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1. KINF:riCS OF OXIDATION OF GLYCIU~, AI.Jo.NilJE, VALINE, 

L3UCINE AND PKSNYI~LJ •• NINS BY J.oL1Ut.LI~ ~-DXACY.It.NOFERlU.TE (III) 

The kinetics of oxidation of soce acino acids 

(glycine, alanine , v a.l ine , leucine and phenylalfl'line) by 

potassiuo hexacyanoferrate (III), in alkaline mediuw, at 

constant ionic strength, ui.der a nitrogen atnJsphere, has 

been studied. 

The rates of the reactions were fo&n4t, to be 

dependent on the first powers of the concentre.tior:.s of each 

reactant (substrate, oxidant and al~ali) • 

The effect of changas in teuperature on tae rates 

of the reactior"s has bGen studied, and t:1e e..ctive.tion ... -.­

parametero ;:.tave been evaluated. 

Variations in the ionic strengt:1 oi t.he · wediuo, 

c:1angas in the concentre.ti,Jr:.t:: :)f ad:_ed ~exc-.csre.r:.21fe.rrate (II) 

ions, and tl'le addition of sal to, cl.id not h.avs e.ny effect on 

the rates of tb.eae:: ree.ctL.n:s. 

The presence ~f ra~ice.l interoe~iateo, formed in 

the rate cleteruining stop of tho reacti.:m, :1.c-JJ baen datected 

and characterized by ES& spectroscopy. 

The reaction pathwe.y ~1.c:.c b33n E:ec::!e.nistice:.lly 

visualized as proceeding vm.- the f :)TIJe.tion e;f re-,C:.icE:.l 
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inter~eci~tes in tha rete detercininc step. Tha r~dical 

under'V'lent ft:rther reacti:m, by vn.y -1f t:1.e ir:2ino acid, to 

yield tl1e products. T:1a products foriJed froo t!:~e m~idation 

of t:1ese ru:Jin:J acido vrera t_1e respective o(-ket.::> acido, \'ll'liC~1 

'l.'lere c.~l<:.rLctarized by c~1e::..1ice.l c.etL1.ods. 

2. KINETICS OF OXIDJ.TIOH OF S3.J.INE JJID T:-iJJ~01ITN3 

BY ALIW..INE }gX,J..CYJ~.NOF3R..1..b.T3 (III). 

T:1a I-tinetics oi oxidz,:tior. of so ... ~e aoino acids 

(serine end threonine ) by pote~aciun :1exacyanci'errete (III)~ 

in alkaline .cedium, at constant ionic strength, under a 

nitrogen atoosp:1ere, t1a:J baen st :.-1::.ied. 

Tha ro.tes o i t~1e rae.ctions ware found to be 

depenCi.ent on the first pol'lers Ji t~1a c:;ncentrati::ms of ee.ch 

reactant ~Gbstrate, oxidsnt and alkali ). 

TL1e effect of .. c:1.anges in temperature on the re.teo 

of t~e reactio~s ~as been studied, a~J the activation 

peranaters have been evaluate~, 

·Variati:,ns in the ionic stren gt~1 o~~ t~1e neci.iuo, 

cll.e.nge£: in the conccntrati x.s of added hexLcye.::oferrate (II ) 

ions, and tL1.e addition ;:,f salts, did n~t ~1ave e.:1y ef.:Zect on 

t:!.e rates of ti.1ese reactior:s. 

The presence of radice.l interae;;~ie.tes, forr.w6. in 

the rate deteroining ctep of t~e reaction, ~2s been detected 

and c~aracterized by 3SR spectroscopy. 
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T\.13 reaction path'irTay D.as be3n mec[J.anistice.lly 

visualized as proceeding via t~e fornntion of radical 

interoediates in t~e rate detarsining step. T2e radical 

~~derwent further reactiJn, by way of the ionic acid, to 

yield t~'le :products. T~'le p:coductE> foroed fron the oxidation 

of these awino acids ware the respectiva o(-keto ~cids. 

which wera caarecterized by cheoical ~ethods. 

3. KINETICS OF OXIw..TION OF CYSTEil'Tl J..ND EETBIONINE 

BY AI:iW·!I~ ::mx:ACYJ.NOF'miLi.ATE (III) • 

The kinetics of oxidation of soce ac~no acids 

(cysteine and methionine) by potassiuc haxacyanoferrate (III)~ 

in alkaline cediuc, at const~nt ionic strength, under a 

nitrogen atwosphef~, has bean studied. 

T:1e re.tes of tL~e reactions were fou..."'ld to be 

dependent on the first powers of t~e concentrctions of each 

reactant(substrate, oxida~t and alkali) • 

The effect of c~1anges in teopere.ture on the rates 

of Uw ree.cti )118 he.s been st:.Adiec1, F.nd tile z.ctivation 

parao.eters i1ave been ave.l..;:.atec1. 

Variations in the ionic strengt:: Jf t:13 c.e.=:.ium, 

chE~nges in the concentrations of adC:.ed ~1ac acya:wfarre.te(II ) 

ions, and the addition of salts, did not have E:.ny effect 

on the rutes of these re&ctiJ~s. 
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The presence :Jf re.dice..l i:rc.ter;.:1edietos, f:)rc:.ad in 

tho rc.te deter~ining step cf the reaction, ~:..e..c baen c-:.etactaC:. 

and characterized by ESR spectroscopy. 

interoadiates in the rate deter::1ining ste;:l. Tl~e yc_c1ice.l 

underwent further reaction, by way of ·aimorization; to_ 

yield the proc"lucts. The p.r.Jclucts f:)roed fron tb.e OJddation 

of these ao.ino acids vlere tl'le disulfide (fr:Jo. cysteine) and 

the sulfoxide ( from nethionine), which were cl:aracterized 

by cneoical nethods. 

4. KINETICS OF OXIDJ;.IJ:ION OF TY:lOSilJTI: J .. ND TR.Yi?TO?:.=iAN 

The kinetics of oxid~tion of e.:::1ino aciC:s 

(tyrosine and tryptophan) by potassi~1 h~~acyanoferre.te(III), 

in alkaline ~aciuc, at constant ionic stre~eth, under a 

nitrogen atoosphere, has been studied. 

The rc.tas of t:.2e reactions ware fo·CJ.:::.Ci to be 

c.""l.apenc.ent on the first powers of t:1e c.:>ncentrt~tior_s of each 

reacte.nt ( substrate., oxidant and ali-tali ) • 

The effect ..:;f cL1anges in temperature on t~1e rates 

of the rea.ctions 21as been studied, a:r~d the activa.tio:r: 

pareoeters ~eve been evaluated. 



Varie.tions in tile ionic otrength of- -~~1e oeCl.iuo, 

c~lr.nges in the concantretiona -Jf c.dC~ed he~::e.cyr:.:nofa.rre.te (II) 

t~a rates of thaaa ree.ctions. 

T:1e p.resei:~ca of rr.d.ice.l interoeC:.ic.tco, f::;r..::Dd in 

the re.te ~eterGining stzp ~f the reectiJn, ~eo been 

detected and c:1aracterized by 3SR spectr ;)Ocopy. 

The reection patlwu:.y :1e.s b 3en :.:Iccr_c:.::.i:::ticc.lly 

visu~lizecl as proce:ding vic:. the forcati:m -:.f re-.dicc:.l 

inter:Jedie.tes in ti'.e re.to dat·erwinir~g step. T:1e rt.c!.ical 

underwent furti.t.er ree.ctHm, by we~y )f t~:.a iwiri·~ e.cid, to 

yial::"l the prouucts. The productc foroed fro:::. t:1e oxidation 

of these a:.:1ino acids ware tl:-.e reo:_:;ective o( -:.1:ato e.cids, 

wllic~ were c~:are.cterizec by cb.er_:icc.l oet~1c;clo. 

5. KINETICS OF OXIDJ..TI O!T OF' 3-LD'i'.Al-ITC J..CID .&J:.Tj) J..~Pk.1.TIC 

.&.CID :BY J..I.KJ.;.I.Il{~ ~~B::f..&CY..l.l·J0:.:-3 :CJ•T3 (IIIJ..:.. 

T£1e kinetics .)f oxidation of sooe aoino acid::: 

(glutaoic acid and aspartic acid) by potaosiuo b.exacyano­

ferrate (III), in e.l:i:aline ;Je\iiu::., at c·:motant ionic strengt:1, 

under a nitrogen at,:::osp~i.era, :1as 'bean st JJ.C:.ied. 

T~'la rates of t~:1e reacti.:l:-~s were f:m.:::d t. 0 be 

dependent on the firct powers of tha concentr&tio~s of eac~ 

rae.ctant ( substrate, mr.ida:r.t c..r:.d alire.li ) • 
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TL13 e:iEiGc·t cf che..ng'3S i1-;. temperatura on the 

rates of tile reaction£ has been studied, cuui t).e activation 

para.oeters have been evalue..ted. 

Variations in tha ionic strength of t~1e cadiun, 

changes i:n the concentrati::ms of added he:tr8,cya:c:>ferrs.te (II) 

ions, and the addition of salts; &id not have a~y effect 

on the rates of these reactions. 

The presence of radice.l intermediates, forced in 

tlae rr.ta daternining step .o~ the reactL:m, has -;:,een detected 

and characterized by 3SR spectroscopy. 

The reaction path1voay has been l:lechanistically 

visualized as proceeding via the foruati0n of radical 

interoediatas in the rate determining step. The radical 

ur.:.dar\'ient further reaction,_ by way of. ti:1e inino acid, to 

yield t:1e products. The products foro.ed froo t:1a o:i:io..ation 

;Jf ti1ase anino acids were t:1e :r3spoctive o(, -:tate acids, 

w;_lich "\tere cl1aracterized by c:J.eo.ical mat~:;;ds. 

6. KINETICS OF OY..Iru..TIOl1 OF LYSINE, AB.GIHiliE ./...lTD 

The kinetics of oxidl:.tion o:f so/T.e a::1i110 acids 

( lysina, arginina and l!istidine) by potessiur:: :~aJtecye.no­

ferrata (III), in el~..:elin~ wediur.:~, at c:n.stant. ionic strength, 



under a nitrogen atmosp~are, has been studied. 

Tl'le rates of t:1e reactions were fo·u.:~.-.d to be 

dependant on the first powers of the concentrations of 

each reactant (substrate, oxi~nt and alkali). 

The effect of ci1anges in taopercture :~r .. the 

rates o• the reactions has been studied, and the activation 

parameters have been ev~luatad. 

Variations in the ionic strength ~i t2e wa~ium, 

changes in the concentrations of added hexacyanoferrate (II) 

ions, and the addition of salts, did not have ~~y affect 

on the rates of these reacti::ms. 

The presence of radical iLtarmediates, forced in 

the rate determininG step ·Jf the reaction, he.o been dot3ctcc1 

and characterized by ESR spectroscopy. 

Tho rec.ction pathwe..y has be~n mec!:le.nistice.lly 

visualized as proceediLg via tho f~rDetion of re5ical 

interoedietes in the rate deterwining step. Tbe radical 

underwent further reaction, by we.y of the ioi:no acid, to 

yield tile products. The productr; for1.::1ed froD the oxid.e.tion 

of thesa amino acids ware tha reSQective ~-keto acids, 

wl1ich were c~'laracterized by chemicc.l met~1.ods. 

-···~~ ~ •• IIJP{__~· IJJ5 ·[() •So 
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INTRODUCTION 
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IHr J.ODUCTION 

l>tietal ion oxidan.ts can function ei t:1er e.s ona-equivc.lent. 

or two-equivalent reagents. One-equive.lent Gzide-.::ts s.x·e 

tiwse which accept a single electr.::>n oy direct transfer 

or "by intere.ction •niti1 a hydrogen atom. lf'l'To-eq_uivc.lent 

oxidants can c.ccept tl'IO a lectrons from the substre.te. 

In on~-equivalent redox processes, t~e change of 

v~lency caL be brouGht about by either a~ ir.ner-sphere or 

e..n out3r-sphere mec:1e.nism (1). 

1. Inner-sphere mechanism: 

The inner-sphere or bonded mecGanism envisages 

a direct contact bett<Teen t:1e oxidant E"r:c1 the reductant, c.nd 

the trersition ste.te is c:~1uracterised by a ligend -~v-~lic:1. is 

bonded to bot~1 r.etr.l ions. It cc:..r" therefor J e.ct c:.s e. bricge 

bet'\·Teen tic'1em for the trc.r:ofer of an electron. T~13 ty-pical 

reaction is (2): 

Cr2+~q)+ (l~q3)5 Coiii Cl2+ ) 

2+ 2+/ . 
CrCl (aq) + Co ,_~:a)+ 5 

Ti1e for;;J.ation of an inner-sp~1ere tre.:: oi ~ion state 

woald lead to •Donsicierable ~istortio~ of the ions, which ~ay 

thus asist electron transfer by reducing the eaergy terms 

involved. In order L1at an ir..ner-s:p:1ere ::>ec~lanis::TI can operate, 
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the ligand present should beaave in a bident~te manner. 

The ligand must possess available pi-orbitals, and one of the 

reagents i~volved oust ~ave a ligand w~ic~ ca~ be easily 

t.il:l)lc.ced. 

2. O~Ger-sphere ~ec~anism: 

Outer-sphere electron excbange reactions constitute 

t~1e sL:Jplest class of electron transfer reactions. In an 

01:-.ter-sp:1ere ;:uec~'lanism, the inner co-ordination shell of 

~Jth reagents is preaerved intact in the transition state. 

Since t2e metal-ligand distances Will be affected by valency 

c~1c..nge, so;:;.e distortion of the inner shells would occur, but 

no Qetal-ligand bond woulQ be broken or formed. 

The criteria for outer-sphere or non-bonde~ reactions 

are as follows: 

(a) there ;;:mst be no observed trz.1-:s::Ler of liga.;.1.c-:.o bet·;Jge:: 

the reagents; 

(b) 'the rate of t~1e reactio;cw may i1.av9 any magnitude, but 

if it is faster t~~~ any reaso~aole rate of substitution 

of t~1e ligands of eit .. :<~r oxiear~t or r'3C:.:.:.cte..nt » t~1.en the 

reaction cz,n ·oe classified as a:.1 outer sphere reactio;-"; 

(c) t~'le c:.ctive.tion energ:;r oi t~1is type oi reactior~ ol.~oul.d 

be muca less than tnat anticipateu fox a mec~a~is~ 

i~volving ligand-metal bo~d fission; 



3 

(d) the ~{inetic law 0f tba r~action must shm·J that ilhe 

transition state ~1a.s the same composition es the our.1 

of the reagent molecules. 

It ~-Iould t:1erafore be expected that mo~:~t o;.;:ter 

sp~1ere rrocesJes would ·oe fa.st reactior., bet',Jtnn complcxeE 

-vJ~'licil are substit-:J.tion-inert, in solvents -w-hicL'l are not 

theQselves providing ligands. 

Eost organic re;;~ction processes are e:<e)licc.ble 

in taros of ele~tron shifts accom~anyine bond formation 

and bond breaking. Ti'l~ rates and 2ctivation er.ergi·3G of 

such reactiono ere therefo~e of considerable interest. 

The essential steps in these reactions would be: 

(a) t~e approach of two rea~ent ions, which may be aided 

or :inderad by elactrosta·::.ic forces; 

(b) before electron transfer can occ~rr, two co~ditions 

r.mst be obeyed (3), in accordance :tith t:1e Frc:.nc:C­

Condon principle: 

(i) the electron trc:.nsfer must :1ot alteY ti1e 

:::n:ara;y of t~1e system. T~1is 3lectron tra~.sfer occ;Jrs in a 

vary short ti~e, en~ tho only possibl3 loss or gein of energy 

:~rould oe by rc-.diation. 3lectron transfer car: occtrr only :i:f 

·::.:13 o.dc~ant and reliuctar;t hG:.ve been vibrc:.tior:ally exci tad 

to t~a se~e total energy. ~hus, when tha two vale~cy states 

of a reagent ~re closely 3iailar in bond energy ~nd g3o~etry, 

the outer-sp~aro process ~ould be ex.pocted to be most facile. 
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(ii) tL13 ::>verc-:.ll spi:u an6u.lc:.r :o.e~entum should not 

be e..ltered. 

(c) The process ·:>:f electro::. trr,c_-:sfer itsJlf. If tL:e r3e..c;ent 

such t~et there is some intarecti~G botwaen t~a orbit&ls 

involv ::>d in aloctron trc-.ncia.:..~, t~13n th<> ;robabili·~y of 

electron trc::.nofer would. be ascantic::.lly urdty. T:-:a requirement 

of orbitc:.l ove:rlc:.p ce..n be rale.t3d to the orbitc.ls of tl1s 

roE.gents. This ~1ould sugg3st t~1r.-~ i"' octa~'le~c>.l coo:pl3X3S, 

t 2g electrons :2ight ba nora easily transfe;:red than e g 

elactrons :-r:1ich e..re in orbitals directed c.lon£, tha z.·1etcl-

In order to aste..bliC~1 t~ct c::.n outc.r-sph3::- :; -:)'J: 

n.on-oondGc: alectror. trc1sfar Cc.:;:l occu:.:: f::oc .:.:-.; or(J;&t:ic 

-· t t l ., t co,~:cpounc~ o 2. ~J.a e.· OXJ.U:.<:X.. , 

suitc:.bla modal systa~ in w~ich the probo~ility oi non-

or dif~icult to replace. ~ha orge..~ic sa~otrata s~ould be 

so c~oGen such that it is not likely to ~isplccc lige..nds 

frow c:. mete..l io~: complex. 3xe.mples of such exc~'lr,nc:-;e-inart 

(4), Ir c1 6
2- ion (5), Mn (III) tris-e..cetylecetona 
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coc;.pl3x (6) 9 caric ions (7), ex;.:::'. tha l13XLC]2.r.ofa:::..~:.:te (Iii) 

In t~e reectio~D of OLe-aquivele~t oxidento with 

proc:::JSS 1-JOuld se ao to cor :reo pond to r.;:-.~ a lectron t£e..nofar 

of r:. C-~~ bond r.nd loss of r~ proton to give c;, substrate 

rc:,:~ical c:.s for exc:..nple (10): 

• --)'~ Co (II) + C 6rr.5c:-I2 + ~:+ 

It would therefore be expJcted that t~e loss of a proton 

would be slow2r t~~n Jlactron treLofer, en~ honea would 

correspond to the rate det3rmining stop. 

o:::iC.<:.tior. or raC::iuctton of c.dd.ed inorgc:.nic ions, :;.r by t~1air 

r:.bilit~' to Cc.u:Je poly::.aris2.tion to Qccur witll c·.&C:.ad monoraer, 

c.s for exe~~le, E:.cryle~i~a or e..crylonitrila. If ~he redical 

is present, in sufficiently ~1igL1 concantrc.ti ~c s 9 its p:::- 3::::ance 

c~~ be detacted by al3ctron spin resonance spectroscopy. 

~roc~cs3s, it is most probebla t~at ir the pracJnce of an 

excasc of o:zident, t~.1a rr:.dic.:.l 11Iill be oxidised furt~1er. 

r.1e.y be: (e) a :-... on-bond.ad olactran trc:.nsfer (conversion of 

n nautrr.l rae.ic&l to n cation), E.S for ex<::::J'?l3 t~1a oxidc.tion 

of 2,6-diu:ot~-::.ylpher,.ol by !1a}::e..chloroiriC:.c:.tG ion (5), and tha 
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oxidz.tior.. of ~:ydroquinonoc by ferric ions (11); (b) bonded 

electron trE.nsfer or the tre.r.sfer of ~- li£3;c:.nd fron the 

oxidant to the radice.l, as for example, t~e reduction of 

Ir Cl~- by cr2+ ions (12); (c) rod~x substitution, in which 

thG redical reneins e.tte.chod to t~o con~lex, as for example, 

the phenylation of the ferricenium cooplex (13,14); (d) redox 

addition, where the radical remnins attached -Go the complex, 

as for exe.mpla, the reaction of he;racyanoferrate (III) with 

isobutyraldehyde (15). 

Oxidation of orgc:.nic substrc~teG wit~J. potesaiam 

hexe.cyanofarrate (III). 

Potc.ssiuo ~10.ZE..Cy c::-.:oforre.t e (III) , K3Fe ( CN) 6 , 

is ecs .Jetiz..lly a s-tbsti tuti.:m-inert trE..nsi tior2 setc.l c :.xJpl3X 

(16). It do:s not e;~c~;.c:-,:r:ga it;:; lignnds at ::2 rate fe.Gt e::ough 

oxid~tions by :1exr.cyanofc:;rrr:.te (III) ion. occu:c by mo£'_nc 0f 

~Thereby ar.:. alactron is t:r.noferred f.::-o.:J. t~lo cubstrate to the 

l.:Jetel ion thro-:1f41 t_1e cyc:r~o ligL::d. 

In c:ciC.ic :..l3~iu~, potr.ssiun ~1eze.cyanofexrato (III) 

hr,:::: ·:Jo;:;n usad xor t~19 czidc:.tion of sulfur contc..ining co.apounds 

(17-27), toluene · 2.ncl suoo ~ituted toluenes (28), dip~13nyl-

methane end tri.:;;her,.yL::wt:1.ur;.e (29) fluoren3 (3C), unsc.ture.ted 



systaos (31) and polynucle~r systaws (32). 

In o.lr-tE•lina ::tcdilli.l, Pot2.os:iu:..1 hexz.cye.:.'lofGrrz.to(III) 

~1e.s ba~:m extensively uond f.Jr t~1e oziduti:m .Ji various 

kinC:.o of orgc.nic substrE.tes SClCi:J. ::.s e.ld:Jhydes {:53-38), 

ket:m3s(33,34,39-45), e..lct:!J<>lo end dials (46-59), sulphur 

cot:.1pour;ds ( 60-68), i1ydroxrl ion ( 69), e.cids (70-81), sugars 

(82-85), :1ydr azin:JS (86-89), acyloir~s ( 9G-92) As (III) 

(93-95), hypophosphite (96,97), hydrocc:·.rbans (98), Ph.:m.ols 

(9S-116), e~ino acids {117,118), a3in3S {119-130), &nd the 

10-cet2yl-~cridinium ce.tion (131). 
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SCOPB: OF T.:I1 PJ.3S3HI' INV1STIGATIOH 

T£1e present invastic;ation is a da·t.ailad ~dr..etic 

probe into the ~xidation of aoino acids by potassiuo. 

L1exacyar:.)ferrate (III), in alkali:l3 oediun, e.t constar:.t 

ionic strength, under a nitrogen at~osphere. 

Tile purpose o:f this kinetic investigation has 

bee:1 to attanpt to extend t~1e scope of th.io e:ztre:...;.ely 

efficient and versatile one-electron oxidizi~g agent, 

potasoiuw i.laxacyanoferrate (III}, ir:. alkalin;:; u3:..J..:Ll, anC 

to explore and establish ft:IBC~lanistic pat.:.1-.1ayo :;i ree.ctivr..s 

involving the oxidation of ~ino acids. 

Th3 purpose Oj~ the present stu~~Y '<TaD: 

(1) To study the kinetic features :.; i ti1e o:zL:"le.ti:Jn :..1 

a:::1ir;.o acids; anc~ 

(2) To dm:wnstrate the usefulness of potacoiur:: !!exc;.­

C7e.n.)ferrste (Ill) aS. ,,. reager:t 'JJ~1ich. cc.r::. bring 

e..bout. t:.1e oxicl&tL:m of aoino acids, in :::~ ;_:_:c.:1r.er 

oL:ilar to that: oboerved in t!.1e anzy-ue.tic vxi.:J.atL::m 

of e .. :11.no acids. 

In tl1e present invastigatior, tb.e e.w.i1.10 acids 

chose:c fGr t:.1e purposes of JXidc~tion by p:;te:J;::;i:x.J. ~-:-.a:.re.cyano­

ferre.te (III), ir. al~alin8 oedit-c, ~1e:.ve L:_cl~:C..3c~: 

{1) Glycine, alanine, valine, leucin3 e:.nC: p~le:.-_]lalo..::.:ir.8. 



(2) Serine and threonina. 

(J) Cysteine and 3ethionina. 

(4) Tryptophan and tyrosine, 

2U 

(5) Glutaoic acid and aspartic acid. 

(6) Lysin8, arginine and histidine. 

For eacn axidation ree.ction; the st.JiC~'liouatry 

of the ree.ction has been deteroinad. Tile coLcentre.tions of 

t~1e substrate, oxidant ar.d alkali >r.ve bean vc.ri3d, and 

the effectB of these variations on tL1.e reac~ion re.tes .i.1ave 

bean studied. Changes in the te::..:.parc::ture oi t:1e ree.cti-Jn 

nediuo have been wade, and ti1e activation paruneterw were 

evaluated. Variations in the ionic strength of t~e oediug, 

c~:.r.ngas in the concentrc;;.tions of aclc!ecl llexe.cya:::o~errate (II) 

ions, t.c-3 addition of salts, ar:d t~1c effect Jf adC::ed pro:-'-u.ct 

on t:1e rates of t~-:e reactions .:.:.e.ve "b0en stuCiJd. 

TiJ.e presence of rE.c1ice..l ir1ter::..:.aCir.t :s ."::.r~s "b2en 

detected and characterized by 3SR spactrcsccpy. For each 

oxidation roc.ction, th3 pro6.ucta ware iscle.ted r.r:.cl c::w..rc.cteri?."' 11 
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double dictillad w~tar w2s furt~er distilled from an 

thus prepc:.rad Ti'/c.s u..., ilisad .for t~:e prape.rc:,tion of all t~1e 

solutLn:.s uoad in t;.:.a ~inetic deterwir,eti:::;ns. 

SodiU3 hydroxide: 

Pota::;sitD D.exc.cyanaferre~t e (III): 

P-Jte.s.aiu::::1 hexc:.cya:.:Jlfierrate (II): 

S.)G..i :..n perchlorc.t e: 

( ? ;;"'""CYK· ) n;.1--, 
.:.J ·.&.-'-'.... • .L --\..;;; solutio~ was c~ncsntrat:G.., whe~ crystc.ls of 
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• 

1:.nd recrystc::.llisec1 fr·J>L. -~n:.tGr. T:1~ rscrystc.llised proC:.uct 

lrlE~S dri3d JVer silic£. ;_;:Jl ur.d:Jr VecuUJ.:'.:. This or.rr;.ple of 

sodiuw per~~lornte wcs used for the pra)erc.tion of stock 

solvltions "J(aich ·vJere e.::J.ployad i-:J;: we.inte.inir~c the ionic 

strengtn of t~o lliG~iuw. 

Substre.tes 

J..ll aoino acids used 7.riere the L-c-.oino c-"cids. 

L-Glycine WLS obtc::.in3d fro~ Lobc 6~amifal Ca •• L-Cysteine 

and L-histidine "I:Jer e 3 .i.~erc:~ sc.::ples. L-Lysi:1e, L-phenyl­

alanine, L-leucine, L-crginine, L-vr.line, L-sorine, 

L-threoninel!' L-tyrosine c.nd L-tryptopae.n 'iiJGra :au:-r sc...oples. 

L-Hothio:nine, L-alanine, L-glutc.r:1ic c..ciC:. e.r:d L-c.spz,rti c 

G".cid vJere obtE.inGd fror.1 SISCJ J.1eoer:.rc!.1. LL"Doratories. 

r.t:he nelting point::; c.;:_cl thG spectrc.l dc.tr. obtain'Jd 

for eG.:.cl~ ;i ti.1e o ::.bstrc::.tas us eu, nra su;~nr.rised in Tc.ble 1. 



TJ;.BL3 1 

Poi::-~t {:)C) * s'~lostrc:.t 3 1~91-L ir-3: uvf·":·) \4.-.o.-1 

~1) {2) J) 
Glycin3 262 220(!) 

J..lr.nine 2S5 215 (1!l) 

Vr.line 298 210(~'1) 

Leucine 293 190 (~l) 

Pi.1onylc.le:.nino 284 2)8{H) 

SG:::ine 228 !25 (11) 

m· . rnreon1ne 251 240(1-1) 

Cystain::: 240 236(11) 

!EGt~1.ionine 283 208 (14) 

Tyrosine 310 295 (H) 

Trypt :Yphe.n 290 290(11) 

Gluta::Jic acid 224 206(11) 

J..spo.rtic C'.cic:. )24 

~ysino 224 220(IE) 

J..rginino 2C7 205 (H) 

-:~istiC:.ine 287 210(E) 

*:J = :Jc:.t or; IJ = I:lothe.i'lO l. 



All uv /visible spectre. 1r1are recorded on an 

UV-26 (Beck.:1an) spectrophotometer, e.nd esr 3p8ctra on 

E'.n E-4 (Verian) 3.PR s:pectro::.:Jtor, 

Kinetic oeti1od: 

J.-11 tl'le stc:.nde.rd fl£.s~w E.nd rec.cti ~Z"• VGflGels ._1ere 

of pyrex gle.ss i1ita vlell-ground stopp0rc. T:1e reaction 

vasoals used were st~ppered conic~l flesks w~ich ware 

pair:ted ble.ck on the outside to prGvcnt any p:'::)tocheDice,l 

c:ctLnga. J...ll the gle.ss appE'.ratus used were t3Gted for l::>ss 

standr..rd fl<::.s!:::o, roc.ction vessels 2nd t~1e pi:pettes used. 

correction Wc.s f .J:Jl.T.'ld out and e.:pi_Jlied. 

Jr.n electrically oparc.t GC:. ti:ler;_~~stc..tic we~t.Jr-bc.ti.1 

W&S used. It was provided with sufficient thernal laggirg, 

for c -:>ntinuous '!i'lork. J;;. xyhme-fi lL:.!d regulc:.t 0zo, v!orki:'lg in 

co:'ljunctiJn with an ol3ctronic r~::llcy, WUJ us3d t<:, tJc:..intc:.in 

l:'!ot :.:2cre thcn !. 0.1 °C. The tG::.Jperatur eo ~!ere recorded by 

of c:. dogrea. The b&ti1-li~uid "'--JC..s irlc.ter, covereCi. vJith e. lnyer 

loss of ~1eat due to rndiation. 
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Spectro~~otooeters: 

used -vler3 (a) Di gitel spectro3._Jhoto:1ctor typ~ 106, iCX II oodel 

(Syst::onics), end (b) uv-26 (Bec=:-lr.n) trv-Visiolo spectre-

p~1otometer. 

(a) T~1e LX II oodel (s]StJ..~~-r.ics) spect:copl~otometel) was a 

single bea::.1 spectrophoto:.:.1eter 21aving a grc.tL:-.2; .:;f 600 lines/on 

e.nd a wavel::mgt~1 rr.nge froo. J40 nw to 960 i1:2. The nooinal 

spectral slit width was 20 no, const~~t over the entire 

range. The full sc2.le deflectio:.1 could be obtr.in::Jd over 

tile vte.v 3ler.gth range of 340 no to 600 no. By the addition 

of a r.edl filter and interc_1.e.neir.g of the :;_J~l~jtotube, the 

rc.ng8 could. be e:;:tended to 960 no. In or!ie:. to ensuro 

oaxiouc. sensitivity of t~19 ircst.n.L::ont, ans~ to ~:.lini:::Jise tl1e 

to t~'le in-bvli lt vo l tage-str.biliser within ~:.1e instru;:;:tent 

its3lf. '£he liG~1t sourca ".iJ£.8 c.. 15 ~Jr.tt tungatar·~ lec..:.p 

ce.libratcd, an specified in ti.1a inctr"J.ctior;. .~[_:r~_:r.l, over 

concentrctiors of v· CrO 1. T' Vf"YT nol··, .... l· 0'-'" "0 _.;_ 2 4 ~- .;.'..U.:.-- U :....u L!O' iJ 

as to verify Beer's law at 370 no. 



(b) Tho: IJV-26 {Bockman) lJV-Visiblo s;:wctroj'hotr;motor 

was a singla baam monochromatr;r, having a filter­

grating. of 1200 linO's/mm, and a wavo·lungth rango 

from 190'nm to 900nm. This instrumont omploys a tungstem 

light ~ourca in tho visiblQ rogion of tho s'octrum 

(34ITnm to 900nm). This spoctro,:hotomotor had a 

tharmostatic control arrangamant to maintain tha 

tarr.parattJro, and thGJ absorbanco value was diroctly 

disJ&laysd on tho dig.ital display and on tho rCJa:ordor. 

As spo·cifiod in tho instruction manual, photomotric 

lino:arity was chockod ovar tha rangel of concontrations 

of potassium chromato: in KOH solutions, so as to 

vorify Bcwr' s law at 370'nm. 
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Absorption cells: 

The absorption cells were of 'Co?ning' glace ~nd 

of 8 wl capacity for the s:pectro~::JiJ.otooeter 106 rlli: II :~1o<ie l 

(Systronics). ~uartz cells of 5 ol capacity were usee for 

opectral deterainatior:o :rJith the UV-26 S)actroJhotoceter 

(Becknan). All the cells Yero thoroughly cleane<i by aq,ueous 

ethanol and acetor.e, and dried before they were used for the 

spectral weas~3oonts. A£ter the tra~ofer of the solution 

to t~e cell, care waa taken to see that no solution adhered 

to t~1e outer surface of the cell. Durir.g t:'le oeasurer..lents, 

the cells were covered. 

Solu.tiono oi i1ezacyano:fer::e.ta (III) ir.. c.at:1anol-

"rata:c ::lixti.lreB (60-40 to 75-25~~, v /v) ware :prepared. The 

aboorbance of each ::d tl.1eoa so lv.tions was wcc:~;:~naC:. ovar tile 

ra:r~ga of '!t1avolangt:1s froo 350 no. to 700 n:.'"1. 'i'ha naximum 

absorption in each cc..se -;,JaG located at 420 no {Fig.1). At 

t:1is wc-.velent;;t-.1 of 420 no, th J absorption due to Fe ( CN) ~-

hao been observed to ba a ma~~i:.:.:uo {1), tl1a aooor~:rtion G'X3 

( ) L.l:- ( ) to Fe,CN 6 baing negligible 2 • 

At 420 nn, :3cer' s l&v'-' vJas obayGd ovar the rc:.:.-:g3 of 

co::.c:mtrations of oolutions :.!Sad. A typioc:.l gre.ph ~f the 

optical censity against the concentration of Fe{CN)~- is 

s t:w~'ln (Fig • 2) • 
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'··------~ 

480 540 
Wavelength (nm) 

'lot of absorbance against wavelength (nm) 
of ~otass1um ~exacyenoferrete(!!I). 

(Determination of maximum absorption) 



1.2 

Optical 
Density 

4.0 s.o 
Concentration of K

3
Fe(CN)6 C 104 x l{J 

Fig. 2 Verification of BeeX'-'Lambert's Law. 
Plot of concentration against optical 
density at 420nm • 
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In this inv3stige.ti8n.,. e.ll tl1s o;pticc:.l density 

ooc.s"trr3;.:1ents ~Jere carriecL out at a viavele:~gt~1 Jf 420 m:. 

Rate ueasureoents 

A known a::1ount of the substrate vte.s weighed 

E:.cc:rrc::..tely ir:_to a 10 ::.;1 standard fle..sr<:: G..uCi. :.:le,de up in 

~11ater. Potassiun heJmcyanoferre.to(III) "ii'Tas c:.cc;)_rately weighed 

aut into e. 10 ol standard flask, c.nd c:.icsolv ed in e. small 

vol~e of water. The requisite a2ount of sociU2 hydroxide 

to LJaintLin tile required au~alinity. SodiUL.2 perchlorate 

was added so as to oaintain a cc.:stant ionic strength of 

the oectiuo. Tha solution was then Dade u~:; ir. WE'.t.er. Sufficior~-~ 

tiDe \Te.s allatied to coupensate for any c.hc.r:ge of heat d.urL~g 

C:.ilution. The two reactant solutions ltare sepLrately 

therc:.ostated at the required tet.:Jpere,ture for 1 hour, under 

a nitrogen at;.."osphara .. Tha soluti;-:n::.s were then :1i::;~od in 

equal v~lumes, by syringing i~to the spectrophotometric 

cell. The reaction oixture W&D ~ooogeneouo throughout the 

duration of t~e r~action. 

The progress of the reaction wac follawad by 

observing t~1e disappec-• .rancz of h3Xe.cye..nofer:c.te (III). 

J..1.ee.dings were tE'.:ien at r:;gulo..r intervLls oi tioe, by noting 

tho Cl.acrec-.oe in opticc-.1 d.enoi ty c.t 420 ro, op3ct:~o~;~1oto-

::1etricc-.lly. 
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v1er o fourcc1 to be reproducible to '!rli thin !. 31J~. 

cc-~l:::;ulc..tions: 

(n) 3~ta constants: 

For ell the ~inetic ~etaruiLati~~s, pseudo-first 

ardor reaction conditions 11cW3 b 3an us a G., itJherei:n thG 

con88Ltratio~ of t~a substrata hes bean taken in a very 

lr.rge excess over ti1<,t -:Jf the corccentrati::m Jf the o:;dC.ant. 

The pseudo-first order rata coLstant, k bn' 
0 iJ 

axprassed as sec-1 , were calc~leted froo t~e e1~ation (3): 

Tr •"- ba 0 iJ 

vr.luos :Ji 

= 2.303 
t 

t,_:.3 

linoc..r, 

D o• 

log (1) 

initic.l optio~l ~ensity 

E .. n.c~ 

TiB vc.laes of J::.~1J oacor:.:' Jrd3r rr.ta co:::ote.nt, 

. . ---1 -1 exprec .. ea 1::.: L s , 1r1era CJc.J_;:;utod ioy ::::~ividir.g the 

p3audo-firot order rc:.to co::.otz.::-1t ( k b , s-1 ) by tha 
0 s 
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of throe expeJ.:'iocmts, v-Jith agr::;:J~~:;er:..t beine; "JJi-G~1ir:: + Y/o. 

the efL;ct of te.:J;>erature on t~1e rc:.te of the rec.ctior.. 

follo:m: 

(i) ~ctivc:.tio~ energy (E) 

Froo the linear plot 

reciprocal of teuperuture (T), 

slope = 2.303 R 

E = - slope X 2.3G3 R ( ~J ~ol-i ) 

(ii) Frequency fe.cto:r (A) 

log J. = log I~ b"' + 0 0 

(iii) ~nthalpy of Activc:.tion 

... 

(iv) Entro;y 

; ./\ -::_; * \ '--J. .... _ ) 

-Jf Activation (~ S =/=. ) -;k 

T _6 S*,lR - t_\H! RT '- _k ~ ~ 
r;. .ob s = h \J " 0 

= 2.303 .a [log kobs + 

' 

Where k is the 3oltzoann conotc:.nt, c:.nd h io tha Plancl's 

COii.Ste.nt • 
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Sto i cl1i ooetrv: 
--"--

::~::::e.cti.::m ::J.i.xt"rrao cor:te.ining the ounstrc.to c.nC:. 

e.n ·axcess oi ~laJ~c.cyanoferrc.to (III), t2.I~e~ in :-rater, 

contc.inir.g the requisi ta r~:1ounto :jf so::,iu.:l :1.y6.roxide and 

e particulnr tez:1per~~ture. Ti:w ~1exc:.cye.i:oforr£.ta (III) ~'i~1ich 

Tho i~dividual stoicaiooetric reguletio~o are o~own alone 

~Ji th th:J reactions of e~ch of th.J substrates "di til the oxidant. 

(1) Products obtained froo the oxidation of glycine, c.lanine, 

Vc.line, leucine, phenylnlLltlina, seri::"a, t~:roonine, liSino, 

e.rgini:ne, histidine, tyrosiz::e, tryptophan, glutE.oic r.cid 

anc1 asp2.rtic c.cid. 

usee. for ti'le I{inatic deterninc::ti.:)nS, svlut.io::.s of substrE~te 

anc;_ oxidant, :taken in lTaO~-I (ic::ic stro:nst~'l e..djusted by ti1e 

required teoperature for 24 hours under nitrocen. 

(i) Ti1e evoluti :)TI of &..1~1onir, we.s shown by ;?c.r·::.ic.l distillation 

of the reaction nixture. T.~1a c:.::.nonia forcieC 'dc-.G abo orbed 

in an excess of stand~rd acid (O.fN HCl ). T~a excess of 



c.cid we.s t~lt.:;n be;.ck-titrLt~d (c.c;c:.i:.:st be.se), in the prec::mce 

of oetilyl red inclice.tozt (4). 

I 

(ii) The ree.ction oixture 'tlr.s axt~~c.cted '\'li ti"1. et:.1,ar, washed 

~lith we.ter, dried ov3r anhydrous I!IgS04 , r.nc~ than concentrut2d. 

The proc;.uct obt<:.ir:.3d WLS t~13 corre::rponding ::tato e.citl. The 

keto acid as t:1o ree.ction product, in each c:-.se, we.~s 

detected by spot tests (5), in e.greemnt wi-~~1 earli,er 

work (6). 

(iii) The reaction oixture wc:.s treate~ with c:.n aciqic 

solution of sodiuo bisulfita, end co3lad ir. ice. 25 ml. of 

2,4-dinitrophenylhydre.zine S3lution (0.05 14) was added, and 

the oixture allowed to stand overnight at o0 c. The ! solid 

co:1pounc1 foroad was filtered, etried, recrystr.llizeC. froo 

a oixtw:a of ethyl acetat:: and petrolet.:tU et:'ler, nn<f 'lleighed 
I 

keto acid (yields, 7~fo-8~~. in all cc:.ses). 

For ti1e oxiclc.ti::m of the aoino eci:'..s by c:.lkc.line 

hexccyanoferrate (II I .. ),., -::,~18 p:.~(_!C::.nc·::.s obt<:.i:::: :cc c:.re shown in 

Tr.blo 2. 



Ai~1ino Acid 

(1) 

Glycine 

Alanine 

:Ueucine 

Phenyl a lc~nine 

Serine 

Lyoine 

Arc;inine 

• 
{~1yrooir 3 

~:rypt ophr.:::.:. 

~s:;;;c..rt ic L-Cl.Ci 
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TABLE ?. 

I{eto r.cic1 

(OxidQtion Pro~uct) 

(2) 

Glyoxylic ncid 

Prruvic acid. 

d..._ -katoisovc:.le1'ic acid 

?( -ketoioocc:.p:c0ic c:. ciC. 

r -pi1.enylpyruvic c.cid 

J3 -hydrox-.fl:>yruvic 2.ciC. 
I 

ICcltine:; point 
2, 4 :;J}JP 

c18:cbvc.tivo 
( C) 

203 

216 

196 

a<. -keto- {3-hye.::oxy· butyric acici 
j 

,:J.... -koto-t_-::-.~:1inocaproic 2.cicL 

162 

162 

162 

157 

212 

o( -k ato-b-gue.nici.inovc:.leric r.c·id 216 

~-i~i~nzol71PT£~vic sci~ 

B- (p-~·:q~XO.i:y.:_Jl.13l1Yl) pyr;J.V~·? 
~- [.Cl_CL 

{3 -ir:~c:..::; lylpyr..cuvic aciC: 

cJ._ -~:>.8toglutc:.:;.~ic c~cid 

19C 

178 

155 

22C 

~18 
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(2) Product fro= tne oxidati~n uf cysteine 

Using ti.1.e Se..r:::ia experi::-..antel c 3:-.:~i ti Jns the t 

wera us~d for the ~inetic deter~in~tiors, cysteine enG 

hexacye.noferre.te (III) solutions, in NaO:-I(ionic strength 

adjusted by t~w addition of NaCl0
4
), -;.·rer·e allo;,·J::J;l to re2. ct 

at 30°C for 24 hours, under ni troe;an. Ti1e ree.ctLm nixture 

1.>1as taken in ether, weshad with weter, the ether evaporat::::d, 

ar.d the residue refluxed Witi1 toluene for 1 l1.our. The solution 

vies concer.trated e:nd allow£1d to co ::>1 overnight. Crystals of 

tile disulfide were precipi tatec"'c, lrJhich were recr;rstc.llized 

(3) Product froc t~'lG oxide,tion of methionine 

Using tl.1.'J sc.ne e;r.porL:::.·ente.l conditions the.t Ttiere 

used for the kinatic detor:... .. ine~tions, .oet:1ionine and 

hexc-.cyr~noferrc:.te (III) soluti:.n:s in Ne.O~I (i:Jnic s ~,:cec-igt~1 

adjt::sted by t.C1e adC:.iticn vf l'Je.Cl04 ) were allowoc1 to re<:'.c·:: 

at 30°C f·Jr 24 hours, u::-.der 1->.itrogen. To t:::J reFJ,ctio:r~ ui;ct;uro 

bice.rbor.ate solution. A precipi tqta of H-bonzoyl ::.1et~1ionino 

sulfoxide was ~bt~ined, Which was filtersd, wcshed with 

vrc.tar, c:~nd recrystallized fro::1 et~1.er ( :.1p 183°C). 



Tests for R~dic~l farc~ti3n: 

theso radic~l interc3di~tes w~s c~. firoc~ by the following 

tests: 

{a) aaducti~n of inorganic ions, a• + M(n+i)+ 

) + lr.:arcuric chl~ride uao a~sily 

:~acl:J.cad by t:'lose racl.icc:.ls to isoluble oercu.rous chloriC::'3, 

1;1i.1ic~1 wr.s ralc::tiv3ly inert tm•JE.r:~_s reo~cidation by tl1a 

oxidant I .. n+ ·- . 
{b) Pcly:.:Jerise.tion of an e;.dc1od olefinic :J.o:::.o:..:;ar, £Uc~1 e.c 

acryloLitrile or acryleoida. 

lo"!tT.;r pc·.rt af e Thunberg tuba (7), wit~1 t~1e oxic:"":.e.nt 

solution plc.cac~ in ti1.3 i.lpper portion of ti.1J t:.xoe. TL13 syuteD 

forsation of e whitJ opel~saencJ, indicstins the for~etio~ 

of a po lyc10r. 
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Using the raq~iaita r~~cti8n c~nJitionc, t~a 

rc-.:~iccls vlara genergt:Jd, in e fl:.vT systeu, by r::ixing the 

r>ubctrate e.nd oziclc:.nt, by volu:Je, in en asr sc:.:.:.:plG tub3 

was plnc9c1 ur.C;.:Jr i1igh UE:.cuu.::, in order to o:xp3l dissolved 

oxygon, Lnrl ti1o SE:.r.:Tpla tubs r,Jes 3_Jlacoc1 i:.1 t~1e cc:_vity of 

.~1icro<Jc-.v a :Zreq uency g. 45 m-Iz , tioe c::n:ste.nt 0 .) sac, 

seen ti~a 4 =inuteo. 
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CHAPrER 1 

KIH3fJ~ICS OF m:IDA.TION 01.<' GLICIH5, Jt..LA1:1IlB, VJ..Lll8, 

synthesis. The fact that the illtP~rtant naturally occurring 
aQino acids ~ave ~hydrogen atoma suggests that the bio-

aynt~1esis and degradatior~ of anino acids occ;rr by 'itlay of 

o( -imino acids a::sd o(_-keto acids, t~1us: 

hi, 

' R-c-cooH 

' NH
2 

/D/ 

'2/H/ 
R-C-CDDH 

II 
NH \0 NH 

3 

R-C-COOH 
It 
0 

In wetabolism, ami J.o acids are .=.:ubj acteC to :.:.:e.:17 

reactior..s, t.nc" can supply precursors for vario .lS er~C:.oc;e:.J..:nc 

substances, as for e:}cample, :C..a:Joglohin in blooa. .J!..2.lii.10 acids 

particule..r a::Jir.o e,cidc contain ~on-polar grou)S, :.;wle.r 

oubstituents, aciciic or basic substituer.ts. 

Various earlie.c propose.ls for Jc_:;.e C..e:ivE.-~:is~. of 

aL~aloid structures from com:.:J.on amino acids tvere co~sider:::C. 

by .:wbinsor. (1) e.nd later ex)anlied (2). Bioc~1e:::.ical ez)e:ci:J.ents 

cocfirmed t~1e p.=edicted path1rays based or. Robinso:;..'?.' a ccheoe 

of biosyr..thesis. Th9 fu:c~ da;nental skele·;:;on. of aL::aloids :,rae 
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derived frm.1 co::iWon ru:.1ino acids c:.nd ot~13r s:.1all ioiolocicc:.l 

w.olecules. Si:aple av.ines vThicL1 he.ve been found to occ'..--.r i:-" 

plants have bean shml!: to oe derived by t:1e dece.r-;:;o:zylc.tior. 

a.:1ine from serine, isobutyl ami~e from valir"e, iso:oencyle.::;in8 

from leucine, and cadavarine i~om lysine. 

Nany naturally occuring nitrogen cnmpo~nds ~ave 

basic prpperties in co:.:non witil the al~aloids, but t~1eir 

structures are relatively si.:1ple. T::1eir nitrogen e.toos are 

not ir;.corporated into ~1eterocyclic ske·tetons. T~1.i0 Oe3L.8 to be 

derived frow a::J.ino acido by siople reo.ct ions. Decar~Joxyl&.tion 

of a.:.1ino acids produces aoines. Suah amnes car oe ::::.oc~iii ed 

by t~1e introduction of oet~1yl groups or :1ydro~r:yl groups. Sol;le 

:proto aL:.:aloids are possible precurso~s of typical al~:.:e~loi::Ls. 

Proto alkaloids related to a.ro~ ... atic a:ni~1o acicis, such as 

tyrosine and dihydroxy phenylalanine, are i:.:.1portaLt :orec:rroors 

of alkalbids. The utilization of nicoti:.~~e b:. t~:.e s~'iJt::.eois 

of a:.:.1ino acids and proteins ~1as been reported (:5). CorreJ;attnn 

of al::c.loid cor.~tent v1it~1 t:.'!e c;:;Lcer:.tration of f::t.3e aL::L-:o acids 

different kinds of lupine al:{aloids i1ava sllo"ii:J. -::,~18 preo'mce 

and ly:::.:ir~e ( 4). It ~1as oeen suggests C. ·::.l1at c.rgini:i~e co:.-1lC. 

be a norcal precursor of t_-:a lupir"e al:~aloids t5). Tracer 

e:1r:y-erL1ants ~1e..ve confin~ed t~1at t~10 ce..r'bon skalet.onc of z..ll 
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(6,7). ~any of t~e indol3 al~aloids ~arived t~air iLCole 

be on reported to oe goo a prcc:.~:rs~n·s of t~'le pyr::..~o lizic.ir:.a 

alkaloids (9). ~~13re is evi::.ance t:.:,_at. aE£aloiC.s he.7i:.t; t.~~a 

imidazole ring e.re probably :1e.ae froc histiair..e (10-12) • 

The kinetics oi oxidations of aoino acids ~ave 

become i;:J.portant, both from a purely c~1e:::.ical point of vie·vJ 

and fror.1 t.:.1e point of vie"'r oi its bear in E, on t~1e mec>.axJ.is::l 

of ~ino acid wetabolisn. 

In general, t:1e disoociation o :Z a.J.ir:.o z.cic~s C:.eper..ds 

on t~e pH. of the me6iuo. I~ strongly aci~ic or al~alina 

;:::aC.ia, tile following e~ ui libria exist: 

+ 

....-- -o:a 
RCI-I ( NI-I

3
) COO-

Anion Zwitterion Ca tio:'l. 

J.!;:lino acids l.1ave b 3en oxidize a. by a ve.:riety o1 

oxidizine agents such as persulfate (13), per~cido (14), 

peroxydisulfate (15), c~1lora.:1ir..a - B (16, 17), oang<::.:.:Jsc (III) 

ion (18), acidic peruanganate ion (19), broQate ion (20), 

peroxooonosulfate {21), N-broGJoaceta::lide (22, 2:5), ci1loranine-T 

(24), eerie i:ms (25), N-brooosuccinioide (26), bro::.:awine-T 

(27), anc by Fr~¥'s salt (28). 
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G l;ycine is tl'le precuxsor for Jlet~2yla~ine ~f:.:ic~-.: 

~1as baan founc_ to occur in plants. 3-lycine plays a cig::d:Zico.::~-c 

role Lr~ tile biosynt~!esis of O.iterper;.oic~ e.l~aloids (29), ana 

in the pathways of c~oline metabolism {30). Glycine is one 

of tae oajor constituents of silk fibroin and collagen. 

Tl1a foroation of ~-aoinolevulin.ic acid fro£.1 succinyl 

c~ and glycine is the first step leading specifically to 

the biosynthesis of porphyrins, Which are present in 

chlorophyll, hae~oglobin and cytochroces. 

In the biosynthesis of the piperidine alkaloid, 

tniwosine, the alanine substituent has been observed to play 

an important role (31). Alanine has bean found to be aoong 

the possible pyridine ring precursors in t~e bioSJnthesis 

of nicotinic acid (32). 

On decarboxylatioD., valine tsives isobu-tylau::.ine, 

Which has been found to occur in oany 9lant speci:;.s. So:1e 

enzyr1a preparationc :1o.ve been uoad to carry out 3·:1Ch 

decaroc~::yle.tion reactiono (:53). 

T~1.e decarboxylation of leucine gives isopentyl­

a:.:in3 'tlhich is found to be present in ~.1any plant species. 

Certain enZJ'.nes aave a.lso b3en successful in carrying out 

such decarboxylation reactions (33). Leucir.:a 21as been o~1o'tJn 
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to b3 B. ;~rsct:rsor for oo, __ e purine alkaloido (34). 

in t~1e biocynthaoeo of tro,Je<.ns aL:::aloic;.o (35), norbeJ.lr.c~L-:: .. 8 

(36,37), co1c:1icir:.o (38,:59), e.~1d ergota2i:1o (4C). ;~racer 

fea<iing e:z:pcrL::.ents ':1ave o:.ww1-: -Ghat in t~~e t&xi~e g:cou:p of 

e.E{aloids, t~1a pi1enylpropa;:1e ooiety ori a,i.nates fro.:1 

phenylalanine, ·;rJitll an e;L, f3·D.igre..tion of t:1.e e.:.::ino g:.:-oup 

( 41}. T~1e biosyntllesis of alkaloids such c:.s gale.nt~1e.CJ.ine ( 42), 

In-:.o1r1r.. to possess ane..lgesic activi-~y co1:1parable to c10r:;_J::ine 

( 43), vias ac,:lieved ::::te.rting froo phenylalanine. T:'2o pet~nu::q 

l1e.d involved. a crucial pL1enolic coupling step, e.s predicted 

by BVX!ton ( 44). The oiosynt::!eois o :f rotenone ( ll5), ste.rting 

froo phenylalanine, illustrr.tas the sequential foroation of 

different typez of oxygen heterocycloo. The constructiJn of 

tryptopban uses the initial convarsio~ of glucose to 

phenylalanine (46). Indaed, the litare:tze is repletG 'tllit~'2 

insteLces of p~'lenyle.lanine being effectively u:JeC:. for ti1G 

biosynt~-~e sis of a 'trlide v<::.riety of al:ialoids ( 47-51) • 

Glycine, nle>.'lina, valine, le'-lcir:.G e.nd :p~1anyl-

e.lani:r.e t!e.ve be~m oxidized b:r a ve..riety , o1 mridizing eg~mts 

suc~1 <:,s eerie iono (52, 53), Fenton's ree.gent (54}, h3Z2.cyano-

fsr£~tG(lii) catalyzed by osni~ (VIII) ions (55), 

oe..ngc:>.r:3Se (III) sulfe.te (56), Fe 2 + ions (57), peroxydisulfe"tc 

CD.tE.lyzed by cu2 + ions (58)' co3+ io:ts ce..te.lyzed by Ag+ ions 

(59), acidic perL!ange.nate ( 60), aquo;e:r:.tc.cye.nofGrTe.-;:;e (II) 
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ion {61), periode.te (62), peror.n6anr.ta ce.tc:.lyzed by bl":J!.:.2ide 

ion (63), aquo:mnge.nese {III) ion ir. e.cid u.e:iit'l.D {64), 

peroxydioulfate ce.te.lyzed by Ag+ and Cu
2 + ior:G ( 65-67), 

N-bro2osucci~imida {68-70), chlorr.oine- T {71,72), 

brooe.::.1ine - B (73, 74 ) , N-broooacetc,oide (75), lead tetrc:.­

acetate (76) pero:zooonosulfata (77), acid br;)C!.ate (78), 

phenyliodosoacetat a (79, 80) , potasoiu::.1 browe.te (81), bro:Jine 

catalyzed by osoiuo (VIII) ion (82), n~d by Ag2+ ions (83). 

AlaJJine ~1c:.s b3on oxiC:.ized by e. v::-.riet~· of oxidizing 

age;:-.ts such t;S N-brososc.ccharin (84), c~1lore.oi:1e - B (85), 

H-chlorobenze.r.:ide (86), per acids (87 ,88), chlor['X.:cine - 'i' (09), 

N-broc.osuccininide (9C), paroxydisulfate ee.te.lyzad by 

Cu2+ ion (91), and by Fenton's reagent (92). 

Valine :u~ .. D been oxid.izeG. by c~llorr:.l:~ir~o-T (9:5), 

:p~lenyliodosoD.cetate e.nd lec.ci tetrc:.e.cet~te (94), w.anganese (III) 

sulfate (95), and by H-brooosuccinL::;.iCi.e (96). 

Leucine ~as baan oxidized by ~ataperi~~ic acid (97), 

trinitrobanzena sulforic acid (98) :.:1e.r:.gEmesa (III) ot-:lfr-.t.:; 

(99), c-.r:ii by haxe..cyanof8r.rc.t3 (III) c::-.te.l~;zed by rut~1eniuo{VI) 

ion (100). 

Pi1enylalanine i1as boen .)}ddized by c:.cicic 

pZ)r..::.r;n,gE.nc.te (101-102}, a:.::C:. by aqueous hydrogen perozidc 

(103). 
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T~1a :;;;resent "VJ~r~;:: is r. detail:;d. ~inetic investigation 

ferre.te (III)~ in aJ.~::&linc r:.Jc~illi..l~ c:.t constant io:-:ic 

c~1osen for purposes of o~~idation were glycir.e, e.le.tn.r.a, 

valine, leucine and ;henylalc:.nine. 

Stoicaiooetry (Vide 'ExperiQental' ). 

T~e stoichiocatry of cac~ of t~e raectiohs w~s 

deteroinod to be: 

R.CO. COOZ + 2Fe(CN)~- + ~~1J + 

Here R ~- u (glycine), - a1
3 

(alanine ), 

(valine), 



Effect of substrate <.:.l.'"~d. .):Xicknt 

T~1e re.tes of t~w ree.cti~~-s liere fo:md -;:;.:., oe 

dependent o:r~ the first po~r1ers of the c::n:centrc..ti.);:_;:: oJ both, 

substrate c:..:.1.c~ oxide.nt (T2.ble 1-4). 

Table 1 : Effect of substrate c;-.r;d oxide.nt 

I Glycine I I K3Fe (CN) 6 I 105 X t-{ b 
0 s 

(10
2 

X 14) (103 
X 11) ( s-1 ) 

1.0 1.0 1.9 

2.5 1.0 4..7 

5.0 1.0 9.6 

10.0 1.0 19.5 

25.0 1.0 47.0 

50.0 1.0 96.0 

1.0 0.75 1.9 

1.0 0 .. 50 1.8 

1.0 0.25 1.8 

1.0 0.10 1.9 

I Na03: I = 0 • 1 I'l ; fA·= 0 • 0 5 l~; t eop • = 55 ° C • 
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Tabla 2: 3:::fact J:: oubstrc.t::; c-x_d oziC':.e.nt 

- - ------
I A.le..:nin3 I I K3Fe{CN) 6 I 105 ~~ k _'"· obs 

,_ ") (102 
;r:: 1{ ) ( -1 ) \ ',, c • .c.:..!. 

0 •,1 ..... 1.0 1.6 

0.5 1.0 8.2 

0.75 1.0 12.0 

1.0 1.0 16.0 

o.5 0.75 s.o 

0.5 o.5o 8.5 

0.5 0.25 B.o 
0.5 0.10 o.o 

I NaOH I = 1.Q M; f--= 0.5 11; taop. = 75°C. 
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Tabla 3: ~ffect of oubstrc-.t s L.ne J;:idLz:-~ 

I Valine I I KJFG(CH)6 I 105 Y Tr - ~ _ ... obs 

(102 
X i:~) ( 3 --10 X i/i) (a-1 ) 

1.0 1.0 1.8 

5.0 1.0 3.3 

10.0 1.0 6.8 

25.0 1.0 16.5 

5o.o 1.0 3!1<.0 

5.0 0.75 3.2 

5.0 0.50 3.3 

5.0 0.25 3.5 

5.0 0.10 3.3 

I NaOI-! I = 0.5 H; f- = 0.05E ; teop. = 55°C. 
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I Substrata I I K
3

Fe ( CN) 6 I P~'l::myla 1 a.ni;:-13 Laue ina 

103 4 
(1o5 -' 

{ X H) -.... ) (10 X 11) "'~r Tr s -i'~ ~ .. obs , 

2.5 1.0 3.5 1.2 

5.0 1.0 5.7 2.3 

10~0 1.0 g.a 4.7 

25.0 1.0 24.5 12.0 

50.0 1.0 49.0 21;:. 0 

10.0 0.75 9·7 l1. 5 

10.0 0.50 9·9 4.8 

10.0 0.25 9·5 4.5 

10.0 0.10 s.5 L• ,~ •• v 

I Ne.OH I = c.1E ; f'· = o.o5 I~; tecp. = 55°C. 
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Pl ntc 0.0 Tr t'1"' pS~il.:'.:,'"\ fi_v•st '0JCdP•,. rate CQr~:Jt:;:.nt p 
:.J i;) .J.. ~>. - ' c v -- -~ ~ ... oos 

against a 20-fol:::: rc.::>ga of cor: cer~·::.rstior. o:r o·_:ootr<::.tes, gave 

straie~1t lir:es passing tl1roug.1 the origin, ir.G.icating thc:.t 

concentrations of ti1e cubstr:;:.t,as. T~i.iC ''Ie,s furtha:r seen by 

tile corcste.nt values of k
2

, the second rat3 ord.er co:nstant. 

vlhen a constant concentre.tior. o:f Si.ibotrats 

( large excess ) we,s used, I{ b did not s:1ov1 r.:..:y ap~reciable 
0 s 

variation "1Jit~1 changing concentrations of o:.ddant (ten f·Jld 

range), indicating a first order dependence of t~1e r ae.ction 

on t~e co~ce~tration of t~e oxidant (TableD i-4 ). 

Effect of NaOH 

The rate of the ree.ctia~ s~owcd a firs~ order 

dependence on the concentrc:.tion of al~~ali, ir. t~1e range 

studied (Tables 5-7). 

Table 5: Effect of NaOii 

I NaOti I 
(H) 

0.1 

0.25 
o.5o 
p.75 
1.0 

I Glycine I = 1 X 

-.r Tr .... ~ .. obo 

Glycine 

1.9 
4.5 
9.0 

13.0 

18.0 

Valine 

G.6 
1.6 

10- 2
-r I v 1· I -- 5 y 10-2 ". t• .. ; e. ~ne ..... 1-...; 

I K3Fe(CN) 6 /= 1 x 10-3H; f = o.o5 1~; te~p. = 



Table 6 : 

I NaOil I 
( g ) 

o.1 
0.25 

o.5o 

1.0 

52 

Effect of NaO::! 

1.6 

4.0 

8.0 

16.0 

I A.lanine I == 0. 5 14; I K3Fe { CN) 6 I 

0 f· = 0. 5 H; teop • = 7 5 C • 

Tabla 7 : Effect of NaOH 

I NaOH I Pi.J.enylale:.nine 

(14) ( 5 
10 x kobs , 

0.1 9.8 

0.25 24.0 

o.5o 48.0 

0.75 72.0 

1.0 97.0 

n 

-2 = 1 X 10 E; 

s-1 ) 

I Substrates I = 1x10-~J H; I K3Fe(CN) 6 I 

f- = 0.05 l~; 
0 

teop. = 55 C. 

Leu.cine 

12.0 

23 .o 

35.0 

47.0 



R.ate le.w 

Urdar the praoa~t ex)eri~e~t~l co~.~iticns, tha 

rata law could be expressed ~s: 

Rate = -

--------(1) 

TI:la pseudo first or6.er rc-.te c~r~stz~nt, kobs, vJuJ cc;dculated 

from tl1e eguatior. (104 ) : 

2.}03 
t •••••• 

( Vida '3xperiwente.l' : Calcul;:,tions :·. 

Effect of teoperature 

(2) 

The rete of the rec:..ction 'i-Ie.s infl;,ler.ced by changes 

in tenperature, and an increase in te~parature resulte6. in 

an increase in the rate ~f the reac~ion ( Tc:..bl3D 8-10 ). 



54 

Tabla 0 ~ffcct of t2:_:.:.p:~r-c-.ttrro 

___ ,_____ -----10_,5...-----·-( s-
1 

) 
rnA:·on 0 "'" ·r 
... ~-... 1:' """ J:'"obs 

35.0 

4o.o 

L15 .0 

50.0 
55.0 
f50.0 

r. n v.u 

1.1 

1.9 
2.6 

7&.lin3 

c.:; 
0.9 
2.1 

/Glycine / = 1x1o-2 E; / x
3

Fe ( CN) 6 / = 1 x 10-3 III; 

/ HaOH / = 0 • :lL 111 ; /A = 0 • 0 5 11. 

1 VALHJE I = 5 x 10-2 11; I K
3

Fe {CN) 6 I = 1 ... ,.~ o-3 1-.- • 
..L..lt...... ._, 

I NaOH I = Oc5 M; f= o.o5 I{. 

Tabla 9 : 3ffect of te::1peratcr3 

5 ( S -1 ) 10 "'" !1: "'~ • obs 
Ale..nine 

Te:..Jp. 
0 (.:!:, 0.1 C) 

65.0 3.2 
70.0 4,7 
75.0 0.2 

co .. o 13.1 

/ NaO:-i I = 1 • 0 I,~ ; t'- = 0 • 5 E • 
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Table 10 :- ~ffect of tsr.::peratt-rre 

----------------------------------
Tenp. 

( ;t,0.1°C) Lallci:::.a 

4 1.5 0 h o.o v.o 

45.0 2.8 1.2 

50.0 5.5 2.1 

55.o g.o 4.7 

60.0 20.0 10.0 

I Substrates I = 1x1o-2 1~; I x
3

Fe (CN) 6 I = 1x1c-4 ~1; 

I Na03 I = 0 .1 M. ; f'· = 0. 0 5 !>~. 

Plots of log kobs against t~e reciprocal of 

tenperature ;rrere lir.ear ( Figs. 1-2), suggesting the 

validity -:;f tr1e .Arri1.enius equatio:'1. The slopes of t:.13 plots 

were used to calculate the activation energise of the 

reactions • ~~o other activation paraneters were calculated 

( vide 'E:lr:pericental' : Calculations ) anc1 have bG;:m 

shown iL ll'e:..ble 11. 



1.5 

t'.-tl 

6 + log kobs 

0.5 

l 

I 

.I 

2.8 

Fig. 1 

5G 

3.0 

~ Glycine 

& Valine 

) 

: Plot of log k b against the reciprocal of 
0 s 

temperature. 



2.2 

1.B 
6+log kobs 

1.4 

1.0 

2.8 

Fig. 2 : 

\ 
\ 

3.0 

8_ Phenylalanine 

G Leucine 

0 Alanine 

\ 

~ 
\ 

\ \ 
\ 

3.2 

103/T 
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Table 11 . J.ctivation Para:1etors . 

Substrate E J.. L\E::::f=: L'~ -=/=-..),I:> 

OtJool -1) (s -1 ) ... -1 (g:Jool ) ( -1 -1) JI{ ool 

Glycine 10+2 bc1o3 7z.2 -150+4 -
Alanine :ll2.:t.2 6x1o3 9z.2 -155+4 

Valine 15.:!:.2 3x1o3 12+2 -150+4 

Leu.cine 1J.:t.l 1x1o4 10+2 -160+4 -
Phenylalanine 12+2 3x1o4 9+2 -160+4 

electron abstraction processes. Tl:la favourable ar..tl~c"lpy for 

electro~ ~bstraction oay oe i~ part due to the release of 

energy S':'l solvation of c~1ar:eo created in t'J.e tre.r:.si-:.:-io;;-;. atr:.ta. 

Values of Ll.S=Fin this range for r&-:.icr"l rer"ctions .::-w.ve beer~ 
ascribed \105 ) to t:1e for!Jiddon natura of .:;lectror, -

pairing anc-:. alectron m1pai£ing :Jroceocas, Lnd to t~J.e loso 

of degreeG of freedoo
1 
for,Jerly availr~ble to t~1e rec.cte.:::ts J 

on t~1e forEe.tion of e. rigid t:-2.r:oi tion s-tate. 

Effect of ionic streneth 

using NaCl04 ( fL = 0.01 H 

effect on t2:; rates ~f these ~eactions. 



The e.de'ition ..;f K4Fe(CN) 6 in -~he c::;z~c3ntrc~i.Jr~ 

rr.ngo, -4 -3 1.0 x 10 t~ to 1.0 :z: 10 g,. diC:_ n~.:.t ::.s.v8 r:x;_y 

influence o:: ·;:,1:1e ratao of the<:>a r8c..ctL:·::-~s. 

Effect of ad~ad salts 

The :;:.dditio:u :Jf Olc.ts such as NaCl, Ne.N03 , KIJ03 , 

( -4 Na
2 

so4 , Iigso4 cancer. ·::.ration re.:nge 0 f 1.0x10 14 

to 5 .o x 10-3 r(.:), did. not have any effect on the· ratao of 

thesa oxidation rae.cti~ns. 

Radical intermediates 

T~e esr spectre :Ji the corTasp:JndiLg radicals, 

generated fro!:l the oxidctior_ of each of :,;_:e oubstre.teo, 

were obtaiued (Vide 'Expericental' : ESR ;~easureuents). 

The aor spactrun, obtained from the oxidation o:Z 

glycine, gave a oeven-line spectrum. The nuober of li~as 

accounted for by a radical species consisting of four 

eguive~lent protons e..nd a nitrogen c:..too, all L1s.vi:::.g ::J.ee.:rly 

2qual cou~Jli:.'lg constants. This seven-line spactrto .:,_c:.d 

.relative i:::tensities (V'Jit:lin 10C;~) of 1:5:1:1:14:11:5:1 • 
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Oxidation oi Glycine, Alanine, Valine, Le~cine 

and Pja~ylalanir.e 

ancl. hexe.cyanoferrate {III), in 2.Ei:e.lin3 oediuw, 'iJe.s de)ancer1t 

on t~1e firot :powerB of t:'le concentrati::n:·.o ~f eac~1 of the 

reacting species (Tables 1-4). 

The disoociation of a::1ino e.cids depandc upon -~;J.a 

p£I of ·::.he r.1ediUI:1. It is 111ell r-{nov-Jn thc.t awino c:.cido exist r.:.G 

zwitteriono in aqueous solution. In strongly aciecic or 

alkaline nadic., the followin~ a~uilibria exist: 

RCJH ( l-m; ) COOH 

Cation 

" + H 

ZirTitterion 

( s- ) 

anion 

In al~aline ::::olutior_s, -t~1e zvJitterion in converted to the 

anica:, ii.CH (N?I2 } coo- , vl.hic:1 is ti.J.e ree.ctiva Spaciac 

ur::C:er t::~e present 8 xperiLlentel conditions. T.ha pX vaL::eo j~'or 

ti1a :::ysteo 

heve been reported (106). 
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The ionize.tion conste..nts and thG p:-: ve..l"-"-8S E:.t -::.;:~.;; 

isoelect.ric points of glycina ,alanine, valine, J aucina c.i1.C1 

phenylalanine at 25°C are given in Table 12. 

Table 12: Ionization constants(106)and prl values at 
isoelectric points 

A.r:lino Acid pK1 

Glycina 2.34 

Alanine 2.34 

Valine 2.32 

Leucine 2.36 

Phenylalanine 1.83 

For these ani no acids, 

= 
2 , 

point. 

"t•rhere 

pK2 p-'1.: 
J... 

9.60 5.97 

9.69 6.01 

9.62 5.96 

9.60 5.90 

9.13 5 .ll:O 

pH. is the isoelectric 
~ 

Since all -::.~1e Idnetic studies were cc.r::iad out 

at hit;h concentre:tLnH:l of Na05: (Tables 5-7 ) , it oay 'i:E;; 

assuoed the..t the a~ino aciQs would ba cooplatoly dissociated 

into t:1e ir e.ni one • 

The c.ddition of hexacyc-.noferre.te (II) ions c1id not 

have any effect on t~~e rates of tile reactior:s. Ti.lio sl1o111ed 

the.t the step involving the reaction between the subst:.Lc..t.;.; 
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e.ml oxidant (the electron r.bstrsction stap) ':<!~D an irreversiblo 

step. 

Tb.a addition of salts did not l1~.vo any effect on 

the ratas of tba reactions, i~dicating that 

wes between an ion and a di~olar species. 

The reaction pathway was via ,the iJr~aticn of 

radical intaroadiates,aa detectad by ~SR spectroscopy. 

Since potasoiuc i.1axe..cyanoferrate (III) is a ona-

electron oxidant, it would be justified to postulate that 

the roe.ction betwedn ti1e oubstre.te ~.nd oxidan·::- WO;.i.lG. give 

rise to E. rc·.dical intaroelliate, analogous to enzyoutic 

m!:ide.tion ree.ctions wi~ich e~lso proceed via :raC:.ical 

inter2ediates (107). This 111ould ioply t:-..at potassiu:1 

llexacya:10ferrate (III), eJJ a c~1e::1ice.l mcidEmt, '.tlc,o cape.ble 

of oioicking enzyoatic be~avioAr. 

In the present imrestigetio~., t~J.e foroc~tion oi 

radical L1toroediates Wc.s C'..!pported iJy the foll::n1ing 

e:l~perir:iental observntions: 

(n) the rate of tile reaction we.s dspendent on ticle firct 

powers of the concentre.tions of substrate nnd oxidant; 

(b) the lack of any effect on tae rata of the reaction by 

t:1e edc:i ;:;ion of ~1exe.cyanoferrate (II) ioDs; 



6 f) l) 

chQracteriotic of rndic~l ~rocesses; 

whic!l, on hydrolysis, gave t~1e keto r.cid E'.nd ~1::1or~ia. ITo otL:.e": 

intai~.::t3c-:.ie.te (s) could be ioolatad .fro D. t~1e r 3e.ct i or. oizt':.-T a. 

fJ:'i.1is r.:1eche.nistic pE~t~1we.y f:Jr the oxiC:.c:.ti~r:. oi 

a:.1inc c.cids to t.t.1e I{eto acidc, viu t~'Je interL;ac.inte f:JrDE':~io:: 

of t~1e ioino e.cid, has been '!rlell este.blis:1ed in the synt:.1asis 

of o(-Ireto c:.cid eoteJt:J, 'Hharair. the folloV<Jir:c; pc:.t~nn.y- i1e.s 

been suggested (108) : 

) 

1') t-BuOCl 

2) DBU 
> 

R1'. 
/CH--~COOCirl.3 

R2 b 
(3) 

(2) 
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oxides 3S i1ava ~ec;n fou;.1d to oxiG.ioe a::Jino c.cif'.s e.ccor6.ing 

to t~w follovlin~ e:auations: 

(4) 

R-G-CDOH 
fl 
NH 

{5) 

R-C-Cilillrl 
tl 
0 

(6) 

+ 

+ {)2 
enzymatic 

- ' 

Mon-enzymati c ~ 

hl202 ) R. CDOH 

(1) 

R-c-com-t 
n 

+ 

NH 

(5) 

R-c-CDDH + 
~ 
0 

(6) 

+ C0 2 + H20 

Tb.a a:.1ino acid, 4 , is mddised by the action of uuino i.'.cid 

oxidaS3 to t~1e correspondivg ~-ioino E:.cid, 2. , 'V'lith t~~a 

generation of hydrogen peroxide. T!1a o(-±mino acid, 2. , io 

s:pontLneously ( non enzyae.tically) hydrolyse<i, usuc.lly -vritl.1in 

a few oeconds, to th3 corresponding o(-keto acid, § , ~Ld 

• 
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&-mania. T!.1e ,-!-keto acid, 6 , is suoceptibl3 to nxiC£~.t,iv8 
~.tl ~~ -

decarbo:xyle,ti)n by hydrogen peroxide, c J thr.t · . .-"l.:..J.lo3s ~1y(..:;:- .Jc;o:.~ 

perozi5.3 is rapidly reoovac1 ( a .g., by -t.i:le actior" o:i~ cc-.tc:..lc,c::;), 

a consic1eraole emount of c::-~rboxylic acid, 2 , contair•ing or.e 

less carbon than the parent a~ino acid, is generated. T~a 

relz~tiva concentration of ~-keto acid, §. , to CC)..rboxylic 

acid, 7 , in the final product, depends on t~e conditions 

employed for the oxidation of the a::1ino acid. In tile pres:mce 

of catalase, oxidatior. results iJL. t:1e stoichionatric fcrw.ntion 

of o<-keto acid, £ , and r~onia. 

Enzywatic oethods ~~va boan adapted f.Jr large 

scala synthesis o:1f .(-I~eto e.cicls. It :1as been sho~rm t~:.at 

iomobilised yeaot cells containing D-aoino acid oxidace 

could be used to prepare ~-I~eto acids fr.::.c: t~1e correc:9or~c~ir..:.g 

D-awino acids (109). 

Ti1o d., -keto acid e.nr.logues of t!.1e n<:.t:.rrc:.lly 

occurring e..:..lino ecic'..s are of I:daj or iop::rrte.nce in int or::Je::'..ic-,ry 

o8tc.bolis::.1. Py-ruvic acid is e. :.2etabclite irNolvod in :.mny 

enzyc"3-catalyzed intre..ce llular phenocer..z:. e.cic1 

analogueo of the protein a!1lino acids e.re ofter.. t:1e 

penu.l-~i:.:.mte proclucto forr::ed in the biosynthesio of £;wino 

e.cido, 2.r .. c1 e..re cow:lonly t:1e firot proc.uct for::_ e.:: in t~1e 

de grc.C:..e,tive ::.1etc:..bolic;,:.1 of e..:Jir.o acids. c;;( -keto t.cids :1cw a 

been used in the t~erapy of certe..in conditio~o suca us 
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ureDaa nnd nitrogen ~ccuuul~tion disorders. T2uo, 

c< -~~eto acids are of COi'!tinuing interest as inte:r . ..:.aC...ic.t.::;::: 

Lncl ·2-rugs, c.s :_:odel oubstr:::.tes of enzywes, c;,nc. iY1 vc..rio'J.O 

ot~"ler >.ilc:.ys. In recent yeL:rs, interest in t~1e bioc~18:.:.~ic:.:.l 

ioportc-.nce of o(-keto acids :1e.s ir.creased subste..r t ie.lly. 

T~e azlactone uet~od hus been used for the 

synthesis of o(-ketoisovaleric acid, o(_ -ketoisocc.proic 

acic1 and ._-/-p:1en)rlpyruvic acid, otartir~g froc tlle resp3ctivo 

ru."lino c.cids ....... valine, leucine and phenylale.nine (110). 

--> 

-~ 

+ 

H 
I ~D 

R-C-C 
I \ 

N 0 
~/ 

~ 
CF 3 

R-C--CODH 
II 
0 

+ 

dilute) 
NaDH. 

CF 3 CHO 

) 

R 0 
'-e--c~ " . \ 
N 0 
'\./ 
/ c, 

H CF 3 

+ • 



o( -:.:..1Gt~1yl astero hc.S been JlSGd for t!:le cynt2J.::;SiS :Jf. ;/-=:cto­

isovaleric c:.cic":. c-.nd o(-phanylpT..:-uvic e..cicl (111). 

Tl1a re~.ction of acylio.idc-.zolicias ~-liti1 tL1o 

r.p::::.:.~o:pric:.to Grignard reagent, followad by the t:lydrolyois of 

tb.a reoultirig of._ -r{eto acid eater gave good yields of 

cf.... -:0:-t:etoisocapro· ·ic acid (112). 

Tile oxidation of o( -keto e.ldal'lydes, in t~1e presanc:~ 

of catalytic amounts of cyanide and an oxidizing a~ent, ~c:.o 

beer. uoed to Cunvert ::.1ett1yl-glyo:z~e.l to pyruve.te (113), 

This wetllod has baGn used. to oynthesize steroiti cJ... -=~eto 
acids (114). 

2,2-difluoro-1-( tosyloxy) vinyl lithiur:.:, ge.vG good yield.s 

of o(-ketoisovaleric e..cid nnd ~-phenyl-pyruvic acid. (115), 

Lithiuo 
' ~.. 1 . d) CF2 = CLi - OTs ul.l.Gopropy ao1. e 

(LD.io..) in T:~IF 

lli1. t c = 0 
RR' ( (J:I) ( OTs) Jt c c = CF 2 

95% :a:2so4 1. OH-

> fu1. t c = c (CYrs ) coaa ) 
2. .,-y+ 

~-.;. 

RR' C:I CO COW 



c ,, ou 

d -:wto aciG.s he.vo bean s:~own to fo:rc:.1 proton 

~ , to open f8r:.J. 1 , 'i:l:::.s fo:.md to depend on co::.contre.tiJr:, 

teoperc.:.ture,. l solvent e.nd t:1e natut::e of 3.. 

pro 
R--C-C 

// '· o: 0 
.... ~ (1 A) 

For exe.ople, for pyruvic aci& and o(-ketoisov~loric acid~ 

"prcton cholates 11 are io.portant cor.tributior"s it. non;;>olnr 

Golvents ( CC14 ) and probably in acid aqueous oolu-tic::c, 

but are unioportant in polar solvents such ns 6.im~e.~1a. Tho 

cl1elates cause a r::.mj or bathoci:lrooic s~':ift -of t~w n ~ TT~ 

bands of tl.1e carbonyl group, C:J!:lpared to t~'le 1~.:mcl1ole.to:. 

* carbonyl. T.i.1e intensity of t~1e n ~IT tr<..-:.r:oitior.: o:? vc.riouc 

o/... -keto acids rtJ<:.s in the order pyruvic acid) a( -ketoisove.leric 

acid. Glyoxylic acids werQ shown to forlli proton-chele.t8D in 

botl1 nonpolar (CC14 ) and polar solvents such e.s we.ter (ii9). 

The infrared frequenci·as of t~1e o(-cr.rboxyl and L1yc1Im::yl 

bar"c1c of tl1e oubstituted glyoxylic acids were strongly 

dependent on the nature of t~e ring substituentc (118). It 

YJ-Jc:.s oboorved that the infre.reC:. frc::r1 uency correlatas well ltli th 

th.o + 
(/ ve.lues of ring substituents of thG "proton ci.'l3late'', 

w::--'-arer.o tL1e frequency correlates 1r1it~1 t~1e :ae.l...il:lett c;- iurcti,..,., 

in the open for~ (117-119). 



It io ';Jell :r:r.own t:2c:.t c/.-Ir:eto acids, 2 , ca~-

form enola, 2A - , or add 1.1ater ·co form i'lydratec :JJC 

~ t X 
+Hi1 i 

C-H ~ fH2 l CH
2 [I HO~~DH C-tJH r=o ' -H2o 

I 
CODH COOH COOH 

(~) (~) 

Altl'lougl1 P -arylpyruvic acids ( Ar G~12CO coo=:: ) 

reedily enolize ir. stror.g base1 the concentretioL Jf t2c 

enol i ::>JeD is generally lovJ at physiological p:-1 val~.:.es. 

Eo'irJever, in the presence of borate buffer ( ..-v :p::-I = J .o ) , 

er~olize..tion is ::;Jro:Joted via forwation of an enol-bc·::-ate 

co:::.1:ple2:: (120). The enzyoe, arylpyruvate keto-er~ol tauto.::~c3r<:_oe s-

ce_talyzes t!:1e rapid intercor:version '0et•1een ~;:eto 221 i er_ol 

forc.s of ,B-Phvnylpyruvic acid (120). 

Generally, for t:1.ose o(-I{eto acids in -~Thicl'l an 

enol contribution is unicportant, the percentage of t~1e 

geo-diol is low in solution (5-10%) at neutral pti(121). 

Hmvever, 'U'J~1er:: the of,- carboxyl is protor:e..ted, t:1e I-erce!.:tages 

of t::,e geo-diol ir:.crec.ses ( ~ 60}b ) • Glyoxylic acid is > -
9~~ hydrated at p2 = 0.5 (121). 

~120 

~ICO COO£: :-1c ( aa) 2 coo:-:1: 
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to the ce..rbonyl ( 12 ) • Altl1oue:1 pure pyruvic c..cic1 ::Jxistc 

in the keto foro, the 1ithilL1 ooncilhyarate sc..lt is ir4 t~"?.3 

geo-diol foro ( c:-1
3 

C ( Oii) 2 COO Li ) , e.nc~ is not ::~ true 

hydrate (122). 

o(~keto acids (glyoxylic acid, pyruvic acid e..~d 

c1_ -:~eto isocaproic acid ) i'le..va b83n observed to ur~dergo 

photofrag2entation (123)· 

Oxidative deamination reactions o~ amino e.cido, in 

the prGsence of co~pounds such as isatin, alloxan, qui~ones 

and ninhydrin, have been well docUl::.lented (124). Glyoxylic 

acid undergoes transauination wi t~1 glutaoic e.cid E'.t 

c/.... -ketoglutaric acid m:c1 glycin8; decarboxylation did ::c::rt 

occur. 

+ CH() • C(J(J H ) + 
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vE:.e:::1 glyoxylic acid -~'le.S ~1e2.t3d \rJit.:::- c:.r.. a~:pro):-ic~te 

ru:.1ino donor ( £13+ e..r.ci pyricLOXc.oine ) , co::si.S.GrablJ c:...:.l0-:.,1::_·~ 

of f3 -~lydroxyaopartic acicl vlE..O ger.ere.t~d (126). 

CHtJ. CUuH + Al3 + 
Pyri dox amine~ 

CLJL:H 
l 

H--C--L:H 

' f+-y-NH2 
cou lrl 

Enzyoes L1ave been used to CE.talyze t.~'le red:.-.ctiv.:; 

~ine.tion ~f o(-keto acids. T~uo, L-alanine d~1ycuoger..e..ce 

(127), and L-leucine da~1.ydrogene:.se (128) cct~lyze the 

reductive aoinaticm of pyruvic acid c..nd a( -ketJisocE.proic 

acic, respectively, to t~1e corresponding L-e..::JiK:.o acido 

(aiar..ine ~nd leucina ). 

It he.s been sLlo"'IJn that alaninJ could be produc3C. 

by the red~ction oi pyruvic ecid phenyl hydrazo~e with 

aluoiniuw eDLlgan (129). 

It "Vtas later S~1J~'ln t_lat o(-~-reto e.cids c~uld -ce 

cor::varted to e..oino e.cido or N-cethyle.Clino acicis by catc.ly~ic · 

reduction in tL1e presence of e.::~'.Donia or Det~-:o.f}.2_,:..:.ir:.e (130) , 

+ R. CH (NHR~') COO H • 
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wit~ 3g, Pt/C, or P~/C elactrodgo (1J1). 

Pyrt)_Ve.te vn.s ec:.Gily rec1ucad to e.lt .. r:ir..e ir~ -;:,~!.8 

SoC.iun cyc.noborQhydride we..s s~1Jvlr. to be particu.lz.rly 

affective in reducing o(-keto ecid oxines to t).s H-~1ydrc.;::;ry 

co21pounds (133). 

It hE'.S be:.m suggested that the redr..,:ction of 

of.. -I-t.ato e.cic1 derivr:.tives C.)ulC: ba used for t~:e purpoce ::>:Z 

identifying o(-keto e.cids in biolo gice..l I.ilateric..ls; t~1e :.:.coot 

suite.ble derive.tive for tl1is purpose -vms S~!.:.JWn to 0::; t~:e 

2,4-C..initropilenyl-hydruzones (134). Several inves-t;igLtio;:s 

2,4-dinitrop~1a:r.yL1ydr£-.zones to ~-ao.ino a£ids cs a poosi~::,le 

aid in the detoctior: e.nd estiuation of ci:-I{ato E;.cids (1:;5-iL.l:Q). 

The cete..lytic hydrogenation f3-pllonylpyruvic 2,4-

Several i:r .. v3stige.tiono Llsve beeE cc-.rriec1 out to 

este..blis~1 the possibility of using t.\:1e r2C:.:1ctive e.:ndr:.c.:.tion 

reC..uctiJn of o(-keto ~cids ; .. .., 
... .I!.. or 0-

:.Jet).ylbenzylallline resJ.lts in a:1ino aciQG Hit:1 varyinG 



c::: optic.o.l ::n.rrity (142). 

R-C--COJH 
li 

+ 

catalyst) 

M2 

lf.-13 
2 c61Hs-rrH 

NH
2 

H Clrl 

Li{- t 3 

R--C-NH--CHC
6

H
5 I -~ 

CJDH fDd(OH) 2 

A. novel :.:.:t::>dificr.tion. Jf ti.1a ra&uctive E.::..::.in2.-Gio;:: 

tec~2r~iq<.2e, descri bad e.s "L1y6Togenolytic tre.nsanin2,tion 11
, l: . .:.o 

been introduced (143). Th.is tec~u.ique involvso t::.J uoe ::;-£. c:.n 

optict.lly active o(-ao.ino ccid, ccs L Eitrogen c1onar, in 

ple.ce of Ln :?.2-l.ne ( 143 ) • 

dolines, (S) - 9 and (S) - 16 , optical purities of e. high 

degree iJ.ave been obte.ir::ed foll:r;-Ji~.g t21e reductive e.cir.e.tion 

..0 /. - t . ~ O..t f.A..-'ui..e 0 aCl.CLS 
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(s) - 9, R = H 

( S ) - 16, R = CH 3 

benzalde~yde (147,148), end coL~eLces with acat~ne i~ 

e.E>:aline solution t~ cive benzyl-::.::nlaic acicl. (149). Pyr-:.:vic 

acid cor.der.cea Wit~1 bar..:n.lc"':.e_lyde to yield -oanzc.l;yru.vic 

c-.ci::l, a f,-{ -unse.turE;.ted o(-keto acid (150-152). Pyr~:vic 

rccic:. reectc ''ith elip~1r.-~ic e.lda~1ydeo to yialcl 2.n ol_-:-r:.ato-l-

~lydr-:>xy eciC. that cycliz2c to a lactone in ~:.ci.:_ ::Je:':.i'-le., 

c:..r:. d-._ -I-{Gto- {3, '6 -unsr.turated ecid (153). Glyoxylic 2.ci6. 

rec.cto 'ditl.l ecetophenonas to yialci 2,2-disubstituteC: ec3tic 

l-Codel roe.ctiuns of ferreC:.oxin-C.ependent bc.cteric.l 

C02 fixatioL have been C:ascyibad Which apparently i~vclv3 
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CJ 2 

~a2 s 2o4 , ~aHco3 
in T. HF - MaDH - H2 J 

2+ 
Pyri dDxamins, Zn ) 

N.H: er N~S204 

o-:p:1anylene-c~ia:.1ine to yiolc". stable ~uinozc::.linols (157)) 

R. CD. !;{JLJH + 

T:'!i£J .re&.ctior. has beeDQe very iu:portant for tho est:i.LJo..tic;.: 

~~ic~ csn be detected aD fluorascoLt a;oto 

(158), or by preparing tho derivative :;f t:~e o(-keto c-_cj f: 

prior to c!.1roc.atogrs.p:1y (159-161). Ti.1.e 4-nitro C.erive.tiva 

producto waich can be £Jeperated oy paper caro~atography on 

e.luwinr. coluono 

R. CO. COOH 

(162, 163), 

A-NH;< 

+ (] N~'-NH2 
2 
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J.-zrato C'.CidS fOr::.:l a large nlliJbar Jf cryctelline dorivc.t.ives • 

~1.ydr c-.zonao J 

) 

PAper chronatography of 2,4-dinitrophenylhydraz~~a 

c1arive.tivas haD ba3n usad in id0nti:fying ~-kato acids 

ir. biologic~l senples (164). Subsaquant invcstigatioLS ~~v~ 

:·lighligiltGd the id3ntificr.tion e.n(" saoique.rd:;itntive e.r..r-.lysis 

of ~-I<.:rto ecido by paper chrocatogre.phy e.nd by thin le.yer 

cb.romr~togre.pily (136-140; 165~1"11). Tile 2,L.t-dinitropb3nyl­

ilydrazone derive..tiveo are gonsre.lly ote:ole in e.cid ~etiu:a, 

and yield intenoaly colour3d products in b&oio wadiuc, This 

colour rae.ctior, is very uoeful tor t~1a awtL~.tion of ol(-~tet,o 

acids (172,17:5). T~1e spsciao rsoponsibla fo:r tl'le colour~ in 

baoic oediu.rJ, is probe.bly a guir..oic~ typ3 structure (174) ~ 



d_ -I<eto uc:hds for.:.1 other cryste.llir.e derive,tivec, o:.;~c~:. ::dJ 

It has baen ohm'ln that glyoxyli'c acicl. pher:yll1ydre.zor.".e is 

oxidized by :?Ote.ssiUUJ. .hexe.cyc-.r::·.Jfcrrata (III) to ~i.ve r, 

~1igi.1ly coloured product (175). This ree.cti.Jn is c:peci:cic 

for t:1.e estL~P.ti:)n of glyoxylic ucid, and t:J.3 colm .. 1red 

product :torwed ia now knoun to be 1, 5-diph3:~ylforw.azan (175) , 

H lrl. 

HUU C -b : ,._l_@ 

'"' ~ f 
C: N-N-(Q) 
t N-@ N 

A. GC L'lothod huo bean introduced for ti.'le det3r:.:.1inr.ticn 

of o( -keto acids base:::.. on the reactior~ witi: pentafluoro­

phenylhydrazine followed by reactiou with diazo~athun3 to 

pr ::>duca t~1e ~·1ethyl ester (176). 



Enzyme:. tic Bet~1o&s ~·J.r.va be ::'!n us ad :fo.r the 

detero.inc.ti:;n of pyruvic e..cl6. (17?). The enzy~3, 3. S:.lb·t.iliJ 

leucine dehydroger.c-.se, i.1c.s be 3n used to esti:::..:tnte totE.l 

brc-.nc::J.ed-c:1c.in o(-I.{eto acic-:p in rat tisouJs (178). 

bc:..sat:. on foroation. o:l fluore£Jce::lC3 

prod1.:cts, :1ava bG:::n usee: for t~1e esti..:1ation of total 

o( -:-ceto e.cid or siJ.:.:ple oixturas of o(-r<eto acids. 1I':'leEJ~ 

nathods i1ave utiliz;:;d reagents suc~1. as o-phenyler.adia::J.irle 

(179), pyridoxinine ~md zinc (180), and o( -hycxc.zino-

2-stilbazole (181). J.. GC ::..1ethod, using the teci1nique of 

postcolumn uaos Sf;HJr:tromat~ {182), has be;:;n usee_ for the 

neasuracent of bre.nch - che.in o(-Ireto acids in biologice~l 

materials (183;184). 

HPLC techniques, using post-col~n deriv~tizatiJn 

with N-oethylpicotinaoide chloride, he..ve been used for th9 

fluoro•etric detaroination oi pyruvic acid (185). It 2LD bee~ 

saown that glyoxylic aciC: ~nd pyruvic e..cid can be sap~atec 

on a c18 colu~.nn by reversed-:phase HPLC as t~1e 4- (bro::1ooet:'..,yl)-

7-cou::larin derive..tives (106). It he.s b;:;Jn reported the:'c ~-

sovan-cJ~p~nent hoillologouo sarias acid 2,4-

dinitroptlenylhydre..zones o :e increc.sing cb.E.in lengt.:.'l, could 

be separe.ted by :ctPLC techniques (187). I:< oc;_:;.e case£:, 

r~solution of cis end trL~s foros we.s ec2iavad (187). T~i£: 

sanples (187). 
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In th:) present investigation; tlle r:Jc.ctiJn 

sequence for the oxic1ati:)n of t!.1e c:.;:.1ir..o acido (glycine, 

ale.rcine; vc~lir..3; leucir!e c:.nci. phenylalari.ine ) by pote.ooiur:: 

R. Chi. c.Jo-
1 

WH + 3 

fa(CN)~-) 
sl•t.t 

SCHEI1E 

fast 

R.C.COuH + u 
.:J 

• 
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&81~~ acids ware t~a corresponding keto eciis (glyo:7li: 

laucir~e; z.n6. (3-p11.anylpyruvic acid fro;::l :9~1Gn]lo.lc::lii.::::), 

'frJ.hici1 were characterizad by their corresponDiLg 2, t,._ 
dinitrophanyl hydrazone clerivatives ( vidG ':E.ic:pari:.:.lar..tc-.1': 

Pro6.uct Analysis). 
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CHAPTER 2 

KINSTICS OF OXIDATION OF SE3.Ti'13 .AND 

THREONINE 

Serina has been used in the pathway of choline 

mataboliso (1), as also in the biosynthatie pethweys for 

Yi.U"ious alkaloids suc.ll as ricinine (2) and ::Li.QOBjp:> (3). 

Tha reaction involving tna· decarboxylation of serina (4) 

provides t~e nitrogen atom and its ett&Cbed c2 unit in tac 

biosyntheois of atisine, e diterpanoid (5)~ Serine 1a 

presen·t at t~1e e..ctive centre in ele-.stase ( 6). The intart.to;:;ic 
0 

distance (3.0 • ) mee..sured fron a model of chymotrypsin g~ve 

clear evidence for hye~ogen bonding (7) between histidine 

57 and serine 195, indicating that histidine 57 and serine 

195 were inv~lved in the c~arge relay ~echaniso of chyoo­

trypsin {8). The hydroxYl group of serine thus plays a 

direct role in the cate..lytic e.ctL:m of chyootrypsin (9). 

The ar1zymic activity of tryr>sinoc;an h.e.s ba3n attributed 

pE:tly to the presence of serine ~csidue at position 183 

(10-12). 

In t~'le pati:nJ£.y for vita.::1in B12 synthesis (13), the 

conversimn of cobyric e.cid t.:; cobinamide involved aoida 

for:1ation -:rJi ti'l 1-a.wino-2-pro:panol. It has been dawonstrated 

that threonine "t-·ras tilo precursor of 1-anino-2 propar:ol (14) • 
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z..lkaloido (15). Threonine i.lE..S else ·oean establis~1.::d e.o c. good 

is E.n iope;rte.Lt PT.crolizidine c.lkalJid (16). 

T~a kinetics of oxidc~i~n oi serine end t~reo~ine 

"1r;,v3 b3co.Je i:aportant becnuse of t:J.air biolo~ical sie;rificanca. 

Serina i1r.o b Jen oxiLised by a vc:.riety o::.: oxici.icL::::.e:; c.g3Etc suci'l 

as c~'llore:.:Jine- T{17-19), N-bro::1osucciY~ioide (20-21), perJxy­

disuliete (22), FGnton's reagent (23), eerie iono (24,25), 

chlora:Jine-B (26), Chr-Joic acid (27}, N-Bro;noacata:.1ide (28) 

end by periodate in acid oediuw. (29). 

T~reo~ine has been oxidisad by a variety Jf 

oxidisir_ ,:; agantu suc~1 c:.s N-br.:loosuccL'lioi:"'.a (20), Ceric 

ions (30), Co(III) ion cc:.talj'Sed by i .. g+ ion (31), p3rozy 

disulfc2.te cc:.te.lyced by Cu (II) ion (32), acidie !C:1z:o
4 

ooL:rtion 

(33) chloraoine- T {34-37), peroxomono sulf~ta (j8) and by 

Mn (III) sulfate (39), 
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P J.ESE~\Pr ':'lORK 

of t:.1.e oxiC:.ation of sa.rin3 e.z:d ttl!iaonine by :potasoiu:J. ha::;~e..cy<:.:".:J-

ferre..te {III), in alk~lina oediuw, e..t couste..nt ionic otreLgth, 

Stoic~:ionatry ( 7idG '3l!:pori..:::.;:mte.l') 

The stoichiooatry of ae.ch of the ree..ctiono wes 

dete~cinad to be: 

.:t. G-I ( N:-12) CO ()}I + 2Fe ( CN) ~- + 2 OH­

R.CO.COOH + 2Fa(CN)~­

+ tra
3 

+ a2o 

:a ere, a "" - CI-I20H (serine ) , 

Effect of substrata and oziG..e.nt. 

> 

The rates of the reE.ctions w~re obs3rv3d to iJ3 

d3pandent on the first pov1aro Jf the CJLC:mtre.tior:.s of 

both, substrate c:.r.:cl oxirlcWt ( 'I'able 1 ) • 
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Tabla 1: Effect of substrate e.nd oxidant 

/Substrate I / K3Fa(CN) 6 I 5 
10 xkobs (o-1) 

(102 
X M) 

5.0 

10.0 

25.0 

5o.o 

100.0 

10.0 

10.0 

10.0 

10.0 

(~03 X I~) Serine Threonin:;; 

1.0 2.1 3.-2 

1.0 4.1 6.7 

1.0 10.8 16.0 

1.0 21.5 32.0 

1.0 44.0 65.0 

0.5 4.0 6.5 

0.25 4.2 6.8 

0.1 4.4 6.5 

0.05 4.0 6.3 

Plots of k b , t~1e ~ceudo firct or dar rate c :n:.stc-.nt, 
::) 6 

against a 20-fold ranga of conl)antrationo of subctrE.tes, 

gave stre.ig;'.1t lines passing through. the origin, in6.icating 

thLt ti:le re.te of OJ~iO.e.ti::m We.s dependent or ... the firot ::_::Jo~Ter 

of t~e concentratio~s of the oubotratas. Tnis was further 

sean bY t:1e conste.nt ve.luas :;f k 2 , th3 sac:md order rr.te 

co::.ste.tlt. 

:ii1en & conste.nt concantre..tion of substrate 

( large excess ) was used, k b die";. :n:Jt shY•I any apprecir..ble 
0 s 



100 

variation ~1it:1 cl12.nging co.Lcentre.ti:::ms of oz~der~-.; 

(20-fold range), indicating e. first order aapendence 

o1 ti1e reaction on tL1o corcC'E.mtrati~n of tl1a oxi6.c.r:t 

(Te.bla 1). 

J:fiect of c:.E:c-.li 

TrJ.a rc-.te o:c t:1e rer.cti ::m we.o Cla::Jendent o:: t~:G 

first poHar of the concentration of alkali in tha rer.ge 

studied (T.s.ble 2). 

NaOH 

(Ei) 

0.10 

0.25 

o.5o 

1.0 

T~bla 2 : Effect of NaQ~ 

Serine 

4.1 

10.0 

20.0 

L11.0 

( S-1 ) 
10 ;c kobs 

Threonine 

17.0 

33.0 

67.0 

I Substrates I = 0.1 !-1; I z:
3

Fe ( CN) 
6 

I = 1x1c-3 E; 

0 f.)..= o. 50 l' ; teD:p. = 55 C. 
I 

Rate law 

Under t~19 present experi .. lental c .mdi tions, the 

rate la:J could be e:i::pressed as: 

Hate = 
diFe(CN)~- I 

m:; = l< obs I k:Jino Acid I /Fe (CH)~- I I o~~~- 1 

•••••o••• (1) 
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The pseudo first order rate constant, kobs, ".rc:.s calc1.::.lc:.tec':. 

iron t~'le equE:..tion (40): 

log ....... {2) 

(vida 'Experioental' : CalcElations ) 

Effect of temperature 

The rate of the reaction was inflaenced by 

c~1er,ges in teo.parature, the rate :Jh:>vJing e.n ir~craaoa 1r1i t:1 

an incree.se in the teo:perature (Table 3). 

Table 3 : ~ffect of teo~erature 

Te1:.1p. 105 x kobs ( 8 
-1 ) 

( .:!:. 0.1(.C ) Serine Threonine 

45.0 2.0 4.8 

50.0 2.8 5.8 

55.0 4.:lr 6.7 

60.0 6.2 7.8 

65.0 8.5 9.2 

I He..O~I I = 1.0 M ; r-= 0.5 11. 
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Plots of log k b against the reciprocal of 
0 s 

te:.:.:pere.t-pre '!Jiare linear (Fig.1), suggesting t~1e ve.li:iity 

of J..rr~1.enius equation. Tb.e slopes of tl1eoe ploto -v1ere 

uoaC:. to calc:.~late t:1e active.tion energies of the reactions. 

T~~-e other c;,ctivation paraoeters were calculated ( vide 

'3xperi::.:.1ente.l' : Calculations), and l'le.ve been shown in 

IJ:able 4. 

Table 4 : Activation Paraoeters 

Pe.raneter Serine Tl1reo::·_ir:.e 

( 
-1 E: [{JDol ) 

47 :!:. 3 

A i= ( -1 -1 ) £-l S JI{ ool - 140 + 5 -145 .:!:. 5 

for electron abst~actian processes, suggestiLg the formation 

of radical intermadie.tec in tL1e re.te datercining step o:Z the 

ree.ction ( 41) • 



5 + log k b 
0 s 

1.0 r-~. --------------------------~------~ 
- \ , .. 

0.6 

0.2 

0 Threonine 

6 Serine ~ 
~ 

\ '~ 
\ 

2.9 

Fig. 1 

G\ 
\_, 
•:S\ 

\ 

\ 

" \ 
3.1 

10
3
/T 

3.3 

: Plot of log k b against the reciprocal of 
0 s 

temperature. 



The addition of K4Fe(CH) 6 in t:1.a concar..tration 

rc.nge, 1.0 X 10-4IIl to 1.0 X 10-Jitl, Q.id. not have any Bff'2ct 

on t~J rates of the reactions. 

Effect of ionic strength 

Variations in the ionic stren~th 8i the meCiuo 

using NaCl04 (fA~ o.Otl{ to 0.50 M), did not ~ave any 

influence on the rates of the reactions. 

Effect of added salts 

The add.ition of salts such as NaCl, Ne.:rm
3

, 
_l, 

Na2so4 , I'ligS04 (concentration range o:f 1.0 x 10 .. L: to 

10-3 M), did not have any effect on the rates of 

these oxidation reactions. 

i.1.£'.clicc:.l i::::.t er~e cliate s 

lhe asr spoctra of the corresponding radie.als, ger.,ere.ted. 

frcCl the oxidation of eac~1 of the .substrates, were obtc:.ir..ed 

(vide 'Experi~ental: ~S~ ~easurenents ). 

The esr spectra of the radicals, obtainJC fro~ 

t.~:.e oxide.tion ::)f serine and tL1reonine, ee.ch gave u sb~-line 

spectr~~, accounted for by a radical species cor..sistine of 

three equivalent protons and a nitrogen atow, all haviLg 

nearly equal coupling constants. No further spli ttiq; o::: the 

signals was observed. 
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Itechanis:::: 

Th3 rate of the rec:.ctio~ betw0en t~e subotrate 

2.nd ile:zecyun:Jierrate (III), in c.l:{o..line ::~a:":.iuo, r,·n.o 

dependent on t:'la firot powers of t~1e concer"tre.tiDLO of 

eac~ of t~a rec:.cting opecies oubstrc.te, oxiCJ.ant 

end el~ali (Tables 1-2 ). Since all the ~inetic otudies 

ware carried out et high concentrations of NeOH ( Tables 1-2), 

.it oay be r:.osu:1ed the.t the ru:.1ino e.cids would be coop lately 

disoociuted into their anions. 

Tl1e addition of hexacyc.nofarrc.te (II) ior:o die not 

have e.ny eij:ect on the rates of t~le3e :rec.ctions. T~1is ohov-red 

that tL1e step involving the ree.ction bet"ireen the substrc.t3 

c:.:ncl the oxidant (the alectron e>.bstrac.tion step) l're.s .:l.f'\ 

irreversible step. 

Ti1e e.dth tion cf se.l ts did not ::.e.ve any elfect 

on t~1.e rate of the reac ~ion, ir.dice.ting the,t the Dl.)vl EJtep 

involved t:1e ree.ction between an ion antl e. c1ipole.r opecies. 

Tne reaction pet~wc:.y was viQ t~e for2e.tion of 

r2dical ir:teroediateo, ~a ~otected by ~53 spectrooc.)py. 

The subse:J.uent staps invDlving t~1e reaction of 

ti.1e r2.d.icul ':i1litb. tb.e oxide.nt \tere re.picl, giving the i::1i:1o 

coopound, '":'lie!: on hydrolysis yielded t~1c corresporu:J.ing 

rreto acic-=. L:.nd ao:1onia. Ho otll.e:rr interm~dic:.to (s) coulcl be 

isolated fro:.:2 the rec-.ction ::.1iArture. 
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:aased on tL1a inductive effect· of t~'le subctit.:...1ar:to, 

t~1a orC.ar of ree.ctivity shoul0. be e.o thl'.eon1ne )sarir:a. T~~is 

~la.S ba:m obsarvac (Te.bla 1). C'x.l~;n:·.ra.ble values for 

b. }J'* end ~ S:f: , raspectivaly; for t:~a ::.::.1ino e.ci& -

~).exc-.cye,noferr~te (III) systa:1S, i:tres:pective of t:1a st:n.}.Ctl.L:" .as 

of tl1e c:.oino acids, supports t~1e obsarvE;.tior.. t:az.t t::a 

ree.ctiono between the e.:Jino acids e.nd ~:.e::;ce.cyanoferrate (III) 

procaad via the saoe pat~way for the systaos under co~sidaretion 

(serine and threonine). 

Since potassiur:1 he:zE>.cye.noferre.te (III) io c-. one -

electron oxidant, t~1e ret;ction between tbe substre.te e.nd t:::.e 

oxidant would involve the foroe.tion of re,c1ical ir.tarnaCie.tas1 

analogous to enzyoatic oxidation reecti:ms which ere ~n.)Wn 

to procJa& via t~e toroation of radical i~taroedietes (42). 

This would help to aote.blish that ~'le:Jmcyen:Jferrata (III); ao 

~ c~J.eoioc:.l oxidant, ~'i&B sL::1ilar in its bebe.vior to that of 

enzy~e oyste::o. 

In tile present inveatige,tion, t~'le foroe.tior. of 

radice.l interoadiatas we.s supported by the fJllowing 

experiaental observationst 

(e.) T~~e re.te ::d ·;:.h~ rea.ction wc:.s dependent on tl1e first 

powers )f ti1e c:Jncentrationo of tL1.e st.~bstrate rc::~c1 

oxid~nt; 



{b) T~e lack of any effect on the rate of th~ reaction by 

the addition of hexacyan~ferrate (II) ions; 

(c) favoure.ble enthalpy e..nd entropy facto: o; c.nd 

(d) signals observed by 3SR spectroscopy. 

The ionization constantc and :i:J:-1 values e.t t~1e 

iooalectric points of serine and threonine at 25°C are 

given in Table 5. 

Table 5: Ionization constunts43 and p3 values at 
isoelectric points 

Aoino Acid 

Serine 2.21 

Thre.:Jnine 

pHi (isoelectric point ) is given 

111~1 + p1(2 

2 

9.15 

g.62 

5.66 

6.:!.6 

Aoino acids exist as zwitterions in aqueouo solution. 

In alkaline solutions, the zwitte~ion is co~vertec to 

R.C.3(~H2)coo- , which is the reactive species, under t::..e 

pre3ent experioental conditiJ~s. 

The rec-.ction sequence for ti1e mddc-.tion of t~'2ese 

aoino acids (serine and t~reonine ) by potasziuc ~exe.cyano­

ferrete (III), in alkeline oediuo, is s2ow~ in the Sc~e2e. 
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SCHErliE 

RCl-ICOO - OH - RC:8:COO-+ 

I ' ~ 
NI-13 :r.r:s:2 
+ 

l=ile(CN)~- • - Fe(CH)~-
> 3.-C-COO ) I 

Sl;)'t1 NI-12 fast 

R-C-COOH :a2o R-C-COOH 

tl ) It + IE
3 NE 0 

The products obte..inad frou the oxidation of eac~1 

of these awino acids '!;Tare ti.')e correspondir~g keto 2..cicc 

( r -hydroxypyruvic acid froo serine, and oZ. -keto- p -::.ydrm!:y­

butyric acid froL.1 threonine ) , which 'lfler8 iS;)lateCl 2..nd 

c~are..cterized as their respective 2,4-dinitro-p~enyl 

l1ydre.zo:1e deriv2..tives ( vide 'Experi-"l::mtal' : Prod:.wt 

Analysis). 

It he.o be.en reported t.aat d. -r-reto acids c<:.n exist 

ii:. e:~uilibriur:: with ti.1eir enol forns. 8-enarc:.lly, for t~wse 

d_ -~eto c::.cids in whicl.1 an er:ol contributiJn ta unimportar.t, 

t>e: percente..ge of t.~1e geo-diol is also lo;,-.r in solution( 5-1C1~) 

e.t :::t3utral pH ( !.~:4). ~~.io'I,-Jever, wher. the o{ -cc:.::boxyl io 

;;rotonc:.ted, the pm~centage .:J f t~1e gen-ciol increaoeo 

( >. C..rv;,') 
- \JV,J • T~1e d3gree of ~1yeratLm ;)f an o(-keto acid 
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cprralatao \vell ·;-lith tiT::; incluctive effect of the 

uubstituents adjacent to the carbonyl group (44). It 

he,s baen si'l:r·;'ln that {3 -hydroxypyruvic acid ( the mddc..tion 

product of serine ) exists in the pure foro e.s tl1e I{eto 

acid, but tae lit~iuw hydrate) RC (OE) 2 COOLi ; h~s the 

6GD-diol foro (45). 
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CHJ~ER 3 

XItJETICS OF OXIDJ.TIOJ:I OF CYSTEINE LND fiET::-IIONillE 

oi trc:.::J3ient opecieo w.::en ti'liols are irradiat3d t.t a p£-~ Whare 

GO;J3 ionise.tion of t:1e tiliol group l'!as occured. T~~ese S:;Jecies 

2~ve an absorption band fro~ approxi~atGly 350 to 500 ru~ ~ith 

c~ ::J.e..~:iou:-::1 at 400 to 450 -and an extinction coefficient. of t~'!e 

4 -1 -1 ordar of 10 1 QOl cn • It we.s s~1o·v1n tlla.t tb.e trl:i.:rosier;t 

-opeciaa formed wc:.s R-S-S-R which reoulted fro~ the raactiono 

of t~iyl radical with ....... 
~-~1e t:1iolate ion (1) • 

. -as + as- RSS'R (1) 

The rate of disap~Jec:ze.nce of ti1e thiol \i:Te..D co:ntrolla6. 

aS + RS ~ 3.SSR, e..s observed for c:;,stei:-.a (2) 

I:n t~~e ce..oe of cyateina t~1.a o::;~tinctior~ coefficient 

f 3 -1 -1 at 420 no was o the order 9 x 10 1 LJ.ol co (:)). 

The radical for::1od by clissocie..tiva electron cz_pture 

h&s baan detected directly for the D3rcapto acetate ion (3). 

The radical, -sc a2c (l\E-:::2) COO-, 'ltJaS detSJcteG. ir: aLrc_line 

· solutionD of cysteine, abstre_ction fro2 t~1e (3-co..rbori a too, 

with respect to Sulphur, being attributed to tho 3::;rtra 
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e..to:J. r.bstraction occurs fro::J t~~e tartie..ry CLrr.: :)n r.to::1, 

re..thar then fro~ that to EJul:;:;>hur, as fou.r..c1 i::. 3SR studies 

with cysteine (4). 

Uhen neutral an0. olig:~t ly e..l~tc.lina solutions of 

cyst3ina saturc.tad lrJith N
2

0 wera irrc:,diat.ed (6), it was 

fou~~cl that oxygen .::arkad.ly <lecreasau t~13 anou:1t of H.SSR 

for::.1ed, i:.1r:J.adic-.tely after t~1e puloao, ss -vJell C".B c;rac~tly 

incrJe..sing its re..te of dece..y 

at 530 r.:.:.:J. 1.·ms detected 

concer.tre..tion (7). 

ESa studies on single crjstals o I c:rstaine 

hydrochloride u.onohydrate ge.va an ioot::opic C.0u"'.:llet c:.s L1.o 

oain radice.l spacies irlit.L:. a i.1ig~1 e.nisotropic 1 b:.1.t e..Jcic.l,-

syooetric g f2..ctor, att.ributac1 to t~1e SC:I2C:-:L(Coa:..:;:)lJ.:-:L; Cl­

.l a·':.ir-AJ (D) .. The raC:.ical recowbir..ation in irradic:.to::J. 
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:poly-cryste.line cvsteina hytlrochlo:ci6..a ~'"1onohyc1rc-,ta c..t 

340-390 K has baen re~Jortad (9). T~1e dece.y woc~:.m:is::1 ir.:volvad 

dioeris.ati.on of tbiol re.dicals J2.eC: ~-:cydrot;en atou trc.nsier 

betwean tl.1e thiol groups and t~1.iyl ra.dice.ls occ;z::cl above 

378 .K (S). 

Sulfide entry into organic linkage is tL11roug:1 a 

rea.ctj.on with serine to foro cysteine, t:1.e centrel coo.pound 

of inter~a~iary thiol oetaboliso (10). 

The direct }12S-H2o intorchange enzyoe, oerir:e 

tulrhydnaso is responsible for the sulfuration or des~lfuratio~ 

of cysteine (10). Cy::.:;teina for • .:mtion through th8 c.cl.:.:~ition 

of t:1.iosulpL1ate to serine or o-acetyl serine uc:.; 'bG i:.::~:::ortent 

in t£1.e sulfur oete.bolis!J. of oooe organisos, \IIi tb. S-O'J.l~9ho-

cysteine serving as an inter2edia.te, 

+ • 

Serine 5-Sul)hocystai~e 

The only thiol o:z:iCLc~tion reaction to o:zy-de:icivc.tives 

of general biocb.e:.ti.c<-~1 significe.nce is t:1c.t of cyotaine to 

cystei:Le salphinic ~cid (10, 11). This is tho:.;:g.C.t -~o oa tl:e 

ir.itial reaction in t~1a oe.in :pe.t~:. vle.y f~r t~'lG utilizc:..tiol-: 

of cysteine sulphur for sulphate production (1C,11). 



Deoulphure.tion of cyoteir1e :::.1ay play e. role in t~1iol 

ce.taboliso. 

c.a2SH r c-.:r r-~3 ~,. s .b.2 l £l2 II 
HC-NH2 ) 

l 
c·- liT-!2 C=O "[~ + r~-y • 

1 I t 
C02 

'-i 
..!-~ 

COz"i-1 C02H _j Pyruvic 
Cysteine acid 

It has bean suggested thE.t tho reooval ::>i thiol 

group frau cysteine \'las tlrrough the interueciato forz::Ja·tio•~ 

of thiol pyruvic acid, li~1icl1 is the 01(-:i:oto c:cL:~ :l:::::civa.::. froo 

cysteine by tr~ns aoination. 

+ 
\ 

o( -fl::Gtoglatc-4-iC 
acic-_ 

\ 

C~I s··''l' £2 :.:: .. 
~ 
c = 0 + 

~ 
CC2H 

tL1iol :py-r-c,1..vic 
acid 

G.lut ami c 
acid 

a vr..rioty of aceeptorn to genarr-,t3 t~'liocul)hc.:.tc, t:J.iOCfC:nr..te 

r..nd organic per sulphidea (10-12). 
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Cysteine .can d~rnn:ata its suly[L:T to fo::u ho::..1ocystair:.n 

w:1icb. ce.n be natLlylated to give oethionine. Tb.iol groulJO enter 

so:..:;3 biologice.lly ioportant thiol co:lpOu:.'1dS by the direct 

incorporetion of cysteine, r.nd oost fregue11.tly t~1is 

Lwolvao the peptide bond foroe.ti:Jn ... ~ exe.::Jple in 'l'l~:l.icb. a 

portion of the cysteine carbon chain is directly i~corporated 

ir.to ti1.e protein has bean shottn in the synthesi8 :;f Biotin 

by :::1icroorganisos (13). 

Cysteine ilt tho pivote.l coupound in -~~1a ·t:1iol 

oetabolioo. Sulphate e.nd other oxidioe force of oul)~ur ~re 

reducsd to tL1e level of sul;,?.hide '!flhich enters orga;aic 

linkage c.s cysteine • .A.ll biological thiols ur..C:. ·:.-.:1air 

derivatives such as disulphides, thioesters, -;:,~1ioethe:cc c:.~~c 

sulphoniu::J salts derive sulphur through cysteir.e. This is 

accooplishad .either by tra:no sulphuretion --.)r by incor;;,oratio:n 

of the cysteine structure directly. 

~lcctrocheoicel oethodB havo bo~n usod for t~e 

quantitative ane.lysis of thiol z.nd C'.ioulphide groups in 

orge.nic coopounds as 1r1ell as i-::. proteir..s (14-19). ~~he 

pol~rography of thiols is cilarc;.ctorioed by c. well deiir.od 

anodic we.ve (20-23). In t:1o ce.so .Jf cyoteina, -~~'le s:2r.pe of 

the polarogra:I dej_:-3nded stror:gly on ~1 e.nd b1.:ffer (24). It 

wao showr: th&.t tile e.nodic wav3 of cystein3 vJUJ .::~~le -;:;:J the 

f:Jroe.tion of oercurous oercc:.ptide (24). It irle.o :::>"'cS·a::·voc'l 

that cysteine wo..a oxidised by a 1- electron process t) cyst ina., 

c:.nd further oxidation gc.V3 cysteic c.cicl (25-i6). 
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1:~etL1Lmine is one of t.i.'!.J twer:.ty c-.air:.o c.ci.=:u 1:.~cilizod 

f:>r protain ayntil.asis. N-foroyl oethionir..o iEJ <:m ir.:..'l~J:>7~te.r ... t 

c~1ain initie.tor in protein syntllesis (27). I'·1athionina 

rae.cts with ATP to produce S-e.denooyl sethior.ine, >:.lith the 

::eloc:.se of both, an orthophos:phe.te e.nd 2~ py-£ .:::;h.)S~:L1e.te 

residue. S-adanosyl uethionine is an "active ceti1yl" coo:pound, 

and serves as a nethyl donor far biological synthesiEJ. It 

has been shown that t~e nethyl groups have been Gerivod froo 

oethionine in the biosyntheses of various alkaloids ouc2 aEJ 

choline (20,29), gre.nine (30), sedaoine ~31), rtci::.:iz-1e (32), 

nicotine (33), isoquinoline alkaloids (34), ind:>l3 nl~aloido(55): 

quinoline aHtaloic1s (36,37), purine al:rnloic1o (:JG), c~r..c.. 

diterpenoids (39). 

Thiols ~1ave been oxic1iseG. to disulphideEJ by 

peroxidic coopou..?'lcls (40), DESO (41), hal-Jger-!S (42), c-:.iet~1yl 

azodicexboxylata (43), nitro and ~it~oso 

iodosobenzene (45), transition oetal ions (46-51), LT~ (52), 

::.-:.etal oxides (53,54), oflavir:e derivc,tives (55), e.:.cl. by ::;J~wto 

oxi2ation (56) • 

T~1.e oxidation of cysteir..a ~~as been carieC ~u.t by 

various oxidising ngants suc:1 e.s Dl:':So(57) ~ nuto oxidation 

. t• f C 2+ · (58 ~9) ' · · ~ { t:r ,.._. ) 1n ne prasenca o u 10n ,~ , caroo1c LC1Q ou,o~ , 

peroe..nganatc ( 62), r.e.diolytic oxidation ( 63), bro:::Jic1e 

i odida re.dice:.l e.nions ( 64) , s1..rper oxic..._e ion { 65), c-.~1c-;. by 

ti1a 12-tt,1r.gsto cobaltata (III) im-: (66). 
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Methionine has been oxidia0d by o:;d3.ioir~3 £'.ger.:to 

such as chro~ate ion (67), •u3+ ion (60), chrocic aci~ {60), 

h·~logon re..dice.l anions (69), auto oxidation ir~ the prcHJ8nca 

of ascorbic acid (70), periodc.te (71), hydrogen peroxide {72) ~ 

Chloramine - B (73, 74}, ChloraoinG-T (75), ant.. by 3ro:.le.nir..9-T 

in aqueous solution {76). 
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PRESENT WORK 

The present work is n kinetic inve:::tigc,tior" of 

ti.1e oxide.tion of cysteine e.nc"l ::Jetb.ionine by p:y::.:;~sciu::J 

hexacyanoferrete (III), in al~taline w.e:::-:.iuc, at corwtant 

ionic strength, under a nitrogen utoosphere. 

Stoichionetry (Vide 'Experiwental' ). 

The stoichionetry of each of the reactio:;::;o vTc..s 

deteroined to be: 

(a) Cysteine 

(b) Methionine 

R. G::-I (U::i2 ) COOH + 2Fe ( CN) ~-+ 2mC > 
R

1
• CH ( Nti2 ) COOE + 2Fe ( CH) i- + ;~:i2 0 

(Sulfoxide) 

3ffect of substrate and. oxidant 

The rate of t~1e reaction TJic:..s dependent _)!:J. -;:;:~3 first 

pol'Ters of the concentrations o:l substre.te e.nd o:ciC:.Lnt 

{Tables 1-2 ) • 
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Table 1 ' Effect .Jf aubotrate anc. oxidant 

Cyateir~a K3Fa(CN) 6 
5 . ~-· 

10 l:: J:'obs 

{103 X l~) (10% X l4) 

5.0 5.0 
10.0 5.0 
25.0 5.0 
so.o 5·0 

5.-0 2.5 
5.0 1.0 

5.0 0.5 
5.0 o.1 

INaO!-I I a 0 .25M; f = 0.25 H; teop •• 30°C. 

Table 2 : gffect of su~strate and oxidant 

I Methionine I I K3Fe(Cn) 6 I 

(103 X ~-1) (10
4 

X M) 

1.0 1.0 

5.0 1.0 

10.0 1.0 

25.0 1.0 

1.0 0.5 
1.0 0.25 
1.0 0.1 

I Na0~-1 I= o.5r1J~= o.5H; te:1p. • 55°0. 
I 

{ 13-1 ) 

21.0 

1.\0.2 

105.0 
202.0 

20.5 

21,0 

2C.O 
22.0 

--

4 .• 6 
23.2 
46.2 

115.0 

4.5 
4.0 

4.6 
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,..., tJ 

Pl:Jto of k b age.inst t:'l.J concentratiJl"l Ji CP-'..bstrsta 
0 s 

trlere linear pe.s::;ing t:rrough tile origin, indice.ting t:-:2.t t~1e 

rc:.te of oxide.tion r.tir:.s dependent on the first -ymter of the 

cor.ce:ntr£.tior;.s of tile oubstrates. 'I'L:is we.s fui"t~1e:: o J3n by 

t:1e cor:.otant vc:.l:-1e of r"2, t~1e second order rata c::.::.-:otnnt. 

'Juen a constant concGntration of the subotre.tGD 

{ large excess) weo used, kobs did not show any appreciable 

vario.tion -vJi th c~1e.ngir..g conccntrntiou o:Z oxide.nt, indicating 

a firot order dependence of e. ree.ction on the concentration 

of oxidant (Table 1 ). 

Effect of alkali 

The rete of the reaction was depen~ent on t~a first 

power of the concantration of t~2e r;,lkr:.li in t~:G rc.r:.t:;.J 

Table 3: Sfiact of Ne.OE _______________________________ .. __ _ 
NaOH 
(v:) 

Cysteine Eet~i:Jnine 

( 5 -1 ) 10 x Ithbs , s 
-----------------------------·---
0.05 

0.10 

o.25 
c.5c 
0.75 

L.~:.o 

0.2 

21.0 

42.5 

64.0 

I Cyst·aine I = 5x1o-311; I K
3

Fe {CN) 6 I = 
f)- = 0.25 H; teup. = 30°C. 

I I{et~1.ionine I = 1x10-3E; I K
3

Fc ( CN) 6 / 

~ = 0.5 I'{l; teop. = 55°C. 
' 

-4 5x10 E; 

0.4 
o.g 
2.2 

l::. 6 

6.0 
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Rata Law 

Under t~1a present axperi::1antal cond:i:tic.:.z-_o, tl1e 

rate le.:·J could be ex:.;>ressed as: 

Rete • _ d/Fe ( CN) ~- / ';{ 
___ .-;....._ = k

0
b

9
/ ~ino .lt.cid/ /F'e(CH)G- / / 03:- / 

dt 

• • • • • • • • • {1) 

The psuado first order rate co:r~stant !robs, irics cr~lculc.ted 

froo the equation (77): 

2.303 
frobs = t; 

log • • • • . . . . . (2) 

(vide '3xporisental': Calculctions). 

The rnte :)f tl.'le rec..ction ~Je.s inf.luancec":. by ci1angos 

in tecporature, the rc:.ta s~1.oWi:r.g an ir_creaso 'i1i·t.h <:,n increase 

in tne taoper~ture (Tabl8s 4-5). 
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Table 4 : Effect oi teoperatur3 

Teop. 
0 

(+0.1 C) 

30.0 

35.0 

40.0 

45.0 

5o.o 

21.0 

23.0 

29.0 

30.0 

5o.o 

I Cysteine I = 5x1o-3 l.f; I K3Fe (CN) 6 I = 5x1o-4H; 

I NaOH I = o.25g; p = 0.25 r~. 

Tenp. 

(+0.1°C) 

45.0 

5o.o 

55.0 

6o.o 

Tabla 5: Effect of to~perature 

10 X k bC'! 0 ~ 

( 0-1 ) 

3.2 

4.6 

-3 { ) -4 I r4ethicn1in3 I = 1x10 H; I K3Fe CN 6 I ::: 1x10 E; 

I Naoa I = o.5 I4; f::: o.5 I:ti. 

Froo the linear plats of log kobs uge.i~Gt t~~ 

raciproce.l of te::;pen.:.ture (Fig.1), the e.ctive.tior.. Gnorgies 

~tiere calculated • The othar r.ctivE-.ticn purcr.18ter:J \'13X:e 



i.7 

1.0 
5 + log ~cbs 

0.3 
2.9 

Fig. 1 : 
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0 Cysteine 

~ Methionine 

3.3 

Plot of log k b against the reciprocal of • s 
temperature. 
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Table : ~ctivation Paraoeters 

Paraoeter Cysteine Eet.J.ionine 

E (I-tJ ::!ol-i ) 25+ 2 55±.3 -
A. ( o""1 ) 5x1o3 2x1o4 

4H.+ ( kJ -1 } 22+2 52+3 ool - -
.d s4= (JK-1 mol-1 ) -190+6 -170+4 - -

Values of .d. s:f': in this range for radical 4~c-~iona 
have been ascribed to t~e nature of electron - peiri~g end 

electron - unpairing processes (both of which ere tnkerently 

forbidden processes), and to the loss of degrees of freedo~, 

foroerly avail&ble to the •eact•nts on t~e formatior of 

rigid trau:;ition state (78). 

The additi~n of K4Fe{CN) 6 in tb.e concantre.tior.. 

range, 1.0 x 10-Ll H to 1.0 x 10-3E; did not Luwe t:.ny effect 

on tha r~tes of these reactions. 

Effect of ionic strength 

Varia.tim.--.s in the ionic strangt.h of tl:a oadiu::t 

using NaCl04 (f- = o.01M to 0.501-1), did r .. ot he.v9 any effect 

on the rates .;):f these ree.ctions. 



Effect of added salts 

The addition of salts such e.s Natl, NaN03 , :ilJ03 , 
. -4 

Na
2
so4 , l~igS04 (concentration reo.nge of 1.0x10 11 to 

5.0x 10-3 ~4), did not a:ffect the re.tas of these reactL):r_s. 

Effect~ of addition of product 

did not have ~ny efiect on the rates of theae raE~ctior_s. 

Radical interoediates 

The esr spectruw of the radical genere.t3d fr~o the 

oxide..ti:m of cysteine we.s obtained ( Vide 'Experioer:te.l': ESR 

uee.sureoents). The r~diccl interoedie..te, detecte~ in t~1e slm-J 

step of the r3action, was a 10.0 G triplet, which t:le..C furthar 

split by one nitrogen (5.4 G), and tv1o protonn lTb.ich were 

unequivalent (0.5G and 1.2G), havir,g t:1e value of 

g = 2.0037 z 0.0002. It could be assigned to the radical 

species, ( -scs2 C (NI-I2 ) COO-] , abstre.ction froo the 

~-carbon atoo (with respect to the oulfur) being attributed 

to tL1e eJCtra stebility of the tertiary radical. T~-:!:3 two 

i.1ydrogens of the e.oino group e.re not equivnlent, e.o ~:.c-,o 

·oee:n ec:.rliar reported tor re.dicals: obtained froo otl"..ter c:.oino 

ncids (79). In t~1.e present inv3£r;:;igation, tile velv.e of 

g = 2.0037 .:!:. 0.0002 indicated the.t t~e thiyl rc-.Cicc.l 

intermedie.te was abaent. T~1.iyl radicals typicr.lly ~1av :J a 
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large g-factor ~isotropy (principal values such as 2.003, 

2.025 and 2.053 have been observed for L-cystine dihydro­

chloride (80), with anisotropic value of 2.027). No taiyl 

redical we.s datactad, probe.bly bece.usa such radice.ls could 

react with thiolate anions (81), 

' • RSSR , 
\ .. 

and tha g-factor of RSSR might causa such line broadening 

to oake it U...'"ldetactable by ES:a spectrDscopy. 

Mechanism 

The rates of the oxidation reactions of cysteine 

and methionine by hexacyanofarrate (III) were dape~dent on 

the first powers of the concentrations of the substr~te and 

oxidant (Tables 1-2). This indicated that the reaction was 

directly between the substrate and oxidant. 

Tha e..ddition of he:cacyanoferrate (II) ions did not 

have any effect on the rates of these reactiows, indicating 

that the reaction between the substrate and oxidant (the 

electron abstraction step), was an irreversible one. 

The addition of salts did not have any effect on 

the rate of tile reaction )indicating ti:c:.t the reaction we.s 

between an ion ~nd a dipolar species. 

The reaction pathway we..s via t:1e for;::.ation of c;, 

radice.l internediates r;s detected by ESR spectroscopy. 



Since potcooium hexe.cyemoferre.te (III) in ~- one­

electron oxidant, it would be justified to poatule.te t:'2e.t 

the re~ction batween the substrata and oxidcnt w~uld give 

rise to a re.dice.l inter~adiate1 analogouo to u~ny a~zynatic 

oxidation reactions Which also proceed via radiccl 

interaediates (82). This would im:ply that b.exc~cyE.noierrata(III), 

as a $e:1ical oxidant, was capabla ·:>f ::::liuioking enZY"JiC 

bohavlour. 

In the present investigation, the forwation of 

re.dical interm8diatea 'ttao supported by the foll~'t'ting ax:)ori:J.er~ttL 

observationo: 

{a) the rete of the reaction was dependent on the fir~t 

powers of the concentrations of tha substr~t3~ a~Q 

oxidant; 

(b) the lack of any effect OL the rata by the ~ddition oi 

hexacyanoferrcte (II) io~s; 

(c) favoure.ble er:tha.lpy and entropy fc.ctors t>(:lic~J. ucr3 

c~1e.re.cteristic of radice.l procaooes; ~.nd 

(d) detection :,f re.dict.l interuediates by BSa. s:;octxoscJpy. 

pK· a value for cysteine hcs baan reported (03) 

t J ":.::la 10.20. It can be e.ssuuJd t~1r,t cysteine axiotod mos~ly 1n 

L23 t-Jnised f-JrLJ in aqueous uaC:.i'llQ. Since disulphide Wc.:J t:1e 

fir:0..l product •)f the oxidation reacti~z-~, ·;:;:1e sulf~'lydryl 

group ( - SH ) provid::ls t:.1a site ,')f c::.ttc.ck. Tl~:J rec~ction 
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sequence for the ::>xidr.tion of cysteine by t'lexc.cyar .. :.f3:crr.tG(III) ~ 

in alkc.line oediuo, is 1f~1:)~rn in Sci.'l~oe 1. 

SCirt.EME 1 

+ 

' 

f (CN) 3-
e 5 > 

+ cut ., • 

The reaction sequenca f:Jr t!: .. e o:::ddztLm .:,f cat~1i::Jr.inG 

"by ~1exacyunof,arrate (III), in e.lkulir.a ueC..ilEl, is oL'lown in 

Scl1oue 2. 
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Schone 2 

H 

- I COO- C _ CHz-CH 2-s- CH3 
I 

+NH3 

(Methionino) 

H 

J 
CDO--C- CHz-CH2-S- CH 3 j 

NH
2 

• coo--c -cH- CH- s-l 2 2 
NH2 

\ 

fe(CN)~-, aq.) 
slow 

fast 

(Methionine sulfoxide) 

rw·i o:i sec1 to t.!:le sulfoxide by ;)Xidising ager.to f:l~~1C~1 ac K!3r03 

t~ncl I Cl (04), bro~n.o {85) and iodir.e {06). 

The products obteined (t~e disulfide froo cysteine, 

end t~13 sulf:Jxide fr<XJ ,aeti1ionine), ·':Jere isole.teC:. e::-"c':. 

charc-cterised ( vide 'ExperL.1ental' : ProJ.uct L:Llycic). 
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KINB!i'ICS OF IJXIDATIOlT O~<' Ta.YPI'OPHJJ'f 

AJ."\lD TYrl.OSI1'>8 

Tryptophan is an importa:rc.t synt~1o:n in creation 

of a very large nlxuber of natural products. It io a prectrrsor 

of ti.1e ii:ll~ortant plant :1aroones related t::J indole-:5-acetic 

acid a.s W9ll as of t:1e indole aUtaloids (1). Substituted 

tryptau.ines !.:>.ave been f<Junc"l to be wiC..ely C.istricuted in 

several plc:,nts (2,3). Tracer experL.J.ents ~~ave s::own that 

tL1e degradation of gr~mine by barley :plants ap:1axer..tly laado 

to ar: indole derivative t~1at car.. be reconverted. to tryptop~1an(4). 

T~1e pat:1v1a~r to nicotinic acic iro:J. tryptop::an, anthrar..ilic 

acid, is 1r1e11 elucidatea in animals, an6. oeawo to be used by 

fungi ( 5), ar:,C. by yeast gro1Flin g o.e:obically ( 6). Tracer 

experi~ento ) .. a7e slL)Wn -::.:~at -::,~le C-3 of try-ptophan "'lias 

~:q;: 9cifically converted to C-3 o 1 tropic acict (7). Acid 

o.l~aloi:;.s 

ar:.C. ~Ju.inoline nuclei '_;_~we been s:.--.t..o!ln to be derived fron 

co;.::bines with ant:1ranilic acid in cr_,3 of t~1e L: .. it ie.l oteps 

in ti1e b;iosynthesis of tl1e e.l:~aloic1, .::utaecarpine (11). 
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of tryptophan (12,13). i:elatoni;::;,, fo·: .. md in ~:.ic:;:::. ccr_ca:::t.:ce.tiono 

in the ~ineal ~land and w~icb is rasponsi~le for 

canstruction of oe~anop~oras, is an indole derivative arising 

froc:. try-ptopbe.n (14, 15) • Serotonin occ,.:.xs 'IIJice ly ir~ ani~als 

and plants, and it arises from t.:ryptopllar: by hydroxylation 

in ·i:.i1a 5-positior. c:.r.;d subssquer.t decarboxylation (16,17). 

r:!'ryptop~1e.n :.1as been observad to ·,:;3 c:.t the active cites oi 

.Jal'1Y anzyw.es suc~1 c..s streptococcal pr oteinaoe, 1_:>e .. pr11r:~, e.n~!. 

trypsinogen (18, 19), end in ec;g ·;rThite lyoozyilla (20-24) • 

Protoalimloids relataC to ·::.yrooine c:xe i::1portant 

prect.:Jrsors of various c;roups oi aLr;:alc.ids (25,26). Trc-.cer 

ezperima~to wit~ barley ~ave de2o~otrata~ t~e o~i3i~ of 

~1-)rdenine fron t~n,. "'c-,; .,.. ..., ( 27-2 C) ··~-; ;~;·-, J .,~.;.. JU -.IL.o ·-' J • __ ,.~..(,_.)_ .... co::-.. tent::: 

Isosuinoline al:{aloids :::ave b8en c~erived oy ·~~18 co:: cle:;.1~W.tion 

o:l a ce.rboayl cor.apound \JitL'l a c;.ezoivative :}JC t:;::.~oci::~e 

in poppy seedo, wi t~1 the label a:Jpearir:g at C-9 e.nd C-16 

"··.? '<1o~~~_ ... _,r1; ~":"\ (34-'<:7) • n~n~o~;n . '"' - ~- "I ' ' ~-- -~·k&•- J ~J· u~ e ~a~ oaen u~Qtn ~o oe 2 

{38). 



tyrosir:a ~1c:.ve beco;no L:.1port~:mt boce.JJ,Se of t:.~eir biological 

significLnce. 

Tryptop~'lan ~1as been oxidized 'by ~1eri::Jdate (39), 

photooxide.tion (l.W), eutooxid.:.ticm (41), inors;c;.nic radic£>.1 

ions {42,43), enz:~es {44), sodium hypochlorite (45), 

OsGiun tetroxide- pyridine reagent (46), and by chloramine-

T(47). 

TyrosiLe he.s been oxi~ized by cu2+; :~2o2 (4G), 
peroxidase (49-51), anc by chy~otrypsin (52). 
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PJ.ESEllT WORK 

The present 1ilor=r. is a detaileG. T::ir:etic ic:.veotigatior.. 

llexacyc:.noferre.te (III), in al~aline I::.eC..iu.w, e:t. co:"otan"!:. ianic 

strength, ur;der a r:.i trogen atr.:os~::l.;.ere. 

Stoic~iometrz (vide 'Experimental'). 

The stoic~J.ioDetry of eacb. of tL1e reactions vras 

determined to be: 

:a. C"A (NH 2). COO::I + 2Fe ( Crl) ~- + 2 0::1-

( ~ )4-R..CO.COCl-I + 2Fe Cd c. + 
0 • 

3. = (t ryflt ophan) 

= {Tyrosine) 

E::fect of substrate ar::d o:;ddt".r~t 

'I'he rate of t::::.e reaction v1as obse:;_~ved to depend 

on t~e firot powers of tha concen~rationo of bo~h, 

su"'~Jstra.te a:::d ozide.nt ( Table 1 ) • 
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Tabla 1: 5f.fect ol s: .. i0ntrc.t:> c:,nd oxic'.c::.::_t 

I Suost::ate I I K
3
Fe(CH) 6 I 10:5 X E:o-os 

( -1 G ) 

( 1o3 }'; -r) L (104 
X lll) Tyrasir~.e r::'::ypto;;:. 7,?.an 

1 ,-, 
•V 1.0 7.0 

5.0 1.0 30.0 

10.0 1.0 77.0 

25.0 1.0 190.0 

1.0 0.75 7.9 

1.0 0.50 c.o 

1.0 0.25 7.5 

1.0 0.10 7.5 

I Naa:: I = o.5 I'i; j.)-= 0.5 H; te;:::;?. = 55°C 
i 

or6.er cor~otant}. 

5.2 

Z5.0 

52.0 

1:)0.0 

5.5 

5.7 

s.o 
5.:5 

e=.~?yr.gcie.blJ 

ve.ria.tion it!it .. : c>c: .. ngir .. g concentr.: .. ti 'J:GD Jf o~:id:: .. nt, 

iLC.icc-,ting a first. orc18r dap:mCi.ar..ce ,;l t>a rec::.ctiJn on the 
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concantrati::)Jr. .:Jf t~1e o:ziclant ('I' able 1) • 

Effect of HaO:-I 

The :rate of the reacti::Jr .. shovlad a first order-

st~diad (Tabla 2 ). 

Table 2 : Effect of Na~: 

I NoJH I 103 X k obs 
( -1 0 ) 

( E ) Tyrosine Tryptop~1an 

0.05 0.7 0.5 

0.10 1.5 1.0 

0.25 3.8 2.) 

0.50 7.8 5.2 

1.0 16.0 10.0 

r·= 0.5 H; t ,~,~p - 55°C v.:........ • - • 

Rata Law: 

Under t~1e present expori :23ntal C0:.15 .. it, io~:1C 1 the 

rc..to lc.W CJui.C:. be expressed as • . 
diFe{CN)~- I )- -aate = =k I A.r:.in::> A1Zid I I I I Q':.T I - dt obs Fe(CN)h 

'-' 

. . . . . . . . . . . ~ (1) 



The psueto first order rate constaLt, 

calculated fro~-1 t~1e aclJ.ation (53). 

f-t - obs = 2.303 
t log 

~ffact o:f temperature 

D 
0 

-nt ..... 

CalculatiJns ) 

(2.) 

The rate of the reactio~ was influG~ced by 

c~1angeo in teo:perature c;,nc an increc.sa ire tz:.:..1)ere.tur:J 

recult3~ i~ an increase in the ratG of t~e reecti~L 

(Table 3 ) • 

Tabla 3 : Effect Jf tewpereture 

Teop. 103 
"'" I1: ( .... -1 ) .. ~ obo ..... 

( 0 +0.1 C) Tyrooine Try:pt.op).an 

45.0 3.5 ).2 

5o.o 5.0 L!: •) 

55.0 7.0 5.2 

6o.o :1..2.7 6.0 

I NaOR I= o.5 I11; fA== o.5 H. 

was 
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Pl~ts Jf lo3 kobs ag~iLDt tha raciy~oc~l Ji 

tecp8ra·i:.ure were li;:::aar (Fi g.1) ~ ouggasting t:_::a vc-.licli·::;y of 

celc~l&te t~a ~ctivetion energy ~f t~e reacti~LD. T~a ot~a~ 

activation ;e..rametero were ce..lcule.te& ( vide '1z-.:_Ja.;:L:ente..l': 

Calculations) and h.ava been shJtin in Table 4. 

Table 4 : 4ctivation Parameters 

Parameter 

{ -1 ) E kJ mol 

A (s-1 ) 

~=--I-=/=( ~~J nol 1'
1 ) 

~s*(JK-1n:)l .. 1 ) 

Tyrosine 

17!_2 22+2 

---------------------------------------------------------------
TI:.3 ve.l'J.aS oi 

yf ."' C'_* Vc:.luee. V- ~ 

i~ t~io range fJr r~~ical procasoas ~~va baa~ cocribaC (54) 

transition state. 



2.0 

1.a _ 

4 + log k b 
0 s 

1.0 

0.5 
2.8 

Fig. 1 

14~1 

3.0 

10
3
/T 

0 Tryptophan 

e\ Tyrosine 

3.2 

Plot cf log kobs against the reciprocal of 

temperature. 
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Effect of e.dded x4Fe(CH) 6 

range, 

The addition of K4Fe(CN) 6 in the cor~cantrc:,tion 

1.0 x 10-4 M to 1.0 x 10-3 M, ~id not ~~vo any effect 

or t~e rates of t~eoa re~ctiono. 

3ffect of ionic stren~th 

Variations in t:·w ionic otrength of t~-:-.o :: .. edium 

using Nt-.C 10 4 (fA· = 0. OHC to 0. 50 l-1) , C:.i c1 not ~-:.r~v a e.r.y 

i!lfl-~lance on L1e rates of t:'leSa mddation reactionB. 

3ffect of added Balts 

T~1n additi...m .~f salts sue~: as Nr.Cl, NaNo
3

, XNOj, 

( -~ Na2so4 , HgS04 Co:::.centrntion rc.nge oi 1.0 :z 10 • 1-C to 

1.0 x 10-3 U ), did nJt affect t~e ratao ~f t~aoa reactioLS. 

J..i.adict..l interne6iates 

( Vide 

The esr npactru 0~1.o·vJed c.. six-lL:.1.a OJ.:ctrc. for t~1e 

re.dicc:.l intermediateo obtain~c.1 frow. tllo oxiclEtiJr. J1 oacl.1 

oi ti.1e D'l.l.bstrateo. T~liS wc~o acco:.u:tec1. for by c: rc.cl.ical 

ietar::.1eci.ie..te consioti:c.g CJf th:r.ee e:J'J.ivc:.lent ;;n."otons anC::. a 

raitroga11 atom, all i.'-.ie.vi11g nearl~l e"}uc .. l cou;~lir-g cor:ste..nto. 
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I4eci.1.aniso 

Tl1a re.ta )f t~1a rae.ction batwaer.; t::::.e substrate and 

hexacye,nofarre.te (III}, in oUtaline .Jlediu:.:l, "t1['.S G.epenC:ent on 

t~1e first p,:;wers of tte c::n1centrati.Ji1D of t~1e re.;.cting 

sp9 cieo- oubstrate, oxidc:mt e.:-:.c c\L:e~li ( Te.bleo 1-2). 

Since all the kinetic stuties wer~ carried out &~ high 

concentrations of NaOH (Table 2), it :1ay be a:SSUiiled--that tho 

an:ino acids woulG. be c.::n:rpletely disoociatad ir::::-o their 

ani:mG. 

The e.ddition of he::;'::c..cyanofa:cre.te (II) ions did 

not ~'lave any effect on tile rates of the reacti:n~s, indicating 

ti:le.t tha reactHm bet~Je::m t~1e ou.botrate Lnc1 J:zide.nt (t~1a 

electron abstracti·Jn step) wao an irrevorsiole sta:p. 

The aCJ.diti..m of salta ci_icl. not _·::.c.v'J o.:-.. y influence 

on the rc-.teo of ree.ctiJnS, inC.icating that t~~o roe..ctior: was 

bet\l'leen a.n ion c-.nd a C.i:polar apecies. 

The reaction patbHay ".rJt.~c via tL1e iDr:.ation of 

re.dical interr::.ediates c:.o detected by ESR spectroscopy. 

~~10 suboequent oteps ir:volved the rr.pid reaction 

:>f -::,~~e ruiicc:.l ~ilit~l t~~e oxidc.nt yi3lding tL1e imino compound, 

vJhicL1 unc:3rvJm-:t hydrolysis to giva t:.1e correspo:-~dir:g keto 

c::.cic-:_ ar:c1 a:omoniu. No ot:1er inter::1edie.te could be isolated 

fro:1 t .. 1a roe.cti Jn ::1ixturo. 
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Since potussiua heJce.cyanoferrate (III) is a one 

electron oxidantJ it would be justified to poct:..:ila-~3 t:.:.at 

the ree.cti~n between the substre.te e.r:d o:;ridc.l~t ·i'lould give 

rise to a radice.l inter:13C:.iate analogous to enzyD-atic 

oxidE.tion reaction whic~l are also Irnown to procoJd via re.c'.ice.l 

intarw·aO.iates (55). This would sugsest thc"t hext-.cyanoferrate 

(III} as a cheoical oxidant, was c~pable of si~ulating 

anzyoic behavior. 

In the present investige.tion) the foruation of 

radical intermediates was supported by the foll~wing 

e~eerinental observations: 

(a) the rete of the reaction was dependent on the first 

powers Jf t~e concentrations of substrate and oxidant; 

(b) t~e lac~ of any effect or: t~e r~ta of t~G reacti~n by 

addition of hexacyanoforrate {II) iono, 

(c) fc-vourable ent~1e..lpy LJ.:J.d entz-.:_jpy fc:.ctoro ~:Cic:.-.1. itJere 

c_1ure..ct8ristic of raQicr.l processes; 

(d) d.atection of :;.~z"·:::.icc:.l inter:I:.ediatGs by 33B. o~:gctroscopy. 

awino e~cids ( t..:ypt'J~~~u-.:.:1 e.nC'.. ty-.c ooir;.e ) by ).Jtc-.osim:1 

lle:g:c.c:ranoferr£-te (III) , ir:. aLh:.li:r.:e ::J.Gc!.iur.1, io -sbown in 



R-rL..cou­

NH3 + 

slow 

R-G--Ca:JCH 

II 
NH 
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SCHEME 

+ 

• R--C-cuo-

1 
NH

2 

Fa(CN) ~- '> 
fast "' 

R-C-COOH 

II 
+ 

0 

eLch c~se) ware ioolatad 2nd c~erLcteriseC 
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III, t~1us (56) 

X X X 

I I I 
I 

~; - H 
II 
C- OH 

}. 
CH.z +H20 CH

2 I f 
c=o HO - C ·- OH 

I I -H 0 
2 I 

COlJH ~OH COOH 

(II) (I) (I II) 

in~olyl, IV), tha gnol is 

ovi :::e::.c 3 

hLG b.:;en ::_:;l~acant.;cl t~1.e.t {?-ir:t..~lyl;,;lyru.vic 2.ci2., !_Y. (obtc:.ir..ad 

froo t~1e oxi.:..2.tior .. c;f try-flt<J;>~1Ln), c.nG. 8-(::;;-:::.,-crczy;_::L1enyl) 
I 

pyruvic e..cid, Y. ( o·.::tC:.i::--"::;d froo tho oxidc.tior.. of tyrooir.o), 

crystallize ss the an~l, IV£. c-.nc1 Va, raspoctiv:Jly ( 60' 61) ' 
I 



(IV) 

LJ 
ii 

CH2- C- COOH 

OH 

(V) 

15b 

OH 
I 
~COOH 

(IVa) 

~H 

CH = C- COOH 
I 
i 

© 
I 

(l H 

{Va) 

Undar r.nt:.ar;:;bic c:J:nditi.J..:-_s, tv'IO :~J.Y:~1o :yf p-:;_::.Clolyl:._Jyruvic 

a.cic1 could ba G.etectac.._ 0y pe.pa: c~1.r:J:12.t:Jgrr.:p~1y, p:rec~..-~1c:.bly 

t!J.8 :{at·o (IV) c.nd enol (IVa) foros (62). 

Ti.1a enz}'L.'le, arylpyruve.te tc.utomerE.'!.se, ::e,s b aen 

observed to cr.talyze t_l3 rc.:;?id ir.terconv9rDio::~ "jet,;J·Jen tha 
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:{eto anc"'. 8!'.ol forms of {:5- (p-!.1ydro:zyp£1enyl) ::?YJC :.w:i_c r.cicl., 

Y.., and to a l8B ser extm·_t ~ !3 -indolylpyruvic c.ci:., !.,Y. ( S)) • 

o.ruuatic o(-I{oto c-,ciC:s in bornto btd'far (5:>). 
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CHA.PI' 3R 5 

KIJ:.JETICS OF OZI..:..ATION OF GLUTJJUC J..CID 

AND .SP&RTIC ACID 

Glutaoic acid he.s boen used as 0.... pro cursor ·In 

tha biasynthasis ot tha pyrr~licine and pi~eridine ri~gs 

of nicotine £U}d ane..be..sin::; (1-3). Gluta..:.ic aci:·. he..s baan 

fOlli'ld to ba a consti tuont Jf various lu:pL'H~ aEtalindo ( 4) • 

Tl.1e active oi te in trypsin i1e.o be0n fo:.mC:. to contain 

glutauic e.cid in positio:;.1. 173 ( 5). In t::.e 8r .. zy..:.e, cc.rboxy-

glute..:.::ic e..cic~ recil:.uo at ;osition 72 is 

270 is prasant es a nucleophila (6). Glute..~ic aci~ et 

obserYed to be dir ;ctl3' involvod in t~1e catalytic fu:--1ction 

of tl'l8 onz:r:..:a, l:roozy.:.:e (7). 

In t11e biosyntiJ.asis of nicotinic acid froo 

c:.naarobic yec.st (8), be..cterit:'. (9), r.nC :~igl1Gr plc.nto (10), 

t~1.3 p-:;r.ci6.ine ri;:-1g is b J:il t ire=. a c3 u:.:i t cloosl7 rc;le.tacl 

t) glycerol .s.n:::. e. oec.:.:.:::,.G unit clooaly ;ecl::.ta::!. tJ co~:;c-.rtin 

acid. It we..s suggested that in t~e biosynt~esio of 

nic0tinic aci& , e condensation 3f glycereldehy~a-3-Phoophete 

~rith e.spartic c..ciC:.. ·01c..s En i::Jportant step (11 ,12). In 



chyootrypsin, the aspartic acid residue at position 102 

~ras inv:)lvad in a charge relay 8echanis::I, u:'!il'1 tha e.spartic 

r.cid reoiduo at position 194 fu;.'lctionc;C: e..s an ion ;_Jc.ir "t1:1icl'l 

wc-.s involved in the e.ctivati::m process (13 ,14). s:::1:; cspartic 

acid residue e.t position 177 wc.s responsiblG fo:: the cate.lytic 

function. ,Ot tile enzyoe, trypsin {15). 

Glutaoic ecid and e.spartic acid have bean oxidised 

by a variety of oxidisL g agents suc:1 as eerie ions (16, 17), 

chloraoine - T{18), bronaoin3- B(19), c2loraoine- B(20), 

Co (III) ce~talysed by Ag+ ion (21), peroxydisulfe:.to catc:.lys:1d 

by Cu
2+ ion {22), Krmo4 in aci:l rnediu::.1 in tho presence c::.nd 

absance of .Ag+ ion (23), hexe.cye:.r.oferre.to(III) cete.lys;JC"l by 

Ru(VI) ion (24), peroxydisulfate ion (25,26), N-bro::..oacatanic"'..e 

(27), :;; Jriodc.te (28), acidic per:.:Je.ngc.nat __ io~1 

Fenton's rac::.gert (30), ~~d by Fe 2+ ions (31). 

(29), 



164 

P..i.3SEN"1' ':103.K 

The present w:;r~ is £', detail3d ~inetic ir:ve.:.:tiga.tion 

of tile o.xidati .m of glutaoic e:.ci:: and eo partie aciel by 

potassiu::J. i1exacym-:.oferre.te (III), ir e.l:{aline l:JeC:.iuo, e..t:. 

c._:.,nste.nt ionic otrengti1, under a nitrogen at.oosphere. 

Stoic~'liooetry ( Vide 1 8xperioante.l 1 ). 

The stoichiouetry 0f t11e reactions we.s deter.Jin·Jd 

to be: 

a.cr{(~H2) Cb03 + 2Fe {CN)~- + 2 OH-

4-R.CO. C003 + 2Fe(CN) 6 
+ l'-EI

3 
+ H20 

Effect :)f ou"ostrat:; e.nc1 oxidc:.u.t 

) 

~h~ rst3 of tho reaction was obse:ved t~ be 
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Tr.ble 1 

J.spcrtic Glutc.~lic 
acid £;Cit: 

o.o5 1.0 4.7 2.1 

0.10 1.0 9.3 4.5 

0.25 1.0 24.0 10.5 

0~50 1.0 47.0 21.0 

0.25 0.?5 23.0 10.0 

0.25 0.50 25.0 10.5 

G.25 0.25 24.0 10.0 

0.2.5 0.10 24.0 10.0 

I Nao.::-: I = 1.0 H; ,_;.. = o.5 H:; te:1p. = 65°C. 

passing t~rc~~h t~e ori~in, iLdiceting that t~e rGtG Jf 

the constant v~lues of k 2 , the oec0nd order rLte conctent. 

(largo 

!lh0n 111 cx"st.:.nt concantrati')n of t~e subotrc-.te 

ezcess) WE.S G;...lploygd, k b did r~ct D!.1oH any r.ppreciable 
0 s 

ve.rir,ti0n Hi til changing coDcGntrations of D:ziaar..t, indicating 
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calc~l~tod fr~~ tha a~uetiJn (j2): 

. . . . . 
( vi&e '3xp.orL..13rtal' Ce.lcul<:.ti.Jns ) • 

3lfect of taoporc-.ture: 

Tha r~ta of tha ra~ction W<:.D i~fluancaC by c~~ngos 

in :Venparata.ra, t~13 ret o oh::mL::g an incrar.sa 'tTi t~: 2.;::,. i:ncr 3UJO 

in ti.1o t o:.-.1peratur J (Te:.blo 3) . 

Ta:1p. 1o5 ..,. Il ( -1 ) c• 

(+C.1°C) 
..(~ obs 0 

J .. spc.rt i c .t..ci c_ Glutc.L.•ic .t.ci::1 

50.0 2.6 3.9 

55.0 3.7 5.7 

50.0 6.5 6.9 

65.0 9.3 10.5 

70.0 12.0 13.8 

I Jo.spcrtic J..cicl / = 0.1 h'l; I Glutat:ti.c J.cic1 I = 0.25 IIi; 



tGopora.ture ~Jere linoe.r (Fi e;.i). T~1a slopes ~i t:.1GCG pl.Jts 

~3re ~sed to cclculate the activati~n energies ~f t~o 

: Ce.lcalati:m.s), and have b3er_ c~-:.a~·Jn 

in Tr~ble 4. 

Tc.bl.3 4: J...ctivc:.tion PE,rar.1eters 

.. 
( 

T -.L) E KJnol 

A ( s-1 ) 

6.H::f=: (kJ:.-~ol- 1 ) 

LJ_s * (.:~C 1 clOl-
1

) 

The VG..luec ' /·. ~_ .. ~_":. t '_):( €-. =--

J..spartic 
J...cid 

Glutc:.:.J.ic 
J-.ci(L 

57+3 

Jx104 

-155+5 

favoure.ble fJr Glectron abctr<:.ctio;.; procGsses· ,suggesting 

t.i.1e for~~atie;n of rc:.clicc-.1 intor:.:.:;C::.ic:.tes in the re.t3 

deteroining step of the rG~ctian (33). 

range, 

The adclition of K4Fe{Cr) 6 in tho concentrc:.tic~ 

1.0 z 10-
4 

H to 1.0 z 10-3 i·~~, cliC::. n~t ~:r.ve :::x.y 

effect on tba rates of t~3 rocctians. 



1.2 

\'• 
\\ 
:,~\ 

\ 

o.s ~ 

5 + log kobs 

0.4 
2.9 

Fig., 1 
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~---------··- ·- -··-------··· -····~· 
i 

I 

~) Aspartic Acid! 

t2:!. Glutamic Acid 

\ 
\ 

• • 

\\ \ \ . ' .. 
3.0 3.1 

10
3 
/T 

Plot of log k b against the reciprocal of 
0 s 

temperature. 
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Effect of ionic strength 

Vc.riations ir... the ionic strength of t:D c:;::"'..it.l:1 

retGS Qf tha reactionz. 

3ffect of added salts 

The adclitL;n of oe.lts such e.s Ne.Cl, Ne.NOJ, KH03 , 

Kc.
2
so

4 
and. r:gso4 { cor~centre.tion rc.nge 0f 1.0x1G_ti LI to 

5 .o x 10-3 H). did n::>t affect the rates of t:J.eoe rcE.ctLn:o. 

T~1e esr spectra .:;; f the corres:pcmding rec1icels, 

generated froo t~1e oxidc:.ti:n: of eac!.1 of t~1e subotrc.t 3D, ware 

generetacl (vide '3xperi.::Jontal' : ESR ::Joaoura~-:.ento). 

t:1e oxidati Jr.. of LDparti c ::.i.cid e..nd glutr....J.ic acid., er.ch 

gave a six-lito spectrtD. Thio ·~:ms <:.cc Jl.mtod f::;r oy a 

ra~ic~l specios cocoisting of tw9 aquive..lJnt proto~o end 

L ni trag en e~to:u, all he. vine r:el:}rly eq x.l coupling c:-,r_ote..nto. 

No furthor splitting of th.e si;nalo "VIC.S oboarvaC:.. 

l~echc.niso 

The rata of t~1e rer.ction ~rre.s -::!.a::;;:.mC.e::1t Jr.. -~he 

first powers of the concantx:c.tions of 3e..c). of the rae.ctir:.g 
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species- substre.te, oxi:1ant end alkali (ri'c:.'oleD 1-2) • 

.Anino acids exist as zwi tterions in e.quao'.A.G 

sol::rtL:m. Since ti1e kinetic rur~s were carried out iz:: 

e~Uwline solutions p t~1e Zlflitterion would be qun;:::.titativQly 

conv :;.rted to :ac:-r (:tra
2

) Ctto- , w~1ich is t:1e rec.ctive species 

urdo.:c t:1e present e:xperi::1ental conditions. 

T~1e additior: of hexacye..noferrc.te (II) ions 

clid not hava o..ny effect Jn t:1e re.tes of these reLcti:::•:_s, 

inGicLtirg t~at t~e electron abotraction step wc:.s an 

irreversible step. 

on t~e rc:.ta of th::; reaction, suggasti~g th~t t~e sl~~ otep 

of the ra~ction WLS between e~ ion en~ a Ci;ole:r D]aciao. 

iJC.o vic. -·- - ,-..., ____ _ 

fro:.:.1 t~1a rec.cti:Jr.. i.:..lizture. 

Sir.ce potc.DGilli.1 ~~azc-.cyanoferrc.ta (III) is r. or..e 

electron oxidant, t~1e rec:_ction betvle.:rr.. t~-:2.0 subotrr.ta 2.1:::6. 

t~1a oxic1e.nt :rJoulc1 involve t~1e foroati:::;n of rc::.dicz.l ir-.'~orc~ec~i_r,.t:-Jr:. 

c:-.nalogo~:.-18 to enzyr:.1c:.tic oxicio.tion rer-.ctiorLr vJhiC~'l aro IreolrJn. 
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to proceed via t~3 far~ation of radical i~t3rceLiat3s (34). 

~~is would ~alp to astablia~ ~~at ~axscya~cferr~te (III), 

oe~u:,viour. 

ooservations: 

(a) T~e rate of t~e reacticn showed a first order dependence 

(b) 'f!.1e rate of ti.1e reaction was una:Zfected by t 1e adc1i t ion 

of ~exa~yanoferrate (II) ions; 

(c) favourable entropy an.d er..t~~e,lpy fc;.ct.Jrc; c-.r:.d 

(d) sigfisls obsarvad by 3Sa spectrooco;y. 

gL.ltc:,:.::.ic aci 1 and aspartic acid by potasciuw hexacjar_oferrc.ta 

R-C:-1-COO 
I 
v:-=, 

li'e ( CJ>i) ~­
olovl ) 

_:a_2_o_, 

+ 0-_-: 
..:....;. 

a- e- coo=-= y 

Fe(CIJ)~­
fast ) 

+ 

R = - C32 C003 (~spartic ACid) 

= - c:-~="- c:a <>coo=.:: ( :.r 1 'J.t a~Ji c J..c i a) • 
G. ... 
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The product obtained in each ce.se (the correspondine 

I-teto acid) was iGvlated and cL1~racterissd ( vide 

'Experiuental'. Product c.:nalysis). 

interoediary cetab~lis.~:1. Oxaloacetic e.cid E:..nd 

o(_ -~-tetoglute..ric e.cic1 are intorr,:~.e::liaten in t~'lo tricarboxylic 

e.cid cycla. IntGreat ir: the oioc~l8:.:Jice.l i.:1portro:nca of 

~-keto c.cic!.s i.1e.s ic,croc-JJed suostcz~t ic.lly. 

synth9Sis of oxe.lo~cetic e.cid e.nd 0 (-ketoglut2ric ecid, 

st<:.rting fro::J t:·w res:_:;octive e..:.:1ino e.cids, aG~:;c-.rt.ic c.ciC. 

( 'l{ 5) f:l! ../ • LD.8 

cor.nesponding N- ( triflaoroe.cetyl) a;::::ino c.cL~ ~ 1 , ·,;r~-::ic~1 

COL:1pound wc:.s .rec:.c-:.i ly cc~:v 3rt ec'l to 

t.~J.o corroo:ponding c:{-ket::.. acid vie. c:. novel intrar~ol3cule.r 
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R-Girl-COO!rl. R-CH-CDLiH 

I 
NH

2 

+ I 
NH 

I 
c = (J 

I 
Cf3 

(1) 

diluto 

NallH ) 

(2) 

H2\J 
> R.CD.COOH + CF3 CHD + NH3 

(I) 

I (oxaloacotic acid) 

R = -COJH. CH 2 • CH 2 (.?<:-kotoglutaric acid) 
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c.c iC::.c, I C ~. -_, I~ " ,,... ,.1 _ , c._. u.._ -" 

III, 

X X X 
l I I I 
c H CH

2 +IKzJ 
CH2 

H ----l l \ I 
C- (1H ~ c = () HO -C-OH 

J I -H2o I 
COJH CUOH CUOH 

(I I) (I} (I I I) 

as iL o~aloacetic acid), er:.cl ic 

co:::ct.:cibutior.. particularly ir: aL:c..line soluti::n:c (37-39). 

(300 n.:.1) in base, due to conjugz.tio:::_ of t:.:.e enol 1r1it:1 

the ce.rb:.;xyl c<.>.rbonyl. 



175 

Pc..rre oxc.l>Jacetic acid, 1 , io probably in t~1.3 

enol foro (40,41), w~ile in SJlutiJn it co~t~i~s both cis 

and trans enolic forr:.:s (38,40,41), elat io, hyc1roxyfuoaric 

acid, 3a , e.nd. i1ydroxyt:1alei.m aciJ., ~ • 

H' /CUDH 
c 
If 
c_ 

HJUC ....- ...... OH 

~) 

\ 

C(l()lrf, 

I 
~H2 
G == o 
I 
~lJH 

' 
) 

{~) 

Tl1a oeche.niso of tho interconvorsion bett<Teen I{eto e.nd enol 

f·:>ros of m~z.loe.cetic e.cic1, 3 , ~:e:.s baen e:zt J::civ' .. ly 

st:..1diec1 ( 42). 

The degree of hydrati.Jn : ... 1 c.n ~-~-;_eto e:.cid 

correlates well rJJith ti.1.e inductive effect of t~13 subst.ituents 

adjacent t:) the cr..rb,_:myl IS!':.mp (4:5). The :dnetics cf t~1.e 

i.1ydrati:>n TJC:.CtL)n of o:;~c..loacetic acid, 3 , ~:c.va bean 

Gt ;.!C':.i eel ( 44) • 

o(-r-cetoglute.ric acia, ~ , e1r::1.ibita a::: e.noL~e.l.::>us 

1 -:-~r NI1lR spectruo in D20 at pH = 0.5 (43}. T:1is "-'lc.S 

attributed to an e~uilibrill8 between o(-ket'J acid er-e 



l~ct8l, 4a (43), 

Ca.:kJH 

I 
CH2 

' ~'2 I 
c=u 
I 
CuLl H. 
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\ 

acid wao in e::;\..J.ilibriu:l ·~.ri th a lLcto 1, altb.ougi1 t'::c.-; le.ctol 

vle..o prasent in S<.:Jall e..::::~.Y!.lnts { 4:5 ,I16). 

o(-Keto acidD f~r~ e.. large nll8b3r cf crystalline 

hy.:drezcn:)o. 

H. CO • CJuH + 



2,4-dinitrophenyl-hyclrazones ).ave oeon pre=_;,c.rec. (4C). 

Tile kinetics G:lf t:13 iso:.:JeriZE'.tion roc-.ction '--':~ cis-~ -keto 

diazo::.1et~u~.ne to produce ti1e aet~1yl ester (5C). O:zz.loacetic 

acid c.nd d_-r~etoglutaric ::~cid gc.v3 cyclic prc~uctc (50), 

CuuH 
t 
~H2 
c- c 
1-
CLJOH 

(Jx aloacClt i c) 
acid 

CJlJH 
I 

(CH2)2 

t 
c = (J 

I 
' 

CuGH 

(d._, -k ot oqlut ar i c) 
acid 
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deteroination of oxe.loacatic li\Cid e.ncl o(-xoto6Lltr.:r.ic 

e.cicl (51). 

fluorescence productw, ~~ve been used for t2c esti~ativn 

of total _;_keto acid. Jr sioplc oixtures Jf ~1-I{eto acids. 
0\: '· 

These oett.ods ~lave used ree.gar.'ctD such as o-pl~enylenedia.:....ine 

(52), pyridoxeDine and zir:c (53), e.nc o(-hyckazino-2-

stilbe,zole (54} o 

i-IPLC tac!.miques, us in.:; ::)ost-c:ilucn c1arivatizntio::1 

"!iii t~1 N-r:.l.Jtbyl-nicoti:naoid.e chl~ri::le, hc.vG oeer: used l _,;- · ·:; 

fluoro:wet:~ic d.JtDl"Dine.tio:n of 0'(-kotoglutr.ric c-~cL2 (55) o 

It l1c.s been sho-vm tl.1c..t oxaloC>.cetic r.ciC. e.r~c~ 

o<_ -:~ctoglut.::,ric r,cid cc:T. "be sepE!Xctad on a c 10 colur .. m by 

rev.::rsad-phaoe .aPLC <:,s t:1-J 4-(brooonethyl)-7-cc-:£nrir~ 

derivatives (56). 
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C3J.PTErl. 6 

KINSTICS OF o=ciDJ...TI Ol! OF LYSINE, J •. a.:iiNiliJ: 

JJTD £-IISTIDINE. 

vJe..o stu.~~iad using lysine as a preouroor (1). ll'i'lo piparit.L:.'1a 

LL:c.:.loic!..s, such c.:.s is ope lletierine and coniine, Llave oaen 

sy1.1.t:·wsized starting fro..::.1 lysir.:e (2). T!.!.e pyrido::.e ri:.-_g of 

:.:.o.inosine, e. piperidine al):aloid, :u; .. s been derived f:ro:.::: 

lysine (3-5). SedaDine has derived fro::.1 lysine (5). LJSi:-_a 

l2as bean used in ti1e synthesis of ane.basine, e. tobc..cco 

al~taloid {7). Lysine ~1as been used as a possibl3 :?:r.ci:ii:..:.e 

ring precursor i:n t~'le synt~1esis of nicotinic acid (0). ::-Iigll 

lysine contents have been found in soi.:.le lupine aL::.t..lJiC:.s (9). 

TrE.cer feed.in g experL:,ent s ~c.c:.ve led tc t~-::.e ove1·all cor .. c lt.:sior:. 

t~at the carbon s~eletons of all t~e ~aj~= lupine al~aloits 

were derived froa lysine (10-14). ~lkaloids wit~ the 

c;uir.azoline n:2cleus c~re pres::mt in several ~::12-nt iacilies, 

an~ t~e ~o~bi~ation of anthrarilic aciC ~it~ a l7sir:.a 

derivative gives the ~ac~inleye alkal3ids {15). ~he bio-

.11 '7) ·-,v·., ··Je..,-~ 
\ - ' -'-<-• · v I - ~ Li ac~iev3d starting 
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ribonucleasa, was obtained by 3irs ~nd couorka?o (10-2C)9 

anion binding site at or ne~r t~a activo site Jf ribJ-

J&I"ginine has baen usad in syntl1eses of o:c.e 

protoalkaloids (21), tropane al~aloids (22) and lapine 

e.U~aloids (23). 

In so~e plant opecies, aistidi~e has been coJverted 

to urocaric atid (24, 25) • J:ie;~1 histidine co:.tonts ·.~r.v n 1:JGon 

observed in different lupine ali~al-oids (26). Ve.rioc;s al:{aloiclo 

~JLWing an iuidazola ring ara presur:1e.bly ;:2ade fr::;~ ~:.is-~i::-:.irla '· 

as far axar:rpla pilocarpine (27). S:Le iG.ic~2.Z013 al~c:.l:Jids(28) 

sea~ to ba derived frou the r.J-e.cylr.tion of histeoime (tL1e 

decc:.rboxylatior.. product of ~1iBtidine ) , ~1!_1er ac:.s sv:.1a unazu&l 

tl1iocatLylation, e.nd ring closure of t2iota::::.1ine (29). ':'ha 

biolo5ic~l reactions. In he~oglobin (as in ~any ot~a~ 

llaL.1oproteir:.o ) , one histidine residua is near t::1.a i:;: _;=-~ 

relc.tad to t~le ::axL1tc opth1ization in t~w const:-uc·:.;i;:;r .. 

of r.:Joleculr.r frawewor~ts, pe.rticule.rly t.wsa :r1~1.ic~1 pl2.y 
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ioporte.nt rolo in life proceGS8G. T:1is fact is b:JGt 

illustrntee. 1rJith the "J..TP-ioiclr.zola" cycle, Vll:lich is 

relntec to t~e biosynthesis of ~istidina. 

LyciLa hLG b2en oxi~isad by chloraoine- ~(~o), 

e.r.d by i-:c8:::e.cyc.noferrate (III) cate.lysed by oS(VIII) ion 

(31 ,32) • 

J.rginir..a l1u.s been oxidised by chlora::tino - T 

(30, 33-:57), Potassiuo per:1o.:nganate in acidic rJadiu:1 {:58) , 

N-3ro..:Jo oucciniaide in aqueous perc.hl::~ric c..cirJ. ;_:_:ac~i:..u (39), 

e.nu by N-brOI...l.O u.cete.;.:;.ids in ucie. i.J.adiu::.;. ( 40)_. 

(30,)),)5,37,41), :phot.o oxidg.tiorc {42), aqt.mp3r..tr,cyc:,:::.ofar:c..t;:; 

(IIt ion (43), Diethyl P>~ocarbone.te in e.~uaouo sol~tior-

( 44), rx~c: ~JY H-br~ooacetc.Dida ir: e.cicl. oediu=~ ( 40). 



con.ste.nt ionic streegt:.~, uncl.or a ni troga!l e.tr:J_)EJ)hare. 

Stoic~io~atry (vida '3x;eri~aLtal' ). 

deter:.1inad. t:J be 

1 )4-R.COo COO:-I + 2Fo 1.CH 6 + NH3 + 

( ""'~·->-~l.·n'""') C-L f.J..L.fl .;~. _ _.. , 

at 

• 
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Effect of o~botr~te ~nd ~xidant 

The ret~ of the reaction was dapendent on the 

firot powera of t~e conma~tT2tions 3f bJth, subotr~t? end 

Tr.ble 1 : Eifnct oi subst~.rt:.te r.nci. oxidant 

I Lysir;.e I I K3Fe(CN) 6 I 

(10
2 

""' I"') ..... ~ (1o3 X E) 

1.0 1.0 

2.5 :t.o 

5.0 1.0 

10.0 1.0 

25.0 1.0 

1.0 0.75 

1.0 0.50 

1.0 0.25 

1.0 o.~o 

I Pe.n~: I = 0.5 M; r = C.5 I'~; teop. 

15.2 

38.5 

76.0 

150.0 

380.0 

16.0 

15.5 

15.0 

16.0 
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I J..rgir1ii.~8 I I K3Fe{CN) 6 I 10
4 

~r 

--~ ~;:: 0 'blJ 

(10
2 'l -1 

X N) (10_) ~r F ) ( 8 ) ... .... 

1.0 1.0 0.3 
2.5 1.0 0.8 

5.0 1.0 1.6 
10.0 1.0 3.3 
2?.0 1.0 8.5 

10.0 5.0 j.2 

10.0 2.5 3.3 
10.0 0.5 3.3 
10.0 0.25 3.4 

-- 1i ----
/'-1 i C' t ~ ,; ·i -.~ ':1 I I ·~ ·:;- ( C" T\ I 10 •r Tr 
-- lo.J ;L. .............. _ _.. _._ 3.[' e • ; 6 J~ ··abo 

(103 .,.. H) {104 ... ,.. I :C) ( -1 ) ... ... £l 

-------
5.0 5.c 8.1 
10.0 5.0 16.5 
~5.0 5.0 41.C 
50.0 5.0 8).0 
1oo.c 5.0 165.0 
10.0 1.0 16.7 
10.0 2.5 16.5 
10.0 10.0 16.2 
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substre.t8o "'/Gre linec:.r pr.ssing through tL1e origin, sug6:;oting 

concentrt~tions of t~13 su"'.:lstratas. This 1tle.s furt:1ar 

rate order constant. 

i'lhen a coz:ste.nt concentratior.. of substre.to 

(1arga e:~ccess) -v1as used, k b did net s~:Jvl any c-;ppreciable 
0 0 

vr-.rie.ti::m wit~'l ci1e;nging concGntratiDns of mddc-.nt, i::.;::Licr.tinc-; 

a first or~er dep:;n~e~ce of t~e reaction on the concentration 

of tile o~::ide.nt ( Tables 1-3 ) • 

Effect of HaO:S: 

Tho rata of the rec;.ction o:·w~r!ed a firot order 

dependence ~n the concent~ation of al~e.li in t~e ra~~e 

studiaQ (~able 4). 
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r.2 [' .. b l '3 4: ~~ 2? :J c-t ~-- J.Jr.o~~= 

-·--- ..-·-·--~--

IHc.O~. I 
4 r, (s-1 ) 10 X ""'obs 

(E) Lysirw r.rgi::-~ine =-1iot,i2.i:~3 

0.05 1.5 1.5 1.7 

0.10 ).0 3.3 j.j 

0.25 7.6 8.2 8.5 

o.5o 15.2 16.0 16.5 

0.75 24.0 25.0 26.0 

1.0 30.0 ::;13.0 :54.0 

I Lysine I = 1 x 10-2 H; I K
3

Fo(CN) 6 I = 1xio-3 E ; 

~-= 0.5 N; te;:1p. = 55°C. 

I J...rginina I ;:: o.i I-C; I K3~=i'e{CN)6 I = 
0 f't = 0 • 5 K; t 3wp • = 3 5 C • 

1 ~!'"1 n-3 r"·/f. 
J_,j,.\_, .... , 

I :~Iisticiine I = 1x10-
2
E; I K

3
11'o (CN) 6 I = 5 10-4 ~-. 

X 1' .. , 

Under t~a precant axpari~entel c~rditi~~o, t2a reta 

le.~l could b a az:pr as oed r.s: 

d/Fe(CrT)~- I 
R.nta = - = T{ /J.:nino J .. ciC../ dt · obs 

'.( 

/Fe ( CN) -::_- I o7
-- I 

0 

. . . . . . . . {1 ) 
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T~~ ;neudo ii~st ~rdar rate c~nstant, k, "' tlaD OOu 

t ~ ' ' . ( :~'· 5) • calc~la ed xro~ ~he equa~1o~ ~ 

= 2.303 
t log 

Effect :::.f te.::.1perature 

• • 0 • {2) 

T~a rata of the reaction wac influence~ by 

clwnc;es in tecpere.ture ~ e:.r::l e:.n incree.so iu te....lparc..t: .. :!.re 

rasultad in e:.n increase in tb3 rata Ji t~: reaction 

(Te.bles 5-7 ) • 

Table 5 : 3ffect Jf te~.lpere.t:.1ra 

'1' oop. 

( .:t.O.i'"C) 

45.0 

5c.o 

55.0 

60.0 

65.0 

I ·· · I 1 1o-2·­Lyslna = x · h; 

I NaO_::: / - 0. ~ E; 

1o5 
X kobEJ 

Lysine 

7.1 

10.0 

15.2 

24.1 

:54.0 

( -1 ) 0 



30.0 

35.0 

40.0 
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Arginine 

3/3 

4.5 

6.2 

8.5 

-!! 

( 
~-.l. \ 
u ) 

I J..rginine I = 0.1 E; I K
3

Fe(CN) 6 I = 1 x 10-) tt; 

I NaO:~I I= 0.1 Iti; fA= 0.5 i:i. 

'l'GL:.lp. 

40.0 

45.0 

5o.o 

55 .. 0 

6o.o 

Table 7: 3ffect :>f tec.:pere.ture 

~lintio.ine 

7 .. 7 

12.7 

16.5 

20.5 

I 3iDtidina I = 1 x 10-2 ~; I K3Fe(CN) 6 I = 5x1o-4 ~; 

I Ne.O::= I = 0 • 5 l(; fA = 0 • 5 lC. 



5+log k 

2.3 t " r 
'), .,( 

c . ' 

f 

t 
I 

~ 
l 

1.7 
~-
I 

obs 

1.1 

(·) Arginine 

,~-.;,Histidine 
"'"·-.J 

EJ Lysine 

""~ ·. 

\ 
I 

. ,, I 

"" "' I ~~'-· l 
'""- I ~.6 ~~------------~~------------~1~------' 2.9 3.1 3.3 

Fig. 1 : Plot of log kobs against the reciprocal of 

temperature. 



195 

tenpar2.ture were linear ( 1ig .1) , o~ggeoti::-•g tno. v::.liC:.ity 

'i'able 8. 

Table 8 r Activation Pnra._ate::.~o 

Parar:1eter LysL1.e J..rgir.inc ~:iotidir.e 

3( :,Jnol-1 ) 44+2 !.::9+2 43;!.2 -
( -1 J.. 6 ) 4x1o4 

:J:r-10
4 L•. 

1.;~10 ~ 

6 LT -:f frr 
A-'- \-~ J:J.ol -1) 41+2 !.::6+2 40·1-2 

L..\ 1= ( -1 ~ -1 s .n i:10 l. ) -170+5 -160,!_5 -175"!:,.6 

cra~tad i2 the tr&~oitioL oteto. Val~as of ir.. t~:dc 

nc-t:..rre of electron p<:liring. c:.ncl electron unpc:.iri:: . .e:; p:r.)C)D.:::as, 

to ti1o ronct ants. on -::;~18 for-::::eti:.Jn :>:f c:. rigiO. trE.r~oiti::n:. 

ctrta. 
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T~1e adc:.ition of K4Fe(CN) 6 i:'l the co;::cent.::c::'ci::>r. 

-4 -3 rar:ge o:f 1.0 :c 10 1C to 1.0 x 10 I~, di6 not ~1ave al'V 

effect on the rates of t~ese reactions. 

Effect of ionic strength 

Variations in the ionic strength of t~e Qedium 

using NaCl04 {fA? 0.01 M to 0. 5 1'1), di6. not affect t::~e 

rates of these reactio~s~ 

H:ffect of added salts 

The a<idit.ion of salts suc:1 as NaCl, nano
3

, ~GI03 , 

~ 1 -L::.. , Na
2
so

4 
ar-;.d ggso

4 
(concentrati5n ran,ge oi 1.0x 0 1!~ ·.:.o 

-3 5 x 10 1~ ) , did not L'lave any influence on the rc:.teo of t~1ese 

ree.ctions. 

The ear spectra of the corres~ondin6 raiicalo, 

generated frou t~1e m~idati :m of eac_2 of t~lEi suostratec, W3re 

obtz.ir:.ed 
( } 

( vide Egperi..:Jental : 3SR iCleacure::.1e;. ts ) • 

Tbe radical, generated fro:.:1 t~1e oxidati::>r.; of eacil 

of t:1e sub::>trates, gave a six-line spec·::.rwn, havir~g intenoity 

ratios of 1:~:5:5:3:1. This radical intm"I•ecciate vias formed 

by ti1.e loss of a hydrogen atom. fro;:J the carbon atom o:f the 

methylene grou:p. The m.1:.1ber o:Z lines was accom-:ted. :Zor b7 



th3 radical species, 

• a - C - COO- ~ Whic~ corresponds to a radical Wi~h tWO 
t 
NH2 

equive..lant pro tor-s c..nG. a ni troga.r .. atom, all ~J.aving nearly 

equal coupl~ng constants. 

i'lle cha:ni sm 

The rate of t:1.e reaction betvtean tl.1e st.::.bstra-Ge B,nd 

~1.exacyanofarrate (III), in alKaline madiw:1, v1as depel''.C.e:nt on 

the first p~warc of the co~centre.~ions of the ~aacti~g 

species - su.bstrate, o;cidant and alkali (Tables 1-2). 

Since all the I-dnetic st : .. .uiias were ce .. rried out at ~'lie~~ 

coLcentrations of Nacr:1 (TalJle 2) ~ it :Jay be ascu:.:.:ad t~'lat 

anions. 

The a~dition of ~exacyanof3rr&ts (II) io~s di~ 

iLd.icatin.g ·::.~1at th .. e reactioD -:oat:Jean t!..1a DEbstrata and. 

oxidant ( t~1e electrcr: c: .. bstractL:m st9p ) wc:.s an L.:ravgrsibla 

step. 

The adc.ition of salts did 1nt have ar:.y infl::: .. 3nca 

on tl1a rates of t:::e reactions, iL[licc..ting t~'lat t~1.e reaction 

was betwean an ion and a dipJlar speciac. 
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T;_18 raaction path'!rJe.y rlc..S via ti1a fornatio::.: ::>f 

radical intaraaciat8J, as detected by ESR opectrooccpy. 

The subsequent steps ir:volvec~ t~!.e ra_pid Z"8e.ctiol1 

of t'he radical ~Jith t~1a oxice~nt yielding the imino compound, 

Wi1ich under\rlent ~lydrolysis to give the c:;rres;,_condi::~g ~:et.J 

acid and amE:onia. No otb.er intar;net.iate(s) could be 

isolated from the reaction ~ixture. 

Since potassium ~1exa.cyav:;fe:r. _·ate (III) is [, ::me 

alectron oxidant, it would be j':.lstified to postulate 

give rioe to e. r~dical inter~ediate, ~nalogous to e~zy2a.tic 

oxide.tion reactions, whicL1 are c:.lso !:{nown to p.roceac'l vic. 

radical interme(iates ( 47). Tl1is 'IW!.!ld ~L:ggest L:e.t 

'"'~exoc·-,ar· fnr""'"'+"" (III) "'c ., c:An~'l.'Cal O"''l.'a:<r:t, .:...~· C... ,) J..LV ,_ -'· ~ V ·- ' t..-... ~ ~-~ ·-..!.·;.,,.~ .n, '-·"'"-

oi' ai::-.Julati::!g anzy..:.:ic benc-.viour. 

In th3 present invostigatior., -~~1e for;:jation of 

experL.:Jente.l ooserv~ti::ms:-

(a) tne ra.ta of the ree..ction we.s depeLdent on t2G iirot 
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(b) t~a lack of 2ny effect on t~G rata a~ tha ra~ctio~ 

by t~a addition cf hez~cye.naf3rrete (II) l~no; 

(c) fc. V01 .. rre,ble er:t:1e..lpy C:..nd entropy fe.ctors, w~1ic~l ~'I ere 

char~cteristic of radical processes 

(d) da-::.actio~1 of re..dical intarmedie.tes by ESR. o;;:;ectroocopy. 

The ionization constants c.nd t~?.e p:H valu.as a.t 

the isoelectric points of lysir:.e, arginina ar:d hiotidine 

at 25°C are given in Table 9· 

Teble 9: Ionizatio: constants~8J and p:':-I ve.luea 

at isoel·actric points 

A.r:.lino Acid pK1 pK2 pK -:>.::.-1. 
3 - ~ 

Lysine 2.18 9.12 10.53 9.82 

J;:rginina 2.17 9.04 12.48 10.76 

~Iistidine 1.82 s.oo 9.17 7.59 

k ~{ 
p 2 + ::;( 3 ' 

2 -

J..i:.:ino ac ida exist as Z Ui t tar ion 5 in E':.'::j vl30UD 

solution. I:.-~ c:.Ur;:aline so luti )LG, t:1e zvJi tterioe is c :x::va::ted 
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~::>e.oic ~ .• , ; \'"\ ..)" n c.; a·! s { l vr: 1.. 1~1 ':) 
C:...L-J..LA- C..1o .L '\ -.; - .A.JI.'--' I "'r'·.; ,,...;n., 9'..-:d ~~; stiDi:--.:.-::) lr.·>·r DOtc.GDiur: G• C,.L~l.L ·~ ~L~ - .I. -

+ ----~ -,----· 

Fe(CN)~- li'e ( CN) ~-
--~ 

sl::m fast 

a.c-coo::-:;: 
II 
NI-i ) 

a . C-CO:illi 
II + lE3 0 

r~Llir:.o e .. ci6.o ~rare c: .. cid.s 

tY~TiGil'lOV2.l3ric [',Ci.a fZ'CU r.r glni::l8; c.r:d (3-imiC:..c_ze;l·.ll-
, 

fYr'U7ic <:.cicl.. fruc :1istiC:.ine ) , ~Jhic~-: 1:-Jere is~l2.t3d z.c::c1 

c.12.rE cteriZ8d. as their respGctive 2 ,4-dini tro .. ::henyl-

~1ydre:.zo~"-e derivE,tivas ( vid.G 'Experir.1ent2.l': Product 
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T~1ere hc::.ve be3n reporto of ·x-ketv c.cidn "'lith 

t-musual prop3rti3S, in thc::.t the o(-i{etc c.cids ca1 ezict 

in equilibriUL:. ~Jith t~1eir respective cyclic for:::s. 

It hc.~o baon oh::n•In ti.1.c:.t t~13 o(-keto acic~ ar1alogues 

of lysine and arginin3 c<::n exist in aqt.:ilibriun <:•Tit~')_ t~1eir 

res:9ective cyclic for _.s. T~1.n /-I-{eto ccid enalogue of 
ex 

lysine (.?( -keto- E. -e..:.:J.inocc:,proic c:-cid, 1 ) cc.:n axist in 

aquilibriun •:rJi th c}- :pipericcine-2-carboxylic E'..Cic.1, g_ ) , u:; 

observed in e.n earlier invEistige.tion (49), t~!us: 

11rl.zNH2 

(1H2) 2 

CHz 
I 0--....CilUH 
c- tJ 
j-

CDCJH 

(1) 

Si.c:1ilz.rly, the (.,(-keto e.cid c:xce.lJgue 

(~) 

' . . o :::.: c.r g1.:r~~ne (o(_ - keto-

>, -guanidinovc.leric r.cid, 3), ~1as ·ocal'! shown to e:zist in 
._, - . 

aquilibriur."l ~,lith its cyclic fo:;ro, 1-n:.::ic1ino-2-~1ye.:...~oxy-

pyrrolidine-2-curbo:xylic e.cid, 4 , E.s s~u1wn in c...r. ac:zlier 
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These cyclizati~D reactions ex;lain t~e ea:liar o~oa:vati~~s 

::.lore sl~·:rly "tlit~l 3-c~'U.inJlyL'.ydra.zLce (?i) aLd. r,Jith 
I 

0 -glut~ylhydrazid8 (52) s tl1ar. e.cy-clic 0 (-ketc 2.ci:lo at 

cooperable cor_centrati:ms. 

'i'~'leDe Idl"cdo :Jf cy~liz&.vion reactions :Jf d...-Ir..e·'uo acic1s 
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Glycine 

L-K3Fe(CN)J = 1.0x1o-3 rr~ L- Ne.O::I_7 =l.Ox10-1
H_, 

T = (55~0.1)°C~ OD(420 nm) fo: L: Glycine _7 at 

tm o.o1M o.o2~1 o.o5~ 0.1 M 

0 0.344 0.344 0.344 0.)44 

5 0.342 0.339 0.334 0.325 

10 0.340 - 0.325 0.306 

15 0.338 0.330 0.316 0.289 

20 0.337 0.325 0.306 0.272 

25 0.334 0.321 0.298 0.257 

30 0.332 0.316 0.290 0.242 

35 0.331 0.312 0.228 

0.25 IE 

0.344 

0.298 

0.259 

0.224 

0. 19"5 

0.169 

c.146 

0.127 

0.5 ti 

Oe:J44 

0.258 

0.193 

0.145 

0. "1."08 

0.082 

0.061 

0.046 

I x
3

Fe(CN) 6 I= 1.0x1o-1-t; I ~lycine I= 1.0x1o- 2 E_, 

OD(420 nw) ~ = (55+C.1)
0
Sfor iXa03 I at 

tm 0.1 M 0.25M 0.5 M 0.75M 

0 

5 
10 
15 
20 

25 

0.344 0.344 
0.342 0.:542 
C ,jLlO 0. 340 
0.338 0.338 
0~3'37 0.336 

0.334 0.335 

C.344 
0.342 

C.)39 
0.336 

0.334 

C.j~O 

C.j38 

0.336 

0.334 
30 O.j32 0.332 0.332 0.332 
35 G,jj1 C.330 0.330 0.329 

1.0E 

0.344 
O.j42 

C.340 

0.337 

0.334 

1. 5 t~ 

0.344 
C.342 

C. jl~O 

0.338 
0.)36 

0.334 
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I Glycine I 1.0 ::K 
... 0-2.,. I Nao_~: I = 1.0 X 10-1 

ifi = .1. L:. "; ,; 

0 (420 lli:l) for I K
3

Fe(CN) 6 I at T = (55+c.1) c; OD 

tm o.ooi 1' 0.00075 H: 0.0005E 1 .00025I'>i 0.0001 ·'· .... .J..·..:. 

0 0.344 0.305 0.291 0.158 0.087 

5 0.)42 0.303 0.289 0.157 
10 0 .'jLlO 0.302 0.288 0.156 0.086 

15 0.338 0.300 0.286 0.156 
20 0.337 0.298 0.284 

25 0.334 0.283 0.154 0.085 

30 0.332 0.295 0.282 0.152 

35 0.:)31 0.293 0.281 0.151 0.083 

I Glycine I = 1.0 X 10-2 F I K Fe ( CN) ~ = 1.0x10-3i-1 
? 3 0 ) 

I Na0:'":'1 I = 1.0 X 10-1E OD (420nm) for tempere.ture at 
J 

·---
t 35·c 40°C 45°C 5o0 c 55°C 6o 0 c ill 

0 0.344 0.344 0.344 0.344 0.344 0.344 
5 0.342 
10 C o}43 0.342 0.)42 0.341 0.340 0.339 
15 0.342 0.342 0.341 0.)40 0.338 0.336 
20 0.)":.:2 0.341 0.339 0.338 0.337 0oJ3J 
25 0.341 0.340 0.338 0.337 0.334 Oo331 
30 0.339 0.337 0.332 0.328 
,.,.. 
5? 0.340 0.338 0.336 0.334 0.331 0.326 
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Alanine 

I lTaOB I = i.OI':l_; I 1c
3

Fe ( ClT) 6 I = 5 .c x 10-~ 1:, 

T = (75+0 .1) °C' o:u u~20 nm) for I .AlE.nins I at 

t 
m 

G.1E 0. 5!: 0.75H 

c 0.158 0.158 0.158 

5 0.155 0.154 0.152 

10 0.152 0.150 0.148 

15 0.149 0.147 0.142 

jO 0.146 0.143 0.137 

25 0.144 0.141 0.132 

30 0.141 0.137 0.128 

-- ----·- . 
1 c 1.) .. E 

0.153 

0.151 

0 .1L.:5 

0.139 

c •. 13 6 

0.:!.26 

0.1?.G 

---- --·-· 

_, 

I K3Fe ( CN) 6 I = 5.0 x 10-4 HJ I Alanine I = 5 • o~ ·1 o -~ ·- M..) 

0 
T = (75+0.ti) C/ OD(420 nm) for I Nallii I at 

t 
m 

o.25:c o.? i~ :;,.o r.: 

0 0.158 o.::..sa C.158 

5 C.157 0.156 0.154 

10 0.155 0.153 0.150 

15 C.153 0.151 0.147 

20 0.152 0.149 0.143 

25 0.151 0.147 0.141 
)0 0.150 c.145 0.137 

. _, ______ .,. 
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I Na.O:J I = 1.0 I~ I A.lani:1e . I = -1 5 X 10 IL 
/ / 

0 
(420 nm) I x

3
Fe(CH) 6 I i' :.: (75:!:,0.1) C; OD for at 

tw 0.0001 0.0005 0.001 E 

0 0.0:56 0.158 0.279 

5 0.154 0.275 

10 0. 0:52 0.150 0.272 

15 0.03 0.147 0.270 

20 0.028 0.143 0.267 

25 Ow026 0.141 0.264 

30 0.024 0.137 0.260 

I K
3

Fe(CN) 6 I ; 5.0 x 10-4 ~~Alanine I= 5.0 x 10-1 L~ 

I NaO::-: I = 1.0 l-'lJ OD ( 420 nm) fa;: Te3pe::ature at 

tm 75°C 80°C 

0 0.158 0.158 

5 0.154 0.151 

10 0.150 0.146 

15 0.147 0.140 

20 0.143 0.134 

25 0.141 0.129 

)0 0.137 0.124 
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Valine 

-1 3 1 Nam-= 1 = 5.o x 10 E; 1 :sFe(cN) 6 1 = 1.o~:1o- k__: 

T = (55 ~ o.1) 0 c/ OD(420 nm) for /Valine I at 

t 
J:) 

0 .Oil~ 0.05 Li 0.1 IC 

0 0.41 

5 
10 0.408 

15 

20 0.407 

25 
30 0.405 

35 0.404 

/ :x3 ffe ( CIJ) 6 I = 
n• = (55+0.1)

0
c, J-

tm 1. Qll~ 

0 c.41 

5 G.402 

10 0 e39L.:: 

15 0.386 

20 0.379 
25 0.371 

30 0.363 

35 0.357 

0.41 

0.406 

0.402 

0.398 

0.395 

0.390 
0.386 

0.383 

1.0x1o-3 
l~; I valin3 I 

OD (420 n:a) lor I ITaOTI 

0.75E c.5 1~ 

0.41 0.41 

0.406 0.406 

o.4o2 0.402 

0.398 O.jg8 

0.393 0.395 

0.389 0.390 

0.385 0.386 

0.380 0.')83 

= 5.0 -.r 
-'"' 

I at 

c.41 

0.399 

0.394 

0.392 

0.')87 
0.375 
0.)64 

0.)60 

1C-2 

0.25 

0.41 

0.408 

c.4o7 

0.405 

0.404 

0.402 

0.401 

0.399 

E, 

I"" -.c 
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I NaOH I = 5 .ox1o-1r:., 1 Valine I = 5 .o :;~ 10-
2 iC _, 

T = (55+0 .. 1) °C_.., OD( 420 nm) for I x3Fe (CN) 6 I a"\; 

t rn 0.001 jj 0.0005 I>'l 

0 0.41 0.268 

5 0.406 0.265 
10 0.402 0.262 
15 0.398 0.260 
20 0.395 0.257 
25 0.390 0.255 
30 0.386 0.251 
35 0.383 0.249 

O.OOO:i I 

o.J6; 

o.o68 
o.o67 
o.o66 
c.o65 
I 06lo-c ~ -

C • 06L:, 

-----

I 1\rao~:._r. I 5 10-1 I- OD (42 ) ""' t ..._ "" l'J _ = x ;;,_/ 0 nm .J.Or empera ... ure a~ 

~t 

m 

0 

5 
1C 

15 
20 
25 
30 

35 

0.41 

0 .L.l:09 

0.409 

0.408 

0.407 
0.407 

0.41 
0.399 
0.389 

0.379 
0.369 
0.360 
0.350 

0.41 

0.407 
0.405 
0.403 
0.400 

0.397 
0.395 
0.393 

o.L~i 

0.406 
c.4o2 
0~398 

0.395 
0.390 

0.386 
0.383 
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Le.ucirc_e 

I K3Fe ( CH) 6 I = 1.0x1o-
4 

IE./ I NaOH I = 1 H/ 

0 
T = (55~0.1) C J 0 D(420 nm) fo£ I Leucine 

tm 0.01 E 0.025 N o.o5 H 

0 0.048 0.048 0.048 

10 0.047 0.045 0.043 

i5 0.046 0.044 0.040 

20 C.G45 0.043 0.038 

25 0.042 0.035 

35 0.043 0•039 o.o31 

I K
3

Fe(CN) 6 I = 
-4· I Leucine I 1.0 X 10 J>i = / 

T = (55:!:,0 .1) °C) OD (420nm) for I Nam-I I at 

t m 1.0N 0.5 Vi c.25 i-~ 

0 0.048 0.048 0.048 

10 0.047 ~ 0.047 
15 0.046 0.046 

20 0.045 0.045 

25 0.045 

35 0.043 0.044 0.044 

I at 

0.1 I~~ 

0.048 

0 .. 038 

0.032 

0.029 

G.025 

0.021 

-2 1.0xi0 :t.-1./ 

o.1 r·1 

O.OLJ.8 

o.c46 

0.045 
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I Leucine I = 1.0 :;r 10-
2 l~ I NaO~ I = 1 l't; T = (55+C.1)

0 c,.., 

0 D (420 nm) for I x
3

Fe(CN) 6 I at 

t 
r:1 

0.0001 1~ 0.0002? Icl o.ooo? li 

0 0.048 0.092 0.165 

iO 0.047 0.090 0.161 

15 0.046 o.ooo 0.158 

20 o.o45 0.086 0.156 

35 0 .. 043 o.o84 0.150 

---

I x
3

Fe(CN) 6 I -4 I NaOII I 1.0 N / = 1.0 X 10 1>1_, = 

I Leucir:e I = 1. Ox1o- 2 1~ l 0 D (420 ~) for r:'eT.Jperat..rre at 

tm 50°C 55°C 6o0 c 65°C 

0 0.048 0.048 0.048 0 .OlJ:8 

10 0.047 0.045 0.044 

15 c.o47 o.o46 o.o4l:c 0.042 
20 0.046 0.045 0. 01l3 0.040 

25 o.o46 0.041 0.038 

:55 0.045 0.043 0.039 0.0:55 
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' 

Pi1enylalanine 

I K
3

::<·e (CN) 6 I = 1.0 ~~ 10-4 
LI_, I NaO::I I = 1.0 .., 10-1 

H_, J.~~ ..,. 

m == (55+0.1) 0 c1 0 .:_I (420 nm) for I P.i.1enylalanine I at .i\.. 

-~·-· 

t O.OG25 F o.oo5 I-1 0.01 r-: 0.025 1-1 
~ 

0 0.043 0.043 0.043 0.043 
1C 04042 0.041 0.037 

15 0.042 0.041 0.039 0.036 
20 0.041 0.040 0.038 0.035 
25 0.041 0.037 0.034 

30 0.040 0.039 0.036 0-:033 

35 0.040 0.038 0.035 0.032 

1 K
3
?e (CN) 6 

I -L:c = 1.0 x 10 r-1,1 PhenylalaDine I = l.Oxlo- 2 M/ 

T = (55 :!:. 0.1)°C; 0 D (420 r..n) ior I Na0=-1 I at 

t O. 05~H 0.1 M 0.25 M o.5 M 
0 

c 0.043 0.043 0.043 0.043 
10 0.041 0.041 0.040 

15 0.039 0.039 0.039 0.040 

20 G.038 0.038 0.039 0.039 

25 0.036 0.037 c.o38 O.C38 

30 o.o:;6 0.036 0.037 

35 0.0:35 0.035 0.037 0.034 



I X}i'e ( ClT) 6 I = 1. c~::io-4 l-: / I Phenylalc.nine I = 1. O:xio-
2 1.~/ 

. -1 I I:Ja0=-2 I: 1.0 J: 10 H; 0 D {420 nw) f.-:;: te~'l)era~ure at 

t 45°C 50°C 55°C 60°C 65°C 
'::"'1 .... 

0 0.843 C.043 0.043 0.043 c. Cl~3 
10 G.041 0.041 0.041 0.040 0.039 

15 0.040 0.039 0.038 0.038 

20 c.c4o 0.039 0.038 0.037 O.C36 

25 0.039 c.o3a 0.037 0.0)6 C n~-<5 .) .u__, 

30 O.C38 0.037 0.036 0.035 0.034 
F~ 5 
j C.C)7 0.036 0.035 

Serine 

1 K3Fe ( Cl'J) 6 I = 1.0 X 1C-3 I';: /Na0:-:1 I = 1~0 II? ) 

0 D (4~C nn) T = {55+C.1)°C
1
for I Serine I at 

t C.051~ o.uc 0.25 M 0.5 I-1 
l:J. 

-----
0 0.135 c.135 0.135 C.135 

5 0.1:54 0.131 0.127 

10 ~,.:i33 0.132 0.126 c.119 
15 C,.132 0.130 0.122 0.112 

20 0.131 0.128 0.119 C.105 
25 0.130 0.127 0.115 0.10C 
30 0.130 0.125 0.111 0.093 
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I K3 ii'e(crr) 6 I = 1.0 X 1o-3·,·~ 
L/ I Serine I = " 1C-l,. :t.. O:it , 11:.; 

( 420 ru:n) T 0 I NaOH I at 0 D = ( 55+0.1) c) for 

t.~ 0.25 1·1 0.5 I-1 1. 0 I~ 
·-' 

0 0.135 0.135 0.135 

5 0.133 0.133 

10 0.133 0.131 0.132 

15 0.131 0.130 0.130 

20 0.130 0.128 

25 0.126 0.128 0.127 

30 0.120 0.125 0.125 

I NaO:l I = 1.0 x 1o-3g__, I Serine I = 1.C x 10-
1 I~) 

T = (55+0.1)°C) 0 D (420 ru:1) for I x 3Fe(CN) 6 I at 

t.:J. C.OC01 lC 0.001 M o.ooo5 H 

0 c.o2 0.135 0.093 

5 c.o1 c.coe 
1C G.OC5 0.132 c.o83 

15 (,.002 C.13C 0.079 

20 0.128 0.076 

25 0.127 0.072 

30 C .. 125 0.069 



21fl 

I ~ii'e(ca) 6 I= 1.Cx1o-3 IS I Serine I= 1 .. Cx1o-1 11_, 

I Nam-= I = 1. 0 l:~ l 0 D( 420 no) for temperature at 

0 C.13? 

5 
10 0.133 

15 

2c c.132 

25 

3C 0.,131 

I HaO::-I I = I 

I T:1reonine 

0 D (42C 

=to 0 
4C C 

0 0.098 
10 0.096 

15 G.094 
20 0.093 
25 Co092 

30 c.c91 
35 0.090 

1.c 

I = 
n_:::t) 

0.135 

C.134 

0.133 

0.132 

C.130 

0.129 

0.128 

0.135 

0.132 

0.130 

0.128 

0.127 

0.125 

0 
60 c 

C.135 

C.132 

0.130 
0.128 

0.126 

0.124 

0.121 

Threonine 

£!!' ... )' I K
3

Fe{CN) 6 I = 1. Ox1o-3ri.I __, 

1.C X 1 -1 0 N: 
/ 

m 
.L = (60+0.1)°C 

far Tenperature at 

45°C 50°C 55°C 

c.o9s 0.098 C.098 

C.095 0.095 0.094 
0.094 0.093 0.093 
0.092 O.G91 c.091 
0.091 0.090 c.o89 

C.C9C C.C88 o.c87 
0.089 c.o87 G.084 

0.135 

0.132 

0.128 

0.125 

0.122 

0.119 
0.116 

60°C 

0.098 

C.094 
c.cg1 

c.089 

0.087 

0.085 

0.083 
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Cysteine 

I K
3

Fe(CI:T) 6 I= ?.Cxic-4 I-~ I Nao:: I= 2.5 :~ 10-1 H_, 

T = (3C+0.1)°C )' 0 D {42C no) for I cysteine I nt 

t C oCC35I-~ o.co5 ;r C.CC7 •-' 
"-' 

c 0.032 0.032 c.c32 

5 O.C31 c.c20 
10 c.c29 o.c28 0.026 
15 c.o28 o.c27 C.023 

20 0.027 0.026 0.021 
25 C.026 0.024 o.c1B 

30 C.025 0.023 c.o15 

35 o.c22 c.c13 

I x3Fe (CH) 6 I ?.c x 
_b. 

I 1c-3 = 1o MJI cysteine = 5 r -( .u .L. 

T = (3C+C.1)°C / 0 D ( 420ruJ) for I NnOll I at 

t,.., o.5ii C.25H. c.111 ... , 
--·-· 

0 O.C32 0.032 c.032 
5 0.027 0.031 
1C o.c24 0.028 0.029 
15 0.021 0.027 0.028 
20 c.o1s G.C26 c.c2e 
25 c.c16 o.c24 0.027 
30 0.013 0.023 c.o26 
35 0.012 0.022 o.c24 

11 

fi. 
/ 



29" ,_l 

I HaO~-= I = 2. 5 ~: 1-e,-1 
1'::..; I Cysteine / = 5 x ic-3 K/ 

T == (30+G.1) 0 c_,~ 0 D (420 ru:::1) for ( K3Fe(CH) 6 I at 

t_, ..... 

5 
10 

15 
2C 

25 
30 

35 

I K
3

Fe ( CJ}) 6 

I Cy::;teine 

t 3C°C 
D 

0 ::.:.Cj2 

5 
10 0.028 

15 c.c27 
2C c.c26 

25 L.024 

3C c.o23 

35 c.o22 

I 

I = 

0.0005 M 

c.c32 

0.028 

c.o27 
c.o26 

0.024 

c.o23 
c.o22 

5.c x 1C-4 
I = l!i 

~~ 

5.c X ic-3 I 'I 
/ 

0 

35°C 40°C 

0.032 0.032 

~.030 0.029 
0.028 0.027 
c.o26 c.c25 
c. G2L1 0.022 
0.02) c.o21 
C.C21 -:.;.019 

C.C19 0.018 

O.CC07 fi1 

0.051 
0.048 

c.o45 

0.042 
c.c4o 

o.c30 

0.036 

c.o34 

I 
-1 NaOH r- 5 X 10 M ~. / 

D (420 nn) fo!' Te:.:1p. at 

45°C 5o
0

c 

0.032 c.c32 

0.028 0.028 

0.026 O~C25 

c.o23 0.022 

0.020 c.c20 
0.018 0.018 

c.c16 0.016 

0.015 0.014 



Methionine 

-4 I I l(
3

Fe (CrT) 6 I = 1. Cx1C Iii 1 I Na03 = G. 5 I-17 

T = (55+C.1)°C / 0 D(42C m.1) fo::- I Methionine I at 

0 

5 
10 

15 
20 
25 
30 

I K3Fe(tm) 6 

0 D (420 nm) 

to c.o5 

0 o.c5 
10 O.C49 
15 c.c48 
20 C.C47 
25 c.c46 
3C 
35 c.c45 

c.oc1 f!l 

c.o5 

c.o48 
0.047 
C.047 
o.c46 

I = 1.0 X 10-4 

c.cc5 M 

o.c5 
c.c46 
c.o44 
C.CA1 
0.038 
0.035 
0.033 

M 
J I Eethionine 

0 
I T = (55+G.1) c__, for NaOH 

I·i 0.1 H 0.25 H 

o.c5 0.05 
C.049 0.049 
0.048 c.o48 

o.c47 0.046 

C.C44 C. C;45 

0. 01 Ill: 

c.c5 
c.c45 
0.04G 
c.c35 
0.032 
c.c29 
c.o25 

'.(. 

I = i .OxiC-../ 

I at 

0.5 7.,'r 
!'..1. 

c.c5 

0.048 
c.c47 
C.C47 
c.c46 

F -;J 



2 9'.; 
~u 

I Eethionine I= 1.Cx1c-3 M/ I NaOH I= 5.0x1G-i K) 

T = (55+C.1)°C l 0 D (42C nn) for I K3Fe(CN) 6 I at 

c 
15 
20 

25 
30 
4C 

I x
3

Fe(CN) 6 

I Hethionine 

0 D (420 no) 

to 

0 

5 
1C 

15 
20 

25 
)C 

35 

I = 

I 
for 

6.0001 M 

c.c5 
0.048 
C.047 
c.c47 
0.046 

-4 1 • Gxi C M_., I Namr I o • 5 r::,., 

= 1.0 X 10-31\1\ T = (55+C.1)°C 
/ 

I kcl I at 

o. 01 11 0. :.;5 til 

c.o5 0.05 
0.049 
C.C49 
o.c48 0.048 
0.047 
c.o46 0.046 

c.c46 o.o45 

O. CC05 r-1 

0.018 

0.017 

0.016 

c.1 1-1 

c.c5 
c.c49 

0.048 

o.c47 
c.c46 
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I K
3

Fe (CN) 6 I = 1.C X 10-4 rvr) 1 NaOH I = c.5 :£.1 )' 

I I-1et~1ionine I == 1.0 X 10-3 H 0 D (42G no) for ':0e:::.1p. at 
J 

t 45° 50° 55° 60° 
D 

0 c.o5 c.o5 0.05 o. 05 

1G C.C49 c.c48 

15 o.c49 0.048 
20 0.048 c.c47 O.C47 

25 C.048 c.c47 C.G46 

3C C.C48 C.C47 c.c46 c.o45 

35 c.c44 

-Tyrosine 

I K3Fe (CN) 6 I = 1.0x1o-3 £:1 J I NaOH I = 5.0 x 10-i M / 

Teop = (55+C.1)°C; for I Tyrosine I at 

t C.OC1 r-1 c.coo5 M O.CC025 N 
D. 

c 0.250 0.250 0.250 
5 G.C88 C.18C 0.197 
1C 0.154 C.191 
15 C.C34 0.144 o.19c 
2C O.C22 0.136 C.188 
25 G.C18 C.129 



22fj 

I Tyroair.e I= i.Ox1c-3H
1 

I K3Fe(CN) 6 I= 1.0x1o-3 M)' 

0 D (42C no) T = (55~C.1)°C/ for I NaOH I at 

t 
D 

0 

5 
1C 

15 
2C 

25 

G. 05 1i 

G.25C 
c.191 
0.152 
G.130 
C.11C 

0.097 

C.1C M 

c.25c 
0.105 
c.osc 
c.c55 
c.c35 
C.C28 

I -3 I I -1 -I Tyrosine = 1.Cx1C M/ NaOH = ?.OxiC h_, 

c .. ? H 

0.250 
C.G88 

CoC34 
C.C22 
C.018 

Ter:.1p. = (55~C.1)°C; 0 D (420 no) for I K3Fe(CN) 6 I at 

tD c.ooo5 M. 0.001 l>'l 

G C,128 0.250 

5 0.021 ;.oaa 
1C C.CC8 
15 0,004 0.034 
2C C.C01 c.o22 
25 0.018 



22C 

I 'l'yfosi::::a I = 1.0x1c-3 11; I K3Fe(CN) 6 I = 1.;CY;1c-3 M/ 

I Nao:a I = 5 .c x 1c-1
M) 0 D {420 nm) for te::.~perature at 

t 
::.:. 

45°C 50°C 55°0 6C°C 

0 c.25G 
5 C.126 
',1 
~'- C.C72 
15 C.G58 
2C o.c52 
25 C.C39 

I K3Fe(CN) 6 I = 

T = (55+C.1) 0
GJ 

t 
D 

c 
5 
1C 
15 
20 
25 
3C 

:55 

0.250 
0.096 
o.c68 
c.o45 
0.034 
0.029 

Tryptophan 

-4 1.ox1c r1; I NaOH 

0 D (42C no) for 

c.oc1 r-1 

o.c57 
O.C49 
C.042 
o.o36 
C.03C 
c.c26 
C.C22 
0.019 

I 

0.250 
c.caa 

c.c34 
0.022 
o.c1a 

0.250 

C.C28 
c.o2c 
c.o16 
c.c13 

-'2 = i.cx:io 11_, 

I Tcyptophan I at 

c.cc25 14 

o.o57 
o.c39 
O.C27 
0•018 
c.c12 
o.oca 
C.CG6 

c.cc4 



·,.. .. . ~' 
• •j 



I K
3

Fe ( C:H) 6 I = 1. Gx1c- 4 1·~ I Tryptophan I = 1. C~c1C-3 1.:y 

T = (55+C.1)°C; 0 D = (4~0 nn) for I NaO~I I at 

t c.cc5 Til 
:.:.1 

C.01 l1l c.c5 £.1 

,~ c.o57 o.c57 ' r57 u Lev 

5 C.C49 0.049 c.c5 
1C C~G42 0.042 
15 C.C36 c.o36 c.o~9 

2C C .. C31 0.030 c.C2D 
25 c.c27 ~.026 o.csa 

3L C.G23 0.022 G.C27 

35 C.C2C C.C19 c.c26 

I NaO::-I I -2 
E) I ~rntop~1an I ,-3 c.~ = 1.Cx1C = 1.Cx1G L!./ 

0 (420 no) I K3Fe(CN) 6 I at m = (55+C.1) C 0 D for ... / 

t c.cccc5 E c.cccc1 fcl C.CC1 E 
0 

c C.G24 c.cc5 C.C57 
5 C~G21 c.049 
10 C.C17 c.c42 
15 C.C15 C.CC3 C.C36 
2C C.C12 C.C30 
25 C.C1C c.c26 
3C C.CC9 O.CC2 c.c22 

35 c.CC7 c.c19 
45 c.oc1 



-4 = 1 • Cx1 G I-1 / I t~ 0-- 1 1 c 1~-2 --. ;_:. - -.:.;- r -. ') a .. M - • .-. v r ... / 

I Tryptop:1an I= 1.C x 10-:5 1'·1; 0 D (42C na) for Ta~1p. at 

to 45°C 5G°C 55°C 

c O.C57 G.C57 c.c57 

5 c.c51 c.c5o c.c49 
10 c.c45 O.C48 o.o42 
15 c.c4c C.C)6 0.036 
20 c.c36 C.C33 C.C3C 
25 G.C32 C. C3C c.c26 
30 c.c29 0.026 c.c22 
35 c.c26 C.G23 o.c19 

Histidine 

I K
3

Fe {CN) 6 I = 5 .Cx1c-4 l~ I N~OH I = 5 .OxiG-i ic:IJ' 

0 D(42C no) T = (55!,0.1)°C..;for I :Iistidine I at 

t 
D 

0 

2 

4 

6 
8 

1C 

12 

c.c1 Ivl 

c.134 
C.109 
C.C9C 
C.C74 
c.o6c 
C.C49 
C.04C 

o.c25 I4 

G.134 
c.oso 
0.047 
C.C28 
c.c17 
G.C1G 
c.~c6 

6C°C 

:._.c57 

G.048 
C:.G4G 
c.o34 
c.c2e 
c.c24 
c.c2c 
G.C17 

c.c5 

(;.1:54 
C.C49 
C.C18 
c.cc6 
O.CC) 

C.C~i 

- T 
b. 



I 3istidir-.ce I -2 
l-~ I K3Fe(C1J) 6 I -4 

117 = 1.Cx1C = 5~ri'' "'~ I_., 

0 D (42,:, Did) for I NaO::-I I at. 

------
to c.c5 M G.1C I-1 Ce25 i-1 c.5c I· :I 

c C.134 0.134 c.134 c.:L34 
2 0.129 c.121 '-.e1C9 
4 0.128 C.123 c.11c c.cgc 
6 0 .. 126 C.118 c.c99 c.c74 
8 0.123 C.113 0.09 o.o6c 
10 0.121 c.1c9 o.o81 c.o49 
12 c-.118 c.1o4 c.c72 c.c4c 

1 aisticine I 1.0 -2 
ItlJ I NaOH I 5.0 1C-1 l" = X 1C 'V ..,_ 

'~.J 

0 D (420 nm) for I K3Fe(CN} 6 I at 

to c.ccc1 Ii c.oco25 ~{ o.cco5 M o.cgi r.:: 

c C.C17 0.032 0.134 c.198 
2 C.C13 c.o23 c.109 c.16c 
4 C.CC9 o.c1~ c.c9o 0.129 
6 c.oc~ C.C12 0.074 0.109 
8 c.cc6 C.CC9 c.c6c C.C83 
1C c.cc4 c.co6 C.C49 c .. c67 
12 c.co5 o.o4c c.c54 



I Histitine I = 

I K)Fe(CN) 6 I 
Ter.1perature at 

t 45°C 0 

0 c.134 
2 C.12C 
4 C.107 
6 0.096 
8 0.086 
1C C.077 
12 c.o6s 

I K3Fe(CN) 6 I= 
0 D (42C no) 

t c.o5 I'-1 
Ll 

0 (;.051 

5 C.C48 
1C C.G47 
15 c.c44 
80 C.C42 
25 C.04C 
jC c.C39 
35 C.C37 

= 

230 

1.0 X 10-2 t-1 I NaOH I ~-1 rr = 5.Cx1u 
/ "J.J 

5.0 X 10-4 
fJr "J 0 D(42C no ) for 

5C°C 55°C 6c0 c 
-----

c.134 0.134 0.134 
0.115 c.1c9 C.1C5 

c.c99 c.o9 c.o78 
c.c85 c.o74 c.o6B 
C.073 c.u6o 
C.C62 c •. 049 c.c39 
0.054 O.C4C 0.031 

Arginine 

-3 1 • Cx1 0 i'l 7 I NaO:-I I = 2 • 0 f/I J 

T = (35~C.1)°C/ for I arginine / at 

C.10 11 0..25 M 

c.o51 ().051 
c.c46 c.c37 
C.C42 0.028 
O.C38 0.021 
C.C34 c.G14 
C.C31 c.o1c 
c.c2a c.cca 
c.c26 



23i 

-3 I -1 I x3Fe (CN) 6 I = 1.Cx1C M J I arginine = 1x1C 11 J 

0 D (420 nm) T = (35+C.1)°C; for I NaOH I at 

t 1.C M 2.0 M 3.0 a 
0 

r ' ,-51 0.051 o.c51 v \..toV 

5 0.049 0.046 0.042 

10 0.047 0.042 0.036 

15 o.o46 0.038 0.0:30 
20 0.045 o.o:;4 0.027 

25 0.043 0.031 0.023 

30 0.041 0.028 0.020 

35 0.040 o.o26 0.017 

I Arginine I = 1.0x10-~ I NaOH I = 2.0 r:., 
0 D (420 nw) T = (35+0.1)°C/ for I K

3
Fe(CN) 6 I at 

t 0.0025 g o .ooo5 lJi o.ooo75M 0.001 lC w. 

0 0.059 0.028 0.036 0.051 

5 0.057 0.022 0.030 0.046 
10 0.055 0.016 0.025 0. OL!-2 

1§ 0.053 0.013 0.021 o.o30 
20 0.052 0.009 0.018 0. 031~ 

25 0.050 o.ooD 0.015 0.031 

30 0.040 o.oo6 0.012 o.c28 

55 C.C47 0.026 



232 

I x
3

Fe(CN) 6 I -3 -= 1 • 0 X 10 li:./ I NaO:-i I = 2 • o ri/ 

I .Arginine I == 1.0 X 
-1 

10 1~'2 I 0 D (420 nm) for temperature ot 

t 35°C 40°C 45°C 50°C m 

0 0.051 0.051 0.051 0.051 

5 0.046 0.044 0.042 0.039 

10 0.042 0.040 0.036 o.o:52 

15 0.038 0.035 0.029 0.025 

20 0.034 0.029 0.024 0.018 

25 0.031 0.028 0.020 0.~14 

30 0.028 0.022 0.017 0.011 

:55 0.026 0.020 0.014 

Glutamie acid 

I Naoa I = 1 o IA" • "J 

0 D (420 nm) for I glutamie acid I at 

t c.o? i'·'T 0.1 l{ 0.25 1:1 m ....... 

0 0.3 0.3 0.3 
5 0.298 0.295 0.286 

10 0.297 0.289 0.284 

1' 0.292 0.286 0.274 
20 0.290 0.282 0.266 
25 0.287 0.276 0.263 

35 0.279 0.267 0.247 



3 -1 I K3Fe(CN)6 I= 1o0 X 10- l) I Glutamic aciC. I= 2.5x10 v; 

T = (65+0.1)°C 7 0 D (420 run) for I NaOH I at 

t m 

0 

5 
10 

15 

20 

25 

25 

I Glut~2ic acid I 
m = ( 65+0 .1) °C / ..L.. 

t 0.001 m 

0 0.3 

5 0.286 

10 0.284 

15 0.274 

20 0.266 

25 0.263 

35 Oo247 

1 M 

0.3 

0.286 

0.284 

0.274 

0.266 

0.263 

0.247 

2.5 -1 
M/ I Nao:a I = 1 • o = X 10 

0 D (420 nm) for I K3Fe(CN) 6 I 

14 0.0005 11 

0.194 

0.185 

0.179 

0.170 

0.160 

0.157 

0.128 

2 1:1 

0.3 

0.29 

0.281 

0.271 

0.262 

0.254 

0.237 

M.? 

at 

o.ooc1 M 

0.049 

Q.041 

C.030 

0.032 

0.028 

o.c26 
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I G lute,;.:.;.ic e.cid I = 2.5 -1 I NaO~'"I I 1 0 V' X 10 H/ = . .:../ 

I K
3

Fe(CN)
6 I = 1.0 X 10-~_, 0 D ( 420 rna) for Temp. at 

tm 50°C 55°C 6o0 c 65°C 70°C 

0 0.3 0.3 0.3 0.3 0.3 

5 0.295 0.295 0.286 0.2:87 

10 0.29::.> 0.290 0.288 0.284 o.27c 

15 0.292 0.284 0.282 0.274 0.255 

20 G.289 0.278 0.277 0.266 0.255 
25 0.283 0.276 0.269 0.263 0.250 

30 0.273 0.265 0.240 

:55 0.276 0.268 0.259 0.247 0.232 

Aspartic acid 

I K3Fe(CN) 6 I= 1.0x1o-3 H.? 1 NaG:-{ I= 1.0 Pi/ 

0 
T = (65+0.1) C? 0 D (4JO rna) for I Aspartic acid I at 

t 0.05 M .m. 

0 0.266 

5 0.262 

10 0.257 

15 0.254 

20 0.250 

25 0.246 

30 0.243 

0.1 M 

0.265 

0.259 

0.251 

0.245 

0.238 

0.231 

0.224 

0.2 E 

0.266 

0.251 

0.236 

0.224 

0.209 

o.2oc 
0.187 
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I x
3

Fe(CN) 6 I= 1.0x1o-3 I4 1 I Aspartic e.cid I= i.Oxio-1 1'~/ 

T = (65+0.1)°C l 0 D (420 nm) for I NaOH I at 

t:m 0.75 

0 0 .26t5 

5 0.258 

10 0.251 

15 0.243 
20 0.236 
25 0.229 

30 0.222 

I Nao::I I = 1 • o 11 ) 

0 
T = ( 65 +0 .1) C / 

14 1.0 JYI 2,0 li 

0.266 0.266 

0.259 0.259 

0.251 0.253 

0.245 ~.247 

0.238 0.240 

0.231 0.234 

0.224 0.228 

-1 I Aspartic acid I = 1.0 x 10 N / 

0 D(420 nm) for I K
3

Fe(CN) 6 I at 

t 0.001 M 0.0005 M 0.0001 E m 

0 0.266 0.224 0.062 

5 0.259 0.207 o.o55 
10 0.251 g.192 0.049 

15 0.245 0.130 O,OL.;;3 

20 0.238 0.165 0.038 
25 0.231 0.155 0.034 

30 0.224 0.141 0.030 
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I Nao::-~ I = 1 • o H .J I Aspartic acid I = 1.0x10-l M_, 

/ K3Fe ( CN) 6 I = 1 X 1o-3 lVI) 0 D (4ll0 run) for te.opere.ture at 

t 50°C 55°c 6o0c 65°C 70°C 
D 

0 0.266 0.266 0.266 0.266 

5 0.264 0.261 0.259 0.257 

10 0.262 0.260 0.256 0.251 0.247 

15 0.260 0.257 0.251 0.245 0.23D 

20 0.258 0.255 0.246 0.238 0.229 

25 0.255 0.252 0.241 0.231 0.221 

30 C.253 0.250 0.237 0.224 o.21::s 
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1. KINETICS OF OXIDJ:..TIOH OF GLJ.CIH~, ALJJUi.J3, VJJ..,I~~, 

L~JCIN3 AND P:~NYLl..I .. J .. Nll-13 BY J.L~~Il'-8 £I3Xi-.C'IJ-l'JOF'5j:k1AT3 (III) 

The kinetics of oxidation of soce aoino acids 

(glycine, alanine, valine, leucine e:.nd pllenylal&O~ine) by 

potassiun hexacyanoierrate (III), in alkaline oediuw, at 

constant ionic strength, ur.der a nitrogen atr:.n:::~:;~1.ere, has 

been studied. 

Tile rates of tile reacti-}nS \'Jere founci~,. t:J be 

dependent on tile first powers of tb.e concentre..tior_s ot each 

reactant (substrate, m~ide.nt and aL~ali). 

The effect of c.i.1angas in tewpere..ture on t:1e rates 

of the reactior_n has baen studieG., ~;,nd t:1a .? .. ctive .. tion 

parametero ~J.ave been evaluated. 

Variaticms in the ionic strengt:1 oi t.::.e weC:.iuo, 

c~engao in the concantretio~c ~f ad~ad ~execys~~farrete (II) 

ions, ane. tt1e addition of salta, c"":.id not D.e.vG e.ny ef:Eect on 

the rateo of these~ ree.ctiJLs. 

Tha presence ~f ra:1icc~l interr::1e::~iatoo, :foro.ed in 

the re..t o C.eteru.ining st :rp of the reacti.:m, :11:.:::: baen e,etected 

~nd c~aracterized by ESR spectroscopy. 

The rec.cti.:>n puthlrJc:.y ".J.e:.c bJ3n cac".2r.r:.istice.lly 

vio;_1c:.lized as proceeding vi. ti.1.c i :Jr:.Je.tion of rc.;::.ic::-.1 
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interoaC:iaten in the re.ta cleter:.:ini:ac.; step. T:~a r2.dic&l 

undervrent fta"ther reacti:)n, by vlc.y .~f ti1e icino acid, to 

yield the products. T:1a products fGrDed fro::J t~1e ozide.tior. 

of t:1ese coino acido vrera t_J.e n::::spective o(-ket.) acidc, -v1L1ic~1 

were c~1e.r2.ctarized by c~1e:..:ice.l ~et:1xi.s. 

2. KIIJETICS OF OXIDJ..TION OF S3J.Dn: JJ.JD T:-iJJ~OlfHB 

BY ALK..to.LINE TIXJ•CYJ.J.-JOF3R...1J..T3 (III). 

T~1a r{inetics G:l oxidc:tim-:: of so_.e CDino aciD.s 

(serine c.nc1 threonine ) by :;poteJ3GiUI.:l ~lexe.cy£'.::-.:::;.i'eZ"re.te (III)~ 

in alkaline nedium, at constant ionic stre::-:e;t'·.:, under o. 

nitrogen atoosp~1ere, ha::.; been stu:'"cied. 

The rc~tes of t:1e reactions were found to be 

depenC:ent on the first po"Iers .yf t_1a C·:J:'l.centrc::.ti::ms of each 

reactant ~u~strate, oxidsnt and alkali ). 

T:1.e effect of.. c:1anges i~- teoperature ::m the re-.tes 

ot t~e reactio~s ~as been studied, a~d the activation 

pc::.racaters have been eval~ated. 

Variations in the ionic stren gt:1 o:~ t~:.e oec~iuo, 

changes in the conccntre-.ti Jr_s of added llexccyc.::oferrate (II ) 

ions, e.r::d t:1e addi tL:m .:;f salts, did n~t ~lave r.:.1y efle ct on 

t~a rates of t~ese ree.ctia~s. 

T~1e presence of radice.l ir~teraec~i.?.tes, f.Jro.::;C:. in 

t:J.e rata deteruining step of t:1e reaction, ~K.B 'been detected 

e.nd c~1.are.cterized by 3SR 8pcctrosco,Py. 
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T:.l3 reaction path\tTe..y c.:.e..s ba3n !.:i.eCL1EJ.!:~istically 

visue..lized as :proceeding via t~'le f•j:rr.J.ntion of ra.S.ice:.l 

u:::?.c1ervlcmt f ~rrther reacti :Jn, ".Jy we:.} of t~1a ior:.ic acid, to 

of th3se aDino acids were t~e ras~ectiva o(-keto aci~s, 

3. KINETICS OF OXIIU..TION OF c:'S':1:3IH3 J.l.TD 1-~3T~::~IOHI18 

Ti1e kinetics Gf oxidati.:;n of £L)::..:e animo acids 

( cysteina ar..d oetl1ionine) by p:JtaGCiu::.:i :1e::~acyE.n:Jf'arrat .J (III} , 

in alkc;~lino o-JdiUI:J., at cJnstc-.:c1.t ionic strez:t:;tt2., ur;.der c:. 

nitrogen at~os~~ore, ~as been stuliad. 

11'>3 rc:.teo of t:::o reactions W:;ro fct:nC:. to be 

dep~mdent :Jn t~"le first pu1r1orG :.;i t:la concentrr:.ti ::n:.s of ee..ch 

reactm~t (subotrc.te, oxiC:.e..r:.t c:ncl c.lkcli) • 

r.i'~1e effect of c~1c:.r.g3o in teupore..turo or~ t:1o rctes 

of t~-'-e roc.cti :·r::s ~1.c-.s boon st·;.clioC:, r.nd tt~e c.c·i:.ivc:tion 

.,,-l·-ed ·..,,...,..,c,r"···o·<'·O>''"""'"te(II ) C.•..J.C.. .c._~ C.. .I <-•~- .o.. ~.>. .t C.. 

ior.s, and the ndciitim.· • ._;,J oal to, di.:l l1,)t ~'lLVe rcn.y effect 
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and c~ar&ctcrized by ESR spectroscopy. 

ir.terw.ediateo in the re.ta deter..:.:.ining step. T~~e £Tc1ice.l 

underwent further reaction, by way of tlimorization; t8-

yield t~1e proc:ucts. T:1o pr.Jducts foroed frow. t:;.e oxidation 

of these e.oino acids vrere the disulfide (fr.Jo cysteine) and 

by checical ~athods. 

4. XIN3TICS OF OXIDJEION OF TYJ.OSIITill l..J:ID TRYPI'O?_::t.AN 

TL1e kinetics .)I oxL:.l.~tion of oo: .. e e..:Jino a.cic"":.s 

ii1 aHr.alir:a ~1oc"'..iuc, at con:;::te.nt ionic strm:.c;ti:., 1-m.dtJ:r r:. 

nitrogen at~8Sp~e:8, has been studied. 

Loper.::Lont on the firot pouerc of t~::.e c .. :n:centrc.tio::.s o:Z oach 

V'C'!J:I.Ctcn.•_,~_t ( ~1'1"!C::tr~-t8w """'"_,.; r'aT"'-'- "'nCi." <>1;,.,1; ) 
- -¥ ~ ,_....,~ ~ -_, '..;..t>...r.l..l. ull ""'- """ ~._.:;. .._ • 

The effect ,)f c~1~nggs in teoperc~turc on t~1e rates 

of tt.:.e rec;.ctior.o ~:.e..o been otuG.ied, a::.d the e.ctivatioe 
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Varie.ti:ms in the ionic otrength ::-f -~:1e Deciuo, 

ions, e.ncl the c..dc:.itLm 0f oe.lto, :.id n.)t .~·.t:..V0 c.ny aifect on 

t~a rates of these reections. 

T~1e preseLca of rc..dice.l interoec.ic:.tso, f :::rwad in 

t~e re.ta ~atercining stap ~f the rae.ction, ~eo been 

detected and c:1aracterized by 3SR spectr Jccopy. 

visualized as proce:::cling vi.:. the forc.e.ti::m . .:,f r.:-.C:.icc..l 

inter:1edie.tes in the re..t a dat-ar.:Jint;::g step. T:1a rLc~ice.l 

underwent furt~1.er ree.ctHm, by We.y )f t.:.o ir.:.;ir~·:- e.cid, to 

yialc tile prouucts. The product a f .Jr:.:.1ed fro::. t:1e oxidation 

of t~1ase a.:1ino ecids vlare ti~.e reo)ective o( -::rat.o &cids, 

'\'l:'1ic::1 V"Tere c_:are.cteriza::::. by cL1ecicc.l ;:Jet~::,.;:; do. 

5. KINETICS OF OXIDATI i)i_:; OF' 3-LT'1AEIC J-.CID .LJ:E) J..~PJ..:.-=tTIC 

T~e kinetics )i oxidation of so=e acino acido 

(glutauic acid a.r~c:. aspe..::tic acid) by potaosiuu. :'lexacyano-

ferrat e (III) 1 in E:.l::!.:e..linG ::1eC:.iu:::2, at CJi:.Dtant ionic strengt:'1, 

under a r.itrogen e.t:.::>s; ... ere, ~1as "bean st:1C:.iad. 

The rates of t~e reectio~s ware f.Ja~d t~ ba 

rae.ctant 
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VLric:.tiJ:._s in tll3 ionic str8:r:1gti'l o:Z t.~-:'.e Llaci.h.o, 

iono 1 and t~1e c:.dC!.itioil cf salt.:;, ccicl not ~""c.e.ve Et:iY effect 

CL t~a rates of t~ase reactionc. 

t~e rct9 dater~ining step .of the rec:.cti~c, hc:.s ~ean detected 

ar:d c~1e.re.cta:rizeG. by 3SR opactrcr;c0?7• 

The raactio~ pathwey ~c:.u bsa~ ~echc:.Lis~icelly 

c:-cci~c, 

6. KilBj;ICS OF OZ.ID11.2I::n: OF LYSIIT~.' J..i:tGilJIJ.·~ J..lT:::J 

( lysina9 



under a nitrogen atoos~:J~'ler :3, ~1.as ·aeon stu~~iaL. 

TLn rates of t,_1G ::-ee.ctionc were f:J_L.-:;. to oe 

C:.:rpend~m t ,::;n t~1a first po'frlerc ·:;f ti1e concar.:trcti :>:r.'u:; ::1~~ 

e2.c~~ reactar..t ( subst.rLte, o:xid&nt end el[{ali ) • 

rates o:f!: -~he reactions has been stuC:.ied, and t::.te activation 

paraoeters i1ave bean eve.luated. 

Varie.tions in tl1.e ionic strength ::.i t:1e oe(:ium, 

cht'.nges in tl1a concentratL.Jns of added hexe.cyE:.noferre.te (II) 

ions, and the addition of salts, ~id not have any effect 

on tl1e rates of these reacti:Jns. 

The presence of radical iLteroediateo, f~road in 

ti'le rate dateroinin.:::, step Jf the rec:.ction, ilc.a b·:3on cl::Jt3ctecl 

and characterized by ESR spectroGcopy. 

Tho rec.ction patlnre.y l1e.o be~n cec!:le.:nistice.lly 

visualized e.s proceadiLg via t~1o for:1e.tion of re.t.ical 

intaroadie.tas in t~1a rate det3rwi:r.,ing ste~. T:1e re.dical 

undarwent fu..rther ree.ction, by 'frle.y of the ici:z3.o acid, to 

yield tile products. irh-0 product::: for;.::;.ad frc:c.~ t:1e oxidc.tion 

of these aoino acids ware t:w reS;?GCtive cJ... -I.r..eto e.ciclc, 

wi"lic~1 \!'Jere c~"lEXElctarized. by c~-:J.euic:.l ;:;Iet:J.')ds. 
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