metabollÈes

are lfkely anino acfd conJugates of BSP wfth glycine arrd gluta¡nic
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âr.irì r^¡h'inh l''âve been identiftecl cn hltdrolysi.s of the conjugates.--."
(Combes, l-959)" 

. 
Halogena.tion of fluorescein markedly increases

bil.iary excretion with a concomitant d.ecrease in urinary

excretion (t,'ebb É g1,." , L962).

0n1y those sulphonamÍcles which a.re themselr"es

suffi-ciently Frolar or are metabolised to polar conjuga.tes appear

in the bjle to a sigrrificant extent (l'Iilliams et â].r. tg65).

Sulphadimethoxine is one of'the few sulpha drugs to be excreted

more than five percent of the dose in the bile. The Nl-

glucuronide of tìris compound Ís excreted ex.tensively (66 percent )

in the bi-1e of rats, and is also the main metabolite found in
huma.n urine. fn rat urine, however, the Nlu-aceiyl- derivative is
of greater importance (eridges et al. n 196l+). It is possibl-e

tha.t the long act.ion o-f sulphadi::rethoxine is associated lvith

bilÍary excretion of the glucuronide, whieh on hydrolysis in the

gut r^rould yield free suJ-phadimethoxine again" ThÍs could be

absorbed and thus set up an enterohepatic circulation of the drug

(lrlill-iams et âI. r L965) "
Little information is avail-abfe in the literature on

the manner in which the metabolítes of the I'[-alkylarornatic amines

are conjugated, nor is t-here much Ínformation concerning the

biliary excretion of aromatib amines in general. Less than 0.5

percent of the dose of aniline administered tc rats is excreted

as triliarSr metabolites (t¡tilliams et al., 1965) " Hole'¡er, 26

percent of the ciose of diphen¡rlamíne ad¡rinistered, to rats has

been found to be excreted in the bile (Alexander, it965). ït
was therefore considered that some of the rnetabolites of the N-



alhyiaromat,lc {lniåneìs r.rhl.*h çn conjugeti-on couÏd. :frie}d eoepounds

$rieh moleeu.lå* yuights o.f 3C0 or.more might be excre+-r,ed. Ín the

bí].e åEd å.s s. resuit, the structure of the N-a1k5'1.¿romatie å.mine

wi.th respecÈ to th.e såcle chaårrn rnàght have some effecÐ on blliary
exflretiGn"
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p-Arrrinophenol- '{2.18 g, , 0"02 motes ) ín v¡ater" (30 nl. i was ireated

'..1 aclo \I"53 Êo ¡ 0"01 moles) was added clropv,rise and the mixture

'. warmed under nit::ogen for 10 mj-nu.tes. The crude product was

i filt,ered afier cooliug ancl clried under nicrogen. P.ecr-¡rst,allisa-

tion was effectecL from water" Ínopo 225-Z.Z60C, (decom;c, )

Calcrr.Lateci for tnHrrOrN: C, 59,66'fi; H, ó.72fo

FounrJ foi' CgHi'Ojl{: C, 5?^OIl,,: Il, 6"OA"/o

The 0*benzoate was prepa.red accorcling to the Schot'Len-

Eaumann methocl (Vogel , I)66a) in which 2-(4-hydroxyphenylaninoi

propanoic acid (¿OO rng") h,'âs dissolved in IC percent sodium

hydr:oxide solutÍcn (20 rnl.), Â Ia::ge excess of benzoyl chloride

(2"A mI.) v\¡as added and the mixture shaken in a stopperecÌ fl-ask

foy' one minute. The crude benz,oate was fi.l-tered and recrysta]lised

from dilute ethanol or ethanol/ethyl acetate. rílop" 2O3-2A50C,

( deconp, )

Calculated f or Cr6Hrr0UIü: C ! 6l ")6'/'; H, 5 "3O%

Fc,irrrci for Cl6Hf50¿rN: C, 67"72f'; H, 5.53%

The eouival-ent weight of the O-benzoate wasì determinecl ì:y

dissolving 0.2853 gn in aqueous ethanol (ZS mf ")" Ernploying the

I4etrohm Potentiograph '8336, the sample vrers tit.rated with .

standardised sodiu¡n Ìrydroxide sol-ution.' The equivalent, v,reight
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was fou-nd to be 295"7 (theoretical , 285"3j. An inf'rared spectrum

of ihe se:nple orÌ a Beckman rR I fr'lf'rared specti.ophoÈonieter

incìicated signifícant freoue¡lci-es at 3050 cn¡-I aud 16?C cffi*I.

coï'Ì'espcnding to seconcary aronatíc amÍne and the stretching
freouenc)' of the carbonyl groupr rêspectiveJ-y.

Several techniques were er:nployed in attempts to prepare

an acetate derivative of 2-(4-hydroxyphenylaminc) propanoic acid.
Refluxing tire parent compound with reclistilled acetic anhydride

for ten mj-nutes, Lhen pouring the mixture into ice water (Vogeì.,

1966¿) prcduced only starting material, indicar,ing that acetyla-
tion hacl not been successful" Heating on a v¡ater bath in place

of refluxing yielded a gummy mass r.rhich could nct be recrystaJ-lised"

The method. of Shriner, Fuson and Curtin (1965) for the preparation

of acet,amides f rom arnines, employing aceti"c anh.yriride and soriium

acetate, dicl not give a product, even after chilli-ng overnighto

No product was obtained according to the naethod of voger (I966b)

for acetylation of phenols. Under all of these conditions the

isolation of a crystalline acetate was not accomplished"

Attempts to prepare a p-toluenesulphonate derivative
were equally unsuccessful-. RefLuxing 2-(4.-hydroxyphenylaminc)-

propanoic acid, p-toluenesurphonyr chloride and pyridine (vcge1,

r966a) for 15 minutes gave a tarry mass r.¡hen the mixture hras

poured intc ice water. Extracbion of the ice water with ether,
then washing the ether layer with dilute h]'drochloric acid and

dilut,e sodi¡rm hydroxÍde, dr¡'ing over molecul-ar sieves and

evaporating the ether on a Rinco rotar¡' evaporator failed to
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' el.arify the Êarry nas$ " Á.n oil resulted under the condÍtlons of
i the Schotten-Baumann reae'tion, reþlacing benzoyl chlorfde wíth

i p,-toLuenesulphonyl ehlorídeê

: 2. Ê:lL:F_Xgge{y.p}q4}åq4liLö } Þ.rypen
'. 

. .: '.. :.-,,:,,:,..1 Sg.tqlH)'qqqç4]ql-é-.çle,

; 2-(lç-hydroxyphenylamino) propanoíc acld (2.0 g.) FraE

nlxed wlt'h methanol (200 ml.)u and dry hydrogen chJ.orlde gas

....,.,: bubbled through for 10 mlnutes. The reeulÈing soluüfon was

. . ..,.,1 ref}uxed for .8 hours, then allowerl to sit overnÍght, After cor-

eentrabíng the solutlon to 5 mio orr a w-ater baÊh and cooJ.lng,

dry ether (25 ml.) Ìsas added and the nixture st.frred constantly
for ]0 mLnutes" The crude nethyJ- ester hydrochloride, precipftat-
lng as a white powder, was filt,ered and recrystallised from sì¡per

dry ethanol/dry ether and from ethanol/et,hyl acetåtee rnopa 1S5o0.

(deconp" )

Caleulated for
Found for CfOHf,*03NCI: C, 5L,98/"; H, 6.A5f'

Attempts at the synthesis of the ryrethyl ester hydrochloride
employfng diazomethane as prepared fron DÍazald according to the

method of Aldrich chemicals (Aldrich chenical co, catalogue,

1967-68) were unsuccessfulo

B" pEVErOplmNT OF SEVqRçE rsOTOpE ÐlrUTrol\r lECtlNIgr{EË

j 1. Siggþted LIfiEê ExJ:eliment _for Pt-
0-Benzoatq of 2-(l+-hydroxvphgng_1amÍnol p{opanolc Acíd

2-(t¡*hydroxyphenyl"a¡nino) propanoic acid (O.5 g. )¡
r concentrated hydrochlorlc acid (2r0 ml" ) and water (10 mL. ) were

, subJected to hydrolysls 1n a Presto Pr'essure Cooker at L5 p.s"i.

CfOHI¿*O3NCl: C,5t"Ü)%; Hr 6"O9/"
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for one hour" Âf't,er coor1ng, the sample wa.s benzoylatect

under the conditions of the Schot,ten-Bau.mann reacÈion, previously

clescribed" The resulÈíng white solfd was identlcal in all
res;rects to t,he ¡'efe,:"ence benzoatê, HyclrolysÍng on a water bath

ratirer than in a pre$sure cooker ylelded the sane results. Ttrfs

Ínriåcated that.the ¡:arent acíd'was stable under the conditions

whåch were to be uüíLÍsed 1n urinary experimenüso

2n .älquE [flr¡Þ E¡peflg¡çnt,s

åo Q:ggnzoggs_of e-.t¿:hvqËo yp

acfd

Many variations of the urÍne hydroll'sts procedure

prevíously employecl by sitar (196S) and rhÍessen (Lg6g) in these

laboratories were attempted to determlne whether the O-benzoate

could be i.solateei as ê. suit,able derivatlve of the euspected

meiabollte, 2-(4-hydroxyphenylanino) propanoÍc acido A sanple

of thfs acfd (97.t mg"), blank 2te-hour rat uríne (lO"O mI.) and

concentrated hydrochloric acid (2,0 ml") Ì{ere hydrelysed for one

horq (Presto Pressure cooker, L5 p.sol.) and the pH adJusted to
5.0 v¡ith sodium hydroxide" Fol-l-owing continuous ether extraetion
for 3 hours, the aqueous and ether fractíons Erere seçrarated. The

ether was evaporated to dryness and the resldue taken up in water"

Both thls fraction ancl the equeous fraetion were subJeeted to
benzoylatlon vla the Schotten*Baumann reacüioþ. Both fractlons
ytelded olls whfch eourd not be recrystallised. By adding only
enough concenbrated hydroehlorÍc acid to produce a pH of j.og

and onitt,ing t,he hydrolysf.s procedure, a gwnmy solid was isolated
from benzoylation of the aqueous fraetlon. I'.,tren run on thi.n

::":tr. r.1r.
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layer chronratogra'1rhy' v,:fth water as the soJ.veirt, a faÍnt spot

r'ras de'Oecteci at ll.f 0"66, the value for the reference benzoate,

but most c'f t,he inate¡'ia-l re¡oained a.t the origin" llhen the

hydr"olysis rras carrled out, in a sirníIar tnanner by heating on a

water bath, folì-o.øed by direct benzoylation¡ a grlmmy solíd was

agafn prod.ucedo whÍch eouLd not be recrystallised from ethyl
acetate/ethanol, Bubbling nitrogen through 1:he mixture during

hydrolysís t"¡as ineffective" This gu¡n was dissolved in ethanol

ZOf"/ether and extracted with dilute hydrochlorÍc aeid. The acid

layer was adjusted t,o pH 5"0 and re-extracted wÍth ether, then

both et,her fractions were run on thin layer chromatography, wÍth
water as the solvent. [i$ii;*.äi'T.r,O.?0, corresponding to the

refe¡'ence benzoate, was detected in the seeond ether fraction.
Both the spot ancl Èhe reference gave a blue colour wÍth Gibbts

reagent. The produet could not be isolated from the seeond ether

layer and replaci.ng ether with chl-oroform presented similar
difficulties, even though the benzoate was again det,eetable on

thj.n layer chronatography.

PurÍfi.cation of t,he crude benzoate was then attempted

using thíck layer chromatography. The erude benzoate produeed

after hydroJ.ysís of blank urine sarnples on a rr¡aüer bath was

dissolved in ethanol and the concentrated solution streaked onto

thick layer plates r'kwhich were then developed in water. Bands

vrere noted at the origÍn (Band I) and at Rf 0,65 to o"7o (Band II)
Both bands were removed from the plate and extracted. The

extracts were then concent.rat,ed and examined by thin layer
chromatography. Band r showed a single spot at the origÍn, Band

v¡Sl1ica gel GF-25k acc..to stahl was the absorbent ernployed.
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IT a single spot et Rf 0"68, ind-icating sera::.atio¡r of unwanted

constj-üuerrt,s by thick layer chros¡a_tograpiiy, Recovery of tlie
benzcate ruas not possible " Ultr.aviolet sca.nni-ng of tl¡e ethanol
solui;icrr frorn the orígÍn (ultrasc-an) fail-ed to gíve a defínect

peako The other ethanol fract:ion showe,l a u,avelength of maximum

absrirptÍcn (^*u*) at 2?8 ny. The reference berrzoate has

max at Tt+r np; benzoic acj.d ai zlo m¡t. As a result c¡f this
st'udy, åt r*as concluded that benzoic acid. hacl been recovered.o

The experÍment.,¡¡as repeatecl as above, except that t,he plates were

run initially ín chloroform. The origin roas again removed and

examined by thin layer ehromatography" The reference berrzoate

could not be further det,ec.bedo

Dfrect benzo¡rf¿tion in the urine **as atternptedu omit,ting
the hydrcl¡'s1* procedu.i-e" 2*(4-hydroxyphenylamino) propanoic

acid (0.5 g.) vras ciissolved Ín water (10 mi") and concentrated
hydrochlorÍc aeid (2 ml.)u then an equal vol..ume of bl"ank urj.ne
(12 mI"J added" Benzoylation was carried oub as cleseri.bed

previously. p^ yellow solid resulted, but on t,hin layer Ín water
dlffused frcm the orÍgin to Rf 0,20, although a di-stinct spot at
Rt 0"?0 rrras detectable" Blank urine was found to have R,' values
in the same solvent system of 0.J0u 0,j3, 0"68 and 0.90u

Reference benzoabe in blank'urine gave varues of 0.JJ, a.jz, o"Z0
anel 0"90" Benzoylation of bl.ank urine produces a soli.d procluct,
diffusing o¡r thin layer in v¿ater with no distinct spot,s" These

resurts Índicated formation of a mixture of compounds whi.ch

could not readÍJ-y be separated, a¡rd therefore the method was
:i.rejected"
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In a final experirnent, 2-(4-hydroxyphenylamino)

propanoic acid was addeci directly to blank urine and benzoylated

tqith benzo¡'f chloride in the presence of sodiun hydroxide" The

solid was filtered and boiled in water to remove water-soluble

ímpurities" 0n cooling, a white crystallíne precipitate appeared"

This precipitate hras found. to melt at I22oC., to have an equivalent
weight or r22,o (determined potentiometrícalIy) and to give an

anil.ide derivative melting at L59oc, , thus identifying the product

as benzoic acid. The yel--low compound which did not dissolve in
boiling water vras recrysballised from dilute ethanol, and found

Ðo be the crude benzoate desired^ (n.p. }OO-àO?oC,, decornp.).

However, ttre product could not be further purified."

Thusr ro suitabl"e rnethod was found to isolate the

benzoate derÍvative of the p-hydroxy acid from blank urine in a

pure form, and therefore alternative reverse isotope dilution
procedures were soughto

bo Mrethyl esLel hydrochloride of 2-(4-hvdroxy-
phenylamino l_propanoi c acid

AIl experiments rvere initiated. as follows t 2-(l¿-hydroxy-

phenylamino) propanoic acid (200 mg.), blank urine (10 ml"),
water (10 mI") and concentrated hydrochloric acid !ùere subjected

to hydrolysis on a water bath for one hour. The pH was acljusted

to 5.0 vrith amn,onia, and the sample lyophilised overnight on a

Virtis lyophiliser. The freeze-drleci residue was refluxed for
I hours in methanol (200 ml.) t,hrough which dry hyclrogen chloride
gas had been bubbled for 10 minutes, then reduced in volume (to

5 ml") by e'raporatíon on a water bath. Various method,s were
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ernpl.oyeci to isol-ate the nreth¡'1 es'üer hirc¿::ochioriale a.t, 1;his poin¿:

(i) The concenti'&Èe r.,rÐ.s taken up in v¡at,e;'{20 ml"),
neullral-ised wil;h ammoni-a e extract(id iv,,ice níih ebher and the

ether f::a.ction r^Iâshed l¡ri'bh a s¡na].l arûcuÌ1t c,f sodium bicarbonate

solut j-on and drlecl with sodi.u.m sulphate " Ðr'i' hydrogen chloride
gas lt'âs bubbled through 'Lhe driect ether so-luLion to precipitate
the rnethyl ester h]'drochl-orÌide, but an oily residue resulted

B'hich corrld not be recrystallised from petroleuin etirer/etha¡ic¡l

or ethanol, Atternpts to prepare an O-benzoale or O-t,osyJ-ate of
the crude methy-l ester hydrochloride were also unsuccessfuio An

aqueous sampl-e (treaied exactly as above, buc vrithout urine)

behave,l'identically, Examination of the. ether extracts from botir

samples on thin layer in isopropanol l5/'/benzene gave R. riâlues

of O.55 to 0"70, iui.ning pui'pJ-e, then bro"'¡nu ",i:'Lih Gibb?s reagerlt.

(ií) Dr;, ether (2.5 nt") was addeci j-n an attenrpt to
precipitate t,he crude methyl ester hydrocìrlorider âs described

Ín the preparation of the compound in question" Á. v¡hite soLict

precÍpitated. 0n spotiíng both this solid and the liquld on

thin Ia1"er and cleveloping in butanol, the meihyl ester hydro-

chl-oride was found to be in the nethanol/ether frac&j.on.

Evaporat j-on of this fraction to dryness, however, yielcled a dark

brorvn 11quid"

(iii) ffre concentrate was streaked onLo thick ì-ayer

plates and developed in butanof " Tkre bancl corresponciing to the

methyl este:: hydrochloricie (Rf 0.85) was rennoved, boiled in
ethanols fíltered, and ether added dropwise to precipÍtate the
product" Again¡ tro product could be isola.teei"



*39*

(ívi a sfJ-iea gel e el"umn v¡as prepared fro¡a a slurry

i ln ethyl a.cetate, The coneentrate 'øas pipetteel onto the colunn

årìa elubed wåtlt e'chyl ae ef;at.€. Six fractions v,,"ere collecî;ed,"

:.: Ìr?hen t,esicd. rsitlr Gl'uTres rc:agen'f:u the fir.st three {'ractf oac gave
.. ':. ..;.,, & ¡:csltfve *olour re+¿ctj"ein for the meÈhyl ester h}¡drochloride,

ì ûn examånæ.f,i.on of these fraetlons on thln laysr ehror¿atogrems

fn butanol-o tÌre procì.uet appeared only ln the fir"st two fraetfons.

Ëvaporating theee frêåc.tlons Èo dryneso prc.ctueed e badly deeomposed

,. ', r,,,. gclfd"

(v) A seeond column r,sas prepaz.ed frorn a siurr"y af

: sj"l-åea geL -iin bensene" The eoncentrateu absort¡ed o:r si.Líea &eLs

i w*u aCeee to the $op of, the col,umn. The follor+ång solvenÐs Ìrrere

i run ÊhrougFr tÌ:e cohunn (5CI ¡nl. each): beRsene; benzene/et,hyl

a&e t3:¿l; cthy). aceÈate ï ethyl ae e&atey'et,ha¡roi {3:t¡" ün}y, aeet

, the flnal elutlng fraeti.en gave a poeitlve tesÐ for the rietlryl

i ester hydnochloråde on thån layer in butanolu using ülbbes

i reegent for def;eet.åon. Thås fracÈton, plus the eontenÈs of the
. :.,. 

::,,,;.,'.::) column wcre mlxed with methanol- (j.CIO n1") througlr whÍeh dry ,,

....'|..)hyrtrGgenehI.oridega-slradbeetrbubb}edforJminrrtes'AfËer
''..: .'

i fil.terlng, thr€ solu'båo¡¡ was eyaporaÊeci to drynr,''iu Attempts to
t-recryseaJ-1.íse the resídue from etlyl- aeetate/e:iir¿lnol were

; ::ï,i .

,, u,n.succeseful" Á-s sor¡e solåd díd not dlssclveu both this solid
.

':. _.- l
.. j

end t"he f íltrate were examår¡ed on thÍn J-ayer chro¡natogrålris r

nsf ng butanol a$ the deveiop5.rrg solvent, The nethyl est,er

; hydrochlorfcLe could not be deteeted in the solfd, portíonu

,HCIsleveroaspoÈecrrtgpend,lngtotheesterwas}oeated1nthe
..'.-'
,.,i.,:,j fåLtrate* The filtrat,e w&,s cvaporated t,o 3 mlo and plaeed onto
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a sål-Lca geJ- coÏtutn elu-ruied w-jutlr benaene" Thls Fåmple þ¡ê.$

cluted vritlx butaneÏ (.t0 mt.¡ and.r¿Íth eÈ!'ryå aeetate {e x 4CI ml"}
to r€nieire lmpuri.tÌesu frhen the ccl-uxnn cantents b¡ere extracted
wibh eühanolu fÍJ.tc,:red a¡:.d eth3r] acetate added f.r¡. axr attempb to
precåpåtate the methyi. ester hydroehloríde" frxa.mån¿¿tion of ti:e

coneentr'ated extract inctieated thaË the eompeiund was stålf fn the

solutåc¡r" Evaporat,åon of blråç eoïr¿üion t,o dryness prod.uced a

dark b¡"otm oiJ-o which ec¡u3,ri r¡ot be ft¡rt,her pur:ified* Thê sotld
whfch preeÍpftabed and was ånsolu"r,le ln eüiryl ecctate/ethanol

was thought to be amrnonium ehÌo¡:fde, formed fn the orÍgfnal,
neutralisaÈion prreess follovrång hydrolysås"

g"_:jg&qåkÆffiIru$ÏË

1* . ll¡+q+få Feçretåqq _E-xs_ç¿lqie{ì!s,

& e tolleet,ion cf y.::å:re

. Fiai-e Sprague*üavrley r"at,$ (j50*¿+00 g") r,qere each

lnJee9ed íntraperitoneally wft,h an aqueou$ eoluÈíon (3 ml" i of
N-f.seprapylani.l-in*-I&C hydroetiloriCe (15 meu free base/Kg.i.

The ratn were each isolated in rnetabolÍsm eages (Acme), and

urine samples eolleeted after 24r hours, The urlne was then

centrifuged and eif:Ìrer made up to 25o0 m], e.fth u'ater¡ Õr freese-
dv"ied and made up to 10"CI ml. r*ith waËer. The samples were

frozen untÍl used for ehroma*r,ographyo hydrolysi"s studies¡ or
reverse ísotope dilutj"on experåmentsu

b n Peper S-hfgqegq4qeJ>þi-,9*g*rÆLes_!_{ e gn.tugåred

ssgebptggee

Sarnples of urfne:(O*l ml") were streaked onto 
l

chromat,ograph paper and developed by ascending chromat,ography in
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chloroform {stationar-v phase} ; n-butanoly'annronÍa 20:l- (mobile

phase) (solvent systern I) and in n-butanol./gJ,acial acetic acid/

water B:2:2 (solvent system fI). Af'ter developrnerit, the paper

strips were scan:red -for ::adioacti-¡ity, The latter system

inrìicated three metaholítes, I (Rf 0.4.5u major peak), II (Rf 0,25)

ancl lÏl (Rr O "69),
LaT"ger quantities of the pealc I and II metabolites !{ere

obtained by streaking chromatograrns (6 in. wide) with urine

(0,5 r:rl-. ) and developing in solvent system fI. Portions of these

chromatograms r^rere scanired for rad-ioactivity and the areas

corresponding to the metabolites eluted from the papers with

water (100 ml. )" The sol-lr;:l**:i .*el'Ê then lyophilised"
(i ) 1r.Li.d__þl¿drql:¡siq o{ the _glíåe

Iìydr-olysis af the urine sarnple (1 ml") r.¿as carried out

under acid condÍtions (five drops of concentrated hydi"ochloric

acid) on a water bath for one hour'. The hydrolysate (0"1 mI" )

was streaked onto chromatograph paper, run in solvent system II
and scanned for radioactivity.

(ii ) F-ßluc_ur-gnidaç;g*h)'dtolygis of the .g{ine

Urine samples hrere hyclrolysed lvith p-elucuronidase by

incuba+-ing urine (0.5 ml" ) in pH 6.8 phosphate buffer (0"5 mI, )

and p-elucuronidase solutio;,,.,(1 rnl") on a metabolic shaker for
four hours at 37oC" Aliquots of the hydrotysed sol-utions were

examined on paper chromato{{Êms in sol'u.ent system ff 
"

The freeze-dried r*;sidue, coresponding to peak I'
the major metaboLite, was.*¡1--,,'. up in water (5 mf . ), then pH 6"8

phosphate buffer (5 mf,) *n;,p-glucuronidase solution ( 2 nI.)
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added" Followi-ng incubatio:'iu Lhe rnixture n'as fr-eeze-drj-eci" The

re$iclue wâs taken up in eflhairol,'fÍ-lteredÎ and t.he filtrate
r:edu.ced to 1 ml. under iritrogen, The entj,l:e sol-utj-on v¡as

stv'eaked onfo Þaper chromatc;Êråmg anrl d.eve-l-opcd in sol-vent

ctre* ¿¡m TTv.Jvvvt.. eLø

( i i i. ) sr+f,prra-t-a.jlg -hv4rel-y.gtåSL-!¡-e*gf.lne.
The single peak result:i-ng from ihe fi-Stucuronidase

experiment just described was elul;e.i. off the paper rr'ith vuatei'

anci freeze-dried" The residue v¡as taken up j.n water (3 mI")r
pt{ J.0 acetate buffer (2 rnl.) and sulphatase solution (Z mI")

and. íncubated as for p-elucuronj-dase LrydroJ-ysis, The residueo

after freeze-drying! was dj-ssolved in ethanol, chrornatographed

Ín solvent systern II and scanned f'or raclí.oactivity.

c . lç:-e rjge iqq_u_q pS_dl_llt iq*Il_ *sj.ßi_eE

An aliquot of urine (10,0 ml,), concentrated hydro-

chloríc acici (2 rnl" ), water (5 nl, ) anrj 2-({-hyOroxyphenytamino)

propanoic acid (O.2OQ5 g" ) were hydrolysed, neut,ralísed., and

extractecl with ether as described for ì:lank urine experiments,

The aqueous portion was freeze-dried. and the residue refluxed in
me'bhanol./nydrochloric acÍd for eÍ-ght, hours. The solvent lvas

evaporated off , the residue taken up in wa[er, iieutral-isedo

ether extracted, and the ether layer washed with sociÍurn

bicarbonate solution, dried with sod.iu¡r suiphate, and con*

centrated Lo 5 m]" Portions of this concentrate were streaked

onto thin layer plates and. developed in isopropanol l5fr/benzene;

ethyt acetate zoff/pel-roleum ether (66-75oC"); and. water" The

bands visible under short-lvavelengih ul-travlclet light, h¡ere

' ::,1,:---.,.-.:.::.: : :'r:
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removed from ilie plates and prepareC fc¡r LiqriiC scj-ritil-lation
counLíng. Blank bands of r¡:i.ri¡iIer". l+j.itÌ:l wer:e cou.nt,eci. concurrentl-y,

Attempis to isoi-ate the met.iryì. ester h)rdrochloi'ide a.s a crystal-
lilre sol-ici for l-icuid scinLil-l-atio¡r couniing rtrere urlsuccessful"

fn an ât{-.erûpt to ldeni:ífy tlie minor metabolite (Il)
cle"õectecl on scanning of chroma.tographic strips, the residue froni

this peal< (prevíous1-;' eiuted frorn the paper and freeze-cìt:ieci)

v\ras taken up Ín water (20 rn}"), then 2-({-hydroxyphenylamino)

prr:panoÍc acid (0.2 g") and concentra.ted hydrochloric acid

(2 ml. ) arlded. Fol.lowíng hyctroJ.ysis on a. hïater batli for one

hour, the sarnple wås neutralised to pH 7"0 rvitir soclium hyCr-oxide

and. freeze-d¡:ieri. This resi-due was refluxed in netha-nol/hydro-

chloric aeid fcr eight hoursu after fj-ltering off the insolu.ble

sodium chloriCe" T'he ,nethancl eolution l';as concentratcd tc

J mI, x then dry et,her added in an attempt io forra the crude

methyl ester hydrochi-oride" An oil fo::.ned, which on dissolving
in water and lyophi.lising, could not be j.nduced to solÍ.dify"
Portions of this residue were streaked onto thÍn layer plates

and cleveloped in butanol, in isopropanol l5/"/benzene and ín

water. The spots which corresponded to the R" vaLues of the

reference meth¡'l ester hydrochloride were rernoved from the

plates and counted for racÌloactivity. Atteropts to recrystaLlise
the rema.inder of the oily residue b,]. addÍtion of reference methyl

ester h)¡drochloride l{ere unsuccessful"

2. H}Ågry- Excfe.tiqql EXp_er:tug}åq

â, Collection of bil-e

I{aIe Sprague-Darrrley rats (400-4"50 g, ) were
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anaesthetiseC v¡ith urei,hane o adrninistered i.ntraperitonealJ-y

(?80 .m¿g.fi.,g" ), .'lhe bii.e. duct-, n'as. isofateC ancl cannulatedo and

ei thei: IrT*iso't-.utyLani-i-irr*-14C h;i-CrochJ-o::ídc (4" O mg. ) or* N-

isopropyJ-aniline*1&C hycl"o.ntoricle (3.0 rng" ) i¡r v,ra1:er. injected

Ínto t,he fe¡norar" vein" Bile vrae collectecl f'o-r perÍoCs up to

five houràr 1;hen made up to ]O"Q nl-" in a voiurnetric flask and

stor:ed at 0"C u

b " IgIe_r_qHqS3!"9gIC.pþ.iç-, ¡_!.g4iç_s _of *cqlr jug€rted

metabcli-tes

A sarnple of bij-e (0.1 ml," ) was streaked onto

chrornatograph paper and developed. by aseenditrg chr.ornatography

in either solvenb system l or fIo then scanned for radioacbivity"
Larger amounts of the rnet,abolites vrere separated b}' streaking

bile (0.5 ml" ) froin ra.ts injecLeC r,¡ibh i'i*isopropylanilinu-liC

hydiocliloride and developed in solvent system II" Sections of

the chrc¡matograms hrere scanneci and the radieia.ctive peaks elutecl

with lvater (10û mI. ), freeze-drieclu and reconstituted in 1"0 ml.

of water. Separation was confirmed b,y rechromatographi.ng the

separated peaks and scanning, /it least two rnetabolÍtes were

inclícated in approximately equal amounts: pealc I (crigin) and

peak II (Rf 0.26) 
"

(í ) Ilydrolysås of . coLjqgates

Experirnents were carried out onl}. on the bj.le of rats

injected with N-isopropytaniiinu-l4c hyCrochloride" .A sample

of bi.1e (1"0 mf")was hyclrolysed on a water bath a-fter acidifying
with concentrated hydrochloric acj.d (five drops), The ìrydrolysate

(0.1 rnl,) was s'ureaked onËo papelr, develc.rped Ín solvent system If,
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and scanned for racìioeictivl-ty . Biie samples were al-so h)rdrolysed

v,¡rith p*EìLucu:"oni.dase b5' incribating bile (0.5. nI. ) wiih pH 6"8

phosphat-.e bullf er (C" 5 rnl. ) and j;-gJ-ucurorriclase solution (1"0 rnl" )

on a shaker for four hours ai )7oC" The hycirol¡'s.âtes were

examÍned by påper chroniatography o

( ii ) IÊSg!¿fi_æ!.åps_sÍ_nsa,E-Tl. þy mqdi{rçd,

get¿-qå:e-.fs s3see;l! I utj o r
ïn a subsequent experÍnent with iil-isopropylanilin*-1&C

hydrochlorici.e, the residue f:'on'r peak II in bj-le (ivítkr the sam.e

F,,. value as pealc 1I Ín urine) i^ras subjeciecl to a ¡nodifi.ed fornr

'of reverse isotope dilution sj-mii.ar to that described under
. ' , |^\urinary experÍments (page h3), The freeze-dried resiC-ue,

2-({*hydroxyphenylamirro) propanoj-c acid (0"3 g"), lr¡ater (ZO ml")

and corlcentrated hycÌrochloric acid (2 rnL.) þ/ere hy'drolysed for
one hor-ir on a water bath" Follol','ing neutralisation with amrnonia,

the saniple was freeze*ciried, The residue tuas refluxed Ín
methanol-hycìrochloric aeid for eight hours, and the volume

reduced to J mL" The preeÍpitatÍng solid was recrystal-lised from i

ethyl acetate/ethanol and comparecl tc a known sarnple of the

compound in questÍ-on, The nieltirrg point of the solid was over

3COoC.r and the R, value did. not correspond to reference methyl

ester hydrochì.oride on thin layer chrornatography in butanol.

lîrreporating the ::enainirig solutÍcn to ciryness yielded a tarry
residue.

p-: ._ ç.iürg|,AtlçpuPrìI

1o TlÉl Leysg-gh{qge-t,qsig-Phx

Thin layer chrometography was ernployed e:itensively¡
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'ilsch f:r ai:tem.pts* tc¡ sei:era:t".* suspecterd meta-bolåtes fz.oin exüranectr.$

rnaterial end bo.cûmpå.re .sllspecflerJ raeû+,bo3i*.es io reference

s'ranclards v¿hose R, vaiuesi wer.e kncrcn" Thfck _la;rer- pJ-ateei

(1""t0 :rrra") and thin la5"sr ¡.,ì-e'0es .-(a"25 mru*) r",rere prepared usång

fluçrescc'r't si.Líca. ¿iel" {si]-f ca. ger tF*251r &cc¿ to st,ahl.) on a

Quiekfit apparatu.s u their flhir:kr¡.esis gsï"elÍned and kept consbant

by a fÍv"sd aperture spreader. l,Tat,erå.al spot&erå or¿ these. ptrates

r¿as d.etect,eel by åtn queneh$^ng Gf fluoreseence ..r,1: seen lvhen the
plaees h¡ere subJected tc short*wa.*¿e ultravlslet ]lghöo or by

colour rea.ctiçns then sprayed v¡åüh Gibbçs reagen¡u Ttlhen fulrther
purfffcation was desiredn barrds or spots Þ¡ere s*raped from t,he

plate$ and e>ttra.cted wi-th eth¡¿¿r¡c,.!-" Tl:e sil.iela gel r*as fíltered
off and the soluËåon eoneentrated to a r¡oiu¡ne sui"tabLe for further
n hwa** * ^ 

p*a *h ic or rE;.di-oact år¡l-f, jr studå gs *vvår q,¿ålir+e u¿ ¿ É¡.\4.4UGv U ¿ r -'! \rJ ù¡ (¿ (.i,t¡.¿tiÞ e

2" &å,9åshrqmeggssepþy-

Paper chro¡naÈslgra.phy was emple,yed in a.nitr-aJ- experln'rent,s

to detertnl¡re the properties of the heret,ofore unfdentiflecl polar
met,åt'oLite(s) of N-isopropylan$-line. All urine and bile
preparatíons were spotted or streaked onto vth.atman No" j
ehromatograpiric pâ.per r¡tilis1¡rg en Agla micrcmeter syringe.
The paper systems were then deveJ"oped in either of the fol1owing
eohrent systems î

r: chlorofarrn (stai;ioi:ary phase) ; n*bubanor/e.n,nnon5.a

20:i (mob1le phase)"

IT: n-Butanol/gJ.acial aeetic acíd/water S:ZrZu
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i o åi s!t_i:!*.Le i..tuþå*U_s,t'å_ú"i]__8gsp!.åIe

& o ScíntÍ13atf on fl"t¡id

Tlie seint.iilæ.ti,on fluåd enployed 1n llquid scintilLa-
tf.on eountfng v;as compråsed of the formula:

PûP í?. rï*diphenyfq¡¿zele )

bi s*ivlSB lfrr s* { o*:raethyl.*

styry] ) *benaene]

Tseiprapanol (Baker Rea.gent)

Tolue¡:e (trishel" Reagent) q"s"

b u Tnterna.l- ste.ndard

In oreåer tr, * *wæytl csunt$ per minube (epm,) to

disf.ntegraÈÍons per ninute (dpm") in Ïåquid scintållaËlon

eôLlntfnËu 0"J- mi" of benaoie ae ld-l&ü* iapproximately ]CICIO dpåft."/

0"1 mI. u aceuraÈely knor,m) ån tolt¿ene was added.

Ç e Ueasu-lgp_e¡e q*"reêlçgg-bjyg*sgpprgÊ

tfquf-d sarapJ"es (0,i.0 to 0.&0 mI" ) were measured

direetly lnto countlng vials using an Agla rnicrometer syringe

and seintlllation fLuid (10.0 mI" ) added prior Ëo counting 1n a

Nuclear Chicago UnÍlux LiquÍ.d Seíntil-lation Counter, If the

ee{nt,illatfon f}uid was Rot conpletely miscible wÍth the J.iquid

samples, thlxotropåc ge-Ì..,(25A mg"/via1) was added" À11 counts

were converted to dpm, by the addition of internal- sbandard"

, SampJ-es rernoved from thin layer plates were extracbed fron the

sfl-íca gel wfth ethanole t!';,- siLÍea gel renoved by fíJ"tratÍonu

x" t f/, sceuracy (Neu i:-.,"*-;* Nuclear Corp", Boston¡ Massachusetts)

2o0 gn

0o0i+ g"

400"0 ml"

1000oCI mlo
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scÍntilJ-ation solvenl; {}0.0 nI" j added, and the samples counted

âs previously described"

d. Si-l$s-s$-åegå-c-eg"ti:ilg

In t,iris pi:cjec:t, the r¡i¡rj.mi:.m val^Íd radioactivity per

sample in bhe gl+.s.r counting viàl'nas taken to be. a count rate

of double the bacl;grouncl count, Since the bacliground counb

averåged 3 5 cpni. , and the eff iciency of the inst,rument r,üas about

70 percenb, the nrinimum vaticl radioacti¡¡ity required vsould be

50 dpm, per sam¡:l.e in the glass counting vial. Radioactivity

belorv 5C dp*. wliich, iacluding background, would yield a count

raûe of 70 cpm"r v,Ias nob consídered to be conclusive or signifÍcant"

' 2, *gnr3gg--+:*,jlle#*ii.glaqe
Paper chromatograxns þ,rere scanned for radioa.ctivity on a

Iiucl-ear Chicago Actigra.ph III" 'Íl-esults thus obtained were

^.,^ì.i+a+.io'^ ..*f ^^- +l^^ *^-...'t+.:h-" .!s¿u(r.,¿r..,o.,iveu unless Lhe result,ing scans blere integrated with a

Hughes-Cwens /iristo Planimeter,

The followj.ng instrumental- settings were kept constant

fo r all- scans:

Iligh voJ-tage 1050 V

TÍr¡e constant - ]CI s€co

Collimator slit t¡idth 12 mm.

Heliurn-bLt+.ân€ -Þressure 7 p,soio

Count ra.te 150 cpm", unless otherv¡ise specified,

. Scan speed 60 cff"/hT" e unl-ess otherv¡ise specified"

F. T{ATEF-TALS :'] ,

Dry hyctrogen -: ;;i;:,.,,: ;i':Ìe gas was gene:"ated by the action

of sulphurÍc acid ort ârT].ur;ri¿r-.*i"'chioricle, with a sulphuric acid
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Crying trap pl-aced between^ the generating flask and the outlet
tube t .

, 2-bromopropionic acid and p-aminophenol, employsd in
the synthesis of 2-({.-trydroxyphenytamino) propanoic acid, were

both technj.cal grades supplÍed by Aldrich Cheriical Co. Incn,

Milvraukee o ?iisconsin.

Silíca ge1 columns were prepared from a slurry of
reagent grade silica ge1 (gnH l-aboratory chenri.cals) in a suitable
organÍc solvent. The column of Quickfit gJ.ass measured 20 cÍl.

iå-'length, with a 2 cm. diameterc

Gibb ? s reagent , 2 ,6-díchloroquinoi:e-[-chloroimicle
(Aldr:-ch Chemical Co, fnc.) rn'as ernployed for chromatographic

spraying, as a one percent solution in ethanol"

N-isopropyJ-anilir,"-f4C hydrochloride ( uniformly

labeLled) was prepared previously in these l-aboratories and had
Ea specÍfic activity of 5.19586 x 102 dpm. /^g, (Thiessen, 1969) 

"

N-isobutylaniline-140 h),drochloride ( unifornrl¡,

labefled) was prepared previously in these laboratories and had

a specific activÍty of 3.8048 x 105 dpm. /*g. (Thiessen, J969).

The pH 6.8 phosphate buffef'employed in f-elucuronid.ase
hydrolysis studies was prepared by mixinE 37,8 ml. of 0.5 molar

potassium acid phosphate with 20.8 mI" of 0.5 nolar sodium

phosphate, and diluting with v¡ater to one litreo
The'pH J.O acetate buffelemplo¡rsd in sulphatase

h],drolysis experiments was prepared by rnixing 73"8 mlo of molar

a-cetic acid with 10.0 ml. of molar sodium h)'clroxide and diluting
v¡ith r,r,,ater to one IÍtre.

*Long¡ E. (1961) BÍochemÍstis Harrdbook, E. anrl F.ltl. Spon., London t þ,12o



F*glucur'or:Í-di:se u l,ri Lh a:r act,ivitl' of 55 r0OA unit s/g, ,

was supplied b)t. Sigma Che¡nÍca] C,J " , St. Louis, Ivlissouri, This

enzyll'e tvås dissol'¡ed in v.¡ater" ar¡d stab:L11sed rrith chlcroforrn tc
give å!1 actÍvity in solutiori of iS units/nrlo To verify activj-tyr
tv¡o sei,utions were preparecl, each contaj-ni.ng phencrl-phthalein

gl u.curoni'de ,

buffer (1,û

added to one

*-ìIIII-

ng. (Sigma Che¡nica} Co. ) aird pli 6"8 phosphate

o ). The /-elucuronidase solution (1"0. rcl" ) !{ås

f the flasks. Both soluti.ons ï^rere incur.bated on a

^slraker" for three hours a1, 3'7"C., ûÌren three drcps of anurionia

adCed to test for colour reaction. The sarnpì-e eontaj.nitig the

enuyme turnecl pinku indica.ting that t}:e con.juga.te had been

cl-ea.r'ed to yisl¿ free phenolphthal-ein, Tl¡e blank shov¡ecl no

colour reaction.

Sulphatase, r+itii an actír.ity of i0 units/mg,, 1,.",ås also

suopJ-ied by Sigma Chemical too This enzyÍie tvas dissolvecl in
water to give a solution r,¡ith 5C, uni-ts/ml" of sulpha.Lase activity(,
To verify activity, two solutions Ì{ere prepared, each containing

3-amínophenyt stilphate, 2 mg" (synthesÍseii in these laboratories
according to the rnethod. of Burkhardt and lVood I IgZg) in pll 5"O

acetate buffer (3"0 mI")" sulphatase sclution (1,o ral.) wes

added tc one flask" Both sol-utions were incr-rbated rn a shaker

for three hours at 37oC ", then tes*r.ed fo¡: free p-aminophenol

by couplíng with phenol to yierd an Índophenol d1'e acoc rding to
the proceCures of Brodie ancl AxelroC (19/+S) , and ltlelch anC

conney (1965), tising the following phenol reagent: 0"21.{" sodium

lryciroxide (8 parts); phenor solution (r go phenol in ** *f a ,, 
:

water, 2 parts); bromine solution (J.00 ml, I'tr, sodium carbonate



f\ -i/-"

pLus 15 n:]" of a ]A7l,w/v solr:-tion of bromine in u¡ater, Z parts)"
0n the iritroCuction of this r-ea¿5e:rt (3.0 ml" ) to the sarip.ì-e

containing the enz)¡nie, a- distinct, cha.r"acteri-süj-c blue cclour
Ì'Ias pr:ocÌuceci, inclicatirig t]:a.t the- con"Ìu6'ai;e had been cleaved.

The blank showed no colour reactiono
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VT. RES{IITS åT,ID DISTUSSJOI.í

A-" I"DEI\ÌTII¡TÜATIOt'¡ -QF 2-.(/+-HYDR0XYPI{ENYLÂMINo} PROPANOIC

ACTD AS A URII\IARY METABOLTTE OF N-ISOFROPYLANTIINE

Alexander and Sitar (,L969) were able to ldentify 70

percent of the rnetabolítes of N-isopropylanlline'(tffI.) as

p-âminophenol (LIV") and g-hydroxy-N-isopropylanillne (LV.) in the

uri¡:e of rats.

.rc$3
.NHCH I\ïHC

tcí3
H
\^r,

utt3

LIII. .],TV" LV.

These tlst-r rneta.boJites rerrresponded favourably t,o the amount of

ether-sohlble metabolites which could be extracted after acid

hydrolysis. These authors concluded thaÈ the unidentified

metabolite(s) were polar in natureo However, examlnatlon of

the urlne for Z-phenylaninopropanoic acid (LVI. ) (Sitar, 1968

and thiessen,- L969), which was suggested from related studies on

N-sec-butylanillne (Alexander S aIu I 1968), revealed that this
eompound was not a metabolite.

lcH3
NHCH

\ cooH

LVT"
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Síinilarly, Tiriessen (l-969), using papep ehro¡naËcgr.aphy,

denonetrated thåt the polar metabclltes vrere acådíc in nature"

The latt,ex' author also elimínatecl N-phenSr]¿¡lycine (IVII,) &$ a

pot,entåå-l polar meÊaboliteo

riHCä2co0H

LVTT 
"

All the er¡idence suggested t,hat t,he unídenrSified met.abolites

involved eÍther formaüÍon of an al.cohol b]' sÍde chaín oxiciation
(?*pÏrenylanrino*1-propanol-o LVIIT" ) :

ï\iHCHCH.0i{\¿
CH {̂¿

LVTTT.

or símultaneous ring and side

corresponding phenolic alcohol

chai-n o>rídatåon to forrn the

(LVIX.) or phenoJ-Íc acid (1,X") ¡

/CHZO'II
I\IHC}i

t rr,

LVIX.

AlËhough t,he oxÍdatlon of side

Jn the alk¡tfbenzenes (Bl Masrf

/cooHtV¡*HC\cH¡

LX"

chains to al.cohols is r,sel:" known

gË aL" , I.956) and ba.r'bit,urates
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s5&-

(Goldsc'h-rr,ídt, anct !'Iehr, ]-957 ) u'thls reactÍon seemed unllkely in
víert' of the faet that 3-phenyl_ami.no-2*bu0a¡rcrÏ (tXI") ,:r 3-

IlhenS'16ri¡ivro-L*bu.tanol (Ly;rr"] eoulcl noÈ be denanstrated as

rneta.bol-ites in t,he met,abolis¡n of N-eec-butylanitine (trXIII" ):

0ti
I

I'.TIJNLTN LTT'tI¡rlrvrtv¡¡vrt3

)
NI{CHCH^CH^OH\¿¿,

V¡¡A

LXT. LXTT.

Ì\THf'Hll tl nIJ"¡!llV¡¿VI¿âVl¿^
\ 4. )
nL'lV¿lô

LXTIÏ.

Therefore, 2-(&-hyd.roxyphenylaroino) propanoic acid (referred to
subsequentry as the g*hydroxy acld) appeared to be the ruost

likely prospecto 
.

This eomporr.nd eould be readily prepared from o(-

bromopnopíonÍc acic! and. p-aminophenoL, but proved to be quåte

uns,tabl"e and reacl.ily darkened on eïposure to atr due to oxidationo
A quantioatirre estimation of the g*hydroxy acid in the urine by

reverse isotope díLution was deslrabie to deternine if t,his

compound represented the unldentifled urinary nretabolites of N-

ísopropylanilineo Considerable d.iffículüy was encountered in
derivatf ve prepara.tion for reverse iso'tope dilutÍon stud.íes,



)2

pT'esuxnab}S" due agê.in to the Íns'babilitSr of t,he rornpöundo

0xÍdatii"e I'eêctíGnsj er"e well knoivri among ¡:henols {l-lo-1ler, ig6j),
especfal.I¡r uncier al-kalíne conctític,ns, r¡h.ere the h1'clroxyl group

cå.n suppl¡' el-ectrcns t,o t,he ¡rucl-eus, for-mÍng ccmpJ-ex mixtures
of qrrinonc'id compounrls " Fher¡ol tr'teel"f fc¡rms quínone r

Quånone forras a bright red additfon product, wÍth phenolu known

as phenoqu.inone, ä,ccÕunting fn:- t,i:e diseolouratíon of phenoJ.n

espeeiaX}y fn solution,
ÂSthough ft v¡as possåbLe tc prepare #,he CI*berrzoate in

aqueöus solutionu when this procedure was attempted using urineu
no derirratil'e eor¡,1-d be ísolated" Whíle the product could be

demonstrat,ed to be present in small amounts chromaiographi,callÍp

there was ÍnsufficÍent present to isolate" Another problem

eneountered was thet blank urine itseif coui_d be benzoylated
sfnee eoülponents iqit,h free amlnc¡ or hydroxyl groups (urea, uric
acidu creatínine and amino aclds) are prone to react. when the

, lmpure benzoa.te (containíng benzoyl chloride in exeess, and

, uri-nary consti4uents) was heated in v¡ater to remeve water-solubLe

1\

r eompound was confirmed through nelt,ing poÍnt, potenüiographic
stud,ieso thilr layer chromatography and. derlvatisation sËud.ies"

Attenpte to isolate the O-benzoate by Èhick la.yer chromatography
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also proved unsuceçssfuL,, AilLhcru$li small anounts of ePre,

derlvatíve couLd be clemotistrated .ch.rometogr.aphicail¡r, examinatfon

of the ultravicl-et spectre. of ihe, ha¡-:ds resultJ.ng frorn separatton
of the v'eactíon mixture on i;hÍck iayer cl:r,onat<¡gråms (table T)

showerl that the varicus wavej.er:gt,h.s of s:a:rimurn absorption
(À***) ¿id not' cÐrresponcl to 'bhe reference i:enaoate" Therefore,
1t tüas ccnsidered thaÈ tl¡e., O-benzoate was not the cierivative of
choiee for urfnary rever$e isoiope ditutíon stud,ies"

Table Io Rt values a¡rd r+avelengths of ¡uaxå¡nu.ro absorption of bands
of the C*benzoate reaetion mixture isoîat,ed on t,hin
layer cìrromatograms devel-eped in r+atero

R'" vaiue À**o (mp)

233

?35

232

2l+L

slnllarly, abtempts to p:-epare the O*acetate and 0-
tosylate derfvatfves of the p*hydrerxy acid were also unsuecessfulo
Under the reaction eondltions ecnsl-derable <iarkeníng uf tir*
reaction mixture oceurred, wlth Ëat"ry and gu;mmy pro,Jucts being
obtaj.ned" rt seemed líkely ühåt oxidation of the p*hydroxy aeÍd
wå.s occurring, r+krich couJ.cl arecount for the ÍnabÍIlt,y t,o isolate
these partlcular derivatfvese 

ú.

the methyl ester hydrochlo¡-ide of ðhe .p-hydroxy acid

T

2

3

l+

Referenee benzoat,e

t

0. rJ5-0 
" Ì0

0,10*0 "33

0"90-1"0c

0.66
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(LXIV") u'as fihe inosf: eondónÍent derÍvatlve preparedr âs it, could

be syntheslsed entireÌ-y under acid conditíons"

NHCHC00CT{3 HCl

^iJvLL3

LXTV 
"

Ease of synthes'!s and recrystai-]lsatíon would i"¡ave made this
derlvative åcl.eally suited for reverse Ísotope díLut,ion experimentsu

but isoLat,Íng the eompound from ur-ine proved diffÍcult" Al.L

methods described under lrBlank Urine Experimentsrt (page j7-38)

fn whíeh bhe met,hanol/hy'$'-rçrh].*rís acid solutÍons v.rere neuürallsed.

above pH 5 and ether*extracted fn an att.empt to purify the methyl

esler caused oxiciaÈion of the product, llheoreticaliy, the met,hyl

esÈer will be less rqater-solubi-e and more ether-soluble than the

free acidu enablfng it Ðc be separateci from aqueous urfnary

consËitr¡entso Hoftrevera this derivatíve sûÍ11 has an unproi,ected

hydroxyl group capable of oxidisÍng to quÍnonoíd products, v¡hich

could explain the tarry residues constantly obtaineci in the blank

uråne experinents" The separatfcn sf the methyl ester hydro-

chtoride on a silica gel eolumnu aJ-though unsuecessfulu should

be further pursued but coF:-íibions t,hroughout, a.n¡r euch experiment

must be kept acíd to prevent deeompositÍon,

SÍnce the methyl eeter.hydrochlorid.e of the g-hydroxy

acíd (LXIV, ) could not þ9, isolated in crystalline formu the

resÍdue from the reverse i'j i-t.'t,ope dlLut,f on experime¡rt was 
.i

examined by t,hin i.ayer chr-r¿atography. Three dåst,inct radioaetfve
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ban.<is c ou.id be detereted (Tabl.e TI)"

Tab1e II. Rf ,ralues and radiaae'bivlt¡r (cpln") of ether extract
of urLne of rets ínject,ed wi.th Irü*isopiropylanilir,.-}ôC,
follor+ång preparati-on of 'ühe rnethyl
Lrydnoxyphen;uJ-anlno i propancie acÍd,
chromatogrê¡ïs G

ester of 2- {¿þ-

on thin Ia-yer

¡þSol-venb sysûem: Benzene/Isopropano-l 85ttj
**Rf values of referenee eornprrunds ü.re recorded ín

AppendS"ces Au B and 0o

Bancl f r.¡as found rlo possess the chromatographic properties

idenÈical' to Èhose of the autl¡entic raethyl esber hydrochlorideu

The presence of ttris ester was ft¿rther confirned by thin layer
ehromatography in trcRr additionaL solvent systems (Table rrr).

Banrl .Rg values* Eegæac!¿så!g-l-ç-Ë*J

Ether
Extract

Reference
iúet,hyl e¡ieer
hvdrochle¡ids >l<:i

CI"55*0"70a,6o-.a "72
0 

" 
J+?-0. 51"

CI.36*0.4C)
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T¿.b,ie IfI. Tì.a value s anci raciioa.ctÍvity (cprn. ) of etÌ:er ext,ract
oi u:rine _of rats injected. v¡ith lrl*isopr-opyianÍiio.-f&C
folloi,,ring pr.eparation of the niethyi ester of 2-(+*
hydroxyphen]¡-Larnino) p¡opanoic acicl on thin layer
chronatogr'ê.rns in tv¡o -arjdj-bional soivent systeins"

Scivent svst,em ;;;- 
-

corresponding
J- n r¿ro'?- h't¡'l cqf' ^ *vu ¡rls ur¡J r çÈ vçrJ
h 't¡rl r-,n ¡ 'ir 'l a v''ï rl avv¿r.!\.¿r J-,\iL,

R'' 
^ofreI erence

methy'l- ester
þyArss4ls:Lg.ç"

BJ-anlc
band

:':i
Ethyl acetate 2}'fi1
petroleum ether

l,ilater

¡if
I

gPg'

ua¿v

0,76

486

r45

0"20

0,76

43

l+2

Tlrese results estalilish 2- (l+*!.tydroxyphen;ilamino ) propanoic acíd

ås a netai:'ol-ite of 
.hT-i"sopl'opyJ.ani 

.l :i ne i.n the rêt " The natrire

of banci.s fI and lIl (Tab'l-e II) r{ê.s not furthe¡: j-nvestiga.teci"

These bands nnay represent the 
,knovrn 

metabolites of N-isopropylanili"ne
(¡*hyO roxy*N- isopropylanil-ine anc. p,-aminophenol ) n adciitional
unidentified metabolitesr or they may have been caused by

oxidation of the meLhyI ester hydrochloride" The l.atter alterriat,ive

is favoured, since the }l'. val-ues of reference p*hyCroxy-N-

isopropyla-niline ancl p*a.minophenol (Append:.x B) do n,¡t correspond

to the values obtainecÌ for.bands II and III (table II)"
B . COl\¡JUG{TIeN STLT-UI_ÐË_.9L.'IH_E URI-Ì!,ARY }iETAiTQLIIES OL _l-\t_*

IS O PRO PYI,lIIt] ]L T II]E

Examina.tion of 24-hour uríne sarnples of rats injected
with N-isop::opylanÍlinu-1[c by ascending paper chrorn:tography

indicated the presence of at least tiro, and possibly threeu
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.4,s fl.ltrsl,.raÐed in Tab.l-e LV a¡rd Figu::e ï, a better
degree of separatiün .*'ras aeÌrfevect in the huta.nol/acetlc acLdfvtater

system than in Che chloroforin/bu,tanol/anrnonÍa syst,ern. The

mt'¡eÊient of corapounds in birese systerns suggests tlre presence of
ac j.rjie substance-q (netes o ]"96lr) "

Tal¡le IV" Rt values of r¡e$aboli.tes presc+nt in the Zl*-bour urÍne
samples of rats injected rvlth ttr-isopropyianiiínu*l&C
on ascendlng paper chromatograpiry.

4$ee Figure T,

"*fA very small pea!< (peak rrr) was also noted, with Rr 0"69.

rniegrat'Íon of peak areas in Fígure r gave percenta.ges

very similar to those reported for metabolftes of N-irsopropyLanili.ne

by Alexander and Sitar (f969)å employing r.everse lsotope dilution
technlgÌåes o The comparlson is given fn Tabl-e V.

in these .l-aboratories have índlcated three
ascending paper chromatography,

n¡eta'oolLtrr$ "{'

val.ues

' T. Chlorofor"m (stal"ionary phase ) ;
h-buba¡roL/animonla 20:I
(mobíie phase)

*II" ¡r-Brrtanol/glaeial aee€ie
aeÍd¡water-8 z2:2

0*A,?-7 (diffusion,
poor
separation )

'l'+'4 " 
!+5 anei 0, ?5

'¡subseqnent experiments
distinct metabolites b]"



(Peak III) (Peak I) (peak Ír)
Figure I. Scanning of paper chromatogfaq sp-ot{ed i,,.ith 24_Ltour urine of rnt inioçfsfl withirT-isopropylañiline - 14n ÏSOO cþm" )

àS.F. - solvent front
0 - o:cisin
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Tabl,e Vo Ccrnpe.rison of percent,ages of metabolltes of N-
fscprapylanj-Iine in 2å.-l:our rafi urine by reverse
isCItope dÍl.ut ian and Ì-ry paper chrcrnatographíc
separati.sI1" /ó

*TÞis represents conjugated metabolites since no hydrolysis
of the urlne-¡ç,ùxi;lg::-¡'...-És:Lì '*'*L- .

>F*fc wet,ebc'låtes ¡.rresent ín 2l+*ltot¡r uríne semples.

Ie $eesrs reaeonable to suspect that the major peak (peak I, Rf

O"/+5, 65 percent, Figure I) should correspond to g-hydroxy-N-

f sopropylanil'trne, the seeond peak (peak ïf , Rf 0"25, J0 percetrtr

Figure T) coul"d represent various polar metaboliÈesu and the

very small peak (peak fII, Rf 0.69, 5.2 percent, Figure I) co,u1d

potentially correspond to g-amlnophenolo

Chroroatography of .:=,-iú-hydrolysed 2d-hour ur,íne sanples

shoi¡¡ecì a shifb i.n the ¡naJor" peak from A.l+5 to 0.77, as íllustrated,
in Table VI and Figure II.

Me1::5.þ01i¡. Reverse ïsoti:'pe
p¡Lut j.q$__tÉ-)'r.I 

_

legl_. Radioactive
qç*-nnr**S (%)

Rt utrY

p.-hydr"oxy-ni-
íeopropylaní1ine

Unldent Ífied
polar metaboLites

Þ-amínoph.enol-

6L

30

I

I

ÏI
ïïï

65

29,8

5"2

Q "t+5

0 "25
a,69



I Table V'r" R, values of 2fi*hou.r urine samples of rats ånJected
; with lil*isapropyS,anilf.rle**'+C by e**scending paper
i çhromat,ographyu follovrÍng hyctrolysis.

aJ

:itSe€ Figur"es II and III,

Tt v¡ou-Ld appear that ühe J-arger peåt{ ii-t, t}.tr5¡ ooeso in faeto

yield g-hydroxy-l{-isoprepylaniline on acid h3"ch.o}ysls. A+,tenipts

to hydrolyse t'he urÍne with f*slucuronidase diel not, seerß io have

any effect in tt¡at the peak did nat shåft, but remaíned at A.h|
(Figure III)o targer quantities of the peale T metabolite (Rf

0"1+5) roere ísolated by preparatíve paper chroraatography and, the

fr"eeue-dried residue wa$ Ìlydno].ysed with p-slucuronídase and

sulphatase" Results are gi.ven ín Table VfI and Figures IV and V"

SoJ..'*+n.t sygte¡n
æ-zæry"'.æ

*ìr'ïeihod of
þx€rsåxp¿e

R^ valuesI

tn..Butanoj./
e-Laei.a-l acetl-c
äeid,/water S tZz?

ConcentraterJ
hydroehJ-c¡ric

aeíd

p*slucttr"onld.ase

Unhyclrolysed
uríne

Ugågp_ .,:gppåe p*hydr:oxy-l,l*
j Fqprsprtasål iqe.

0,77 and A.TT
. 4"25

0"1+5 and
Q "?3

0.1ç$ and
0 "?3



atrr",.-c" 0.77 0"25
IFigure ff . Scalning of papgr chroma-bcgram spo'uted ,*'ith N-iscpropytanitinefol].owing hydroiysis with õoncentraterj. hydrochlo"ic ääia.

Indicates posiiion of peak prio:r to acj-d h)rdrofysis
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Table Vl.T. Rt values of freeue-clriect residue corresponding to
pealt :L (Rf 0"/*5] by escencling paper chro¡natography,
foi l"oçvlng hydrcl¡rs ís o

'¡$ee Figures TIi and V"

As lndieateel in Tabl"e VIT, åncubaÈíon of t,he fs'eese*dríed c"esÍdue

corresp$nd"ing t'o peak I with boÈh p*glucuronidase (Figure IV) and

eulphabase (Figure v) faÍted t,o clear.e this con;îuga,ue" unless
the eo¡rjugate Ís resistant to the action of these two enuymese

it wouLd appear thet a different foriu of conjugation ruust be

Ínvol-ved, perhaps rr-lth grutathione or glycíne (pa.rke, r968f"),
since the Ëwo enøy¡nes were proven active by cleavage o-f known

conjugates (phenoJ-phthalein grucuronide and g*amÍrrophenyl

sulphate), the latter aLternative is favouredu although further
work Ís necessåry before any definite conel-usion can be drawn"

Hy ÐF0xyp[åNylÂrvlr N0 ) p_RQpAr,r0"{gj\ cJ p

The Ídent,ifícatlon of the g-hydroxy ecid as a metabolfte
of N-isopropylaní1"íne v+as further eonfirmed by the examínation of
peak rr (Figure r] obtainecl by separation of the urinary
metabolÍtes usÍng paper chro¡riatography. Aåtl¡ough the cryst,al-:ine
methyl ester hydrochJ-oride a.galn couid not be isolated j.n reverse

Solr¡ent svsteratu {.Method of
Þv_Êrq&såi,.s" k:i':-

n*But,anol-/
glaci,a-l acetic
acÍci./luat,er I zZzZ

p-Blucuro¡:i"ciase

Sulph.at+se

HydroLysed Unhydrolysed
__så!iËÅp _ __ så+npte

O"le7 O "ly5
0 "â6 o.t+5

C"__JDEIITTFTC{!ÏqN or PEAK rr rN URINE AS 2_
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fsotcpe di-Lr.r1;åon studies, ít wa's shrown üo be present in the

react.íon mi.xl:ure. obtained- by t:reating tlie peak lT extract as

previousJ-y desc:i"íbed, cnplaSrf¡¡¡: .bir:i'n' ]-='ye:r i:irromatography

(raure i¡rTr ) .

Tabie VIf L Rf vaLues e.nd re.clioâct,åvít3¡ (cpm'i of suspeeted

mét,tryt est;er hJrdrochiorfde af ?.*(À.*h)'CroxyphenylaurÍno)
propanoic acid preparec {lo" urine of r"ats injecbed

îili-T;il:ffii: 
Lanj l j ne-*^*t ' bF thin laver

l$hile co!.rnt rates were low, activity was detected ín spots tuhose

R,. value$ comesponcìed ts referenee methyl ester hydrochloride in

three chromatographic systems" Although qua.ntitatlve results

would have been preferable, it woulC appear that the nature of

tlre p-hydroxy acj.d precludes tests of Ëhis type unless methods

ean be deveJ.oped to prevent 11;s ready deeonposítion during

analysÍs" Howevero this ínformatlonu 'oogel;her with the '

,9.q.i.1:gl]: 
-q 

y q U-e,gl Ro values
of sa.rnple
::esådue

Cpm" of
sanrple
bands

R. rralr.re of
réfererrce met,ÌryI
:s,e!ss-lilLqrusþLqålie.

n-But,ansl

IsopropanoJ- L5/,/
ber¡zene

l¡Iat,er

0" 85

^t^U*Uo¿çu
(oi.gruse )

0.63

o

a "7?

0.90

r43

50

i00

7t
83

3l+

0" 85

0"60

4,72



quântí-r;atÍr¡e aireê estín:atj.ons of ¡:eaks ín Fi,gu"re T {raute v)u
appeårs to lncilcet,e -,,hat t,he p*ilyd-r.oxy acíc repre$errÈs the ja
pare€rit unicìentifíed pol-a:: ruetahcLites of i{*Ísopropylaniline"

å*-_ B I 1., ï /,JT_ F & E$f_iQ$" gå_[:å:î g lFg pIId r,:LT!j] $ 4, N Ð

N- TSCIBUTT],ANTLTI\IE

st'udÍes on the biliary exer"et.íon on' N-isopropylaniríne
and iti-i.soT:utylaníIåne ín the ::a't, Ìra.ve revea-led. ttlat boüh eompounds

ere excreted ín the bil"e but io significantly'dífferent extentso
N*isopropyla¡riLÍne is excreted over a perfod of three to ftve
hours t,o an extent or 12 to i.5 percent.n whereas up tü 4? Bereent
of the adminÍstered dose of N-ísobutytanilíne is excreted withfn
the same'tinre period (ta¡te lX).

Table IX, Bilia.i'y excretåon of radioactivít3i j-¡r r..ats (as å.

- percenta.ge of adruj-nisÈered dose), followirrg ferioral vein
fnJeet'ion of N-lsobuf;yÏanilíne**aC or N-isopropylanflfne*ItÅ4rn

'- VG

Such a difference ín excretÍon rates could be due to an increase
fn morecular wefght from N-i-sopropylaniJ.ine (M.lt" rj5) to N-

isobuÈylanilfne (M"W, 1l+9)" A.lthough the difference is only lle,
tüj-i-liams g! 91. 11965) determined rrhat whíLe orrry !g percent of

Rat Compound inieeted Dose as
aclminister"ed
dpp, ¿ 10Þ _

Tíme of bile
cclleetion
(lrgqqÐ_ 

_

Radioaetivity
excreted (f, of
admi.nietered
dqsej - _

ï

ÏT

TIÏ

N- ísobutylaníline

N- isopropylaniline
irl-isopropylaniline

T "L2
7.56

r.56

5

?

5

l+7 "6L
12"40

15"09



':l:^:. -.. ...-:.-r::.-._......._.. ..-ì:-..-_.r::t:;:;*._^

l¡*hyfryesybl-phenyl g.Lucur:'cnldri: {l'i"1'f . 3l+6) is e:<creted ín the bil-e

of rats., the bålfary excretíon of the monoglucuroniCe of l+ ulo'-

clihydrox;i'oipl'ier:y). (Iri"tr{'" }62}, a +lose}y related compou:rdr oQcurs

to a signifåcanil¡r greë.frê j' exte¡rt i9e pere e¡:it i " The dlfferenee

may also be related 'uo the po-Lai':Lty' of rnetabclj.t'ee or their
degr:ee of bindÍng to plasma proteinsn HÍgher anioníc strength

and greâtrer pro'bein bÍndi.ng âcfloiilpany increased bj"liary excr:e'cíon

wlth. a subsequent <Ìecrease in ur'ínary excrebion (Webb e_t .a.L",

L9621 
"

All metabolå1;es of boüh N-lsopropylaníline and. N-

lsobutyLanilårre, with the possible except*-on. of B*arnÍnophenoJ-u

shoulcl be exc;'et,ed ts: thsc bil-¿ i"*'lien eonjugated.u ecec¡rding to the

criter"ía for bÍlÍêry excre'Lion reporced by Brauer {1959)"

Fonna.tion of conjr.lgat,ee 1s facliitateci by ring hydi'oxyiation and

sirle chaín oxide.tíeinu yielcling metabolÍtes vrhich harre suitable

reactíon sj.tes, ExamÍnatlon of the bil-e on psper cht"omatography

revealed the presence c¡f two metabolltes in the case of lrl-

isopropyla¡'riline, when developed in n-butanoL/glacial acet,ic

aeid/rr¡ater 822¿2s ås ilLustrated ín Table X and Figure VI"



:. i :._a ;:"':r.b

l4 *

Table X" ITt va-1-ues of biJ-iary metaboiites f'rom rats inject,ed
v¡i.th i{*iso'nut}¡}anil-inu-l4C or N-isopropylarrif ine-I&C
by ascendlng paper' rirrqmatagraphy in chloroform;
butanol. &.i?rrrcn-ts. 2A:L {systeru I) or. butanol,/gLacial
a.cetic acíd./rvat.er SzZzZ (systeni II)"

c oqpssgg*låisg! eg

I'[*Í sobut]'laniline

Iil- i- eopro pyla nl 1- I r:e

I'ü* å s opro pylani J- ine

{( See FÍgure Tïi
.'r'k See Fígure VI

The snetabolite repre$ented by peak f was ext¡"emely polar and did
not ¡Bove from the orígin, r+hereas thaÈ corresponding to peak lr
had an Rf, value of a.zf u which corresponds very closely to the
metabolíte presenÈ fn urÍne (peak rT, FÍgure r) possessing the
6ame Rt va1"ue. The letter megabolfte has elready been identified
as 2*(4-hydroxyphenyla;nine) pr.opanorc acid (sectíon \rr c)"
Reverse isotope dflution ex;ie"i*unau to further verify the
presence of this compound .i1+tt" hrere unsuccessful. Although
2*{i+-hydrox¡'phenylamino) propanoíc acid appeared. to be excreted
ln both ur"íne and biler å-lrcr<"rxy*N-isopropylanÍline, ldentlfied
ehronnatographically on rdcj".:_r:tÌve scans of urÍne (Figure I,
peak f , Rf 0,l+5), could,,;.,,¡íi ..:: detected Ín the l¡ile" peak I in

:: 
;1. -.

b1le, slmilarlYr could ,:r,-t,,'r"',:r; rdenonstrated chromatographicaJ-ly in
=-.

Rt values

**TTT

ïï

ï

ÏT

IÏ

0,15 , A,46,
o"5l+, o"69e
.1"00

0

0 and O "26
0 and O "27



Figu:e Vf. Scanning of paper
N-isopropyJ_aniJ-ine

o.27/-, , .-.-\
\ feaK _11/

chromatogram spotted with bile of rat
L4r"

j

i;
.j

¡

-\l
\á)

3

i rr -i an*aÄ r¡i *l¡V{ ¿ UI¡

0/^ , -\\ yeÐ_K L )



Figu-re Vf f . Scanning of paper
N-isobutyl-anitine

chromatogram
L4^

spot-bed with bile of rat injected w¡_tir

tl

Ír
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the urine " Ås g*h1'droxy*l{*J.sopr:'opylanii-1ne would be expected to
êppeer in l,hc-: bi.le and could fcrm conjugates on the hydroxyl

g:rCIupo the possíbili-t,y does exfst Êirat peak r ls a conjugate of
this metaboiÍ'te, differeni; fr'om t,h¿it occurring in urineo Hence,

8.I] a1'üogether di.fferent R, value wouïd be expeeted" This aspect,

hotøçvs1", was nof; pursued and peak r ln the bí]e st,ill remafns to
be fdent.fffeci"

0¡: íselation of the two biliary metabclltes of N-

ísopropyJ.anillne by preparaëive paper ehromatography, neither
coui-d be hydrolysed by acid or rB-slucuronidase (Table xT and

! *r- IF1¡5ures vTrr and lx) u indicatÍng that neíther metabolite is
conjugaÈed 1n a manner **ee,+r-ü.bÌ.r 'by these meöhods 

"

Table ,XT, Rt vai-uee of billary n¿etabol-Ítes froin raËs lnjecied
v¡ith N*isopropylaniline by ascending paper
chrosratography, fol lowång hydrolysis 

"

Sol-vent svstem *t{çj h qd_ol hy.d Lq lIqÅå R, values

n*t'utanol/gl.ac ial
acetic acld/ri¡ater
I t?t2

f *Slucrlronidase

Cone entra'¿ed
hydroehloric acld

0, slíght, 0"23-
0,30 

"

0 a¡rd A "22

* See Figures and ïX.I{.TT,I

ït seems unlikely thaÈ !l9 n'reiabolites would be excreted in
-:

unconJugated forms since ,.^u n¡oleculan weights of all known

metabolites of N-f soprc,l,,,," ,i':','riine arê under 3OOs the minimum
..'.-.'...'

value genera.lly aeceFt*d:".,i..;i.1.'tri],fary excretion (Brauer s rg5g)"
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Figure VIII. Scanning of paper chromatogram spotted Ïri-th N-isopiopyl-anil-ine f4C bitu
sample fol-l-owing hydrolysis hrj.th f,-gtucuronidase.
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i The n8.tìJre of these conjugat,es remaÍns t*r be deterluLr"red 
"

. In the case of. N-isoburtylanil.íne, wirere Thiesserr (l-969)

fdentlfied 93 pereent of the Zl¿*hour nietatroLltes in urine a.s p-
amf.nophetrol anei g*hydroxy-l{--i..sobutyianiJ-Íneu raciioactive s.canning

of paper chrornatograËìs from a f.'íve-hour bile sanpl'e {Tab}e X and

Flgure VII) indicated the presence of a possible five ¡setabolites"
sfnce p-amínophenol has not been deüeeted in ti're bil"e of ::ats

:

i folLovríng a.dministration of aniline (Ir,rilliams 9Ê. -4I", Lg6S] e and

ì slnce J6 percent of N-isobutylaniline is excrer;ed in rat urine

I as P*aminophenol, al-l fíve peaks r¿ust be att,ributabLe to other
metabol.ítsesr op varíous conJugai;es of g^hyctr_.oxy--N*åsobr;t)rie.nil.ine"

I¡lhether these peaks represent fåve differenfl meta'l:o1åt,es r op more

than one conjuge-te of a fewer ni.irnber c¡f met,abclite-* re¡eaíns to be
{¡ee,**È{..¡+^.J¿¿J v lf Ð v ¿. ¡5(å UÇU. a

- Âlthough aqidÍtional studåes are necessaryÞ t,hese resulÊs
suggest that the biliary excretÍon of N-.alkylanilines ås in part
dependent on the sLrueture of the N-alkyl síde ehain" In the
ca$e of the two compoun'cs fnvestigated, the hígher molecular
weight N-isobutylanillne which branehes on the p-carbono sh.owed.

a sÍ.gniffcantly greater rate of exeretlo¡r of metabolltes in the
bÍi"e than did N-ÍsopropylanÍlj.ne, which branches or¡ f,h€ o{-carbon"

Further work rcust also be undertaken to explain the differences
fn ruetabolltes recovered from the urine and biLe of rats ÍnJected
wl th. N* isoprop)'laniline 

"
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The co.mpound 2- i &*hy'dro:llfpl:eriyiar,rj.rro ) prcpanc.fe acld
has lreen idenÈi"fled ê,s s.t leas'û orìe of ühe pol-ar raetabol-ites of
N-Ísoprony-Laniline j.n the urine <ij' 't,i:e yat," Thås meta'oolif,es

formecl by 'Lhe meba'coIíe pathways of p*hydroxyla.tion and s:i-de

chain oxidati-on, was verified qual-åta.tively by t,ir5.n J-ayer

chromai:ography a.i:cl a modifi.ed forrn of .reverse isctope dilr-rcion"

ï'hlLe both the O*benzaate and rneth¡r.f ester hydrr:cliloy.Íd,e of this
coinpounrJ'could be preparetiu e.ciaptatíotr of these procedures to
u.rÍnary r€verse Íseiope dllutåon experlnrent$ tra$ ui't$ucûessfulo

IL has b¿en establ,ished. that úhei'e å:rÊ åi least two

metabolftes of N*Ísopl'opylanlLine excreteC in tiie biLe arrci three
metabolåtes in the u::i-ne, Â]1 appeår to be ccrrJugated alt,hclugh

further studies â.T"e ilecêssêi"y f,,s ecnfÍr"r,r ,;Í:i-s" i¡Ihíle 2*(l+*

hycroxyphenyJ-arnÍno ) pt"opanoic aeÍd appeer.s t,o be a co:nmorà

metaboLío"e via both. ¡:outes of exeretion, one met,abolite was

present Ín bile whieh v¡as not det,ected. in uråne" siruilar).;ro

while g-hydro4¡-l\Ì-ísopropyranilåne (eonjugated) was excreted in
t'he urineu this eompound. dfd not aFpear to be excreted ån tÌre

bile¡ åt least not es the sê.me eonjugat,e a.s de'î;ecte<I Ín the urine"
PrelímÍnar5r 5111ary exeretåon studies carrÍed out on. N-isobutyJ-aniLj.ne

and N-ÍsopropylaniJ-ine indicat,ed the presence of five metabolitesu
either al-l differ"ent compounct-s, or rlf ff erent eon.jr.lgaües of a

smaller number of compr:und.s" Furthermot"e, the extent, to rvhÍctr

N-fsobutylanlline and Trl*isopr:opy]anilíne arê excreted in the bÍle
dlffers conslderably and this cfifference aÞpeers to be reflected
by the structure of tlte lrl*ai_kyl side chaín.



Three nev¡ coalr{iunds r{ere synthesised and verified:
2-(4.*hydroliyphen.i¡iamino) propanoi.c acj"C, anci the O-benzoate and

methyl ester hycil"CIchi"or:íde derivat,íves of this acfdo
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APPENDTCES

åppsrÊix."å.

3,

l+"

5,

6"

7,
g,

9.

10"

R,' rraJ-ues of ihe O*benzoate
phenylamÍno) propanoic acid
chromatogi'aphy'"

af 2*(d-hydroxy-
on thin iaye::

1"0

û"52*O"68' taÍling"

0"s3

o.66

ExtensÍve taiJ-ing"

Appendi-x B lisis Ðhe F,t va1ues of 2*(1ç-hydror:¡rphenyl-

a¡uíno) propanoic acid rrrethyl ester hyrlrochloride, p-amfnophenol

ancl o-hydroxy-N-ísopropylaniline in various eolvent systems fon
thÍn layer chromaûography" The following systems are Írdentified
in the appenclix by number;

1, Isopropanol L5%/benzene

2. n-Butanol/benzene 1:10

Ethy1 acetate 20/,/petroleum ether (66-? :-oC " )

t¡Iater
, _, __-

Benzene

Chloroforru

Petrcleum ¡¡t,li;rr (66-7 50 c, )lechyr acetate/ethanof d: 2 : L

n-BUtA'i,.¡,:i, r:,r';.i 4:1
i.:

Díethr:] ': , t' '..:,,"ethanol 2zJ_

n-8r.,-tano-i

Solrrent s.,rSteÌu

Etl:anol 5Of,

Ethanol 9 5îr,i isopropanol
l-:l

n-Butanol/eühyl. aeetete
3:1

Erhanoi J016

[¡iater



Ape3¡4iå-þ." Pi, values of reference ceurpounds on thin trayer ehromatog;:'aphy"

Referenee Oomporend
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I
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; ''ilroxvphenylamf no ) -
!: ..t

'.Ì.' a-fd me'cityl
:..' :t'CCfiÅOrit(le

g*aminophenoJ.

p-hydroNy-N-i s cpropyl-

aniline

I
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o "70
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.%
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R"' values of refçrenee ccmpounds CIlì

J.

chroma.tograph¡r iri n*Srurbano.T-/aeet ic

R'' r'e.lue

ascendång paper
ecid/rtrater S z2;2

Eprçrçegg geepgsqÉ

p*hyd roxy-N- å s o ¡tro pyl-
anilfne hyCroehioride

g-aminophencl hydroch3orf d,e

2- ( &.*hyd roxyphenylamíno )

propa.nof-c aeld

?*anllinopropionic acíd

B*arainophenyl su.i-phate
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