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SUMMARY

1. KINETICS OF OXIDATIOM OF GLYCIlZ, ALANIIE, VALINE,

LIUCINE AND PEENYLALLNINE BY ALXALING TIXKACYANOFERRATE(III)

The kinetics of oxidation of scie amino acids
(glycine, alanine, valine, leucine 2nd phenylalemine) by
‘potassium hexacyanoierrate (III), in alkaline medium, at
constant ionic strength, under a nitrogen atmossphere, has
been studied. |

The rates of the reactions were foamds. to be
dependent on the first powers of the concentretiors of each

reactant (substrate, oxidant and alxali).

Phe effect of changes in tempereture on tire rates
of the reactiors has been studied, and the activetion =- .-
parametvers have been evaluated,

Veriations in the ionic strength of the medium,
caanges in the councentrations of adfed hexscyenaferrete (II)
ions, and the addition of salts, did not aave any effect 6n
the rates of these  reactions.

Tha presence of raficel intermediates, formed in
the rate deternining step of the reaction, hes been detected
and characterized by BSR spectroscopy.

The resaction pathwey z2c bsan mecrenisticelly

W

visualized as proceeding vio-the formation of radiczl



iptermecistes in the rete determining step. Ths radical
underwent further reaction, by wey of the imino acid, to
yield thz products. The products formed fron the oxidetion
S

cf thees amino acids werec taie respective 0<-keu3 acids, whica

Were clieracterized by chenicel ethods.

2, KIMNBTICS OF OXIDATION OF S3IRINE AND THIZOHINE

BY LALKLLINE HRZLCYANOFERRLIZ (III).

Ths kinetics of oxidatior of sc..e amino acids
(serine end threonine ) by potesciun lexecyancferrste (III),
in alxaline medium, at constant ionic strengthk, under a
nitrogen atmosphere, hav beoen stulizsd,.

Ths rotes of ta ticns ware round $o bo

®
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®
)
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dependent on the first powere of tze concentrations of each
reactant(éﬂhstrate, oxident and alkeli ).

The effect of changes im temperature on the rates
of the reactions nas been studied, and the activation
peramaters have baen evaluated,

\Variatisns in the iopic strengh oI the mediun,
chenges in the concentratiors of added hexeccyarnoferrate(II )
ions, and the addition of salts, did not 2ave eay efiect on
tre retes of tiese reactiors.

The presence of radicel interuedistes, formed in
the rate determining step of the reaction, 225 been detected

and cherecterized by TSR spectroscony.



Tz reaction pathway 2as8 besn mechanistically
visualized as proceeding via the formation of radicel
intermediates in tae rete deteraining step. The radicel
underwent'farther reaction, by way of the ioric acid, to
yield tae products. The products formed from the oxidation
of thase amino acids were taes respectivéd ,(—keto acids,

whichh Were caaracterized by caemical nethods.

3« XINETICS OF OXIDATION OF CZSTEINZE &AND 1ZTIIONINE

BY ALKALINE SEXACYANOFERIATE (ITI).

The kinetics of oxidaticn 0of some amikno acids
(cysteine and methionine) by potassium hexacyanoferrate (III),
in alkaline medium, at constant ionic strength, under a
nitrogen ataosphege, has been studied.

The retes of the reactions were fcocund to be
dependent on the first powers of tae concentrations of each
reactant {substrate, oxidant and =alkali) -

The effect of chernges in tempereture on the rates
of the reecctions has been studied, snd the zctivation
pearameters have been eveluated,

Variations in the ionic strengt: J£ thz melium,
ciznges in the concentrations of added hexecyanofarrete(II )
ions, and the addition of salts, did not have esny effect

on the rates of these rezctions,



The presence of redicel internsdiatos, formed in
tae rate determining step cf the reactiocn, n2c baen Getectald

and cnarecterized by ISR SpectrosScopy.

Ths reaction pathway hgs been uechonicticolly
visuelizod as proceeding via tag formation o2f relical

intermediates in the rete deternining step. The red licel
underwent further reaction, by way of "dimorizationy to_
yield the products. The products Fformed from the oxidation
of these aninc acids were the disulfide (from cysteins) and
the sulfoxide ( from methionine), which wers characterized

by chemicel methods

4, XIMNBTICS OF OXIDATION OF TYROSIIE ANU TRYPTOr-AlN

BY LLXALINT HBYLCYAMNOFZRRATE (TIL).

o

The kinetics of oxidgtion of sooe anino acids
(tyrosine ané tryptophan) by potassium hexecysnoferrate(III),
in alkalirne acdiws, at constent icpic strength, under a
nitrogen atnospaere, hes been studied.

The rates of the reactions were found to be
dependent on the first poweres of the concemtreatiors of zach
reactent ( substrate, oxidant and alkali ).

The effect °f changes in temperature on tae rates
of the reactions nas been studied, ard the activation

paraneters have been evaluatoed,



Varietions in the ionic strength of the mediua,

cienges in tha concentretions oF edlel nerecyesnoferrete(II)

ions, end ths cddition of calts, aid not zave en ffect on

P

<
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the rates of thase reeactions.,

Tae presernce of redicel intermedictcs, foirasd in
the rete determining step uf the veeaction, rac been

detectead and characterized by ISR spectroccosy.

The reection pathway ines baen neckheniStically
visualizad as procecding vie the formation of redicel
interaediates in tihe rete dsteraining step. The readical
underwent furtier reactidén, by wey »f tue inino acid, to
vield the prcducts. The productg formed from tae oxidation

of these anino acidse ware the resgective‘ji-keto ecids,

waici were craracterizel by cheuiccl metzouds,.

5. KINETICS OF OXIDATION OF GLUPTAMIC ACID AlT) &ALPAITIC

&CID 3Y LLKALINI ZBILCTANOCTILLTE (III).

The kinetics of oxidation of some amino acido
(glutamic acid and aspartic acid) by potacsium hexacyano-
ferrate (III), in slxealine mediun, at conctant ionic strength,
under a nitrogen atzosgiere, nhas deen stulied.

The ratesd of tze reactions were found to be

dependent on the firest powers of thes copcéntrations o% each

resctant (substrate, oxicant and alkali).



Thz eficet ¢f changes in temperature on the
rates of the reactionc hes been siudiad, and the activation

parameters nave bgen evaluetied. :

Variztions in the ionic strength of the madiun,
changss in the concentrations of added hexzecyaroferrcte (I1)
ions, and the addition of salts, &id not have any effect

on the rates of these reactions.

The presence of radicel intermediatzs, formed in
the retz determining step of the reaction, has beon detected

and cheracterized by ESR Spectroscopy.

The reaction pathway as b2er nscheristically
visualized a8 procgeding via the formetion of radical
internediates in the rate determining step. The redicel
urdaerwent further reaction, by way of the imino acid, to
yield tze products. The products formed from thz czidation
of thess anmino acids were tihe rospective cg:—kato acids,

waich were characterized by chenmicel meticds,

6. KINBTICS OF OXIDARIOI! OF LYSIlE, ARGINIIE A4lD

JISTIDINGE BY ALXALINE H3ZACZALITOFERRALE (II1I).

The kinetics of oxidstion of some anino acids
( lysinz, arginines and histidine) by potessiur hexescyzano-

ferrate (III), in elxaline nsdiuwm, at corstant ionic strength,



under a nitrogen atmospheres, has teen studied.

The rates of tiae reactions were found to be
dependent on the first powerc of the concentrations of

eech reactant (substrate, oxidert znd alkali ).

The effect 0i chenges in temperature on the
rates of the reactions has been studied, and tae activation

paraneters have been evesluated,

-2

Varietions in the ioric strength °If the medium,
changes in tha concentrations of added hexecyanoferrzte (II)
ions, and the addition of salts, cid not have any effect
on the rates cf these reactions,

The presence of radicel irtermediates, formed in
the rate determining stap of the rezction; has bsen dstacted

and characterized by BSR spectroscopy.

The resction patiawey hes bedn machenisticelly
visualizad a8 proczeding via the farmetion of redical
intermediates in the rate determining step. The redical
undervent further reesction, by wey of the imino acid, to
yield tihe products. The products forized froa the oxidetion
of thesd amino acids were the respective o{~keto ecids,

wiich were characterized by chemicel methods.
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INTRODUCTION



1M 20BDYCTION

Metal ion oxidants can function either o€ ons-equivclens
or two-eguivealent reagents. One-egquivelent axidants cre
tiiose which accept a single zslectron oy direct transier
or Dy interection witih a hydrogen atom. Two-ejuivalent

oxidants can accept two electrons from the substrate,

In one-equivalent redox processes, tae change of
velency car be drought about by sitler an inner-sphere or

en outar-spheres mechenism (1).

1. Inner-sphere mechanism:

The inner-spherc or bonded mecianism enviseges
a direct contact between thre oxidart zrd tae reductant, cud
the trernsition stete is characterised by a ligeng wiich is
bonded vo botl: tetzl ions. It cer therefor: ect =s & bricdge
betweern them for the trensfer of an clectron. T2z typical

reaction is (2):

Iii 2+

Cr2+éq)+ (1E5)5 Co CL" ——

Cr012+<aq}+ 002+(gq)+ 5 NHB .
Tae formatior of an inner-spaers trersiiion state
would lead to .copsicderavle cdistorvion of the ions, waich aay
thaus asist electron transfer by reducing the epergy terwms

involved. In order trat an irnner-supaere mecaanism can operate,



the lizand precent should behave in a bidentete manner.
The ligand must possess available pi-orbitals, and one of the

reagents involved nust have a ligand which cen be easily

v

¢isslieced.,

<

[}

2. Outer-sphere mecaznisSm?

Duter-sphere electron exchange reactions constitute
the siaplsst class of zlectron transfer reactions. In an
oiter-spgiers mechanism, the inner co-ordination shell of
voth reagents is preferved intact in the transitian state.
Since t2e metal-ligand distances will be affected by valzncy
chenge, soae distortion of the inner shells would occur, dut
no metal-l1ligand bond would be broksn or formed.

The criteria for outer-sphnere or non-bondec reeactions
are as follows:

(&) therz nust be no observed trersfer of ligands betucen
the reagents;

(b) the ratzs of tire reactions may have any mazgnitude, but

()

if it is faster then any reasonable rate of substitution
of taz ligands of eit.isr oxicart or rzc.ctent, then the
reaction cen ve classifizd as an outsr svhere reaction;
(c) taz sctivetior snergy of tais type of rsactior should

be mucin less than that anticipated for a mecharism

invoiving ligend-metal dond fiscion

°
2



(d) the xinetic law af the rsaction must show that hhe
transition state 125 the seme cowmposition as the sum
of the reagent molecules.

It wouid therzfore be expected that most outer
spnere rrocesues would de fast reaction betwezsn complaxes
Wwaich are substitution-inert, in solvents which are not
themselves providing ligands.

ii08t organic reaction processces are exislicebls
in terus cf clectron shifts accomranying bond formation
ant bond breaking. Taz rates and activation ernsrgizc of
such reactions are therefoye of considerabie interest.

The esgential steps in these rsactions would be:

or irndercd by clecirostatic forces;

(b) before slectron trensfer can occuar, two corditions
must be obeyed (3), in accordance wWith t2e Frenci-
Condon principle:

(1) the e2lectron trensfer must not alter the
energy of the system. This 2lectron transfer occurs in e
very Saort time, ani thc only possiblzs loss or gein of cnergy
would b2 by rediation. Ilectron translier car occur only if

>

<“az ovicent id reauctant heve been vibratioreaelly excited

o
v
5

to tas saxze totel energy. Thus, when thz two valercy stetes
of a resgent are closely Gimilar in bond energy and gzoaetry,

the outer-spnerc process would be expected to be most facile.



(ii) thz overcil spin angular wewentum should not

be altered.

(¢) Ths proczss of electron transis

itezlf. IZ the rcagent

H

o)
F
Q@

cotdlexes arz safficiently close and uitehle symuetry,
such tvhet there i85 some interecction botw@cen the orbitels

invoivzd in clzctron trencisr, thzn the »robabkility of

electron trensier would be cscentieally urity. The requirement

of orbiteal overlep cear be reletzd to the or

reegents., This would suggest tact in octanedrel complaxuzs,

t2g electrons a2ight ba more ecasily transferred than e

elecitrons waich are in orbitals directad elong the uietcl-

.4 BN

2

Ligen
In order to zsteblicsa thet enm outer-sphcr: or
non~obondzc 2isctron trencfar cen occur from em orgenic

is ngecacoary Lo chooge a

-

coupound to o aetal oxidert, id
suitebls model scysten in waich the proboriliily oi non-

K P ~r . S : A Lo
CCCLoneXimuil, and vndv oL oAas

vonded mszciacalsy woulid

cougeting bonded »roc2s85 o giniuwi,., s oyvidert shouid be

or GifZficult to replace. Yhe orgeric substrats siould be
50 caoSen sucih that it 1s nov li%ely ito displeace ligends
from e metal ion complex. Ixamples of such exchange-inert
oxidents ars tae iron (III) tris-o-phnenentirolinz coaplox

(), Ir 0162- ion (5), ¥n (III) tris-acetylacetone



&

»,

complax (6), coric ions (7), and the haxecyeroferrsote (TLiI)
ion (8,9).
In thz reactiors of one~2guivele:rt ouidents with

organic cubstrates, th» aost frogusntly encourntared oxicetion

0
()
W
jti]
o
(]
(e
(]
¥
L
W
[ &)
%
o
3
u
d.
(]
™
o
(@)
i-.J
(9]
(e
ct
H
o
¥
¥
ct
=
™
e
©Q
hy
W
=

process would
between substrate and exidanrt, accompenied by ths braeking
of & C-Z bond end 10ss of & proton to give & substrate
ralical as for exemple {10):

-t

Co (III) + CGgCH; ——3>Co (II) + CgECH, + =

It would theraeforzs be expacted that the loss of a proion

would be slowor than ziectron trensfer, ani hzree would

correspond to the ratz cdetzrmining step.

Tz presence 0i reciczls wmay ve inleorred by tagir
zicdatiorn or reductton of edded inorgenic ions, or by itazir
ebility to czule polvmorisetion to ccecur with ecfed mononer,

o

a8 Ior cxeinple, acrylemide or ecrylonitrile. I the redical

o5}

it in sufficiently aigh concentretisre,; its pracence
cer bgo detactaed by elzctron Spip resonancs spactroscopy.
Although tihe radicel ey unGergo neny other

Procsos28, 1t is most probeble that ir the preconecz oFf an
excasc of oxident, the radicel will be oxidiszéd further.
Txanples ere Xnowzn Wiere tas mein nechenioms of tais step
ney ves (2) & non-bonded clectron transfer (conversion of

a rneutrel racdical to a cation), &5 for exemnls ths oxidation

of 2,6-dimctaylphenol by herechloroiricete ion {(5), and the



-

oxidetior. of aydroguinoncs by Zerric ioms (11); (b) bonded
electron transfer or the treansier of 2 ligend froa the
oxidant to the radiczl, as for exemple, the reduction of

Ir €12~ by cr2* ions (12); (c) rodox substitution, in which
the radical reneins atteched to the complex, as for example,
the phenylation of the ferricenium complex (13,14); (d) redox
addition, where the racdical remeins attached to the complex,
as for exemple, the reaction of heracyanoferrate (III) with

isobutyraldeayde (15).

Oxidation of organic substrctes wita potesscium

nexccyaroferrate (II1).

Poteseium hoxecyesroferrate (III), Ker(CN)6 R
ig ecozrtially e sabstitution-inert trencition ==2tal conmplax
(16). It docos not exeherga its ligends at e rate fast cnough

e Nt ER y o s T o -
to compave wita repid zlectreon trevsie

Lo
L]

3
[
(&)
R
[0
“" 3
Q
L
w
]

oxidgtions by acxccyancferrete (III) ion occur by meens of

e non-bondead electron transfor or outer cgherse process,
whereby an slectron is trensierred £roz theo cubstrates to the
metel iorn taroush tare cyano ligeand.

oA

In acidic mzdium, potessium hezecyenoferrato (III)

=

aC dcan usad ror the cxidetion of sulfur corntiining coapounds
(17-27), toluene - end subsiituted toluenes (28), diphenyl-

methane and triphenylmetiane (26) fluorenz (3C), unscturated



-

systzams (31) anc polynucleer systams (32).

In alkaline mcdiua, Potoosgiun hexecyenoferreataz(III)

228 been exbtensively used for the oxidation oi various

W
-

inds of orgonic substretes such e& zldshydes (%3-38),
ketones(33,34,%0-45), alcanols end diols (46~59), sulphur
compourds (60-68), aydroxyl ion (69), acids (70-81), sugers
(82-85), aydrazincs (86-89), acyloins (96-92) As(III)
(93-65) , hypophosphite (96,97), hydrocerbans (G8), Phzrols
{9S-116), exino aciés (117,118), aninzs (119-i30), ena the

10-z2t2yl-ceridinium cation (131).
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SCOPE OF THE

PRESENT INVESTIGATION



SCOPT OF T3 PAZSENT INVISTIGALTICH

The present investigation is a devailzd kiretic
probe into the oxidatior cof anino acids by rotassiun
hexracyanoferrate (III), in alkaline medium, at constant

ionic strength, under a nitrogen atoospaere.

The purpose of this kinetic investigation has
been to attempt to extend the scope of this extreuely
effiicient and versetile one-electron oxidizing agent,
potassium hexacyanoferrate (III), iv alkaline wmadiun, and

to explore and 2stablish mechanistic pathweys of reacticns

invclving the oxidation of zaino escids.

Tha purpose oi the prasent stuly wes:

bh
ct
o)
(0]
(@]
v
[N
ol
[l

(1) Tc study the kinetic featurses of
aniro acids; anc

(2) To demonsirate the usefulnass of potacsiuws hoxe-
cyenoferrate (IIX) a8 a reagent waich cer bring

about thz oxidatior of amino acids, in o nenner

ginilar tc that obcerved in the enzymetic oxidation

In ths present investigatior, the emino acids
choser for tae purposss of oxidestion by potassiun haecyano-
ferrate (III), irn alzeline medium, heve izclalsds

(1) Glycine, alenine, valine, leucinz and pasnylalanins.



o
<

(2) Serinz and threonine.

(3) Cysteinec end zethiorine.

(&) Tryptophen end tyrosine,

(5) Glutamic acid and aspartic acid.

(6) Lysins, arginine end histidine

For eacih exidation reeaction, the stoichionetry
of the reaction has been determinzd. The cowcentretions of
the substrate, oxidant arnd alkali have bazn verizd, and
the effects of these veriatvions on the reaction retes nave
been studied. Changss in the teupercture of the reection
nediun have been made, and the activation parameter® were
eveluated. Variations in the ionic strength of the medium,
chaenges in the concentrztions of added hexecyarnoferrate (II)
iong, to2 addition of salts, ard the effeci 2f adced proluct

o

on the rates of the reactions neve bBecen sivucizd.

The presence of readicel inter:edist-sc as ba2éen

datected annd cheracterized by ZSR spactroscony. For esach

oxideation reection, thz products were iscleted crd chareacterize”

by ciasuicel cetnods. Tz mschernistic petiweys Zor tae
oxidation of thece exino acids 2y potessius hexecyenolerreate

(II1), in a2lkeline nediua, have boon sugges:

i)
i3

(o)

o |
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I PREPLILTION OF COMPOUNLD

Conductivity Jatar:

Concuctivity weter wec orepar:d oy ths fallowing
mevacar tep water wes distillce Jirct with cizciime poteccium
parienganets ené thasn raaistillazd with lierck "Pro Lnalysi"
sulpihuric ecid frow en all-gless vassel, ©2is seaiple of
doudla diostillezd weter wes further distiliizd Zrow an

all-guartz vescal (Sunvic, U.X.). Tie comcuctiviiy water
thus preperad wes uvilised .for tie prsperation of all tae
soluvionsg usz@d in tiae Xinetic determinaticns.

Sodiuwm hydroxide:

®. lerck 3 used.

sample v

Yota

csiun nexecyanaferrate (III)

3. llercik semple weg isct.
Potesgium hexccvanoBerrate (I1):
3. iercx seurple Wes uscd,
Sodiun perchlorete:

sdius percalcocrete Ve

G

(B.iiorck). Rhe soluticn was co

-,

sodiumn Aaloretz warzs 0

Dar

=

bteined. Tha

C

Iferck) with salinx |

Yo

tel

ncentratsd, when

@
=4

j,- ol

sraopercd by neutrelisirg

103
crystele of
Wware fiitasrad,
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and recrysteliised from water. Ths roervstellised procuct

Wes driz2d over silice 21 under Vveacuune. This scuwple of
sodium percalorate wes used for the preneration of stock

solutions waich wWere eaployed for meinteining the ionic

strengtna of the uediwua,.

Substrates

&ll anino acids used were thc L-aninc zcids.
L-Glycinc Wes obteinzd from Lobeae €hemifal Co.. L-Cysteine
and L-nistidine were 3.ilerck sciples. L-Lysine, L-phenyl-
zlanine, L-leucine, L-arginine, L-veline, L-secrine,
L-threonine, L-tyrosine and L-tryptopnen wore 301 samples.
L-licthionine, L-alanine, L-glutamic zcid end L-aspartic
ecid were obteincd frowm SISCO wesesrcihn Lesvoratorizs.

Yac melting pointc crnd the spectrzl daote obtaincd

for eachr -f tho sobstrates usad, are sunncrised in Teble 1.
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Suostrata Ieltirg Poiznt{°C) uv {ni3)
[68) @) (3)
Glycirz 262 226(7)
Alcnine 265 215 (W)
Veline 298 210(%)
Leucine 293 190(V)
Pucnylaleanine o84 258(14)
Serine 228 225 (14)
Tarconina 251 240 (14)
Cysteinc 240 236(1%)
lZetaionine 283 208 (11)
Tyrosing 310 295 ()
Tryptophan 290 260 (14)
Glutauic acid 224 206 (14)
Aspartic ccid 324

Lysine 204 220(i)
Arginine 207 205 (i)
Tisticdine 287 210 (1)
¥ = Jater; 4 = lictharol
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4ll uv/visible spectra were rccorded on an
UV-26 (Beck:uan) spectrophotometer, end esr spactra on

an B-4 {Verian) 3ZPR spectrocicter.

Xinetic metnod:

of pyrex gless witn well-ground stopperc. Thaz resaction
vessals used Were sStoppered conicel fiesks wiich were
pairted bleck on the outside to prevent any photochemicel
cacnga. L1l the gless apperatus used were testzd for loss
of solvent, and the loss wes founc to bz ncegligivle. The
standerd flosks, rceaction vessgsels and the pivetltes usceda
Were stornderdised, using conductivity weter, ard thc
correction wes fourd cut and apglizd.

& electrically opercted thericstetic wetar-beth
Wes uSced. It was nrovicdsd with sufficient thermal laggirg,
suitedls azaters =nd stirrers with wmroper cooling arrengoaents
for continuous work. & xylene-filled regulator, working in

conjuncticn with an elactronic releay, wss uszd to peintein

(<

tho rejulred tomperatures accurctzsly, with fiuctustions of

not ncre then + 0.17°C. The teuperatures Were recorded by

1
mnzans of an accurcte sensitive therwiometar, reading to tenths
0L & Gogrza. The bath-liguid wes water, covarea with a layer
I liguid pereffin ©o nipinise eveporeticn cf weter and

neat dues to radiation.
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Spactropiaotoneters:

For absorption messureuients, tvahe spectrogshotometers
used wer2 {(a) Digitel spectrovhotoncter typs 106, I’K II model
(Systronics), cné (b) uv-26 (Beczuen) UV-Visivle spectro-
photometer.

(2) The X II wmodel {systroricg) spectrophotometey wes a
single beam spectrophotoneter having a grotirg 5f 600 lines/on
and a wavelongti range froo 940 no to 960 nme. The nominal
spectral slit width was 20 ni, constart over the entire

range. The full scele deflection could be obtrincd over

the wevalergth range of 340 nm to 600 nm. By the addition

of a red filter and intercaenging of the photctube, the

reng? could be artended to 660 nn. In créer to cusure
nexioun sensitivity of tie instruzent, and to uininise the
errors in .eesurzients of optical dencity cdue to fluctustions
in voltaege, tas gpectrophrotonster wes conracted to thz neins
throu.h an external voltage-stetiliser, T2ic was in aciition
to tae in-bullt voltage-stebiliser within the inciruient

A

itgelf, The ligat sourcs wes e 15 watt tumgocten lany

operet=c by a reguleted power supply. Ths insitruent wes
celibrated, as specified in tne irnsctruction _eriel, over

the rerge of concentretions of K2Cr04

28 tc verify Beer's law at 370 nma.

ir. XCZ solutions, so



(b) Thao WV-26 (Bockman) UV-Visible spactrophotomotor
was a single becam monochromator, having a filtor-
grating of 1200 lines/mm, and a wavolength rango
from 190nm to 900nm, This instrument emplonys a tungsten
light sourca in tho visiblae region of tho spoctrum
(340nm to 900nm). This spactrogphotometer had a
thormostatic control arrangement to maintain the
tomporature, and the absorbance value was diroctly
displayed on the digital display and on the recordor,
As spocified in the instruction manual, photomoetric
lingarity was chaecked cvar the rangae of concentrations
of potassium chromate in KOH solutions, so as to

verify Bgor's law at 370nm.
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Absorption cells:

The absorption cells were of 'Corning' glasc end
of 8 nl capacity for the spactropihotometer 105 MK II oGel
(Systronics). Juertz cells of 5 nl capacity wers used for
cpectral detarminationc with the UV-26 sisctroghotoweter
(Beckman). 41l the cells were thorougihly cleaned by ajueous
etharol and acetone, and dried before tiey were used for the
spectral measurznents. After the transier of the solution
to the cell, cere was taken to sze that no sclution adasread
to tae outer surface of the cell. Durirg the nmeaswrsuente,
the cells were covered.

Solutionc of nexacyanoferrete (III) ir metharol-
water mixtures (60-40 to 75-25%, v/v) Ware prepared. The
absorvance of each of thece soluticns was Bcarnald over the
rarnge of wavelengtihs from 350 nm to 700 nm. The maximun
absorption in cach cese Wad located at 420 nn {(Fig.l). At
t2is wevelengta of 420 no, ta> absorption dus to Fe(CN)g_

-

hes bezn observad vo bz a meinun (i) the abscrotion a2

[T
£o Fe(CN)é being negligiole (2).

h

At 420 nm, 3Beer's law wes obasyed over the rengz o
cor.cantrations of solutions used. A& typicel greph of the
optical censity ageinst the conecentration of Fe(CN)é— is

shownr (Fig.2).
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Fig. 1 Plot of absorbance against wevelength (nm)
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Ir. this invoctigetiony, 211 thz optice

1
meesursients were carried out at & wavelergta of 420 nm.

Rate neasurcrents

A known amount of the substrate wes weigaed
accurately irvo & 1C 2l starndard flesk eand 2ede up in
water. Potassium hexacyancferrete(III) was accurately weighed
aut into 2 10 wml stardard flask, and dicsolvad in 2 small
voluie of water. The requisite auount of soliunm hydroxide

sclution, whose strength had basen determined, Wes adus

o)

to mainvein tiane required alkalinity. Sodiws yerchlorate

was added so ac to maintain a ccocostent icnic stirength of

the medium. Tha solution was then nade vz in weter. Sufficiernt
time wes allowed to coupensate Lor any chenge of aAeet during

dilution. The two reactant solutions werc seporataly

therzostated at the reguired tsmveraturs for 1 hour, under
e nitrogen ati:ospheras. Ths solutiows were them nizxed in

equel volumes, by syringing irto the spectrophotometric
cell. The reaction nmixture wed homogzsneous throughout the
duration of the roaction.

The progress of the reaction wec followszd by
ocbserving tae disappearancs of hsxecyenoiferrcte (III).
Readings were talen at raguler intervels of time, by ncting
the decrease in opticel densitvy at 420 nu, spzactrovhoto-

netricelly.
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All the kinetic exporiaents warce cerrizsd out in
trinlicate, and the rate corstentoc which weore detzrmined
were fourd to be reproducible to within + 3%.

Celcuistions:

(2) 3ete consteants:

For 11 tae xzinetic deteruinaticiie, psesudo-first
order reaction condivions nave bzan ussd, wiaerein ths
concorbtraticon of the substratz hes bsen taken in a very
lerze oxcess over that of the corcentration of the oxzicant.

The psecudo-first ordsr rate corstent, kobs’

-1 . . .
exyrassed as sec —, Were calculated from tlre ejaation (3):

D o e o

Wwhagyre D Wes tiz initiel opticel Zensity ol i:z rsaction
cixture, and D, was tie opticel derngoity ¢t tie, t.

ogerithiic ploec 2f o

Thz velues of taz szcornd order rete comsteant,
T e | . s s
kz y @Xprec.ced in I 8 7, Wwere couagubted Dy dividirng the

pogudeo-firot order rete corctant { k g1 ) by the

obs’
corcentration of tias substrete (i1).



All valuss zf rate cunstents

Al U

[&]
zy
[O]

L5
W

o

of thrge experiments, with agrsazent being witain + 3%

{(») Phermodynenic cctivetion perematers

poreamctars wepe determined froaz ¢ ot

the eiicct of tenperature on tine rate of the reaction.

The vericus percueters 2eave been celculated ¢
follows:

(1) activetion energy (%)

From the linear piot of log k
reciprocal of teuperature (T),

B
2.305 R

6]

310pe = -

T =

B = - slope x 2,303 & { xJ a0t )

(ii) Froguency factor (&)

(iv) Bntrogsy of hctivetion (LS qﬁ )

T AST/R - AHTRT
k R AR . e
“obs h

* a3™ iop KT ]
Z}' S = 2,303 R E].Og kobs + 52303 arp - 10§ T )

wihere k is the 3oltzoann consctent, and h ic the Planck's

consteante.



Stoichiometry:

2

.

Gzection mixtures conteining the substrate end

©

or excesg of hexeacyanoforrcte (ILI), tekxen in water,

hydroxide and

<
0
C

B
&)
&
Y,
H
¥

conteining the reguisite amoun
sodiuz perchlorcte, wars ellowad to react to conpletion at
e particular tempercture. The hexacyeancforreta (II1) which
was left, was analysad spectrozactometrically et 420 nm.

The individual stoicniometric reguletions are shown along

witih tho reactions of each of thz substrates with the oxidant.

Product Anelysis

(1) Procucts obtainzd from the oxidation of glycine, clarine,

Veling, lsucine, vhenylalemine, serine, thrceonine, lysine,

arginine, histidine, tyrosirnc, tryptophan, glutenic ecid

anc aspertic acid,

Ucing the seme experizental conditions thet wore
used for the kimetic dstorminetions, solutions of substrete
end oxidant, teken in MNaOX (icrmic stransth edjustzd by tae
requisite accunts of NeCl0, ), were mized and kept et the
roguired teaperature for 24 hours under nitrogen.

(1) The evolution of amonis was siown by zarvisl distilletion

=

of the reactlion nixture. The amonia formed weg absorbed

=9

in an excess of standerd acid (0.AN HCl ). The excess o

9]



acid Wes thcn back-titretod (sgeinst base), in the preccnce

of methyl red indicatorw (4).

|
(ii) The reesction nixture wes extrected with ether, washed

with weter, driesd ovzsr anhydrous MgSO4, and then concentrated.

The product obtiirczd wes taz corresponding zeto acid. The

()

[9]

keto acid as thg reaction product, in each crse, We
detected by spot tests (5), in egreerent wish earlier

work (6).

(iii) The reaction mixture was treated with =zn acidic
solution of sodiuwa bisulfitas, and cosled in ice. 25 ml. of
2,4-dinitrophenylaydrazine solution (0.05 M) was added, and
the mixture allowed to stand overnight at 0°C. Thefsolid
conpound forried wes filtared, dried, recrystalliz%d fron

a mixture of ethyl acetatc and petroleun ether, an¢ Wweigned

28 the 2,ki-dinitrovhenylhydrzzone deriveiivs of the ccrcesponding
keto acid (yields, 70%-80%, in all cascs).
For tic oxidetion of the amino acilc by alikaline

hexacyanofsrrate(llp%r tho products obtein:d sre shown in

Teblz 2.



Procuct 4relysis

Aino &cid

. ifclting point
T A £ =
keto ecid 5,4 DNP
(Oxidation Procuct) derjvetive

(1)

(2)

Glycine
Alenine
Valinsz

Leucine

Phenylalenine

Serine

Phreoning

Glyoxylic ccid

Pyruvic acic
O<—katoisova1eric acid
9<-ketoisocaproic acid
f;-phenylpyruvic ccid
ﬁ;—hydroxypyruvic acid
;
o<—ketc-l§-hydroxy'butyric acic
U(-kato—é}:ninocaproic acid
o(-keto-grguanidinovaleric acid
/Z-i;iiazalylpvluvic acid

ﬁg-(p—:yiroxyphenyl)PVruvic
ecid

,B-inaclylpymvic acil
- =ketoglutaric ccid

Oxzeloccetic acid

203
216
196
162
162
162
157
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(2) Product froz the oxidatidn of cysteine

Using the same experimentel conlitions that
were usced for the Zinetic determinectviors, cysteine and
hexacyenoferrate (III) solutions, in NaOd(icnic strength
adjusted by tic addition of NaClOa), were allcowed to reect
at 30°C for 24 hours, under nitrogen. Ths reactior mixture
wes teken in ether, washed witih water, the ether evaporatzd,
erd the residue refluxed witix toluene for 1 hour. The solution
wes concantrated and allowdd to cool overnight. Crystals of
ne disulfide were precipitatecd, which werc recrystallized

frou cther ( op. 26000).

(3) Product from tae oxidation of methioning

Using the scme eyperizentesl conditions that vere
usad for the Ekindtic deter.inetions, methionine and

'

hexecyanoferrate (III) solutions in NeOZ (ionic strength
adjusted by the adciticn of NaCl0, ) were allowod %o react

at 3000 for 24 hours, under vitrogen. To th2 reactior oixture
was adled 5 ml of berzoyl czloride and 106 o1 o7 sodiun
bicerbonate solution. A precigitats of ll-benzoyl methionine

sulfoxide wee Jbteined, which wag filterzd, weshed with

weter, end recrystalliized from ether ( = 183°C).



Tests for Radical forvstion:

iMost of the oxidetion reacti~ons invesbigoted wWore

observad to vrocecd vie redical intermclietas foruzd in tac

ot
'—l
[@)]
3
4]
.
[
15
W
ko]
H
©
4]
W
]
¢
(&)
Qo
=y

rate deternining sten of these reec
thesas radical intermediates wes co firmed by the following
tests:

: - . . . A(n+1) +
(a) Reductidn of inorgenic ions, R® M( /

—_—3 RY 4 1% . Mercuric chloride wes ocsily
reduced by these radicels to isoluble mercurous chloride,

-

which wes ralatively inert towerlc reoxidation by the

oxident It .

b) Pclymerisetion of an addced olzafinic oonousy, Saca ac
J ’
acryloritrile or acrylemids.
Acrvlenide sand tas gcubstrete worzs vlecad in thg

lowor pert of e Thunberg tube (7), with the oxicdant

solution ploced ir taz apper portion of ths tuoe. Tha sycten

ws gvocecunted, £ilicsd wit: dry zitrogen, and taen scealed.
Thae two solutionsg Were unixed and dlowed to stond et tac
rzoction tewmpereture. Aftor 30 inuteés, thsre wec t
Zormation ©f & whits opal-sscenca, indiceating the formetion

of a polyuaer.
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B8R gesurclents

Ths prescnce of radicel intersafictes formed in
the rete detormining steps of thesc reesctions was detactac
«nd cenfirmad by a2s8r measuran.orto.

Using the reguisite roection conditionc, toe

B

redicals were generatad, in a flow sySten, by ixing the
substrate and oxident, by voluie, in an esr seangle tube
Just outside tne covity of the steetroneter. Thsy ixture

was placsd undor iigh vecuus, in order to supel dissolved

-

oxygen, end the sample tubz Was placed in the cavity of
tae spectrometer. Thz conditione for obtaining the spzetrux

WG

f‘"

o1

™
©Q

at roo.a temparaturs were

-

w0
(0]

Scam rng:z 400 &, ficld
alcroweave frejuency S.45 Gz , time constant 0.3 sec,

scen time b minutes,

st 3%00G, modurstiocn amplitude 6.3G,



i.

2.
3.

L,

5.
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CHAPTER 1

KIIEPICS OF OYIDATION OF GLYCINI, ALAUINE, VALLITE,

LEUCLNY AMND PIINYLALAITIITD

Aino acités ere the vuliding oloczs in trotzin

syntaesis. The fact that the impertant naturally occurring
amino acids have ~hydrogen atons& sSuggestis that the bio-

syntaesis and degradatiorn of amino acids occur by way of

ol -imino acids and s(-keto acids, taus:

H

| /0/ -NH,,
R—C—CO0H o\  R—C—COOH 2 N\  R—C—COOH

| N AT
NH, 2/H/ #H NH, Q

In metabolism, aminzo acids are cubjactel. ©o zany
reacvions, and can supply precursors for variolif enforendiac
substances, as for example, nsmoglovin in blood. 4uino acids
undergo verious kinds of reactions, depending on Jieliier tae

varticuler anirno acids contain mon-polar grouss, poler

substituents, acidic or basic substituents.

Various eariler proposels Ffor it:ie ceriveiicr of

alzaloid structures from comzon amino acids were consider:zd

by wobirson (1) and later exnanted (2). Biochenmical exneriments

as

~

corfirmed the predicted pathways based orn Robinson's cchene

of biosyrthesis., The furdamental skeleton of alialoids was
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derived from coxmon anino acids esnd otlizr saall wiolozicel
molecules. Simple amines which have bsen found to occur in
nlants have bezn shoin to be derived by the decarvoxyletion

oi amino acids. EXamples are methyl amine frow glycive, eltlani.

aiine from serine, icobutyl amine from valirne, isopentylazins

irom leucine, and cedavarine from lycine.

Many naturally occuring nitrogen cumpouncs Lave
basic prpperties in coomon with the alzaloids, but their
structures are relatively simple. Their ritrogen etoms are
not irzcorporated into heterocyclic skeletons, T21iS Seszts to be
derived from enino acids by simple reections. Decearsoxylation
of anino acids produces amines. Such aminet car ve nodifiz=d
by the introduction of metiyl groups or Hydroxyl groups. Sope
provo aisialoids are possible precursors oxi typical alkeloids.
Proto alkaloids reiated to aro.atic amino acids, such as
tyrosine and dihydroxy phenylalanine, are iliportari oprecursors
of alkal®ids., The utilization of nicotire in the sybihesis
of anino acids ané proteins 2as been reported (5). Corretatinn
of alxeloid cortant with the cowncentraticn of frss aziro acids
in different kinds of lupines alkXaloids have shown the preS2ance
argirice, threonine, gluotewic acid, hictidire, tyresin
and lycire (4). It 2as been suggestad that erginine could
be & norial precursor of t:rz lupire alZeloids !5). Tracer

experisents neve confirmed that tie cardon sksletomec of ell



the major luvine zlzsloice hev: bazn Cerived froo lycine
(6,7). Ekeny of the indols alkeloids Gerived tlheoir incole
nuéleils frox tryptopher (8). Tareonine end isolsucines Leve
ecn reported to be goold precursors of vihe pyrrolizilin2
alkaloids (8). Thzare is evidence tihat alzaloids RNevi.g the
imidazole ring are probably nsde from histidine (16-12).
The kinetics oI oxidations of anino acids zave
become important, both from a purely caemical point of view
and fron tae point of view of its bearing on the mechenism
of anino acid metabolisn.
In general, the disscciation oL auino zcice Cepends

on the pd. of the medium. 1In strongly acidic or alialine

maGia, the following ejuilibria exist:

. . - H+ , +. - =3
RCrI(N};g)COO ;:—.——.....:—\ RCH( r£-13)coo = 2’CI( m ) COO=
0= dﬁ
(s7) (s*) ( sz*)
Anion Zwitterion Cetion.

&nino acids have bzen oxidized by a veriety of
oxidizing agents such as persulfate (i13), peracids (ik), .
peroxydisulfate (15), chlorazina - B (1i6,17), nangensse (III)
ion (18), acidic permanganate ion (19), bromate ion (2C),
peroxomnonosulfate (21), N-bromoacetamnide (22,23%), cilorenine-T
(2k), ceric ions (25), N-bronosuccinimide (26), brozanine-T

~ P 3 «’o
4
(27), and by Fremy's salt (28).
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Glycine is the precursor for geviylamine waic:

.

has been found to occur in plants. Glycine plays a signilicany
role ir tie biosyntiesis of diterpenoic zlxaloids (29), acd
in tie patiways of caoline metabolism (30). Glycire is onez

of the major constituents of silk fibroin and coliagen.

The formation of‘,ﬁ—aninolevulimic acid froo succinyl

Cod and glycine is the first step leading specifically to

the biosynthesis of porphyrins, which are présent in
chlorophyll, haenoglobin and cytochromes.

In the biosynthesis of the piperidine alkaloidqd,
minosing, the alapine substituent has besen observed to play
an important role {31). Alanine has beasn fourd to be anong
the possible pyridine ring precursors in ithe biosyntiesic
of nicotinic acid (32).

On decarboxylation, valine gives isobuiylawine,
which hag been fourd to occur in many plant speciocs. Sooe

enzyra preparations keave b

®

en uszd to carry out sach

decarbexylabion reactions (33).

The decarvoxylation of leucine gives isopsntyl-
aminz which is found to be present in .iany plant species.

Certain enzymes Bave alsSo bzen successful in carrying out

such decarboxylation reactions (33). Leucirez has been siown
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Phenylelanire nas »22n skoWn Lo e & Brecursor

in the biocynthesss of troepans alkzaloils (35), norbelledins

s
©

(36,37), colchicire (38,39), and ergotawine (QC\. drecar
feading expericents have siown vhat in the ta ¥ine group 0%
elkaloids, tihe phenylpropane noiety originates fron
vhenylalanine, with an .gﬁﬁg-mlg“"tlon of the axino groud
(41) . The biosynthesis of alkeloids such &S galenthemine(42),
kEnown to possess analgesic activity comparable to morniine
(43), was acaievad ctarting from phenylalaninz. Whe satiway
had involvsd a crucial plenclic coupling step, as predicted
by Bavton (44). The biosyntiesis of rotenone (45), stertin
from phenylalanine, illustretes the sequential foruation of

=]

diffsrent tyses of oxygen haterocycles. The construction of

o

tryptophan uses the initial conversion of glucoss to
phenylalaninz (46). Indeed, the literature is replete with
insterces of pnenylalaninz being effectively used for the
biosynt::esis of a wide veriety of alxaloids (&7-51).

Glycine, alenine, valire, leucine and phsnyi-
elanine heve becn oxidized by a veriety - of oxidizing agents
suci a8 ceric ions (52,53), Fenton's reagent (54), hayracyano-
ferrate(III) catalyzed by osmium (VIII) ions (55),
mengenase (IIT) sulfete (56), Fe?* jons (57), peroxydisculfetc

2+

catelyzed by Cu”" ioms (58), Co’t ioms cetelyzed by Ag' ions

A

(58), acidic percangenate (5C), aguosentzcyanoferrete (II)



ion (61), periodete (62), permengancte cetelyzed by brovide
ion (63), aguonangencse (III) ior in ecid nedium (64),
peroxydiculfate catelyzed by 4g* and Cu?+ ions (65-67),
N-bromosuccinimide (68-70), chloremine - T (71,72),
broneaine - B (73,74 ), N-bromoacetenide (75), lead tetre-
acetate (76) peroxomonosulfate (77), acid bromete (78),
phenyliodosoacatate (79,80), potassium broaaste (81), bronine

catalyzed by osuium (VIII) ion (82), erd by Ag>t ions (83).

Alzampine 285 bzon oxidized by o veriely of oxidizing
agerts such as N-bromoszccharin (84), caloreamine - B (85),
H-chlorobenzeride (86), peracids (87,88), chloramine - ©(89),
N-brormosuccininide (SC), veroxydisulfate estelyzed by

cu®* ion (91), end by Fenton's reagent (92).

Valine hat bsen oxidizeé by chloreamine-T (S3),
phenyliodosoacetate and leed tetrzecatate (94), wangenese (III)

sulfate (95), and by l-bromosucciniaide ($6).

Leucine 285 boan oxidized by wmetaperisdic acid (97),
trinitrobenzene sulforic acid (98) mengeness (III) sulfeto
(99), exd by hexecyanoforrets (III) cetalyzed by rutheniun(VI)
ion (100).

Paenylalanine nac beasn oxidized by acidic

3

T

K

sroengenete (101-102), awnd by agueous hydrogsn peroxzide
(103).
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PRESINT WORK

The present work ic & deteil:zd xinetic investigation
of tha oxicetion of aminc aciis by »notassium Lezacyano-
ferrete (III), i aixaliine rma2diun, ot constant ionic
Strength, under a nitrogern stmosrhsre. The oczince acids
chosen for purposcs of ousidation were giycire, slamire,

valine, leucine and jhenylalenine.

Stoicaiometry ( Vide ‘Zxperizental’ ).

The stoichiometry of cach o0f the reactions wes

deterriined to be:
R.CH(NI,) COOH 4+ 2Fe(CN)Z™ + 2 057 ——3

R.CO. COOZ + 2Fe(CN)g_ + NA,

Here R = - ¥ (glycine ), - CF3 (elanine ),
H
- CH"‘C 3 ( valine ),

- Ci,-CH(CE ( lsucire ),

3)2

- CHQ-C6H5 ( phenylelanine ).



Bffect of

4’/

supstrate ar-d oxidant

dependent

substrates

Table 1 :

or the first powers of the concentratisrs of both,

zac oxident (Teble i-4).

supstrats arnd oxident

/ Glycine / / K.),Fe(CN)6 / 105_x B pe
(102 x M) (10° x M) (™1
1.0 1.0 1.9
2.5 1.0 5.7
5.0 1.0 9.6
10.0 1.0 19.5
25.0 1.0 47.0
5040 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

/ NaOZ / = 0.1 ¥ ; fA= 0.05 if; terp. = 55°C.
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Table 2: 3ifzct I cubstrat: erd oxidant

/ &lerinz / / K3Fe(CN)6 / 105_x K.,
(1) (162 = ¥ ) ( =1
0.1 1.0 1.6
Ge5 1.0 8.2
0.75 1.0 12.0
1.0 1.0 16.0
0«5 0.75 8.0
0.5 0.50 8e5
0.5 0.25 8.0
0.5 0.10 8.0

/ NaOH / = 1.Q M3 f4= 0.5 I terp. = 75°C.
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/ Valine / / KBFG(CN)6 / 105_55 Zz
(102 x ) ( 10° x i) G
1.0 1.0 1.8
5.0 1.0 343
10.0 1,0 6.8
25.0 1.0 16.5
500 1.0 34,0
5.0 0.75 342
5.0 0.50 343
5.0 0.25 35
5.0 0.10 33

/ NaOZ / = 0.5 M M= 0.05i 5 top. = 55°C,



Table 4 ®ffect of zubstrate end Dxidant

/ Substrate / / Ker(CN)6 / Paecnylalanineg

( 16° x 1 (10* x 1) , sT4)
2.5 1.0 345 1.2
5.0 1.0 5.7 2.%
10.0 1.0 9.8 4,7
25.0 1.0 24,5 12.0
50.0 1.0 49.0 24,0
10.0 0.75 9.7 L5
10.0 0.50 G.9 4.8
10.0 0.25 9.5 L,5
10.0 0.10 S.5 LG
/ NaOHl / = C.1H ;/Af= 0.05 15 temp.
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Plots of X Hs? the pseundc first order rate conotant,

o

g -, L

against a 20-foll remnge of corcemvreavior o gubsiretes, geave
streigat lires passing throughr the origin, indicating thet

thas rete of oxzidetign was degpendent 0

I3
%]

firet power of the
concentrations of tie cubstreates. Tric wes furthsr seen by

t2e comstent values of kz, the second ratzs order constant.

When a constent concentration of substrate
( large excess ) was used, B obs did not show azy appreciable
varietion with changing concentrations of oxicant (tsn fold
renge), indicating a first order dependence of the raaction

on the concentration of the oxident ( Tables i-L ).

Bffect of NaOX

The rate of the reesction sihowed g first order
dependence on the concentration oi alxali, in tie range

studied (Tables 5-7).

Table 5: Bffect of NaO:il

- > . -1
/ NaO=Z / 10”7 x kobs (s )

(1) Glycine Valine
Ol 1.9 Ceb
G625 4,5 1.6
0.50 G.0 be3
0.75 13.0 5.0
1.0 18.0 645

2 2 .

/ Glycine / = 1 x 10" “1; / Valine / = 5 x 10~

we

(] ”
Y

/ KsFe(CN) g / = 1 x 1077k; = 005 15 temp. = 55°C.
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Table 6 ¢ RBffect of Na0=

/ NaOB / 105 X Xons
(i) ' (™)

C.l 1.6

0.25 k.0

0.50 840

1.0 16.0

/ Alanine / = 0.5 U3 / KzFe(CN)g / = 1 x 1072 173

/A== 0.5 M; tenp. = 7500-

Table 7 : Bffect af NaOH

/ NaOZ / Phenylalenine Leucine
(1) (10° x Ky, » 5)

C.1 3.8 4.7

C.25 24,0 12,0

G.50 48,0 2540

0.75 72.0 35.0

i.C 97.0 47.0

- ol
/ Substrates [ = 1x10"° M; / K Fe(CN) ¢ / = 1 x 10 * g

JA=0.05 i temp. = 55,



09

Rate law
Urder ths pracert ewsericertel corditicns, tasz
rate law could be axpressed as:

d/Fe(CN)%- /

Rate =k
at “obs

) Aiiro Acid/ /Fe(CN)%" / ) oz~ )

S— ]
Thgs pseudo first order reate corstant, kobs’ wee calculated

from the eguatior (10% ):

. D
24303 0
kobs g _F‘- 10g—§.t— o0 060600 (2)

2

( Vide 'Experiuentel' : Calculations 7.

Bffect of temperature

The rete of the reaction was influenced by changes

-

in tenmperature, and ar increase in teoperature resultad in

T,

an increase in the rate °f the reaciion ( Tablzac 8-10 ).



Table 8 : TIfect of teopareture

Temp. 10° x Eops ( g™t )

( 19.100) Glycine Teiinz
35.0 G.5 -

40.0 0.0 Ce3
55,0 i.1 0.S
50.0 1.k 2.1
55.0 i.o 3.3
0.0 2.6 -

2

/6lycine / = 1x107° 13 / K Fe(CN)g / = 1 x 1077 u;

/NwH/=0d¢4;p=0£5%
JVALINE / = 5 x 10~2 M; / KBFe(CN)6 / = 1x1070 173

/ NaOH / = 0.5 M; fL= 0.05 I,

Table 9 : RBifect oi tenperaturs

Teap. 10° x Xopg ( g™t )
(= 0.1°¢) Aleznine

65.0 342

70.0 L.7

7590 8.2

80.0 13.7

/ klenine [/ = 0.5 16 / KyFe(Cil)¢ J=1710"2 11



Table 10 ¢ =Rffect of t=uperature

¥ 5 - 4 -1

Teap. 107 x Z 5 (s )

( + 0.1°C) Phenylalanine Lencize
k0.0 1.5 G.6
k5.0 2.8 1.2
50.0 5.5 2.1
55‘0 908 4.7
6000 2000 10.0

2

/ Substrates / = 1x10°° ¥; / KBFe(CN)6 / = 1x10™* 3

/ ¥e0Z / = 0wl M ; fh= 0.05 I

Picts of log kobs against tiae reciprocal of
temperature were linear ( Figs. 1-2), suggesting the
validity o©f ine Arrihenius eguation. The slopes of thz plots
were used to calculate the activation energies of the
reactions . Yhe other activation parameters were calculated

( vide ‘'Experiuental' : Calculations ) and have baan

shown ir Teble 11,



1.5 4
& Glycine
£\ Valine
150 L
6 + log kobs
O-S 4. 4 -
Z.8 - 356 g EM +

103 /1

Fig. 1 : Plot of log k

temperature.

obs against the reciprocal of



%

éﬂ Phenylalanine
{1 Leucine
2.2L <:>,Alanine
e
. /
1 - 8 = \\\\
6+log kobs \\\\
l.414.
\ \?
\ \
| \ \
1.0 [ I
2.8 3.0 3.2

103/T

Fig., 2 ¢+ Plot of log k
temperature,

obs against the reciprocal of
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Tablz 11 : Lctivation Paranetars

F L

Substrate B b OE AD
(kJre 1‘1) (s‘1 ) (xJmo 1"1) (J",'g“imo 1"1)
Glycine 1042 1x10° 742 1504
Alerine 4242 6x10° 942 15544
Valine 1542 3x10° 1242 15044
Lencine 1342 1x10* 1042 ~160+4
Phenylalanine 12+2 3x104 G5+2 ~160+k

The values of 45Hfand Ajgﬁwere fevourabls Zor
electron abstraction processes. The favourable anthelpny for
elsctron chstraction mey e ir pert cduc (o the relesags of
energy °n solvation of cihers2c created in the transition stetz,
Velues of ‘f\§#3n this rénge for racicel «recctions 2ave besrn
egcribed (105 ) Yo the forbidden naturs of slectron -
pairing and zlectrom wnpairing asrocescaes, &nd to ths 1088
of degrees of freedom,forﬂarly evaileblzs to tae reactants)

on tie formation of e rigid trerncitior cuate,

Bffect of ionic strengtia

33

Variations in tiae ionic strengtih of the 2zdium
using NaClOQ ( mo= G.0L I to 0.50 ) &id mot have any

effect on th> rataes o7 these reactions,



Zffect of added X,Fe(Cl)g

The edditior s¥ K,Fe{Cl), in <he corncantrevion
—zﬁ ; "'3 Y4 J4 A WL Cmmmr oy e e
renge, 1.0 x 10 M to 1.0 z 10 7 ¥, did not 2ave any

S

influence on the rates of

T B
theszs rezacvicus.

ced salts

jo)
Cu

Bffect of

The =ddition 0of gclets such as HaCl, NaNOB, KNOB,
Na2 504 ’ MgSOQ ( comnceriration range of 1.0x10-4 4
tc 5.0 x 10"j %), did not have any effect on the retes of

tiese oxideticn resctiocns.

Radical intermedictes

The esr spectre oi the correspornding radicals,
generated from the oxideatiorn of each of tie substrates,
Wwere obteired ( Vide 'Bxperinental' : BESR ncasurements).

he eo0r spectrun, obtained from the oxidatiorn o2

F3

glycine, gave a Seven-line spectrum. The nuwiber of lires
accounited for by a radical species comsicting of four
edquivelent protons end a nitrogen ctom, all heving neexrly
aqual courling congtants. This gseven-line sSpactrua ad

reletive intensities (witlin 10%) of 1:5:11:1k:1i35:1 .
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Oxidetion of Glycine, Alanine, Valine, Leucins

and Phznyialenine

Phas rate of the rzactiop batiyezsn the Cubcstrate

=)
I

and hexacyanoferrate (III), in el%elins wmediun, Wes dezznleunt
on tie firot powers of the concentratiocrs d°f each of the

reacting species (Tables 1-4),.

The dissociation of amino acids depzndS upon whs
pZ of the medium. It is well known thet amino acids exist as
zgwitterions in agueous solution. In strongly acidic or

alzaline media, the following 23uilibria axist:

oz~ - =
(1T R ——— 7 (ppg ¥ = —— 0T (1 "~
Rch(ﬂh3 ) COO= ‘5;—- RCL.(N.ZI3 )CO00 <§¢_~ ‘Rc_i(ll;2 )COoO
(sa* ) (s°) {s7)
Cation Zuitterion anion

In alzaline Colutiors,-tae zwitterion is converted to the
anicr, RCH (NH2 » CO0” , wnich is the reactive Spaciszsc
uncer v.ie present experimental corditions. The pX values ror
tiz cysten

ac;-z(m—i; ) €007 === RCI(MHE, ) COO” +H" ,

heve been reported (106).
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The ionizetion constents and the pI veluss at i

igoelectric pointes of glycine )alanine, valings, lsucinz cndéd

phenylalanine at 25°C are given in Table 12,

Table 12: Ionization constants{106)and pd values at
isozlectric points

Anino 4cid pK1 pK2 pHi
Glycina 2,34 9.60 5.97
Alanine 234 9.69 6.01
Valine 2.32 9.62 5.96
Leucine 2.36 9.60 5.98
Phenylalanine 1.83 9.13 5.48

For these anino acids,
pKi + pK2

H, =

wihare pHi ie the isoclectric

point,

Sirce all Zhe kinetic studies were cerriesd out
at high concentretions of NaOh (Tables 5-7 ), it nmay bs
assuned thet the anino acids would be cooplately dissociated
intc their anions.,

The eddition of hexacyeanoferrete (II) ions aid nov
have any effect on the rates of tae reactiors. Tais showed

thet the step involving the resactior between tae substicto



ang oxidant (the electron zhstraction stap) wac an irreversiblo
stap.

The addition of salts did not have any effect on
the rates of the reactions, indiceating that the reaction

Wwas batween an ion and a divolar species.

The reaction pathwey was via .the formeticn of
radical intermediates,as dzatected by 3SR spectroscopy.

Since potassiun hexecyanoferrete (III) is a onc-
electron oxidant, it would be justified to postulatc that
the roaction betwedn the substrate end oxidant would give
rise to & rezdical intermediate, analogous to enzymatic
oxicdation reactions wiaich 2185 proceed vie . raclicel
interuediates (107). This would imply that potassiun
hexacyanoferrate (III), 28 a caeniczl oxidant, Was capable

of mimicking enzymatic beravicuir,

In the present investigetior, tiae formetion oI
radical intermediates wes cupported by the following

experimental observations:

(a) the rate of the reaction wes dependent on tre firct
povwers of the concentretions of substrate and oxidant;
(b) the lack of any effect on the rate of the reection by

tae eddition of hexecyanoferrate (II) iouns;



tng oxicert, yielding tac izino coopounc,
Wwhica, on hydrolysis, gave tie keto acid epd comonia,. ilTo cther
interaediste(s) could be isolated from the rcection mixturs,

This mechenistic petnwey for the oxidetion of

aninc ceids to tihe keto acids, via tre interoaiiate for

3
-
*,J
O
Vs

of thae imino acid, has been wWell established in the synthecis
of o(~keto ecid esters, wherazin the following petawey  hnas
bsen suggested (108) :
1w N
it

7
Ry NH 2) osu R2 NH

(1) (2)

HoO I~
2 CHe CoCOOCH

3 -

N

f
R2 ;
(3)
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Thac metebolic relationship betwsen ~amino ccids
andqﬂi-ketoacids has baen recognised: Spacific eamiro ccic
oxidas 25 have bean found to oxidise anino acids eccorcing

to the following eguations:

R—CH(NH,)~CODH 4+ O °"zymati%; R—C—COOH 4+ H,0

272
NH

(4) (5)

R—C—COOK 4 H,0 [ON=SNZYyMatIc, R_p—CODH + NHg

i
NH o

(5) | (6)

R—C—
ﬁ COoH + HZUE ____} R.COOH + C0, + Hzﬂ

1)
(6)

Tie amino acid, 4 , is oxidised by the action of aumino ocid
oxidacs to the corresponding od-imino aecid, 5 , with tihe
generatior of hydrogen fleroxide. Ths of-imino ecid, 5 , is
svontaneously ( non enzynatically) hydrolysed, usually within

& few geconds, to the corresponding o(rketo acid, 6 , end



amronia. The o/-ketc acid, 6 , is susceptibls o mxifative
decarboxyletion by hydrogen peroxide, 5o thet unless hydrogel
peroxzids is repidly rewmoved ( s.z., by the action of catalacs),
a considereble emount of corboxylic acid, 7 , containing one
less carbon than the parent aiino acid, is gemerated, Thz
releative concentration of g(yketo acid, 6 , to carboxylic

acid, 7 , in the final product, depends on the conditions
employed for the oxidation of the emino acid. In the prescnce
of catalase, oxidatior results ir. the stoichiomstric fcoraation

of of-keto acid, 6 , and amaonia.

Enzyuatic methods neve been edapted Lor large
p

o]

scels synthesis off &l-keto zcids., It has beesn shown that
inmobilised yeast cells containing D-aminc acid oxidace
could be used to prepare 0(-keto acids from tas corresponding

D-azino acids (109).

The of-keto acid enelogues of the neturelly
occurring auinc ecids are of mejor importence in internediery

metebolism. Pyruvic acid is & etabelite involved in aany

enzyme~catalyzsed intrecellular phenomesre., Tha <><-keto ecid
analogues of the protein amino acids are oftern toas
penulcimate products formed in the biosynthesis of emino
acids, and are comnonly the firct procduct forzzd in the

degrecative netebolicn of auino acids, q(:keto ecids hava

been used in the therepy of certein conditions such as



-p

uremie and nitrogen eccunuletion disorders. Thug,
o =Zeto acids are of continuing intsrest as imbtereiictec

in chomicel syntheses, in th: development of cmzyme iznhititors

gl

end drugs, &8 odel cubstrctes of enzyomes, and in verious

()

UD
Q2

otier Wweys. In recent yecrs, interest in tas Diocneniccl

importence of (-keto acids ntes increased substertially.

Tae azlactone method has besen used for tae
syntheglis of O(rkot01sov@ler1c acid, o<fket01 qceoproic
acid and_9<-phenylpyruvic acid, otartirg from the respaciive

amino ccids == valine, leucine and phenylalerine (11C).

R—CH—COOH  + (FC.C0),0 — R__CH_-GOOH

NH, QH
€ =0
cF
H R 0
Rt s:""0 di Iute Ne—c?
— R ~dilutes -
v b NalH. MV B
Q§?// N\ /
C
v
CF o H CF

y  R—0—COOH  + CFsCHO  +  NA



Tha acid cetelyzed cleaveage oF <>(-acatylamitc
of —netayl asters heas been wsed for the syntiscis of  -Zeto-

icovaleric ecic end f-phenylpyruvic acid (I111).

The recction of acylimidezolices wita the
eprronricte Grignard reegent, followezd by the aydrolysic of

the resulting o{~keto acid ester gave good yizslés of

~-%Z2toisocapro 'ic acid (112).

R

The oxidation of o(-keto elcdehyces, in the presencc
of catalytic ancunts of cyenide and an oxidizing agent,

5

beer used to convert umethyl-glyoxzel to pyruvate (113),

CN~
CH3 coc=o ——Yy——f) CH3 CO CO0H
2
This cethod has baen used to synthesize stercid f~Teto
acias (1i4).
Thae reacticn 52 the eppropricte ketore with
2,2-difluoro-1-( tosyloxy) vinyl lithiuz, gave good yields

of <9<-ketoisovaleric ecid anad c(:phenyl-pyruvic acid (115),

Lithiun .
CF3 Cag-0Ts diisopropylemide CFy = CLi - OFs
(LB&L) in THF
= | -
B L-05 =m'c (@) C(0rs) = CF,
95% HyS0,, 1., OF°
—> BR' C =C (0Ts ) COE ——)

RR' CZ CO COOH
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o~ =Zeto acids heve been shown to foura proton

~exetates in sclution (116-119). Tae ratio of proton ciozicte,

i4 , to open Ioraa 1, Wes found vo depend om corconitretlon,

temperature, @ colvent end the natuve of R.

0
/0 #
R q C R e C
b o 7 N

D -
(1) v ()

For exemple, for pyruvic acic and of-ketoisovaloric acid,

"oroton chelates" are important cortributions in nonpolar
solvents ( CClq ) and probably in acid aqueocus ccluticno,

w

« The

but are uninportant in polar solvents such as dioxen
ciheclates cause a major bathocaromic shift of tae n-_e,rr%
bends of tne carboenyl group, compared to the nonchslatel
carbonyl. The intensity of tae n-—-yﬂ26 tronsition o0f verious
A -keto acids wee in the order pyruvic a01d >>¢<-Aoto1sova1e“*
acide. Glyoxylic acids were shown to form proton-chelatzee in
bots moupolar (CCl, ) and polar solvents such as water (1iG).
The infrared freguencies of the ofl~cerboxyl and hydroxyl
varnds of thc substituted glyoxylic acids were strongly
lependent on the nature of the ring substituents (118).

was observed that the infrared frejuency correlates well with
the crf velues of rirng substituents of the "wroton chsiatve”,
wigreas the freguency correlates with the Heiuzett ¢ furchion

in the open fora (117-11i6).



69

-y

It iec well Znown thet ¢f=keto acids, 2 , can

form enols, 2A , or add water ©o form hydrates or Fen-Cioll,

—t

X X
| ]
%m—H \ Cy it CH,
o ST c=0 ToM0 MO0k
COOH COOH CaoH
(24) (2)

Although g?-arylpyruvic acids ( &r CZ,CC COOZ )
resdily enolize ir strong base, the concentretior s5i the
encl form is generally low at physiological pZ values.
Zowever, in the presence of borate buffer (-~ pI = 3.0 ),
erolizevion is wmromoted via formation of an enol-becrate
conplex (12C). The enzynme, arylpyruvate keto-crol taygtorsrete,
cetalyzes the rapid intercorversion vetween zeto enl snol
forus of B-phgnylpyruvic acid (12Q).

Generally, for those of~keto acids in which an
enol contribution is unimportant, the percentege of itle
gen-diol is low in solution (5-10%) at neutrel pH(i2i).
However, waen the a(-carboxyl is protoreted, the percentages
of the gen~diol increszses ( 2 60% ). Glyoxylic acid is >

09% hydrated at p= = 0.5 (121).

£320
T o RESSURUI. ¥
ICO CO0=

~320

HC (02), COOX



)

The degree 0% aycdrazticn of an(9<-keto ccit corraleted

Wwell with toe inductive afrfect 0¥ tie substituents zcjacary

to the cerbonyl ( 12 ). 4lthouga pure pyruvic ecid oxisto

in the keto form, the Zithiux monéhydrate selt ig in the
gen~diol form ( CH3 C(OH)2 CO0 Li ), an€ is not =& true
hydrats (122).

ol ~keto acids (glyoxylic acid, pyruvic acid end
of ~%eto isocaproic acid ) heva bzon observad to urdergo
pnotofragaentation (123).

Oxidetive dezmination reactions of amino acids, in
the presence of compounds such as isatin, alloxan, duirores
and ninaydrin, have been well docuwsnted (124). Glyoxylic
acid undergoes transailination with glutaizic acid at
physiological teuperature and pI (125). Tuz grsducts are

of ~ketoglutaric acid and glycine; decarboxylation did o

OCCUY »
cooM COOH
()2 + CHO.COOH —— ) 2o 0y
H—C—NH . C =0 HommHy

}
CaGH COCH COCH
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When glyoxylic acid weas heetcd wit: an agproszriate

3+

arnino domor ( &1 ar.& pyridoxemine ), corzcilerabls caourd

of ;3-hydroxyaspartic acid wet generstad (126).

CHO.COOW  +  CHy—NH, aro* cocH
hY
COCH Pyridoxamine” Hu-?~—QH
(it
COCH

Bnzymes have been used to cetalyze tae reductive
aaninetior o% ~%Xeto acids., Thus, L-alanine delylrogenrace
(127), and L-leucine dehydrogenase (128) cetalyze the
recuctive amination of pyruvic acid and o(-ketaisocaproic
acic, respectively, tc the corresponding § -amnivoc acids

(alarine and leucing ).

It hes been shown that alaninz vould be producszd
by the reduction oi pyruvic acid phenyl hydrazonz with
aluniniun anclgen (129).

It was later sacwn tiaat of-keto acids could be
converted to emino acids or N-methylemino acids by catelyoic:

reduction in the presence of aumonia or uetihylenine (13C),

~ 4 /H/ /
R~ C=-COCH. + RNH R.CH(NHR COOH .
i S |



liora rseently, enino acids Reve besn genercted frsm of-keto
ecidc by slectrolytic reduction iv aguedous aiitnia ool
wita Hg, Pt/C , or PL/C slectrodzs (13%1).

Pyruvate wes gecily reduced to elerinz in the
prasence of sodiun cyancboroaydrids and eamonis (132).

Socdiun cyznoborahydride was saodwn to be particulerly

(0

£f2ctive in reducing of-keto acid oxines to ths H-aydroyy
cozpounds (133).

It has beon suggested that the refuction of
ol -kato ecid derivetives could be used for the purpoce of

identifying of{~keto zcids in biologiczl materizcls; thae oot

Se was shlWn to w2 tae

suiteble derivative for this purp

O

2,4~Cinitrophenyl-hydrazonas (134). Several invesiigetiors

o

heve sotablished the raductive amination of of-keto acid

, -

2,4=dinitrophzsnylaydrazones to -anino ag€ids &s a poggitie
i V4 B

aid in the detection and estimation of o{=keto zcids(i%5-140).

The catelytic hydrogenation of fa-phenylpyruvic 2,4~
dinitrophenylaydrezone geve good yields of phenylalanince(iiil).
Severeal invastigations heve been cocrrizd outv to
estebiisa the possibility of using the reductive emirection
of o{-zeto acids to produce opticelly active gf-c.ino acids.
Thus, recuction of -keto acids in the preserce of L- or D-

methylvenzylamine results in anino acidc with vearving
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CH3 R CH3
oo . C =N—~CHC_H
J 00C
NH2
H CH
H3 .
catalyst,  g—CNH—CHC_H 2
H 7 { & 6 5 rd
) COuH Pd(0H),
* +
2 CGHSCZHS + R_.?H__COQH + NH,
NH

2

A& novel nodificetion >f the reductive cmination
tecarigue, described es "aydrogenolytic trensaminetion", heo
been imtroducad (143%). This teciarigue involvas tha wse 3% en
opticelly active f-amino ccid, as ¢ nitrogen doner, in
plece of an zrine ( 143 ),

Ucing the chirel reagents,
dolines, (8) - 9 eand (S) - 16 , optical puritics of a Righ
degree neave been obtalrned followirg the reduccive auoiration

of A-keto acids (1kk,145),

Heanino=2-h7isoxymetinylin~



(s) - 16, R = CH,

ol~keto acids can urdergo aldol cordenseticr. with
another .avlaculs of d-keto eccid, with eldoiydes or with

ketonas. Pasnylyyruvic acid forms a crystaelline aldosl proouact

Wit benzyl netayl Zetone (146), yieslds & lactone with
benzaldeayde (147,148), end corderses with acetone in

elzaline soluticn to give bvenzyl-maleic acid (149). Pyr.wic

[

acid condenses With benreldeayde to yield vanzalsyruvic

ecid, a ﬁ Y -unsaturated o(-_{eto gcid (150-152). Pyruvic
acid reecte with elipiatic aldenydes to yizld an o(—&cto—)’-
aycroxy ecid that cyclizzs to a lactore in eccil neliun,

but which urndergoes dehydretior. in alkeline ediun O give

er. o(-kato-/S,'X -unseturated acid (153). Glyocxylic acid

L)

rzecto with acetophenones to yisld 2,2-disubstituted acatic

Oovin-Cenendent bectericl

]
{":

iodel reactiunmg of ferre
002 fixatior. have been described whichh apparcntly involve

oA ~keto scid intercediete (155,



“2 N JuH
. GHCC CouH
CH,CO-S - CgH > SHy

8 17 -
Na,S,0, , NaHCl,

in THF = MelH - Hza

24

Pyridexamine, Zn 3y CHzCH(NHp)CouH .

+
N.H.4 er Na28204

It hes bezr known thatczeketo aclidis cordense with

o-pasnylens~diamine to yizld stable juincialinols (157),

—~NH, Ny — OH
R.CO.80DH 4 N <aL-
H2 g N* R

Thig reaction has beenme very inportant for ithe gstimaticn

of ’(—kat; aclds, Which cen be detected as fluorescory 550US
onr peper cihromatcgrens Hy spreyirg with o-vhenylenodierine
(158), or by preparing tho derivative 3% the o<fketo ecic
prior to echromatography (159-161). Thz &-nitro derivebives

of o-phenylenediarinrz heo been used, yielding highly colowrasd
products walich can bs Sgpereted vy peper caroviatogrephy on

eluaine columns (162,163),

aH
Jl::Ir,NHz /IZ:}I::Tj,,
R.CO.CO0H + —_—> £
UZN \\NHZ 02N R



A=xmrto scids form & large number of crystalline derivctives.
Thzg moot uceful derivetivas havs vaen the 234«dinitroslanyi-

hydrazsneS)
NO

R, CO. COUM - HgN-—-ls O“"N‘Jz

Paper chromatogrepay of 2,4-dinitrophenylhydrazona
derivetives has bacn usad in idontirfying of-ksto acids
1ﬁ'biologic&1 senples (164). Subsaguent investigatiors neve
aighlignted the identification enc saniguantitative enslysis
oXf 9(-kato acids by papor chrocatogrephy end by thin lever
carometogrepny (136-140; 165-171). The 2,4-dinitrophsnyl-
nydrazone derivatives are gonsrelly stable in zcid meliun,
and yicld intenscly coloursd producte in bascio maediun. This
colour resction is very useful for tas sctisetion of of-ato

aclds (172,173). Tio spscies responsibla for the colour, in

basic mediun, is probebly & guinoid typa structure (174),
03N
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O[—keto acids form other crystelline derivetives, guch oo
the p-nitropienylhydrazones (173) ernd prenylivyirezonsc (12€).
It has besen shown that glyoxylic acid phenylhydrezonzs is
oxidized by votassiua hexacysrnofcrrate (IIL) to zive &
aighly coloured product (175). Tais reactiocn is cpecific
for tae est14atian»of glyoxylic acid, and tizz coloured

product formed is now known to be 1,5-divhsnylformezer: (175),

g H
o |

H W
| N
HOUC —t = N_-N._@ CgHNHNH,
KSFQ(CM)B

-0
— N <: :>

A GC nethod has been introduced for the detaruineticn

Z—-v——-n—qI

O(—keto acids basel on the reactior with pentafluoro-
ghenylaydrazine followed by reactiorn with diezomsthanz to

produce the nethyl ester (176).
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Enzymetic metaods heve bea2n usad for the
deterninatiosn of pyruvic ecid {(177). The enzynasz, 3. subvilis
leucine dehydrogenese, has besn wsed to estinete tovel
brenched-cacin Q(fketo acids in rat tiscuss (178).
Analyiical nethods, besel on tiz formation <f flucreccencs
products, n2ave bazn used for tne estisation of total
O<fketo ecid or sivple mixtures of ad-keto acids. Theso
methods nave utilizszd reagents such as o-phenylernzdiamine
(179), pyridoxinmine end zinc (180), and  {-hyirezino-
2-stilbazole (181). & GC nethod, using the tecinicue of
po#tcolumn nass speetromstry (182), has bezn usec for the
measurament of brench - chein O<7keto ecide in Dbiologicsl
naterials (183,;184).

HPLC techniques, using post-coluan derivatization
with Nenethylpicotinamide chloride, heve been used for the
fluorometric determination of pyruvic acid (185). It hes Zeen
snown that glyoxylic acid and pyruvic acid can be saporated
on a 018 column by reversad-phace HPLC a8 the 4-~(bromomet yl)-
7-couzarin derivetives (136). It hes beon reported thet .
gsaven—-conponent homologous sgriss of o(-keto écid 2,4
dinitrophenylhydrezones o £ increasing chein lzsngth, coulid
be separated by HPLC techniques (1i87). In Sciiz cases,
resolution of cie and trerns forus wes acrieved (187). Tiic

met2od he.g been used to detect pyruvic acid in bioioziwval
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In th2 present investigation, the rzaciion
seguence Zor the oxidation of the auino acids (glycine,
alerine; vclirz, lsucirne an phenylalanine ) by potessiwus

asxecyanoferrcte (III), in alkaeline zadium, is chown ir {he

" .
Schama,

SCHEME
R.CH. Coa~ + oW ».  R.CH.CJOO™
} - j
LNy NH,,
Fa(CN) 3~ - Fe{on) 3"
5y R.E.Co0
silay f ast
NHy
Hip0

R.CoCJduH ReCeCUIH + NH
1 — > [ 3

NH
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The products obteired from the oxidetiom ol toz
enino acids were tie corresponding keto sciis {giyocmylis
ecid fron slycinsy pyruvic acid drom alanina;{)(—kenoi:c—
valaric ecid from velinz; Oifketoisocaﬁroi@ ecic frem
ilsucirae; znd f3~pbanylpyruvic acid from paenylalani;ﬁ),
Whica Were characterizad by their correspondivg 2,%4-

dinitrophenyl hydrazone derivetives ( vide 'Sxverinsntel

Procduct Analysis).
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XKINTTICS OF OXIDATION OF SEXLIE AND
THREONINE

Serine hes been used in the patawey of choline
matabolisn (1), as also in the biosynthabic pathways for
various alkaloida such a8 ricinine (2) and aimeaips (3).

Ths reaction involving the decarboxylation of serinez (&)
provides the nitraogen atom arnd its atteghad Cz unit in the
biosynthesis of atisine, & diterpensid (5), Serine im
present at tiae active centre in elastase (6). The intsratonic
distance (3.0 2 ) meesured fron a model of chymotrypsin gave
clear evidence for hydrogen bonding (7) between histidine

57 and serine 195, indicating that histidine 97 and serina
195 were involved in the ciarge relay echanism of chymo-
trypsin (8). The hydroxyl group of Serine thus plays &
direct role in the catalytic action of chymotrypsin (9).

The enzymic activity of trypsinogen hes bezan attributed
pertly to the prescnce of serine residue at position 183
(10-12).

In the pathwey for vitemin By, synthesis (13), the
conversion of cobyric acid 15 cobinemide involved zmide
formation with l1-amino-2-propanol. It has been damonstrated

that threonine was thc precursor of i~-zmino-2 proparol (14).
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Threonineg acs boen chsaerved to be present in cany luzine

A

9]
™

alzaloids (1%). Threonine hes elso veen establisizzd a &350

precursor in the bicsynthesis 0f sensciphyllic acid, which

L

is en importarnt pyrrolizidine alkaloid (15).

The kinetics of oxidocion of serine end tireorine
aeve bzcoue ilmportant beczuse of their biological sigrificanca.
Serine nesS bzen oxidised by a veriety o oxidicing agenitsS sauch
as calorsaine - T(17-19), N-bromosuccinimide (20-21), persxy-
disulfate (22), Fenton's reegent (23), ceric icms (24,25),

chloranine-B (26), Chromic acid (27), N~Bromoacatznide (28)

end by periodate in acid medium (29).

Threowmine nas been oxidised by a variety >3
oxidisir 3z agents such a5 N-brouosuccinimiiz (2C), Ceric
ions (30), Co(III) ion cctalysed by Lg¥ ion (31), perozy
disulfete catelysad by Cu (II) ion (32), acidie ¥iino, colution
(33) chaloremine - T (34-37), peroxomono sulfete (38) end by
In (III) sulfete (39),
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PRESENT WORK

Tas mrecent worX is a detailed kinetic investigetion

of the oxidation of sorin: end thpeonine by potassiun hexacyeno-
ferrete (III1), in elkeline mediun, et constent ionic strerngth,

undayr a nitrogen atoosphere.

Stoicnionetry ( vide 'Ixpcri-ontel')

The stoichiomstry of sechh of the reactions wes

determined to be:

R.CI(N,) COCH + 2Fe(CN)}™ + 2 OB —u
R.CO.CO0H + 2Fe(CN)2_
+ Ny + Hy0

dere, R = - CI,0H (serine ),

= - CHOH.CH3 (threonine).

Bffect of substrate and oxicdent.

Phe rates of the recctions wgrza obsarvad to G2
dependent on the first powers of the corcontreticns oxf

both, subpstrate erd oxidgpnt ( Table 1 ).
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Table 1: Bffect of substrate and oxidant

L v

-1
/Substrape / / KsFa(CN); / 10%xk ,; (570)
(102 x M) (303 x i) Serine Threcninsz
— — -

5.0 1.0 2.1 32
10.0 1.0 hel 6.7
25.0 1.0 10.8 16.0
5000 1-0 2105 32.0

1Q0.0 1.0 4%.0 65.0
i0.0 0.5 4,0 6.5
10.0 0.25 4,2 6.8
10.0 0.1 L4 6.5
10.0 0.05 L,0 5.3

/ MeOZ / = 1.0 i3 pL= 0.50H; teup. = 55°C.

Piots of kobs’ the pgeudc firct ordar rate constent,
against a 20-fcid ranga of condantrations of substretes,
gave gtreight 1lines pessing tarough the origin, indicating
thet the reve ¢f oxidation wes dependent on the first =nowar
of thhe concentratiorng of the substratss. This was Turther
scen by the constent veluass of kg, thz second order rate
co=gtant.

Wnen & constent councentretion of substrate

( large excess ) was used, kobo did nct show any apprecicble
(]



100

variation with chenging concentrations of oxidens
(20-¥old range), indicating a first order Gependence
o7 the reactiom on the corcentration of the oxidiny

{(Teble 1).

I Ag .2 3T +
Ifiect of sizali

ete of the recction wes dapendent on t2e

)
w
H

first powar of the concentration of alkali in thes range

studizd (Teble 2).

Table 2 : Bffect of NalO=

NaOH 10° % Kypg s71)

(14) Serine Threonine
0.10 4.1 5.7
0.25 10.0 17.0
.50 20.0 33,0
1.0 41,0 6740

=
wve

/ Substrates / = 0.1 4; / X Fe(CN)g / = 1x4C77 |

JA= 0.50 ¥ ; temp, = 55°¢C,

Rate law

Under the present experi.ental conditions, the
rate law could vbe expressed as:

| d/Fe(CN)Z" / )
Rate = = - = K g / 42ino 4cid / /Fe(CH)é" /] o=

e (1)
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The pseudo first order rate constant, kobs’ wes calculatel
from the eguetion (40):

D
t

obs

( vide 'RExperimental' : Calculations )

EZffect of temperature

The rate of the reaction was influenced by
nenges in temperature, the rate showing ean incrsass with

an increase in the temperature (Table 3).

Pable 3 : EBffect of temperature

Teup. 10° x Kops ( g~1 )

( c.1°¢ ) Serine Threonine
45.0 2.0 k,3

50.0 2,8 5.8

55.0 4,1 6.7

60.0 6.2 7.8

65.0 8.5 9.2

/ Subsirates / = 0.1 13 / KyFe(CN), / = 1x10™° 1;

/ He0d1 / = 1,0 M ; p= 0.5 I
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Plots of log ko against the reciprocal of

bs
terperature were linear (Fig.l), suggesting the valicity
of Arraenius eguetion. The slopes of thase plots were
ucad to calculate the activetion energies of the reactions.
Pnae other activation parameters were calculated { vide

'Tuperinentel' ¢ Calculations), and heve bezsn Shown in

Table 4,

Table 4 : Lctivation Perameters

Paraneter Serine Threownin

2 T T -1 -

B( kJool ™ ) 50 + 3 45+3

A ( g1 ) ¥ x 107 2x10°

F, )
AT ( kimol ) 47 + 3 42 + 3
AS:F( gzt o1t ) - 140 + 5 -145 + 5

L
The values of AIT and AS were both favoursble

for electron abstraction processass, suggesting the formation

of radical intermecdiates in the rete determining step of the

gection (41).



5 + log kO
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1.0 - .
# (*) Threonine
&\ Serine
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\\
N\
]
0.2 4 \3 4, A
2.9 3.1 3.3
103 /7
Fig. Plot of log kObs

temperature,

against the reciprocal of
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3ffect of zdded KQFe(CN)6

he addition of K4Fe(CN)6 in thz conceértration
renga, 1.0 x 10"4M to 1.0 x 10"5M, ¢id not heve any effszct
v

n2 rates of the resctions.

Bffect of ionic Strength

Variations in the ionic strength 2% the medliun
using NaCl0,, (4= 0.0 to 0.50 %), did not have any

influence on the rates of the reactions.,

Bffect of added salts

Tha addition of salts such as NaCl, NallO

3’
KN03, Nagsoq, MgSO4 (concentraﬁion range of 1.0 x 107% 11 to
5.0 x 10'"3 M), c¢id nct have any effect or tie rates of

these oxidation reactions.

Redicel interisdiates

The esr spectra of the corresponding radicals, gererated

frca the oxidaetion of eacz of the substrtates, wers obueinzad

[

( vide rinental : 2S2 Leasurements ).

0]
©

TXDe

Ths esr spectra of the radicels, obtainzd Iron
tie oxidetion of serine and threonine, each gave a siv-line
spectrun, accounted for by & radical species comnsisting of

three eguivaelant protons and a nitrogen atom, all having

cr
vy
[

neexrly equal coupling constants. No further splittirg oZf

signals was observed.
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Taz rete of the reaction vetwsen the substrate

o

end hezecgyencierrate (III1), in elxaline nsiium, wesd
dependent on the first powers of the concentretions of
eac2 of the rescting opecies — substrete, oxidant

end elxali ( Tables 1-2 ). Since all the Xinetic studies

were carried out =t high concentrations of NeOH ( Tables 1-2),

it mey be csosuned thet the anino acids would be complately
discociated into their anions,.

The addition of hexacyanoferrcte (IL) ioms did noct
have eny efiect on the rates of these reactions., Thails showed
that the step involving the reaction betwesn the substreta
and the oxident (the alectron abstraction step) wee an

irreversible step.

The eddition ¢f salts did not heve any eifect
on tag rate of the reaccion, indiceting thet the slow step

involved tihe reection between an ion and a dipoler species.

Tne reaction pathvey weas via the formation of
radical irternediates, 25 catected by RS szectroccopy.

The subsejuent stzps involving the reaction of
the radicel with the oxidant wWere repid, giving the imino
compound, whica om hydrolysis yielded the corresponding
keto acid ond amnonia. o other intermedicte(s) could be

isolated frox the reection mixture.



3ased on thz inductive effect of the subectituants,
thz orcer of reactivity shoull be es thneoning:>serine. This
hag basn observad (Teble 1). Couperable values for
AHH end /) 5# » respectively; for ths cnino ecid -
hexecyenorerrete (IIL) systems,ixrespective of the structuras
of the amino acids, supports the observation thet toz
reections between the enino acids end rexecyanoferrate (III)

proccad via tue sane pataway for the systems under corsideration

( serine and threonine ).

Since potesgium herecyenoferrste (III) ic o onz -
electron oxidant, tae recction between the substirete and tre
oxidant would involve the formation of radical irtermscietes,

anelogous to enzymatic oxidation reections which are xnown
to proc.el vie the formetioin of radical intermediates (42).
This would help to establish that hexacyanoferrate (III), ac
@ cheniocel oxidant, was siumilar in its behevior to that of
enzyue systems,

In tae present investigetion, the formetior of
racicel intermediates wes supported by the following
experizental observationst

(

) The rete of the reaction wes dependent on tas first

o

powers of the concentrations of the substrate zind

oxident:
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(b) The lack of any efiect on the rate of tie reaction by

the addition of hexacyanoferrate (IL) ions;
(¢) favouradle enthalpy and entropy factors; earnd
(d) signals observed by PSR spectroScopye
The ionization congtantc ancd pd values &t tae

. . . . . o
isozlectric points of serine arnd threonine at 25°C are

given in Teble 5.

Table 5: Ionization cons‘barxd:sl“j and pd values at

isoelectric points

Amino Acid pK1 pK2 le
Serine 2,21 9.15 5.68
Threonine 2.71 9.62 6.16

pH, (isoelectric point ) is given

pKi + X

by pHi = 2

Anino acids exist as zwitterions in agueous solution.
In alkeline solutions, the zwitterion is converted to
RCI(MI,)C00™ , which is the reactive spacies, under the
present experinental conditions.

The reaction seguence for the oxidation of tﬁese_
amino ecids (serine and tareonine ) by potassium hexecyano-

ferrete (III), in a2lkzline mediun, is shown in the Schere.
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SCHEME
RCHCOO™ + OH" - R(‘}HCOO-
A Y
NiL, N2
2
+ 35
Y \ 3- - - : - 3"
le(CN)6 . R-6-C00 Fe(Cﬂ)6
rd | 4
Slow NH, fast
. H,0 "
R-C-CO0H 2 R—ﬁ-COO&
' ' ; + 1T,
N= 0 5
The products obteinzd from: the oxicdation of each
of these anino acids were the corresponding geto acide

(f3~hydroxypyruvic acid from serine, and O(fket&-/g—hydrox*—
bﬁtyric acid fromo threonins ), waich wers isolated and
charecterized as their respective 2,4-dinitro-vaenyl

aydrezone derivetives ( vide 'Experi:sntel' : Product

hnalysis).

It hes been reported that O{-keto acids cen exist
iz eguilibrium with their enol forms. Gensreally, for those
cKi“ketO ecids in which an ernol contribution is unimportent,
the percentaege of the gen-diol is also low in solution(5-1Ch)
et nmeutral pZ (4%). ZHowever, when the a(-ca:boxyl ig
srotoneted, the percentage of the gem-dicl increases

(2 &0w). Tae degree of aydration of an f-keto acid
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correlatss well with the inductive effisct cf the
gubstituents adjacent to the carbonyl group (44). It

hes bzen shown that fB-hydroxypyruvic acid ( the oxideotion
product of serimne ) exists in tihe pure forn &8 tiae keto
acid, but tae lithiua hydrate, RC (0H), COOLL , hes the

gen~diol fornm (45).



,..L
B>

1i0

REFERINCES

CeCe Delwiche end I,M4. Bregoif, J. Biol. Chan.,

233, 430 (1958).

B. Pschiersch, Phermazie, 19 , 672 (1964); Phytochen,

3 5, 365 (1964).

<P. Tiweri, W.R. Penrcse end I.D. Sperser, pheytochksn.,
6 , 1245 (1967).

%Z. Vzlenta and X. Weisnesr, Chen. Bond., 354 (1956).

b

T. Rakaro, S. Terao and ¥. Sacki, J, Chen, Soc. (C),
(1412 (1566).

| iMoo Neugaton, F. Sanger, B.S. Hartlsy and 3.C. Shaw,
Biochaa. J, 77 , 149 (1560).

DeMs Blow, J.J. Birktoft arcé 3.5. Hertley, Nature,
221 , 337 (1969).

J. lc Conn, 3. Ku, A. Fimde , X.5G. Brant and &,P. Zcss,

Je. Biol. Chen., 246, 2918 (1971).

Ha ngner, WeN. Woite, D.G. Hoare ancd D.2., Kosaland,Jr.,
Je dmer. Chen. Soc., 88, 3851 (1S66).

Bede JansSzn, L.D.F. MNutting, 2. Jang =nl L,XK. Ball,

J. Biol. Chem., 179, 189 (1649).

N.X. Scheffer, i.P. Lang, L. Sixzet and 2. Drisko,

J. 3iol. Chem., 230, 185 (1958),



111

12. G.3Z. Diron, D.L. Xeufoen encd I. Neurath,
J. Biol. cneﬁ., 233 , 1373 (1958).

13. R.3. Woodwerd, IUPAC "Chenmgstry of Naturel prodacts"
Vol. 8 (New Delhi ) Bullerworths London (1972), p.145;
Pure 4ppl. Chei., 17, 519 (1968).

14, 4L.J. Xrasna, C. R0Serblun end D.,B. Sprinson,
JeBiol. Chasa., 225 , 745 (1957).

15. 4.V, lironenko and G.I. Spiridonove, Biol. Lbstr.,
43 , 15961 (1963).

15. C. Hughes end F.L.Warzon, J. Chem.$oc., 3% (1952).

17. 4. Xunar, A.K. Bose and S.P. Musiran, J. Indien
Chen. Soc., 53 , 755 (1976).

18, S.H. Ketgeri, D.S. ilchadaveppa end Z.i{.X. Neidu,
Irdien J. Chen., 174, 412 (1979).

i¢. B.T. Gowde ant D.5. Mehadsvepm , J. Chen. Soc.
Perxin II, 323 (1983).

20. M. Bhergave, B, Setaurenm and T.H. 220, Indian J.
Caen., 16L , 651 (1978).

24, S.P. lushren, X. Singh, J.N. Tivari and L. Pendey,

Rev. Rouxm. Chin., 24 , 4563 (1979).

2

9

22¢ HMeGe len Reddy, B. Sethuran and T.il. deoc, Indien

J. Chaeze, 164 , 31 (1978).

23. . Bhargeva, 3. Scthuran and T.M. a0, Indian
24, M. Ldinarayeane; B. Setiuren and ?.H¥. Rao, J. Indien

Chen. Scc., 53 , 8?7 (1976).



25, Y.R. Sharma and P.XK. Sai Prakash, Indian J. Chemn.,
194 , 1175 (1980).

26. H.li.K. Naidu, S.N. Katgiri and D.S. Mahadevappa,
J. Indien Chen. Soc., 57 , 1185 (1980)

27. X.B. Gosweni, C. Chandra and S.N. Srivasteva, J.
Indien Chen. Soc., 58 , 252 (1981).

28. M.X., Reddy, C.S. 2eddy, end B.,V. Sunderan,
Tetrehedron, 41 , 3071 (1985).

29. R. Pascual and X.a. Herrasez, Can. J. Chen.,
63 , 2349 (1985).

30. K. &Qinarayane, B.Sgthupam and T.Ne. Rao, J. Indian
Casn. Soc., 53 , 877 (1976).

31i. &.V. Usha, B. Sethuren and T.N. Rao, Indian
J. Chen., 154 , 528 (1977).

32¢ MeGeRe Reddy, B. Sethuran and T.M. Reo, Indisn
J. Chene, 164 , 31 (1978).

%3%. V.S. Rac, B. Sethuren ard T.N. Rao, Int. J. Chei.
Kinet., 11 , 165 (1979).

34, D.5. Hahedavepne, X.5. 2angeppa, N.Mgll. Gowla anl
B.P. Gowéa, J. Pays. Chem., 85, 3651 (1981).

35. I£eS. Renachandren, T.3. Vivekananden and
R. Hitayenandien; J. Chem. Soc. Perkin Trens II ,

1507 (1985).



36.

37.

38.

39.

50.

41,

82,
435,

Ly,

45,

X.C. Gupta, X.K. Gupta, Int. J. Chem, Kinet,,

17 , 769 (1985).

B.,%. Gowda and B,S. Serigere, Indian J. Chemn.,

254 , 960 (1986).

.S. Aenachendran and .S, Vivekananden,
Tetrehedraen, 40 , 4929 (198%4).

M.S. Rapachendren, T,S. Vivekanandan and S,S. Xoder,
Indien J. Chem., 234 , 379 (1984).

B. Krisina and I.S. Si~gh, J. Inorg. Nucl. Chei.,
31, 2964 (1969).

C. Walling, "Free Radicels in Solution", Wiley,

New York (1957), p. 38.

T+ Nekanura, Biochen. Biophys. 4cta, 30 , 44(1958).
Lenge's Handbook of Cheanistry, (ed. J.4. Dean),

¢ Graw Hill, New Zork (1973), Sec. 5.

LeJ.L. CooOper anc L.%. 2zdfizld, J. Biol. Chern.,
230 , 527 (1975).

L.J. Bellany and R.L. Williams, 3iochem. J.,

18 , 81 (1958).



114

CHAPTER 3
ZINETICS OF OXIDATION OF CYSTEINE AND MITIIOMIIE

Pulsc rediolysis studieg l2ave siown tie presence

of trensient Species wien taiols are irradiatst at a pa where

]

sone iopisation of the thiol group has occured., These speacie

=y

ave an absorption band from approxiiatesly 350 to 500 wmm with

e messinun at 400 to 450.and an extinction coefficient ofi <ie

L - -1 . . " .
ordzay of 10" 1 mol 1 crt . It was shown that the trarsient

'

gpecizss formed wes R-S5-S-R winich resulted fron the rsactions

of taiyl radical with tihe thiolate ion (1),

; - - _____.___A =4
RS + RST T—/———= RSSR (1)
The rate of disappearance of ths thiol was controilec

by the dimsrication cf froe thiyl radicals,

1

* &
RS + RS —==23S5R, as observed for cysteine (2)

Pty |

In the cace of cysteine tiz cixtinction coefficient

1

at 426 nn was 0f the order 9 x 103 1 mol cm“i (3) -

The radical foruecd by dissociative elecirom cepture
hes been detected directly for the mereapto acetate ion (3).
The radical, ‘SCEH2C(N§2)COO—, wes detacted in alzcline

" solutions of cysteins, ebstrection frox the f?-carbon atoa,

with respect to Sulphur, being attributed to the axtra
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stebility of a terticry rodiiceil (&). Ha;;cvéﬁalze reclily
lactonises readily in acidic sclutions. “h2 reaction of the
03 redicel with the lactone for: of adaccysteine Lacds to
oxidetive deamination end %zto acid formeticn in o nennsr
siniler to theat for e.ino acids (5). Thais sisws tiat aydrogen
aton gbstraction occurs fron the tertiary carf“ atoa,
rether thean froo that to sulphur, as found iz BSR studi
with cysteive (4).

Waen neutral and glightly alkeline solutions of

cysteine saturatad with N.0 wore irradisted (8), it was

2
fou:d that oxygen .arkedly decreaszd tas anount of ASSR

formed, inmedietely after the pulses, as well ap grectly

increesing its reate of decey by ths roacivion:
RSSR + 02 - A5OSR + O2 -
& WeeaX trensiernt, :A at 530 wags dokected

nex

when acidic solutiorne of cysteine Were irrsdictod in the
prescrce of oxygen, thc ziount formed increesing Lorginally
with cysteine concentraticn and cerzzdly with oxygen
concentration.(7).

3SR studies on single crystals ci crstceine
nydrochloride nonohydrate geve an isotropic doubliet es tac
main radical species with a nigh enisotropic , but axizl,
syrmetric g factor, attributed to the SCEZCH(COOE)NH; c1L™

yeieal (8). The radical recombiration in irradiated
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poly-crygsteline

340-390 K has baen reported (S). The decay

~

dimerisation of thiol radicals,andc hydrogen

hetwWwean the thiol grouss and thiyl radicals occur:

378 X ().

cgstoins hydrochloride monohydrata at

wmecharism involvad

Sulfide entry into organic linkage 1is througna . a

reaction with serine to form cysteine, tae centreal coupound

of intormediary thiol nmetabolisu (10).

Thz direct HZS-Hzo intcerchangs enzyne, Sorine

gulfhydpasc 1S ragponsinle for the sulfuration or
of cysteine (10). Cysteire formation through ths
of thiosulphate to serine or o-~aceiyl serine ey
in the sulfur petebolism of some organisms, with

cysteinc serving as an intermedicte,

desulfuration
cddition
e ingortent

S5=011l72h0o-

?Hzoﬂ 332~S-803H ?HQSh

H?—Naz + 1{28203 ~—w«§HE.-NHQ —3 H-C-M2 + H2504 .
002H €oH COQE
Serinse 5-Sulshocysteins Cyctaire.

The only thiol oxidstion reaction to oxy-derivetives

of general wiochemicul significeance is

cysteine sulphinic gcid (10,i1). This is

houvght

EJ
Lor

iritial reaction in the main path wey

that of cystaine o

R
v

the utilizaetion

of cysteins sulphur for sulvhate production (1G,11).
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Desulphuration of cysteins nay play & rolc in thiol

cetabolism.
CH SH B T T
! 2 :_125 (‘3'112 .1 (;;:_.3 )
1 I 002 =
COQH CUZH
| - Pyruvic
Cysteine acid

It has becn suggested thet the removal of thiol
group froil cysteine was through the intarinediate formation
of thiol rpyruvic acid, which is the O‘—kcto acii dcrived Zron

cysteine by trons amination.

Cd, SH fogza 11—125111 GO
HC-NH, + ng —_—) C=0 + 1,
- T‘—-——-’u l
Cd,H (‘iﬂg GCooH ?Hz
Ce= O H—C— NH,
| |
co,, thiol pyruvic CO,H
acid
~~katoglutexic GIUZEW§C
acic Cl

The product cen react with an erzyme which trergsiers sulfur to
a vearicty of aceeptorm to generats thioculohete, thiocyenate

endé organic per sulphidesz (10-12).



Cysteine can dmate its sulznor to form houocysteins
waich can be mathylated to give nethionine. Thicl groups enter
sou2 biologically important thiol compounds by the direct
ircorvoration of cysteine, end most freguently this
involves ithe peptide bond formetion .Rn oxanmple in whick a
portion of the cysteine carbon chain ic directly incorporated
irto the protein has been shown in the synthesic sf Biotin
by microorganisms (13).

Cysteins ip thz pivotel cowmpound in the thiol
netebolism. Sulphate anc other oxidise forus of Sulphur ore
reduczd to the 1level of sulghicde which entcrs corganic
linkage &5 cysteine. All biological thiols arnd tielr
derivatives such as disulphides, thioesters, tniogthere end
sulphaniun salts derive sulrhur through cysteine., This is
acconplished .cither by trans sulvhuretion or by incorgzoration
of the cysteine structurc dirsctly.

Blectrochenical netaods have besn used for the
guantitative arelysis of thiol and disulphide groups in
orgenic compounds as well ag in proteins (1&-192), The
rolorography of thiols is characterisced by & ®Well defirned
anodic wave (20-23). In tac cese of cysteine, ths siape of
the polarogran depended strongly on ml and buffer {(24%). It
was shown thet tihe anodic wavz of cysteins wego lug (o the
formetion of nercurous merceptide (24). It wac otserved
that cysteine weg oxidised by a 1- elzctron procecs t> cysting,

ard furthsr oxidation gava cysteic acid (25-36).
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Methionine is one of tnz twenty anirc ceile wiilized
for protezin synthesis. N-formyl methionire is an importent
chain initietor in protein symthesis (27). HMdthionins
reects with ATP to produce S-adenosyl wethionine, with the
releese of hoth, an orthophospvhete and & pyrcshoszhate
residue. S-adenosyl netiaionine is an "active methyl" compound,
and serves as a nethyl donor for bioclogical synthesis. It
has been shown that tie methyl groups have been derived from
nethionine in the biosyntheses of various alkalaids cuch ag
choline (28,29), gremine (30), sedanine (31), ricianizne (32),
nicotine (33), isoguinoline alkeloids (34), indolz alixeloids(35;,
quinoline alkaloids (36,37), purine alXaloidc (38), end

diterperoids (39).

Thiols 2zave becn oxidisczd to disulghides by
peroxidic compounds (40), DISO (41), halogens (42), fiethyl
azodicerboxylate (43), nitrc end runitroso coopourde (kk),
iodosobenzene (45), trancitiorn metal ions (46-51), LT4 {(52),
netal oxides (53,54), Plavire derivatives (55), 2:.d by proto
oxidetion (56).

The oxideticn of cysteinz hes been cerrizsd ouv by
various oxidising agents such as DifSo(57), auto oxidation
in the vrogence of Cu2+ ion (58,59), caromic eccid (5606,51),
perilenganate (62), recdiolytic oxidatiorn (63), bronide ard
jodide radical enions (64), super oxicle ion (65), =nd by

the 12-tungsto cobaltate (III) ion (66).



Mot hioning 189 beer oxidised by owidlisiry egents

such as chromate ion (67), ot

ion (68), chromic acid (60),
halogen redicel anions (69), suto oxidatior ir the presence

of ascorbic acié (7C), periodete (71), hydrogen peroxide (72),
Chloramine - B (73,74), Chlorenine-T (75), and by 3ronenins-T

in agueous solution (76).
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PRESENT WORK

The present work is a kinetic investigotior of
tne oxidation of cysteine anrc nethionine by poiessiun
hexacyanoferrete (III), in alkaline melium, at constant

ionic strength, under a nitrogen utmosphere.

Stoichiometry ( Vide 'EBxperimental® ).
The stoichiometry of each of ths reactions wes

deternined to bhel

(a) Cysteine

2 RSH + 2Fe(CN) 6- + 208" ——3 RSSR + 2Fe(CN)lé + 28,0

(b) Methionine

R.GA(1H,)CO0H + 2Fe(CH)2 ™+ 208 ——

/ vy T T ~ l"- -
R. CH(HH,) CO0Z + 2Fe(Cl),” + H,0

i )

{(Sulfoxide)

Bffect of substrate and oxidant

The rate of the reaction wes dependernt on vhe first
povers of the concentretions of Sub8trate and oxident

(Tebles 1-2 ).



Table 1 ¢ Bffect >f subotrate and oxident

Cysteine KBFG(CN)G 10” X Kopg
(10° x 1) (10* x M) D
540 540 21,0
10.0 5.0 40.2
25,0 5.0 105.0
50,0 540 20240
540 2.5 2.5
5.0 1.0 2140
5.0 : 0.5 2C.0
5.0 Ol 22.0

/NaOZ / = O.25M;fﬁ.= 0.25 ¥; tenp, = 30°C.

Table 2 ¢ Rffect of supstrate and oxidant

/ Methionine / / K3Fe(CN)6 / 105 % Kopg
(10° x ) (10* x M) (st
1.0 1.0 be6
540 1.0 2342
10.0 A 1.0 )
25.0 1.0 115,0
1.0 0.5 4.5
1,0 0.25 N 4.0
1.0 0.1 L 4.6

/ NeOZ / = 0.5M3 p4 = 0.5M; teup. = 55°C.
{



U
Do
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Plots of kobs ageinst tho concentratiocn oX¥ oubstrate
were linear pessing tarough the origin, irndicating that the
rate of oxidetion was dependent on the Zirst oower of the
corcentrations of the cubstrates. This wes further Sazn by
tae corstant velue of Bi,tae sacond ordier rate corstant.

Then a constant corcentration of the substrates

( lerge excess) was usagd, kg @id not saow any appreciable

S
veriation with caenging concentration ol oxidant, irdiceting
a first order Jdenendence of & reaction on the concentration

of oxidant ( Teble 1 ).

Bffect of alkeli

The rete of the reaction was depencent on thz first
poWwer C<f the concentration of tae alkeali in the rornga

studied (Teble 3 ).

Table 3: 3Tfiect of NaOH

NaO= Cysteire ' ethrionine
T 5 s (‘..1

(1) (107 = &g o 877 )

0.05 4,0 Ok
0.10 8.2 C.9
025 2i.0 22
C.5C 42,5 L,E
0075 ) 6’*'0 6.8

/ Cysteine / =-5x10‘31 / X be(CN)6 / = 5x10-4 113

A = 0.25 5 teup. = 30 °c.
/ Hethionine / = 1xi0~ n, / KBbe(CN)c / = 1x10 =i
(L = 0.5 M; temp., = 559C.
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Rate Law
Under t2z present ecxperizental conditicrs, the

rate la could bhe expressed as:

: 3=
Roto = - d/I‘e(CN)6 /

i . - A3 -
— = kobs/ &nino 4&cid/ /re(CN)S / /01 /

ceereeeee (1)

The psuedo first order rate comstanrt Robs’ was celculgtbed

fron the equation (77):

2.7 D

k = —%9}- 1Og O o o0 UL I ) (2)
obs D
t

( vide 'Bxperimental': Calculeations).

Bffect of Tesoperature

The rates of the reaction wes infgluencel by changoes
in tenperature, the rate showirg an ircreasce with an increase

in the tauperature (Tablzs 4-5).
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Table & : Bffect of temperaturs

> -1 B
Temp.,, 10”7 x Robs (s )
(+6.1 C)
30.0 21,0
35.0 2%.0
40.0 20.0
k5.0 38.0
500 ~50.0

. -3 -l

/ Cygteine / = 5x10 - M; / Ker(CN)6 / = 5xiQ” 143

-

/ NaOZ / = O.25M;fi,= 0.25 M.

N

Table 5: Bffect of touperature

>

Tenp. 107 x kobs
(+0.1°0C) (s~
45.6 243
50.0 3.2
55.0 4,6
6C.0 5.9

/ Metaionine / = 131072 13 / Ker(CN)6 / = 1x10™% 13

/ MaOH / = 0.5 I W= 0.5 M.

From the linear plots of log kobs ageinst tac

rzciprocal of temperstiure (Fig.i), the activation cnorgics

Wwere calculated . The other cctivaticn paramzsiers Ware

%)

calenletod ond haue bean shown ( mable 5) -



:‘l’
1.7 (» Cysteine

425 Methionine

1.0
+ log %cbs

Fig. 1 : Plot of log ke against the reciprocal of

temperature,

bs



Table : Lctivation Paraneters

Paraneter Cysteine letaionine
B(xJ mol™h ) 25+ 2 5543
a(sty 5x10° 2x1C*
AT (EJ aor™t ) 2242 5247
4 sF (-t mort ) ~19046 ~17044

Values of ‘ss#: in this range for radical gecciions
have been ascribed to the nature of slectron -~ peiring and
electron - unpairing processes (both of waich are'inherently
forbidden processes), and to tihe loss of degrees oif freedon,
formerly available to the ysactanks on tae formetior of

rigid trarsition state (78).

EBffect of added Kqu(CN)6

The addition of Kqu(CN)G in the concesntretion
-l bl £ Tl 3 T
range, 1.0 x 10 : 4 to 1.0 x 10 BM, ¢id not have any effsct
or: tae rates of these rsactions.

Bffect of ionic strength

Variatiors in the ionic strengtiz of {tle mediunm
using NaCloq(ﬁL,= G.01M to 0.50M), did nct have any elffect

on the rates o0f these reactions,



Bffact of added selts

The addition of salts such as Natl, N&NOB, KNO3’

4

Ne,S0,, MgS0, (concentration range of 1.,0x10° " I to

2
5.0x 1072 M), di& not affect tae rates of thesd roactiors.

Bffects of addition of product

& 3

The addition of the product (1.0x10 M tc 1.0x10 °K)

did not have gny efrect on the rates of these resecticrs.

Radical intermediates

The esr spectrux of the radical gemerctz@ from the
oxidation of cysteine wes obtained ( Vide 'Experiuental'’': BESR
neasurenents). The radicel intermediate, detected in thz slow
step of the rcaction, was a 10.0 G triplet, whici wac further
split by ome nitroger (5.4 G), and tws protons which were
uneguivalent (0.5G and 1.2G), hevirg the valus oF
g = 2.0037 + 0.0002. It could be assigrad to the radical
species, [ "SCZ, C(1,)C00™ ] , abstrection from tae
f}-carbon atom (with respect to the sulfur) being attriduted
to the eytra stebility of the tertiary radical. Thzs two
aydrogens cf the enino group are not eguivalent, &8 -ac
veen ecrlicr reported for radicalg obteainezd from otiher eamino
acids (79). In the present invastigation, the velue of
g = 2.0037 + 0.0002 indicated that the thiyl radiccl

intermedieste was absent. Thiyl radicals typicelly nave &
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large g-factor snisotropy (principal values suck as 2,003,
2,025 and 2.053 have beesn observed for L-cystins dihydro-
chloride (80), with anisotropic value cf 2.027). No taiyl
redical wes detected, probably beczuse such radicels could

react with thiolate anions (81),

RS + 25 ———> BSSR,

and thé g-factor of RSSR might cause such line broederning

to meke it undetactable by ESR spectroscopy.

Mechanisn

The rates of the oxidation reactions of cysteine
-and metaionine by hexacyanofarrate (III) were dependent on
the first povwers of the concentrations of the substrate and
oxidant (Tables 1-2), This indicated that the reaction was
directly between the substrate and oxidant.

The eddition of hexacyanoferrate (II) ioms did not
have any effect on tihe rates of thess reactioms, incdicating
that the reaction between the substrate and oxidant (the

electron abstraction step), was an irreversiblc one.

The additiom of salts did not have any efifact on
the rate of the reaction>indicating tiat the reacticn wes
between an ion end a dipolar species.

The reaction pathway was vie the formetion of a

radical intermediates =¥ detected by ESR spectroscopy.
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Since potessium hexecyenoferrets (III) in 2 one-
electron oxidant, it would be justified to postuleate tret
the reection batweon the substrate and oxident would give
rise Lo & radicel internadiate, analogous to uerny erszymatic
oxidetion reactions which al80 proceed vie radicel
internediates (82). Tais would imply that hexecysnoferrate(IIl),
as o chezical oxidant, was capabla of nimicking enzymic
bohayiour.

In the present investigetior, the formnation of
radical intermadiates was supported by the following eXperiuentic
obsaervations:
(2) tae rate of the reaction wes dependent on the first

powers of thae concentrations of tha substratac and

oxidant;
(b) the lack cof any effect or the rate by the sddition of
hexacyenoferrate (IL) iors;

(c) favourable erthalpy and entropy fectors wrich wers

iy

caaracteristic of radicel procesces; eand

(@) detection of redicesl interuzediates by BSR spociroscopy.

The pK, value for cysteire has bacn reported (83)
to e 10.28. It can be essuazd thot cysteine axistod mostly in
t22 foniged form in aqueous mzdium. Since disulphile was thae
Final product of the oxidatior reaction, the sulfhydryl

group ( — ST ) providss the site of attack. Theo resction
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gseguence for the oxidection of cysteine by hexacyar.cfarrate(IIl),

in alkeline nedium, is shown in Scacne 1.

SCHENE_1
MS—CH,—CH_ 600" HSmeCH = CH—C£ O™
| + OH z
Ny — NH,
Fo(MN)5 sz ?—-coc-
sleu
NH.y
|
(Rs® <)

2

Rs2> RS2 _ past i 2-gssR .

The reaction sequencz for the oxidstion of methicrine
by nexacyenoferrate (IIL), in elXxalins madiua, is ghown in

Schemne 2.
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Schere 2

H
|
- S
coo0 - (':- CHy-CH,~S— CHy  + OH
+NH3
(Methionine)
H
CO0™—C — CH—CH 5 — CH, Fe(CN)c™, ad.,
H slouw
NH,
C007~C —CHg- CHz S Fe(CN)g™y 26
' 2 e N v
as
NH,
H
|
COOH — (!:_ CH,—~CH,~SZ O
NH,)

(Methionine sulfoxids)

4

Barlier investigetions hed schown thet mnstaionine was
~ridigsed to tae sulfoxide by ocoxidising agentc Such ag KBrO3
end ICL (8%), broainc (8%) and iodine (86).

The products obteained (the disulfide from cysteine,

M

end the sulfoxide fron .metihionine), Were isolateld and

charscterised ( vide '"Buperiiental' : Product zrzlycic

o
L]
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CIAPTER 4

KINSRICS OF BXIDATION OF TRYPTOPHAN

AND TYROSINT

Tryptophan is an important symilion in tle creation
of a very large numnber of natural products. It ig a precursor
of the important plant harmones related to indole-j-acetic
acid as w2ll as of the indole alkaloids (1), Substituted
tryptamines nave been found to be wicely distrituted in

cavsral plents (2,3). Tracer experiwesnts have oiown that
the degradation of gramine by beriey plenvs apparently leads
to an indole derivative that can ©2 reconveried to tryptophan(k).
The pathway to nicotinic acid fron tryptophan, anthrariiic

.

acid, is well elucidated irn animals, and ses=ms to be used by
fungi (5), and by yeast growing aerobically (6). Tracer
experiuents save shown that the C=3 of trypiophan Was
Spgcifically converted to C-3 oI tropic acid (7). Acid
Lyarolysic of tryptozhan - corteizing proteins zeve riss to
harmene anc its derivatives, which are imporbtant indole

zaloids containinzgs the indole

a0

[s)]
;‘,,J
l'\

alzeloids (U). Many plant

a

ard duinoline nuclei heave b2en skoWn to be derived fronm

e

ryztophan (9,16). It Ras besn confiraed tihst tryptoplan

(&2}

cozbines with antireanilic acid im corz of the initial oteps

ir the biosynthesis of the alkaloid, rutaecarvine (i1).



Phe comstruction of tihe anthranycin fraweworr Ty ilature
highli dhto the geinful ulilizetion of the meltelolic proGucte

of tryptopvhan (12,13%). lielatonin, found ir Lig: ccrcentrations

in the nineal Ziand ewxd wxich is resspounsivle for t.oe
coustruction of melanopihcres, is an indole derivative arising

1y irn aniaels

m

frox tryptopher (1%,15). Serotonin occurs wi
and plents, and it arises from tryptophen by hydroxylation
in the 5-position and subssguert decarboxylation (15,17).
Yryptophan 1as been observed to ¢ ot the active sites of

Qany enzymes such a8 gtreptococcel proteirnase, pepain, and

trypsinogen (18,19), end in egg whike lysozyma (20-24%).

Protoalkaloids relatel to tyroocime sre ingortant
precursors of verious groups of alkaloids (25,25). Treacer
experiments Witk barley 3ave denonstrated the origin of
tyremire and aordemine from tyrossine (27-2¢). Zigh contentc
Of tyrosine were cbserved in weny lupirs alralaiio (4C).
Isoguincline alkxaloids have been Cerived by &
0x & carbonyl compound with e Gerivative »7 tw-ooire
(31-33%). Trecer fseding experiments chowad toab tyrocine-

Ak
2- C weao & zrecursor of apcrpnine and morphiren alika

1
in poppy seeds, with the lebel appearing at C-G end C-16

ol moryvhine (34—37). Pyrosine hes veen SioWwn 1o Be o

o]

pracursor of betenidin, an alZalold of the imidezmclsz group

(38).
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o

The Xinetice of oxidetior sf trypbcihan an
tyrosire 2ave Dbecome inworvent becepse of their biologicel
significence,

Tryctopran has been oxidized by periodate (39),
photooxidetior (40), eutooxidstion (41), irocrgenic radicel
ions (42,43), enzvmes (44), sodium hypochlorits (45),

Osmium tetroxide - pyridine reegent (46), arnd by chloramine-
T(47) .

Tyrosire hes been oxicized by Cu>'/ 1,0, (48),

peroxidese (49-51), and by chymotrypsin (52),
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PRESTEIT WORK

Phe present worix is a detailed Iiretic irvestigation
of tire oxidation 2f tryptopher and tyrosire
hexacyeanoferrate (III), in alZzaline medium, at congtant ionic

strengin, under & ritrogen etrosghere.

Stoickiometry ( vide ‘'Bxperimenteal'),

The stoicaionetry of each 0of the reeactions was

determined to be:

R.CE(IE,).CO0Z + 2Fe(CH)Z + 2 037 ————3

R.CO0.CO0H + 2Fe(CN)6' + NHy + Hy0 .

o CH—
4= Q} Tryptoph
Q ) (Tryptophan)
|
H
= Hb—{éi;i}—» CH, — (Tyrosina)

Bifect of substrate ard oxident

The rets of te reaction was observad to depend
on tie firet powers ¢f tha councenirations of both,

substrate and oxident { Teble 1 ).
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Table 1: 3ffect of supstrets and oxidert

b j - ("'1
/ Substrate / / KBﬂe(CN)6 / 107 = B4 (s™)

( 100 ¥ i) (10* ¥ 1) Tyrosine Dryotoshan

1.0 1.0 s

5.0 1.0

W

(o}

*

o

W Tt Bl
NVl Wt

10.0 100 '77.0

50

=

25.0 1.0 19G6.0

2
0

C

C

1.0 0.75 749 545
1.0 0.50 8.0 567
o

3

1.0 0.25 7.5 5
1.0 0.10 75 5.

/ Wa0i / = 0.5 K; fL= 0.5 M; teud. = 55°C

P P -2 7, - S e e T ok -y 3 e o~
fioes o & egeinet the ccuncanuvretiong oI

o~ : PR S e T - Lt Ty
concenvreations oF vie Susstroted. Talsc wWeg Turitlar

substentiated by tiz cowsternt vaelue (F kz(uge czeond rate
order cornGtantl.

Wiazn a comttant corcentration oFf succtrats (large
excess) was us2d, Xk

obse

tion on the

K
£
e
O
)
&
|
3
o
™
)
H
L
“
(<
Q
L5
(9]
W
L
o2
[©)
4
O]
[}
O
W
w3
o
[&)
[V
=
¢t
)
(0]
Lo
[O)]
™
¢]
ca.
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concentration of the oxidant (Table 1).

Bffect of lMal=

The rate of the reaction showed e firsct order
cerniéence on vhe concentration ©f MNalOi im the rronge

studisd (Table 2 ).

Table 2 : Bffz2ct of NalH

/ NaoH / 10° x Eopg (8"1 )

(12) Tyrosine Tryptoghan
G.05 0.7 C.5
c.10 1.5 i.C
0.25 3.8 £e5
0.50 7.8 5.2
1.0 16,0 10,0

Rate Law:

Under the present experizontal conditicnc, the
rats law could be expressed as @
d/Fe(CN)g" /

Rete = w—— =k ng / Azino Aeid / / Fe(cw)y™ / / ox” /

e (1)



1 4 “‘)

The psuedo firat order rate constert, I,

calculated from tae eguation (53).

B
L’:Obs - t"""-" log -'F-t-—— ® e s 0 0 ( )

( vide 'Bzporisentel' : Calculations )

Affect of temperature

The rate of the reaction wes influsnczd by
carenges in temperature and an increese in tooajeraturs
recultad ir an increese in thg rete of Thae reection

(Table 3 ).

Table 3 ¢ Bffect of taupereature

m 3 -1
temp 107 = & _, c
emp. 0 . ( )
o : L
( #0.17C) Tyrosine Tryziopaen

45.0 3.5 %02

5000 500 ’:.":-j
55.0 7.8 5.2
60.C 12.7 5.0

/ Subctrates / = 1 x 1072 i3 / K Fe(Ci) g / = 1 x 10

/ NaOZ / = C.5 I3 fA-= C.5 I,



Picts of 1oz & ageiret the rescioprocei oIf
obs
temperature Were lincar (Fig.1), suggessting
the &rrhseniuc sguetion. Toe slozes of the ploud Were ussa to
elculate the sctivation energy -f tie reactioms. The otrer
tp.

activation perameters were celculated ( vide 'Zyperizental’:

Celculations) enéd 2avs been shown in Table 4,

Table 4 : Activetion Parameters

Parameter Tyrosine Tryptophen
2 (kJ mal” ) 2042 25+2

(
(s™1) 1x10* 5 x 10°

&

AZ—E:F( xJ m0171) 1742 2042

AS:":(JK—imsl.'i ) ~1380+6 ~190+6

) . P
Ry i
120G 50902

Ths values of L‘_\H:’é‘ end L\S:F: i

favourabls for zlectron ebolraction procassec, Thz fevoursble

()
3
i
{
4
=
L]
\.
¢
o
¢
ct
O
-
5
W
L
(¢]
l“"
@
o
[}
w
¥
bt
194
3
W
' 2
G
oA
g
(@]
3 N
2
C
pod
S
@]
¢t
e}
G
]
]
=
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\.
2.0{
(¢) Tryptophan
{2\ Tyrosine
1.8 |
4 + log k obs
1.0 L
\\\\\\\
o Sy
\\Q
&
0.5 — { - >~
2.8 3.0 3.2
103 /1
Fige 1 : Plot cf log kobs against the reciprocal of

temperature,
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of added X,Fe(Cl),

The addition of re(CN)6 in the ccrcentration
range, 1.0 x 10‘4 M to 1.0 x 10~ =3 M, did nct reve any effect

or. the rates of thegse recctions,.

Bffect of icnic strength

Veriations in tae ionic strength of the zediunm
using NaCl0, (fA“= 0.01lL to 0.50 M), ¢ic not eave any

&

inflaznce on the retes of thess oxidation reactions.

e addition of salts such as NaCi, NaNOS, KNoj,

Ma,50,, 1£g30, (Cozcentration renge of 1.0 x 10

(D

1.0 x 10‘5 M), did not affsct the rates of tosss reactions.

( Vide 'Ixperimoental' : ISR neasurements ).

&

h

3

esr spectra showed & Six-lins Spocire for the

o

radicel intermediates obktained from the oxidstion of cacn
oi the ocubsirates. T:is was accounted for by & readical
intermnediate consisting of three siuivelent protons and a

nitrogen atom, all seving nearly 23uel couslirg constants.

Phzre wes no further splitting -Z ths sigralc.



Mechanisn

The rate >f the reaction betweer tle subsirate and
hexacyenoferrate (III), in elkaline mediui, was depencdent on
the first powers of the concentrations of tha reacting
Species — cubstrate, oxidant end a2lzeli ( Tebles 1-2).

Since ell the kinetic studies wer:z carried out at high
concentrations of NaQOH (Tedbls 2), it may be assumed-that the
arinc acids wculd be completely discocieted irvo their
anions.

The addition of hexecyanoferrete (II) ioms did
not tave any effect on the rates cf the reactions, indicating
thet the reactidn betweon the substrate end osxidant (tae

e2lectron ebstraction step) was an irreversitic step.

The addition of salts did not 2ove any iniluence

on the retes of reactions, indicating that tho reactiorn wes

between an ion and a dipolar Hpecias.

The reactior pathwey Weec via the Iorcation of
redical intermediates es cdetected by ESR spactroscopy.

The subSequent steps involveld the repid reaction

o

2g reficel with the oxidant yiclding the {pijpne compound,

ci

51
which uncarwent Lydrolysic tc give tae corresponding keto
aci¢ and ammonia. No otvler internediaste could bz isolated

frco tae reaction nixturc.
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Sirce potessium hexacyanoferrate (III) is o one

ot

electron oxidanp)it would bs justified to pogctulais that
the reactidn between thz substrate erd oxidert would give

rise to a radicel interazzdiate analogous to enzymatic

oxidetion reection which are also known to proccad via redicel

intermadiates (55). This would suggest thet hexacyanoferreate

(III) as a chenical oxident, wes capabls of simuleting
enzynic behavior.

In the present investigation)the foruation of
rediczal intermediates was supported by the following
experimental obsarvations:

(a) the rate of the reaction was dependent on the first
prowers of tae concentrations of substrate end oxidant;

(b) tae lack of any effzct cn the raia

1’

T il reaction by

)

addition of hexacyanofcrrate (II) ious,
(c) fevourable ernvhalpy end entropy factors wiich were
cararactzristic of radicel processas;

(&) detection o0f radicel intermediates by 25R S72etrOSCOPY .

Tad reection cegusnes for the oywidevicon of taese
amino ecids ( tryptogien end tyrosine )
hexecyanoferrate (III), in alkelire mediuwn, is ®hown in

Schene I,



R——C—CJaCH

NH

1
Ty

W

producte obteine
goch cese) ware iso

Ixperinental's

It is known taat f-Zat

s or add weter to

ated

Product i

-~
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SCHEME

OH™

NHZ

3—
R G—CO0™ Fa(tN)g

ReeCH CU™

fast
NH

HoO R— C—COOH

ned ( tie corraspond

- Tr A P e 1T
T20Lonalng KLee0 &Ciul 1t

3

b=
D

nd charveccterised { vido

s

e ar

veic) .

12v0 acids, I , cex form

ferm Dydratzs or gem-aiols,

NH



IZ X (ir structurc I) is clectron-withdrawirg

(such eo irdolyl, IV), the 2nol if on important contrivution,

particulerly inr clkeline solutions {(57-56). Scue evidence

. - . - - . . - . . - 7 = .
hes been oregented vhaat /9—1naoly1pyruV1c ccid, IV (obtein

[0

d

it

ron the oxilstion of tryptopacn), cnd E-(p-lydrcxyghenyl)
i
pyruvic ecid, V {octeinzd from the oxicdetion of tyrosirne),

crystallize &5 the ondl, IVe and Va, respoctively (60,61)
— r



O p— @

CH OH

(V) (va)

Undexr anecrobic eonditione, two orng of F%—i:dolylpyruvic

acid could be Getectad Dy papsr carsnatogronhy, prasucbly

the xoto (IV) znd encl (IVa) Zorms (62).

The enzyme, arylpyruvete teutomerase, as baen

obgerved to ceatalyze tae repid interconvergion satween the



Xeto anl 2nol forms of ;5-(p-hydroxyphenyl) nyruvic scid,

V, and to & lesser extert, B-~indolylpyruvic coil, IV (53).
The wresence 2f teutomeresc nef Tzen founG

. - - = -,
50 2 usexXunl for

ct
o
0]
©

spectroscozic cGeternination of sngymaticeally gonoratid

aromatic {~keto acids in borate buffer (53).
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CHAPTER 5

KINETICS OF OXILATION OF GLUTLIZIC ACID

AND ASPARTIC ACID

Glutamic acid hes becen used 28 ouprocursor‘in
the biesynthesis of the pyrrolicdine andé piperidine rings
of nicotind ernd ancbesine (1-3). Glutazie acil has been
found to be a constituert of various lupine alixalinds (%&).
The active site in trypsin 225 bezn fdund t0 contain
glutamic ezcid in position 173(5). 1In the zrzyne, carboxy-
pepiicase &, tha glutacic ecid ragidue at osition 72 is
lirked to a zinc ligand, while the gluta ic acid in joscition

270 i® prescnt &5 a nucleophils (6). Glutezic acil at

G)

c¥e

positicn 35, end asparti€ acid at position 52, have b
observed to bz dir:zcetly involved in ths catalytic function
of trhe enzvae, lysozyze (7).

In ©tne biosyntiesis of nicotinic acid fron
enaerovic yeest (8), vacteria (9), axnd aigher plants (4
ths pyridine ring is built from a €, unit closely rale

to glycercl ani & Seccnd unit closely ralstaed to cosartin

acid. It wes suggested that in the biosynihesic of

-

nicotinic acid , & condensetion >f glycercideayie-3-piaosphete
gLy V4

wes en iuportant step (11,12). In

n

with espertic aci
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caynotrypsin, the aspartic acid residue at position 102

Wes involved in a charge relay mechanisa, whils ths aspartie
ecid resciduz at position 194 functionzd &5 an ion vair waich
wes 1involvad in the ectivetion process (1%,14)., Thc cspartic

acid residue et position 177 was responsible for the catelytic

function O# tihe enzyme, trypsin (15).

Glutamic ecid and espartic zcid heve been oxidiged
by & variety of oxidisi.g agents such as ceric iomns (16,17),
chloranine - T(18), bromaminz - B(19), caloranine - B{20),
Co (III) cetalysed by &g¥ ion (21), peroxydisulfete catelysod

by Cu2+

ion (22), KMn04 in acid mediun in the pressnce and
absance of &g’ ion (23), hexacyeroferrste(III) cetelysad by
Ru(VI) ion (24), peroxydisulfate ion (25,26), N-brouoacstanice
(27), ysriodate (28), acidic periengenat- ion (29),

Fenton's reegert (30), ond by Fe?* ions (51).
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PAEISENT WOiK

The precent worz is & detailzd zinetic irnveltigation
of the oxidetion of glutamic ecii and aggartic acid by
potassiua hexacyanoferrate (III), ir alzalire mscdiuz, ot

constant ionic strengitih, under a nitrogen atnosphere.

Stoicaionetry ( Vide 'ZGxperiuentel').

The stoichiometry of tas reaetions wes deterninad

to be:
R.CH(M—IQ) CoO0I + 2Fe (CN)6° + 20 —)

2.C0. COOI + 2Fe(CN)'6*"

e I
+ 1..13 + 1—120

dere, B = - CI,~COO0: (esparcic acid)

Tne rets of the reuaction Wwes obsarsved ts e

gp2ndart orn she firsct powerc oi the concentrati-nc of
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-

Peble 1 ¢ ZTffect of substwats and oxidernt

(1)

&Spartic Gluteoaic
acid Fal ;

[Substrets [ [€Fe(CN)g / 10° x k_,

0.05 1.0 4.7 2.4
0.10 1.0 9.3 k.5
C.25 1.0 24,0 10.5
0.50 1.0 47.0 21.0
0.25 G.?5 23,0 10.0
G.25 0.50 25.0 i0.5
G.25 0.25 24,0 i0.0

.25 .10 2k .0 10.0

7,

ageinst tas comcentrzticnc of tae subsitratas, were linesar

oxidetiorn wes dependernt on the first power of tas
cncentrations oif vhe substretes. Thris wes further sazn by
the constant velues of kz,
dnen & constant concentration of the subsirate
(large gzcess) wes eaployed, kobs did nct showW any cupreciable

veriaticvn with changing concentretions of oxidant, indicating
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Thc pseudo first order rete constant, X

calczlated from the ezuetion (32):

D
_ 2,303 - o /
kObS = —T—— lo "—Dt' ) \2)

( vide '"Ixporizontel' : Celculetioms ).

Iifect of temporeture:

3
=

e rete of tas reection wee irflucncal dy ciang
t

in bBeoperature, tac rate

]
ol
Q
=
i
IS
+

¢
o
=
=
4]
[¢]
3
6]
O]
<
[
ct
[
)
[
-
3
(@]
L

in the touperaturc (Tebic 3).

Tabls %: 3ffoct of temporeature

Tajp°o 107 = k_, o ( g1 )
(+G.17°C) obS
dspartic Acid Glutesic 4cid

56.0 2.6 345
55.0 347 5.7
6G.0 6.5 6.9
5.0 G.3 10.5
70.0 12.0 13.8

/ 4spertic 4cid / = 0.1 If; / Glutemic 4cid / = C.25

—
5
-e

i x 1072

I

/ KﬁFe(CN)6 / If; NaOf = 1.0M;}X = Co5 1
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Plots of log kobs agsinst tht rzciprocal oOF
temperature were lincer (Figi). The slopesc of thece plots
Ware ased to cclculate the activation cerergies ofF

reacticns. Th2 other ectivation paramncters were celculated

{ vide '"3Iuperizental' : Celculations), and have bzor £hown

Teblz 4: ALctivetion Perameters

LSpartic Glutellic
Parancter Acid Acil

B( xJoel™™) 5543 57+3
A ( s~1 ) ux10* Sx10

¢§H;#:(RJ201—1 ) 5243 54473

418:¢:(JK ol ) -160+5 -155+5

The values 2f £ = ant. AS Wwere both
favoureblz for czlectron abstrazctionrn processes ,suggesting
the formation of redicel intermadieates in the ratc

deterniving step of the reuction (33).

ey P o’?aoj T F \
Bffzct oFf adde .1{4 e(CIT)6

The addition of KkFe(CN)6 in tho concentraticr

Lo
U

range, 1.0 ¥ 10~ to 1.0 z 107 i, Qi¢ nut 2eve eny

gffact on the rates of th

W
pus
bt
@]
[
o]
.

recc
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1.2 g
i
(s, Aspartic Acid!
éﬁxGlutamic Acid
0.8 |
5 + log kobs
004 - 5
2.9
103 /7

Fige 1 ¢ Plot of log ko against the reciprocal of

bs
temperature.
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Bffect of ionic strength

Veriations irn tae ionic strength of ths mzdiun
using NaCl0, (PL= 0.01M to 0.50 ii), did rnot influorce the

retues 2f the reactions.

Bffect of added salts

The sdditizn of celts such a8 MaCl, Nauoj, KHOB,

N5,S0, and }gS0, { concentration rcnge of 1.0x16° ° I to

2
5.0 x 1077 H), Cid not affect the rates of these rocctions.

Radical irtarmediates

Tae esr spectra - f the corresponding redicels,
generated from the oxidatiorn of each of tae substrotzc, ware

generat2d (vide 'Zxporizental' : BSR mcasuresents).

Tho esr spectre of thz radicels, obteimaed fronm
thac oxidatiorn of copartic ccid end gluteaic acid, each
gave a six-linc spectrun. This was accounted for oy a

radiccl specios corgisting of two eguivelont protont and

Lo

¢ nitrogen eton, all having rearly cjacl coupling corsteants.

Mo Turthor splitting of the sigals was obsarved.

lecheanisn

The rate of the reesction wes dzzondent on the

first power® oI the concentretions of zack of the reacting
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species — substrete, oxidant and alkali (Tebles 1-2).

&nino acids exist as zwitterions in ajuecud

solution. Bince tae kinetic rurs were carried out in
elxaline solutions, tne zwittericn would be quantitavivaely

convarted to RCH(NHQ) Co0 , which is the reactive species
urder the present experiaental conditions.

The addition of hexacyenoferrete (II) ions
did not have any cffect -n the rates of these reccticrs,
indicating that the electror abstrection step wes an

irreversible step.

The adiiticn of selts cid not zeve any influcnce
cn tae rete of tho reactiorn, suggesting Tact tic slow gtep

~,

of the racction wes between an ion and a dipoler gpecicds.

n 3 ~ "ty 3 - I U SO ] L
Tha geectiorn gothwey Wwes vic T.z formevian o

the redical with tho oxident, givirg tos icino commound,

o}

o
™
[¢]
-
o

&}
V)
bty

wiaich: on 1y<rolysi

LLoxrdal B2 COrr28wor _\.Ll_-t_; £20:

and armmonia. 110 otiler intermasliste(s) coculd be iscleted

C

from the reecticrn nirture.
Sir.ce potessiun hexecyanoferrcte (III) is & one

electron cxidant, the recction betwearn the substretz arnd

o

taz coxident would inveolve the formaticn of radicel irteri:adistas,

enalogous to enzynetic oxicdation reection. which arc Inown
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-

This would n2i»n to establish Ltrat
a8 a caericel o.idant, was cejavis of Zimicxing erzyoatic
belaviour.
Ir tihe procent irvegstigation, tne Zormetiosn cf

adical intsarrisdiates was suprorted by the Iolliwing
ovservations:
(a) Tze rete of tiae reacticn showad a first order dependence
on the councentratiors of each, substrate znd oxident;

+

(b) Bhe rete of the reaction was unaifected by tae addition

of hexacyanoferrate (I1) ions;
(¢) favourable entropy and ernthalpy fectors; arnd

.
0

L4

)

(O

rv 03¢

(V]

N

(2) sigrels o by 353 spact

O
A

The reectiocn Sagucnce For the ooiceation oFf
glutenic acid end aspartic acild by potascium hexecyaroferrects

(I1I) ,in alzaline nediumm, i85 Shown in ths 3chaie.

R~CI-CO0 R-C5-C00~

R = - CZ,C00% (4

spertic Acid)
= - CH5,-CH,C00% (5

a
1atanic 4acid).
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The product obtained in each cese (the correspsonding
keto acid) was isolated and chzracterised ( vide

'Bxperimental’'. Product znalysis).

oceurrirg emino acids are of wmejor ioportance in
internediary metabolism. Oxaloacstic scid end
a{-ketoglutaric acid are intermediates in the tricardoxylic
ecid cycle. Interegt in the biochenicel imporitanczs oOf
o(—keto ecids nzs iwncrszased substenticlly.

-

Thz azlactone wethod hee nzen zmployzsd for thsa

w

synthasis of ¢xaloacetic acid and {?i-ketoglutaric acid,
sterting fron the respoctive anino acids, aspertic acid
end  glotaic acid (395). The appropriste acino ecid wes

gzntly haated witlh trifluoro ecctic anhydride oo

corpasponding N~ (trifluoroecetyl) aminc acid, 1 , which

5-oxezolona, 2 . Thls coapound wes readily convaerted ©o
tiae corresronding 0(;ket: acid vie s novel intraizdizculer

oxideition -~ raductinsn, Followsd by aydrolveic
s J 9
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Reme CH—COOM (F3C.CU)20 5
NH,
H
| P
R"—C — C/ diluto
7 [ [ NaoH
N U
N/
C
f
Ch
(2)
H G
—_— R.CO.COOH 4+  CF;CHO
(1)
1 R = ~CJCH.CHg
R = =COJH. CH

NH

R CH——CC UH

|

NH

=0

g o

(oxaloacetic acid)

o+ CH, (A <kotoglutaric aci d)
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It ic xmown thet f-keto cecids, I, caxn foran
encls, II , or =dd water vo form aydretes or gen-diols,

1171,

|

T
N
+
x

H) — C-— OH

€ e O g O3 —— X
: l

[ab}

T
E—~47~—rr——x

H

a0

f
e,
x

OH. CuOH

(11) (1) (111)

o

Waen X 1o e silgple eliphetic group or is 1izkol through
ore or wmore nsthylenes (2.32., &0 in o<;ketoglrtaric ccid),
the enol is guentitetively unioportent in wewwsrel cr ecidic

~r

iutionc (36). Then 7 is electron witadrewing (¥ = COOZ,

6]
o

X

ir oxeloacetic acid), the ercl ic en inportert

]
[&]

comtribution particuliariy in alzeline solutionc (37—39).

in thc uv region

<

Thsoe {-~8eto acids ebsord strongl;
(30 na) in bvase, due to conjugatiocn of the enol with

tiie cervoexyl cerbonyl.
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rare oxeloacetic aciG, 3 , is provekly in tas
enol form (40,41), while irn ssclution it conteins both cis
and trans esnolic forws (33,40,41), that is, hydroxyfumaric

acid, 3a , end hydroxymalede acid, 3b .

B CUGH COOH .
H CouH
\c g I.!.H \c/
~. ) ‘ ) I
HOUC -~ T OH G==20 SN
| HO COUH
CouH

(3a) €)) (3h)

Phe rmechenisn of the intercornversion betwezen Xz2to end erol
forms of oxecloacestic acid, 3 , 2a8 been exteoncivily
studied (42).

The degree of hydraticn u? an J-Zzeto acid

correlates well with the inductive effect of thz substituents

adjacent to the czrbonyl group (43%). The xinetics cf the
aydration rzaction of oxeloacetic acid, % , 2ava bean
studied (44).

1

4 MNHR spectrum in By,0 at pd = 0.5 (43}, Taisc wes

attributed to an eguilibriun betwesn o{-koto ccid and



lectol, La (43),

TV on

; .,
/‘j"r ’:4 R
P— 0 /\ﬁ -~ " CucH

COOH (42)

Leter evidence showed tlat at neutral pd, (-
acid wag in eguilibriuaz with a lectol, although t:a lactol

was present in swmall anounts {(&5,46),.

o ~Katoglutaric acid undsrwant pactoire

Gy
[}
t

when subjectad 3o BPR anelysic (47).

~Keto acids forn o large nuaber ¢f crystalline
(&)

0

Geriveatives, the nost useful beirng the 2,a-dinitrophsnyl-

¢

0N

. e =Hs U
1NN —- — N

e R U N laliv AN
H
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Botih ti.c cis and trens forus of (-

e
()
ct

ogluteric ecil

67

[®)
C-jl
[
W

2,4-dinitrophenyl-aydrazones 2ave an prezerel {(&3).
The kinetics of the isomerigzetion roection Ui cis-yf -keto

ecid 2,4-dinitrophenyl-nydragones 1ave besn irvestigated(49 ).

& GC nethod has been developed for tle deter-
ninetion of of-keto acids besed or thzs roactior with
pentafluoropinenylhydrezzine, folicwad by t
diazonethane to produce the aetryl ecter (5C). Oxeloacetic

acil end czrketoglutaric acid gevae cyclic groluete (50),

CouH Cefs
CH CH., N NN
' 2 + C6F5NH.NH2 272 ) 0=ﬁ<\ Q> Co0CH
C=0C 4 3
|~ i
COGOH CH,,
(Uxaloacetic)
acid
?JUH
CF
6 5
(CH,) 4 . y CH,N, \N |
+ 6F5N .NH2 _____? / — \
[;' =0 0 —! \W—CUL CHq
COCH \__-
(oA ~kotoglutaric)

acid
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Bnzymetic methods eve basn used for the
deteroination of oxeloacstic acid and c<rketoglataric
ecida (51).

Anelvtical metlhods, besed on tha formetion of
fluorescence product®, nove besen used for tioe esti:atian
of total of-keto acid or simple nixtures >f<,<—keto acids.
These metlods Lave uSed reagarts such as o-phenylensdiesiine
(52), pyridoxemine and zirc (53), end {-hydrazino-2-
stilbezole (54).

H2LC tesceunigues, using post-cslumn derivatization

N e
S PR

3

a

=

se

3
=

wit: MN-ngthyl-nicotinamide chlo;ide, have deen

fluorometric daterminetion of<7<:ketoglumaric ecil (55).
It hes been shown that oxaloacotic ccid and

o(-letaglutaric acid cer bg separcted on a 018 colunn by

reversad-phase dPLC as tho 4-(bromomethyl)=7-counarir

derivatives (58).
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CIAPTER 6

XINSTIC3S OF OVIDATION OF LYSINE, AISINILTE

411D JISTIDINE.

The biosynthesis of stechydrines and hozestacihylirine

Wwes studied using lysine as a preoursor (1). The pipericine
cizaloids, such as isopelletierine and coniine, have been
synthesized sterting fron lysine (2). The pyridone ring of
ainosine, a piperidine alkaloid, a5 been derived Zrox

1ysinz (3-5). Sedanine has derived from iysine (B). Lycire
has bezn used in the synthesis of anabasine, & Tobacco
alxaloid (7). Lysine nas been used a8 & possibles »pyridine
ring precursor in the synthecis of nicotinic acidé {8). Figh

lysine contente have been found in sone lupine alzelonids (9).

Trecer feeding experiente 2ecve le t-2 overall corclusion

QJ

taat the cerbon Sicletons of all the zajor lupine eaikaloicds
were derived from lysire (10-14). Alxaloids with the
cguinazoline nucleus cre present in several tlent Families,
end vae coubination of amthrarilic acic witar a lysine

derivetive gives the neckinleye alkaloids (15). The bio-

w
”
3
(' -
'.J
(Q
H
0
O
P

el%eloide such a8 lycopodinaz (16) cnd gpertile
{(17), -eve dbes2n achieved starting from lysire. 2203

setaways strass tihz inportence of

o
¥
0]
&
[
™
'3
o
)
)
Ct
o3
=
<
¢
5]
I
]
o
]
02
[§)]

nitrogen heterocvdas

Eh

ron simple precursors. Tho
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evidence implicating lysine in the activity of the erzyro,

ribonucleszse, was obtained by Jirs snd coworkers {18-2C),

[&]

w10 suggested thet lysing at position &1 weas pert of en
anion binding site at or necear the active sits of ribo-
nucleese.

Lrginine has vaen used in syntheses of
protoalkaloids (21), tropane alkaloids (22) and lupine
alkaloids (23).

In some plant species, aistidire hag been converted
to urocaric agid (24,25). Figh histidine contents 2ave deon
observed in diffsrent lupine alkalocids (26). Vericus allkeloids
having an inidagzols ring aras vresunably made fror IisTLlling,,
as far example pilocerpyine (27). So.e iwmidezols alizeloids(23)
seefd to be derived from the He-acylation of histenine (the
decarboxylatior procduct of haictidine ), whereas sole unusual

sulfur conteining alkaloids heve besn formead by methylation,

3

thiometirylation, and ring closure of histamine (29). The
inportence Of the aistidine resicdue a5 beoen SzlwWn in
bioloziecel reactions. 1In aemoglobin (as in aany otles
henoproteins ), ome aistidine residus is mear the ir.n:
e6ile In Leny enzyze protins, istidire eccts eas z proton
donor or eccaptor. In nature, epperently complicoisze
trencforrations are common, and their genesis could be
releted to the maxinun optimization im the comnstruciion

of moleculer franeworiks, particularly tr0se waich play an
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importent rols in life procecses. This fact is bect
illustrated with the "ATP-imidezola" cycle, wiich is

relatad to the biossynthesis of histidinaz,

Lycirs hneg bsen oxidissd by chloramine - T(%0),
and by haxecyenoferrate (IIL) catelysed by O0S(VIII) ion
(31,32) .

Arginire has been oxidised by chloranine - T
(36, 33=37), Potassium bpermanganate in acidic nzdiun (38),
N-3ro0.10 succiminide in agueous perchloric ecid medinn (39),

ené by N-bromo escetamide in acié medius (%0).

PRy »

Histidina hes

T
)
@
s
o}

xidized by chlorvemirz - %
(42), aguaperntacyarnoferrcts
(IT¥ ion (&3), Diethyl pyrocarbonete im ejusous solutiorn

(4%), enc by l-bromoacetenide iz acid mediuzm (4C).
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The stoichicastery £ cech ©f T30 resciions wes
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3.CH( NH,) .CO0X + 2Fe’CBI)2_ $2 05 e
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Bffect of substrete and oxidant

The rets of the reaction wes dependent orn the

1

firct povers of the coreecntreatiors of buth, subsirats andé

Table 1 ¢ Bffzct cof subsirete anag oxidant

/ Lysire / / KBFG(CN)6 / 10% x Eops
(10% % 1) (10° x i) (™)
1.0 1.0 15.2
2.5 1.0 3845
540 1.0 76.0
10.0 1.0 156.0
25.0 1.0 330.0
1,0 0.75 16.0
1.0 0.50 i5.5
1.0 0.25 15.0
1.0 0.10 16.0
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Nebila 2: Bffact oFf cubstrates znd oide

/ 4rginine / / KSFe(CN)6 / 107 = &y 4

(102 x M) (16”7 = 1) ( s7%)

i.0
2.5

1.0
i4C
5.0 1.0
10.0 1.0
25.0 1
10.0 5.0

10.0 2.5 3%
1C.0 0.5 3.3
10.0 0.25 5k

Terlz 4: Bffect of . bstrete and oxidarnt

L

~r Yr

L s.\obs

(i0” = 1) {(10* z i (7t

[aistidins / KyFe(Ci) g / 10

5.0 5.0
i0.0 5.0
25.0 5.0
5.6

C

C

[N

oy O
.
ey

o
[N
.

50.0
10G.C 5
1C.0 1
16.0 245
iG.0 10.0

=
oy
Ul \\»
*® e @

N VLI O O O W\

RO R R
N N O
L )

/ Nal0z / = 0u515; 44 = 0.5 toim. = 55°C.
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Plots »f &k egoirst the corconmtrations of
obs
substretzss were linear peassing tihwough the origin, suggosting
e first orcer dopomiznce Of tie rete of oxidatiorn on the
o

concentretions of the suwostrates. This wes furthsr

substantiated by the cownstert valuess 2% x tie secona

2!
rate order constant.

Winen a constent concentratiorn of substrete
(large excess) was used, kobs did nct s-ow any avppreciabile

veristion wita chenging conccentrations of oxident, izdicoting

L
Q
o

£fi

o

t orcer depzncence 0f tahe reaction on the concéntretion

of the oxident ( Tebles 1-3 ).

Bffect of Na0™

The ratz of the recction chowed a first order

dependence on the concentfation of alkeli in oz ranze

b3y
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N o S ES 2T T
Tablc 4: Tifact f He0=

A 4 -7
/la0s / 107 x Iy, (s™ )
(19) Lysine ergirine Histidine

0.05 1.5 1.5 1.7
0.10 540 343 543
G.25 76 8.2 8.5
0.50 15.2 16.0 16,5
0.75 24,0 25,0 26.0

1.0 30.0 53.0 54,0

/ Lysine / = 1 x 10™2

i3/ KyFo(CN) / = 131677 iL ;
W= 0.5 M3 temp, = 55°C,

/ irginine / = G4l 155 / Kgie(C) g / = 1710”7 1;

ﬁ”'= G.5 143 temp. = 35°C.

/ Zistidine [/ = 1x10™ “i; / K,FG(CN)6 / = 5x10_4 3

o= 0.5 i3 tanp. = 55°C.

date Lew

Rate = -- = T

at Zops

Jdxino Acic/ /Fe(CN)é' / oz"

cheeeean (1)
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M~a =peudo first order rate condtant, k Jes
- |$]
calculeted £rom the eguation {

_ Q
kObS = ""T_" log D e 0 0@ (2)

Phae rate of the reeaction wes influencad By

changes in tekpereture, erd em incCressce in teagsrature

L]
b
©
b
o
#
)
o
H.
s}
™
=
i—l.
=
o
=
o
)
12}
)
‘-—J.
'3
[l
"
w
L)
o
ct+
®
U
P
c
[
[}
3
®
o
o}
Ll
"J
QO
i3

Teble 5 ¢ 3ifect >f teuaperaturs

" yon 5 td ¥4 o3
emp. / 106”7 = ELObS ( 1]
( + 0.i°C) Lysine

k5.0 7.1

5G.0 i0.0
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Teble 6 ¢ 3Iffect 1% ta.accreture
- L -1
g 107 = 7 o (%)
40 s
( +£0.1i°C) arginine
30.0 2.k

35.0 343

0.0 k.5
45.0 6.2
50.C 8.5

/ drginine / = 0.4 1M; [/ K3Fe(CN)6 / =1x 107 M3
/ Ma0I / = 0.1 i A = 0.5 ife

Table 7: Bffect of teuperature

Mo L} - (‘...j_
Terp. 10" x &k, (877 )
( +6.1% ) distidine

40.0 7;7

4500 9’3

5C.0 i2.7

58,0 16.5

6G.0 2G5

“ iy / KBFe(CN)6 / = '53&:10"’-:t i3

/ WOl / = 0.5 if; pr= G.5 I,

/ distidine / = 1 x 10~
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ol
-y Arginine
£ 53Histidine
{ g
{
] Lysine
1.7 i \\\\\
Sflog kobs
f
N
AN
1.1 b
VY
\56
N
.\Qﬁ
A, |
\\\\\
Ao6 i [ ' ' 1
2.9 3.1 3.3

103 /7

Fig. 1 s Plot of log kobs against the reciprocal of
temperature.
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-

rocel of

L

Pilzsis of 1log & egeinct the racip

w3

aperciure Were linear (Zig.1), suggesting thowr volidity

of the 4srrihonius eguction. Thaz g¢lopas 0F the ploie wers

a

-~
%
} ol

]
[ 1]
(@]
9\
b=t
(@)
[
r_nl
™
cr
jod-
O
kj
5]

A
I
=
[w]]

[y
™
<
w
[#)
S
2
Q
A
S
[

"t

3

Table 8 ; Activation Para _sters

Paraneter Lysine brzirine dioctidine

3( xJact™h) ) 49+2 4342
- L‘.
CED) 4x10™ %16t 110"

T J201™ly  mage L6+2 4042

. -
AS (3 Yiao1 1)—17015 -160+5 -175+56

Tihe velucs o5F A anc A0S vers

rerge for redicszl procesces hove boen ascrived (46) Lo the

neture of ecicctron pajring. &end electron umpeirirg procasc

~

an€ 5O the losgc of degrecs cof freoedon, formerly eveoilesle

-

TGO tiae roactants, on vae fornetion of a rigid tremsivion
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Zifect of added X,Fe{ClN).

s

Qae addition of X,Fe(Cl), in the corcemtretion
o 4 -Ll' ~r 4 > —5 kWA PPl o " oy
range of 1.0 z 10 7 to 1.0 z 410 i, aic¢ mot have amnj

effect cn tire rates of thesce resctions.

Bffect of ionic strength

Variations in the ionic strength of the mediuam
using NaClO4 {’A; 0,01 M to 0.5 M), dié not affect tie

rates 0of these reactions.

Bffect ¢cf added salts

The acddition of salts such as MNaCl, NaNoﬁ, KNOB,
L

4
K

NaZSOQ and MgSOLi (concentratidn ranze of 1.0x1C™ ‘il o
5 X 10—5M ), did not aave any influsnce on the raztes of tinese

reectionse.

Aadical irncesraediates

L7,

The esr Specuvra 0f the corresvonding relicals,

The radical, generated froa the oxidation of eacnh
of the substrates, gave a Six-line specurum, having intensity
ratios of 1:%:5:5:3:41, Phis radical interinetiate was formed
by tne loss of a hydrogen atom from the carbon atom of the

methylene groun. The nunder o7 lines was accounted for by
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ths radical species,

. - . » 5. PR .
A - C - COC , wnica correspvonds ts a radical with two
NH
2
equivalent protors and a nitrogsr atom, all having nearly

egual coupling constents.

Hechanism

The rate of the resction vetWesn the svbstrave and

hexacyvanoferrate (III), in alkxeline mediun, was dependant on

4]

thae first powers of the corcentrations oL
species - substrate, oxidant und 2lkzali (Tablas 1i-2).
Since all the kimetic studies were carried out at 2izgh
corcentrations of Na0Z (Table 2), it way bs ascuzed trat

the azing acidy Wwould bz comy.izst

®
"“'
«
b
2
[l
k\
O
et
[x3]
ot
W
O
}:'
!

[at]
( 1}
[ &)
>
o
H
L

anions.

The acdition of lexecyanoferrats (II) ions dic
not have arny =2ffeet orn the rates of tis reactiorng,
irndicating that the rcection betiusgan thz cubsirats ant
oxidant ( the electror ebstraction step ) wes an irrevarcible
stepe.

The addition of galis did not have any influsncs
on tha rates of tie reactions, irdiceting that the reaction

was between an ion and a dipols

)
L
[49)]

Ls]
0]
(¢}
I-A
@)
|©)]
[ ]



Mhe reaction pathwey was via tihs formation of
radical intermediat=s, as detzctzd by BSR spectroccopy.

The subseguent steps irvolved the rapid rsaction
of the radicel with thz oxident yieldirng the iminro compound,
Wwaich andervwent hydrolysis to give ths corresgoncing 4eto

acid end ammonia. No otaer intermeéiate(s) could be

isoieted from ths reaction zixture.

Since potescium hexecyarofsrrete (IIL) is & one
electron oxidant, it would be justified to postulebe

that tae reaction vetwesn tae subsirate arnd oxident would

)

give rigse to e radical interaediete, analogous to enzyzatic
oxidetion reactions, which are elso nown to procesd viea
radical intermeciates (47). This would suggest thet
aexecyancfarrate (III), as o chexical oxiaezt, was cadnabls

of gimulating 2nzycic beheviour.

In th2 preszat investigation, the Iforzation of

ct+
W

redical incerizdiates was susported by the following

(]

experinentel ovservaetions:-

(a) the retaz of the reazction was deperdent on tlre first
powars oI tae corcentratiors of tiae substrate =i

oxidonts
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The ionization constants end the pI valuse o
the iscelectric points of lysine, arginine ard histidine
o! . .
at 25°C are given in Table 9.

&)

Teble 9: Ionizatior comstant and pd velues

at isoelezsctric points

Lysine 2,18 g.12 10.53 9.82
Arginina 2.17 0.0k 12.48 10,76

distidine 1,82 5,00 G.17 7.59

-

For thaoe hesic aninc acids,

- k I{ -yt P 3 ¥
pd. = P2 +p 3 , where px, is th
. ) i

Azino ecidé exist a& zuittgrions 1D &d230us

iscaiecectric poinv.

(o]

olution. » &lkalinz scluti-ng, the zwitterion is converted

6]

1,

to RCH(NE2) €00~ , wiich is the reactive soecizs, w dar the

C

presaent experisntel cornditions,
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Taz reaciion sejuencs for the cxidatiom 2f thess

nesic eains acids {1ygsins, argining end 2istidinc) by potessiurn

(0]

, in eclixalipe moliua, is socun in The

~

iexecysnoferrate (IIT

fal -
DCAZINC «

T Yl ]
SCHALE

1~c 100 4+ 0HT

+NH3. NEQ

> R?HCOO-

YN N 3—. e * Do { OB 3_

{ \
slow NHZ fast
20-C00= 3,0 3.C-CO0H
i 2 | ' R

! 3
NH

Thao € -eaino greap o lycire Wes urelfecizl
B - SR ey D Ae S sy A At e s - B
during ¢l Slarge i tas orldevion rgaction, in agreniont

with en carlier obcerrabion (49).

The product: obtoired frou the oxidetion 07 cec
of taess anind ecids vere the CorresSpontin g(l\ieuo cecics
(Q(—Z;G'to— € -cainocepiroic ecid from lysinsg o(—iéce'bo- g -

gusridirnovelaric ecid £roa er ginine; and

O]
O
|]
M
o+
W
=]
™
"
o

ryruvic ecid from histidine ), whic: were i
clrareecterized as thelr respesctive 2,&-dirnitroghenyl-
nydrezone derivetives ( vide 'Bxperimental': Product

Ane 1‘7 18) .
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Pher

]

heve besn reports of »f-ketu acids with

“

unusual propertizs, in thet the c(—ketc aclids can 2xict

in equilibriuws with their respective cyclic forzs.
It hes been shown that tas O<Lketo acif analogues

o~

of
resvactive cyclic for.s. Tane C/Lketo ccid enealogue of
lysine (;( -keto~- & -eminocaproic acid, 1 ) cer oxist in

ks . 1 . N . -
aguilibrium with A - pipericine-2-cerboxylic ecid, 2 ),

ohservad in en earlier invdstigetion (49), thous:

CHZNH2

Cu

)

Similerly, the {-keto zeid zrelogue o argirine ({ - %eto-

g,—guanidincvaleric acid, 2), nas desn shown To exist in

eguilibriun with its cyclic form, 1l-anidino-2-hydroxy-

TS

o
pyrrolidine~2-carboxylic ecid, & , &s saown in an 2zriicr

=

lycine and argirnins can exist in =2g3uilibriwia with ithelr

o
C.

9]

S

H



work (50), thus:

X
N

~~

I

N b

g

(&3] 2
I

H
Lof

—.D_.-—rj-——z-—— n—-‘-z
- o

COCH

Thess cyclizatiom reactions expled

[ay)
H
s
r}-
[
w
0]
[
(5
e
H
Q
=
C/l
[ 4
@}
O]
by
<
[
cr
H
g
153
[ #]

that the o(-keto acic aralogue of argirins, 3 , reactc
more slowly Witia 3-guinolyliydrazineg {(Hi) end with
X’—glutanylhydrazide (52), then acyclic o -ketc zcidc at
comperable corcentrationsS.

These Xinds of cyclizecvion resactions of c(;ﬁeto acide
incicate their unuasuel properties Waich nave keen aighlighted

from tize to tine.
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EXPERIMENTAL VALUES



LK Fe(Cl) T = 1.0x1077 M, [ NeOd_7 =l.0x10—1M)

T = (55+0.1)°C, OD(420 mm) for /_ Glycine [ at

206

Glycine

t, 0.01M 0.0251f 0.051 0.1 ¥ .25 11 G.5 M
0 Oe344 OC.344  0.344  0,.%44 0 +354k Oo35klL
5 0.3%2 0.339 0.334%4 0.325 0.298 0.258
10  0.340 - 0.325 0.306 0,259 0.193
15 6.33%8 0.330 0.316 0.289 C.224 0.145
20 0.337 0.325  0.306 0.272 G.195 0.108
25 04534 0.321 0.298 0.257 0.169 c.082
30 0.332 0,316 ©.290 (.242 C.146 G.061
35  0.3%31 0.312 - 0.228 0.127 G.046
/ KFo(C)g /= 1.0x107H, / Glycine /[ = 1.0x07 21,
OD(420 nm) T = (55+C.1)°C, for {201 / at

t, Oel XM 0.25M C.5M 0.754 1.0H 1.5 K
C Co.%44 (0.34% C.34k  0.344 0.5%% C. 5Lk
5 Ce342 C.542  (C.3542  C.542 0.542 C.%42
10  C.5340 0.34%0 - C.3540 G340 C%40
15 C.338 0.338 $.3%39 G.33%8 - 0.33%8
20 0.357 0.336 €.336 0.336 Ga3%7 C.336
25  0.3%4 0.335 C.33%  §.3%% C.534 G.334
30 0.3%2 G.3%2  0.33%2  (0.332 - -

35 Ge351L C.330 C.330 0.529 - -
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2

/ Glycine [/ = 1.0 x 10~ 1) / NaOi / = 1.0 % 10—1 M,

T = (5540.1)°C, OD (420 nm) for / KzFe(CN)g / at

ty 0.001 I 0.00075 ¥ 0.0C051 1.00025M  0.0001 ii
0 0.344 0.305 0.291 0.158 C.087

5 0542 0.303 0.289 0.157 -

10 Ca340 0.302 0.288 0.156 0.086

15 0.338 0.300 0.286 0.156 -

20 Ce337 0.298 0.284 - -

25 G334 - 0.283 0.154 0.085%

30 Ge332 0.295 0.282 0.152 -

35 C.331 G+293 0.281 0.151 G.C83

2 3

Glycine / = 1.0 x 10 " 15 / KSFe(CN)6 = 1,0x1G" i,
NaOZ / = 1.0 x 10—1M) 0D (420nm) for temperetur=z at
7y 3

t. 35C  40°C 45°¢ 50%¢ 55°¢C 60°¢C
C 0.344 0.344 C.344 0.344 0.344 C.3kb
5 - - - - 003’*2 —_-
i0 Co543 04342 0.542 C.341 0.340 G339
15 G342 0.342 G.341 0.54%0 0.338 C.336
25 C.341 0.340 G.338 0.337 0.334 0.331
30 - 00339 00337 - 00332 00328
35 C.320 0.338 0.336 C.334 0.331 0.326




/

T = (751@.1)OC, 0v (k20 nm) for / A4lanin: [/ at

ila0:=

. o~ e L
[/ = 1.0K, / KSFS(C“)6/ =5.C x 10 " i,

210

Alanine

C C.158 0.158 C.158 0.158
5 C.155 G.154 0.i52 0.15%
i0 0.152 0.150 0.148 O0.145
i5 0.14¢ 0.147 0.142 G.15%0
25 O.14h O.141 0.132 C.126
30 .11 G.137 0.128 0 .12C
/ KBFe(CN)6 / = 5.0 x 10—4 ¥, / Alanine / = 5_0510“1 Y

T = (75£0:1)°C, 0D(420 nm) for / Nabii / at

t, G o250 0.9 i 1.0 LI
0 0.158 0.:58 C.158
5 C.157 0.156 G.154
10 0.155 0.153 0.15C
15 C.153 0.151 0.147
2C C.152 0.149 0.143
25 0.151 0.147 O.ihl
30 0.150 C.145 0.137

c m — e -
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/ NeOd / =1.0 K, / Alanine. /=5 x 1071 I

o PN
-

T = {7540.1)°C , 0D (420 nm) for / KsFe(Cl)y / at

t.  0.0001 0.0005 6.001 I
0 0.036 0.158 0.279
5 - G.154% 0.275
10 c.032 0.150 0.272
15 0.03 0.147 0.270
20  0.028 0.143 0.267
25 0.026 | C.141 0.264
30 G.02h4 0.137 6.260

/ K Fe(Cilg [ = 5.0 x 10~ 1y

/ Nal0Z / = 1.0 M, OD (420 nm) for Temperature at

¥,/ Alenine / = 5.0 x 10 I,

t 75°¢ 80°C
0 0.158 0.158
5 0.154 0.151
10 0.150 0.146
15 0147 C.140
20 C.143 0.134
25 0.141 G.129

3G G.137 0.124
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Valine

/ Na0z / = 5.0 x 1074 12, / LFe(C), /= 1.0:2070 1,
T = (55 + 0.1)°C, OD(420 nw) for /Valine / at
0 0,41 O.41 C.hi
5 - 0.406 0.39¢
10 C.408 0.402 0.3G4%
15 - 0.398 G.%92
20 0C.407 G.395 0.387
30 0.405 0.386 C.%564
35 G.404 0.383 C.%60

T ) PR AN > -3 1T : - <7 —2 r
/ &356(0“’6 / =1.0210 " I, / valina / = 5.0 x 1C " I,
T = {554+5.1)°C, OD (420 nm) for / MaOH / at
tm 1001’; 00751!; COS IA’ 0025' H
¢} Cell O.41 0.1 Ook1
5 G402 0.406 C.406 0.408
10 Ce30L 0,402 0.402 C.407
i5 0.386 0.398 0.5¢8 0.405
20 G379 G+353 6.%95 C.4Ch
25 G371 0.38¢ C.3SC C.4C2
30 0.363% G.385 0.386 G.4C1

35 0.357 0.380 0.58% 0.39¢
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/ Na0i / = 5.0x1071, / Valine / = 5.0 x 1077 if,

T = (554041)°C, 0D(420 nm) for / XK Fe(CN)g / ab

b 0.001 1 0.0005 M 0.000%
0 0.kl C.268 0.565
5 0.406 0.265 -
10 0.402 0.262 C.C68
15 0.398 0.260 0.067
20 0.395 0.257 G.066
25 0.390 0.255 C.065
30 0.386 0.251 (.06
35 0.383 C.249 C.06%
. -3 . -2
/ Ky Fe(C¥)g / = 1.0x10 1, / Veline / = 5.0x107° i,
/ NaQOZX [/ = 5x10™ Ié) 0D (420 nm) for temperature at
b k0% 45°¢ 50°C 55°C
Coki O.h1 C.k1 Oolkd
1¢C C.408 0.389 0.4C5 Cok02
i5 0.409 0.379 0.403 0.398
20 - 0.369 - 0.400 0.395
25 C.408 0.360 0.397 0+39C
30 G407 0.350 0.395 C.386
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Leauncine

>

-l . -
/K3Fe(CN)6 / = 1.0x10 I£, / NeOZ / = 1 h)

or / Leucine / at

L)

T = (55£0.1)°C , 0 D{420 nm)

t 0.01 K 0,025 I G.05 i Cel K
0 C.048 0,048 0.048 0.048
10 0.047 C.045 0.043 0.038
i5 C.0%6 0.044 0.040 0.032
20 C. 045 C.043 0.038 C.029
25 - 0.042 0.035 G.025
35 C.043 0+039 04031 C.021

2

/ KzFe(CN) g / = 1.0 x 107% 11, / Leucine / = 1.0x10™ " M,

T = (551p.1)°c/, 0D (420nm) for / NaOZ / at

t 1.0M 0.5 I Ce25 I 0.1 1M
0 © 0.048 0,048 0.048 C.048
10 0.047 - 0.047 -
15 0.046 C.046 - G.C46
20 0.045 0.045 - -
25 - - G.0k45 C.0k5

35 0.043 0.044 0.044 -




2

/ Leucire / = 1.0 z 107" K,/ Ha0Z / = 11, © = {55:¢.1)°C,

0 D (420 nm) for /KSFG(CN)6 / at

t 0.0001 M 0.00025 I C.000% 11
0 C.048 C.092 C.165
i0 C.04?7 0.08C C.161
15 C.046 0.088 c.158
20 0.045 0.086 0.156
35 0.043 0.08%4 C.150C
L

/ KBFe(CN)6 / = 1.0 x 10” %, / MaOH / = 1.0 ¥,

/ Leucire / = 1.0x10"2 i, 0D (420 nm) for Temperature st
t 50°C 55°¢ 60°C 65°C

0 0.048 0.048 0.048 0.048

10 - 0.047 0.045 0:0’{4

15 C.047 0.046 0.04% 0.0u42

20 G. 045 0.045 0.043 0. 0k40

25 0.046 - 0.044 0.038

35 0.045 0.043 0.039 0.C35




. Phenylalanine

L 1

I, / MaOz / = 1.0 x 10~ ¥

/ BzFe{C) s / = 1,0 x 10 ,

T = (551Q.1)OC 0 3 (420 mm) for / Peaenylalenine / at

7
t G.0025 4 0.005 i1 0.01 £ 0.025 14
C 0.0%53 G.043 0,043 0.Gk43
1C 0,042 - 0.041 0.037
15 C.C42 C.041 0.039 0.0%6
20 0.041 0.040 £.038 0,035
25 00041 - 00037 0.034
30 C.040 0.039 0.036 0.033
35 C.« 040 C.038 0.035 0.032

.y -
/ K5Fe(CN) ¢/ = 3.0 x 10 *M,/ Phenylalemine / = 1.0x10 2w,

? = (55 + 0.1)°C, 0 D (420 nzm) Zor / NaOI / at

t 0s05_1 Cel M C.25 M C.sd5 M
c CoC43 C.0k43 Ge 043 0043
10 - G.Cll CoO41 C.040
15 0.C39 C.G39 0.039 C.040
20 (.038 C.038 C.C39 0.039
25 C.036 C.037 C.038 0.C38
30 G.C36 0.036 0.C37 -

35 0.0%5 G.035 0.037 C.034%




/ KBFe(CN)6 / = 1.0x10™ ¥, / Phenylalenine / = 1,010 g

/ 1al3s / = i.0 x 107t u, 0D (420 nm) for temperaiure at

Vi
t 45°C 56°¢ 55°¢C 60°c 55°¢
G Coll3 Co L3 C.043 C.0u3 C.CL3
10  GC.0h1 Co.0kl 0.041 0.04C C.03S
i5 - C.040 0.03%9 C.038 C.038
2C  C.ChO 0.0%9 G.038 G.037 C.C36
25 0.039 C.G38 C.037 0.036 C.0%5
3G 0.C%8 C.037 C.C36 0.035 C.0%4k
3 Cel37 0.036 G.035 - -

Serine

/ Ker(CN)6 / = 1.C x 1073 1L, /Ma0Z / = 140 K,
0 D (42C nn) T = (55:p.1)°C;for / Serkne / at
t C«05is Coll% Ce25 M 0.5 U
0 G.135 C.1%5 C.135 C.135
5 C.i%4 - 0.1%1 C.127
10 Ced’%3 0.132 0.126 C.119
i5 C.132 0.130 0.122 C.112
20 Cel3i 0.128 C.119 C.105
25 Cel30 Cel27 ¢.115 C.10C

30 0.130 G.125 C.111 C.09%
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/ By Fo{Cl), / = 1.0 x 10’3m/ / Serine / = 1.Ox10*1H>

0 D (420 nm) T = (55+0.1)°C,for / Na0H / at

2% Ce25 M 0.5 M 1,6 it
G 0.135 Ce135 C.135
5 C.133 0.1353 -

10 0e133 Cel1314 0.1%2
15 Cel31 C.130 Ce130
20 - 0.130 0.128
25 0.126 C.128 Ce127
30 C.120 C.125 C.125

/ 10T / = 1.0 x 10791, / Serine / = 1.C x 1070 if,

T = (5540.1)°% , 0 D (420 m3) for / K,Fe(CW). / et

vy C.0CCL I G.001 M 6.C005 I
C Co.02 0.135 C.093
5 C.C1 - C.C88
1C 3e0CH Cel32 C.083
15 L .002 Ce13C C.079
C - G.128 0.076
25 - Ge127 C.072

30 - o125 0.G69




/ KBFe(CN)6 / = 1.0x1¢”

219

i, / Serine / = 1.Cxi0

=

1]

2

/ NaOZ / = 1.0 M/ 0 D(42C nn) for temperature at
4
£ 45% 50°C 55°¢C 6¢°C 65°¢c
0 Col35 C.135 0,135 C.135 G.135
5 - Col3k - C.132 Cel32
1C C.133% Cel33 0C.132 0.136 C.128
15 - Oe132 0.130 C.128 C.125
2C Cl.132 Cel3C C.128 G.126 C.1i22
25 - 0.129 00127 00124 00119
3¢ Oei31 G.128 G.125 C.121 Gedl6
Threonine
3 ) = Y s = --3’
/ Na0= | 1.0 K, / K3Fe(CN)6 / = 1.0x1C0 "1,
/ Tareonine / = 1.C x 167 M, T = (6C+C.1)°%C
0 D (42C nx) for Temperature at

o kel 45°¢ 50°C 55°C 60°C
C C.098 C.098 0.098 C.098 C.CG8
10 C.096 0eC95 0.685 CoCO4 Ce09%
15  $.004 Ce00k C.C93 C.093 C.CS1
20  0.093 C.092 0.091 £.091 C.089
25  G.092 C.C91 C.09C C.C89 C.087
30  C.CO1 GeC9C . 88 0.587 0.085
35 C.C90 C.C89 C.087 o084 .83
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Cysteine

1

# 5, / WaCi / = 2.5 x 10 I,

/ K3Fe(CH)6 / = 5.Cx1C”

7 o= (3gip,1)oc/, 0 D (42C mm) for / cysteine / at

t CoCG35I C.GC5 i C.CC7 1L
C Ce032 GC.C32 C.032
5 C.C31 - C.028
i¢ C.C29 0.028 C.026
15 C.C28 0.C27 C.023
20 Co027 C.026 C. 021
25 C.026 C.C24 C.C18
30 Ce025 0.023 C.015
35 - 0.C22 CeC13

-l -

/ K3Fe(CN)6 / = 5.0 x 10 Nb/ cysteine / = 5.0 % iC 5 MM
T = (Bcip.i)OC) 0 D (420mm) for / NaOHZ / at
t_ 04511 C.25M CodlM
0 CeC32 G.032 Go 032
5 Ce027 - C.031
iC CoC2k 0.028 Ce029
i5 C.C21 0,027 C.C28
C C.018 C.C26 C.C28
25 C.C16 C.C2k Ce027
3G C.C1% C.023 CeC26

35 CoC12 C.022 CeC24




/ a0z / =

245 % 19"1 17, / Cysteine / = 5 x 1C~

3

-,
l.'/.\.

J

T = (50+0.1)°C, 0 D (42C nm) for ( Ky Fe(CH) / at

T G.CCO5 M 0.CC07 M
C C.C32 C.051

5 - .08
iC Ge028 0o 045
15 C.027 CeCl2
2C C.026 C.CLO
25 O.024 0.C38
30 .23 0.C36
35 Ce.022 CeC34

/ KzPe(Cll)g / = 5.C x 1% 11, / a0 / 2.5 x 1071y,

/ Cysteine / = 5.¢ x 1070 £, 0D (42C nn) for Temp. at
t 3¢% 35°¢ 1c°c 45°¢ 50°C
0 CoC52 CeC32 CeC32 Ce032 CeC32
5 - $.C3C C.029 0.028 C.028
10 C.028 GeC28 C.C27 0.026 G.C25
15 CeC27 Ce026 C.C25 C o023 0.022
G CeC26 Go 024 Ce022 0. 020 C.020
25 Ce024 0023 C.021 0.018 C.018
3¢ C.023 C.021 Ce018 CeC16 CeC16
35 CeC22 CeC19 0.018 Ce015 O.C14




Methionine

/ ZgFe(C)g /= 1.0x1c™ £, / Ha03 / = C.5 i

T = (SSIp.i)oc/, 0 D(42C nn) for / Methionine / at

t CeCCL M C.CC5 M C.01

C C.05 C.C5 C.0U5

5 - C.Ck6 CeCh45

15 C.Ch48 CoCl1 C.C35

20 C.C4? 0.C38 C.032

25 C.Ch7 C.035 C.C29

3C 0.Ch46 CeC33 C.025

/ K;Fe(BN) . / = 1.0 x 1™ M, / Metaionine / = 1.CxiC™” it

0 D (42C na) T = (5519.1)°q] for / NaOH / at

b C.C5 M Cel M 0.25 i 0.5 i
0 C.C5 C.C5 C.C5 C.C5
1C CeChG CoCA49 ~ C.Ch9 -

15 CoC48 C.C48 C.048 C.Ck8
2C CoCl? - - C.CL?
25 C.Clb CeCl?7 C.Cl6 Ce0L7
3C - - - C.CLb

35 C.Ch5 CoCllk C.CA45 -




/ Hethionine / = 1.0x1G77 M,/ NaOH / = 5.0x1G”

1.,
o

)

T = (Ssip.1)°c; 0 D (42C rm) for / K Fe(CH), / at

t, 6.00C1 M 0.CC05 M
C C.C5 0.018
15 0. 048 -
20 CoC4? Cl.017
25 C.CL? -
30 C.Ckb -

-4 . .
/ KBFe(CN)6 / = 1.0x1C"" M, / NaOH / 0.5 I,
/ Metaionine / = 1.C x 1C7M,T = (55sC.1)°C
0 D (42C nm) for / kel / at
b CoC1 M 0«5 M Cel M
0 CeC5 C.C5 C+C5
5 C»C49 - C.C49
iC CoCl9 - -
i5 C.Cl8 GoCl48 CoC48
20 CoCh47 - -~
25 GCoClt6 CaClt6 CeCl?7
3[/ hd - 00046
35 C.Cl46 06 0l45 -




4

/ KBFe(CN)6 / = 1.0 x 10" M, / NaOH / = C.5 M,

/ Hethionine / = 1.0 x 107> K, 0 D (420 nm) for Temp. at

t, 45° 50° 55° 60°

C C.0B C.CH C.05 CeCH

1(/ - C.CLL9 - 60648

15 C.C4Q - C.0O48 -

20 - C.0u8 C.CA47 C.CAa7

3¢ C.Ck48 CoCL? C.Clb CoCl5
Tzrosine -

/ KsFe(CN) ¢ /= 1.0x107° M, / NaOH / = 5.0 x 107l u

Teap = (554C.1)°C, for / Tyrosine / at

t C.0C1 M C.COC5 M C.CC025 M
C Ce25C Ce25C Ce250
5 C.C88 C.18C C.197
ic - Cel54 C.101
1 CeC3h 0.144 Ce19C
2C Co(C22 C.136 Cc.138




/ Pyrosine / =

0 D (42C nn)

T = (55+C.1)°C, for / NaOH / at

- S ‘_3-\ = y —3
1.0xiC M, / K3Fe(CN)6 / = 1.Cx10°7 M,

¢ 0e25C Ce25C C.25GC
5 C.191 0.1C5 C.(88
15 Ce13G C+CH5 CaC3h
2C Ce11C CeC35 C.C22
25 G.G97 C.C28 C.C18
/ Tyresine / = 1.cx10™> M, / NaOH / = 5.0x1C”

Temp. = (55+¢C.1)°C, 0 D (42C nm) for / KyFe(CN) g / at
t C.COC5 M C.CCL M
G C.128 C.250
5 c.021 ©.c88
15 CoCOk CeC34
2C CeCC1 Coe022
25 - C.C18




o
o
P

/ Pyfosine / = 1.0x1C7° U, / KgPe(Cl) g / = 1.0x1C7 M,

/ M803 / = 5.C x 1C7'M,0 D (420 nm) for tenperature at
t 45°¢ 50°C 55°C 6c°c

C.250 G.25C 0.250 04256
5 C.126 0.096 G.088 -
i5 C.C58 C.OL5 CoC3k C.026
2( 0.C52 0034 C.022 C.016
25 C.C39 C.029 C.C18 C.013
Tryptophan
, " ] L =2
/ XsFe(Cll) g / = 1.0x107" My / NaOH / = 1.0xiC™2 i,

T = (551;.1)00) 0 D (42C nm) for / Tryptophnan / at
tm C.0C1 M C.CC25 M
5 C.Cl4O G«039
iG C.Cl2 G.C27
i5 CeC36 CeC18
20 C+C3C C.C12
25 C.C26 C.0C8
3¢ C.C22 GeCL6

55 C.C19 CoCCh
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/ KBFG(CN)6 / = 1.(x1C” B, / Tryptophan / = 1.CxiC " ily

T = (55+0.1)°C, 0 D = (42C no) for / NeOZ / at

t. C.CL5 M C.C1l M C.C5 M
v U.C57 C.C57 CeC57
5 CeCL9 C.049 c.C5
1C CeCl2 0.042 -

15 C.C36 C.036 C.C29
20 CaC31 C.C3C .28
25 €027 0.026 0.C28
30 C.023 C.022 G.C27
35 C.C2C C.C19 C.L26

/ NaoZ / = 1.Oxic—2 4, / fryptophan / = 1.6}:1(;"3 i,

T = (55+.1)°C , 0 D (42C nn) for / K Fe{Cl), / at

t C.CLCC5 B C.CCCCL I C.CCL I
C CoC24 C.CC5 C.C57

5 C.021 - CoCh9
1C C.C17 - C.Ch2
15 C.C15 C.CC3 C.C36
25 C.C1C ~- C.C26
3¢ C.CL9 C.0C2 C.C22

L5 - Cl.CC1 -




-4 P e - (\—2 T
/ Ker(CN)6 /= 1.0x1C " M, / NaOGE / = 1.0 = 1C 7 I,
/ Tryptopran / = 1.0 x 1¢72 1, 0 D (42C na) for Teip. at
t 55°¢ 5¢°C 55°¢ 5¢°C
C C.C57 C.C57 CeC57 CeaCH7
5 G.C51 C+C50 C.Ck9 Go0k8
10 Col 45 CeCa8 CeOh2 CoOkC
15 CoCll C.C36 C.C36 C.C34
20 Ce0U36 C.C33 C.GC3C C.C28
3G CeC29 C.026 C.C22 Ce(2C
35 {e(26 C.G23 CG.C19 CeC17
’ Histidine
/ K3Fe(CN)6 / = 5.ox1c“tt M, / NaOH / = 5.0x10‘1 M,
0 D(42C nan) T = (55#0.1)°C,for / Tistidine / et
t CoCl M C.C25 M C.C5 I
¢ Cedi3h Cel3i Celsh
2 C.109 C+08C CoCh9
4 C.C9C oLy, (.C18
6 CoC7k C.C28 CeCLH
8 CeG6C CeCL7 CelL35
1C C.Ch9 Call0 CeCLi

i2 C.C4C CelLH -
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/ disticize / = 1.0x1C2 1, / KyPe (ClT) ¢ / = 5107 1,

0D (420 nu) for / NaOd / at.

t, CeC5 M CelC K Ce25 M Ce5C 1
¢ Cel3h Cel3h Cel34 Cei3h
2 - C.129 Cel21 Ce1CO
4 C.128 C.123 CedlcC CeCSC
6 Ca126 (.118 CeC99 CoC74
8 0e123 C.113 CeCQ 0aC60
10 C.121 Ce1C9 CeC81 CoC49
12 Ce118 CelCh C.C72 CoCA4C
/ disticdine / = 1.0 x 10“2 M, / NaO0Z / 5.C x 1™t I,

0 D (%2C nm) for [/ KSFe(CN)6 / at

tm C.CCLT M C.0CC25 M G.CCC5 M CeCC1 14
C CeC17 C.C32 Cel3h C.198
2 C.C13 CeC23 CelCS C.16C
L C.CLY CeCLY CeG90 Cel29
6 CaCCR C.C12 C.074 Ce1CH
8 CoCLHB CeCLY CeCHC C.C83
iC CoClL CeCCH CeC4O CaC67

12 - CeCCH C.0lC Ce(C54
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/ HZisticine / = 1.0 x 1¢"2 M, / NaOHZ / = 5.Cx1C™T i

/ K3Fe(CN)6 / = 5.C x 1t ¥, o D(%2C nn ) for

7

Temperature at

Y 55°¢ 5¢°¢ 55°¢ 6c°¢C

0 Cel3h Ce134 Cel3lL Ced3L
2 G.12C Ce115 CelC9 Co1C5
4 Cel07 CeC99 C.C9 C.C78
6 C.096 C.C85 CeaCT4 C.068
1C CeC77 C.C62 C+049 C.C39
12 C.C68 CeC54 OeClUC 0.C31

Arginine

Py s — | -3 ar ~ [ ¥4
/ K3Fe(CN)6 / = 1.0x10 M, [/ NeQI / = 2.0 M,

0 D (42C nn) D = (3519.1)°q) for / arginine / at

t (.05 M CedC H Ce25 M
C C.C51 C.C51 C.051
5 C.C48 CeChb CeC37
1C Colh7 C.Ch2 ;.28
1 GoClhl G.C38 C.C21
20 CoCl2 C.C34 Collh
25 C.O4C C.C31 CoCiC
30 Ce(39 C.C28 C.LC8
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/ K, Fe(CN) . / = 1.Cx1C™7 ¥ / arginine / = 1x1c™ 1 It
3 6 J 2
0D (420 nm) T = (351(;.1)°C) for / NaOH / at
C Ce051 0.051 0.051
5 0.049 0.046 0.042
1G C.047 G.0u2 G.0%6
15 0.046 0.038 0.0%0
20 0.045 0.034 0.027
25 G.043 G.031 0.023
30 G.041 0.028 0.020
35 0.040 C.026 0.017
. -1 i}
/ Arginire / = 1.0x10 M’J/ NaOH / = 2.0 If,
0 D (420 nz) T = (35:0.1)°C, for / K;Fe(CN) / at
tm C.0025 i 0.0005 0.00075M 0,001 L
0 0.059 0.028 0.036 0,052
5 0.057 0.022 0,030 0.0L5
10 0.055 0.016 6.025 0.0L2
15 0.05% C.013 0.021 0.038
20 C.052 0.009 0.018 G.034
25 G.050 0.008 0.015 0.031
3¢ 0.048 0.006 0.012 0.028




/ KBFe(CN)6 / = 1.0 x 10~

3
1

¥, / ¥a0x / = 2,

I,
G @;

/ arginine / = 1.0 x 10~ i, 0D (420 nm) for temperature ok
b 35°C 450°C 45°¢ 50%C

0 0.051 0.051 0.051 0.051

5 C.0k46 0.044 C.042 0.039

10 0.042 0.040 0.036 0.032

15 0.038 0.035 0.029 0.025

20 04034 0.029 0.024% 0.018

25 C.03%4 0.028 0.020 C.p1k

30 0.028 0.022 6,017 0.01%

35 0.026 0.020 C.01% -

/ KBFS(CN)6 /
0 D (420 nm) for

= -3"
1.0x10 17

Glutamie acicd

/ glutamie acid / at

/ Ya0Z / = 1.0 1, T=(65+0.1)°C,

ty £e05 I O.i I£ 0.25 M
0 C.3 0.3 @.3

5 0.298 0.295 C.286
10 0.267 0.289 0.284
15 0.292 0.286 0.274
20 0.290 0.282 0.266
25 0.287 0.276 0.263
35 G.279 0.267 0.247
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- -1
/ KBFQ(CN)6 / = 1.0 x 10 3 i, / Glutamic aci¢ / = 2.5xi0 L
T = {65+6.1)°C, 0 D (420 nm) for / NaOH / at
t 1M 2 M
0 0.3 0.3
5 0.286 0.26
10 0.284 6.281
15 0.274 0.271
20 0.266 C.262
25 0.263 0.254
25 0.247 0.237
1

/ Glutemic acid / = 2.5 x 107 M, / NaO¥f / = 1.0 M,

T = (65£0.1)°C , © D (420 nm) for / K,Fe (C)g / at

m 0.001 I 0.0005 I 0.0001 M
0 0.3 0.194 0.045

5 0.286 0.185 -

i0 0.284 0.179 9.041
15 0.274 0.170 £.038
20 0.266 0.160 0.032
25 G.263 0.157 G.028

35 0.247 0.128 0.026
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1

/ Glutemic ecid¢ / = 2.5 x 10~ M>

/ KBFe(CN)6 / =

/ NaOd / = 1.0 If

2

1.0 x 10_;1) 0 D (420 nm) for Temp. atl

t

0]

(o]

0

m  50°C 55°C 60°C 65°C 70°C

0 C.3 0.3 0.3 0.3 0.5

5 0.2965 0.295 - 0.286 0.28
10 0.295 0.290 0.288 0.28% G.27¢C
i5 G.292 0.28% 0.282 0.274 0.255
20 C.289 0.278 0.277 0.265 C.253%
25 6.233 0.276 0.269 0.263 0.250
3C - 0.273 0.265 - 0.240
35 0.276 0.268 0.259 0.247 0.2%2

/ KsFe(CN)6 / = 1,0%107° 1

Aspartic acid

7

/ NaO= / = 100 M?

T = (65_4-_0.1)°C) 0 D (480 nm) for / Aspartic acid / at

t 0.05 M 0.1 M 0.2 K
0 0.266 0.265 0,266
5 0.262 0.259 0.251
10 0.257 0.251 Ce236
15 0.254 0.245 0e224
26 0.250 0.238 G.209
25 0.2k6 0.231 0.20C
30 0.2473 0.224 0.187




/ KsFe(CN) ¢ / = 1.0x1077 1, / Aspartic scid / = 1.0x107" I,

T = (6540.1)°C , 0 D (420 nm) for / NeOH / at

m 0.75 M 1,0 M .0 l1
C.266 0.266 0.266
0.258 0.259 0.256
10 0.251 0.251 0.253
15 0.243 0.245 0247
20 0.236 0.238 0.240
25 0.229 0.231 0.2%4
30 0.222 0.224 0.228
1

/ NaOxZ / = 1.0 M/, / Aspertic acid / = 1,0 x 10~ M

yi
7 = (6539.1)°c/, 0 D(420 nm) for / K Fe(CN), / at

t 0.001 M 0.0005 M 0.0001 i
0 0.266 0.224 0.062
5 0.259 0,207 0.055
10 0.251 9.192 C.049
15 0.245 0.130 C.043
20 0.238 0.165 .03%8
25 0.231 0,155 C.034

30 C.224 O.143 0.030

e
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/ ¥eOZ / = 1.0 i, / Aspartic ecid / = 1.0x107} M,

/ K;Fe (cH) /= 1% 107 M, 0 D (430 nm) for tempereture at
t,  50% 55°¢ 60°C 65°C 70°C
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 G.247
15 G.260 0.257 0.251 0.245 0.238
20 0.258 0.255 0.246 0.238 0.229
25  0.255 C.252 C.241 C.231 C.221

30 C.253 04250 Ge237 0,22k 0.21%
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SUMMARY

1. KINZRICS OF OXIDATION OF GLZCLIII, ALLMIIE, VALIITS,

LIUCINE AND PIENYLLLLMINT BY LLALINT FIKACY/NOFRTRRATT(III)

The kinetics of oxidation of scre anmino acids
(glycine, alanine, valine, leucine znd phenylalamine) by
potassiun nexacyanoierrate (III), in alzaline nedium, at
constant ionic strength, urnder a nitrogen atussghers, has

been studiad.

k)

The rates of the reactions were found: to e
dependent on the first povwers of ithe concentreatiors of each
reactant(Substrate, oxidant and zlxali).

The effect of changes in temperaiture on tixe rates
of the reactior.s has bgzen studied, and the activevion ~- ..

peramecers 1ave been evaluated.

©
|3
®
£
g.

-

Variations in the ionic strengtih of t=
2engss in the coumcentratiors of adied hexzcyerdferrate (II)
ions, and the addition of salts, 4id not nave any efizact on
the rates of these: reezctions.

TPha presence of radicel intermediates, formed in
the rate Ceteruining steop of the reaction, heo been Jatected

and characterized by ESR spectroscop

<

£

The reection pathwey Zac bson rechreanicticelly

visuelized as procseding vi. the formetion of ralical



irtermediates in the rete Qetermining step. Tiaz radicel
underwent further reaction, by wey oL the imirno acid, to
vield the products. Thz producis formed fron tie ozidetion
cf these anino acids were tuae respective 0<-keﬁ3 ecidec, whica

were tliareacterizzd by chenicel setaods,

2., XIMNETICS OF OXIDATION OF SIRINT AWD THIBOIMIE

BY ALKLLINE ISZACYANOFZIRRLTI (III).

Taz kineties of oxideticn of so.e anino acids
(serine and threonine ) by potessiun aexecysznclerrate (IIX),
in alkxaline nedium, at constant ioric stremgt:z, under a

nitrogen atmospinere, hat been stulied.

3

the reactions ware round o be

b=y

'ha rotes ©

.

dependent on the first powers of tle concentrations of each
reactant (subistrate, oxident and alkeli ).

The effect of changes ir temperature on the retes
of the reactions nas been studied, and the activation
perameters have been evaluated,

Variaticns in the ionic strengh o tae mediun,
chenges in the concentratiors of added hexccyaroferrate(II )
ions, and the addition of salts, did notv 2ave any eriesct on
tze rates of these reactiorns.

Tire presence of radicel irteruedistes, foruct in

ot

the rate deternining step of the reaction, 2:8 Yeen detected

and cherecterized by ISR spectroscony.
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a4 -

be2n mechanisticalily

©

Ta2 reaction pathwey za
visuealized as proceeding via the Zormation of radical

irntermediates in the rete deterairning step. Tae radicel

underwent farther reaction, Dy wey of the ioric acid, to
vigld tae wnroducto. Tae productec forned from the oxidation

0f tazse amino acids were ta resPectivé.°<—keto ecids,

which Werga caearacterized by caewical netiods.

3. XINBETICS OF OXIDATION OF CUSTAINZE &ND L:ETITONILITS

BY ALCALIIE ‘BYXLCYANOFIRATE (IIL).

The kinetics of oxidaticn of sore anino acids

=)

(cysteine arnd methionine) by potescium hezacyenoferrate {III),
in alkeline nodiun, at constent ionic strengtih, under &
nitrogen atsosylere, hes been stulied,

A

dependent on the first powers oI tie concentrotions of cach
reactant {substrete, oxilert and elkeli) .
Tae effect of caeargec in tempereiturs on the rates
of tie reocetions hes becn studied, end e cctivation
pareneters eve been eveael.ctzad,.
Verietions in the iovnic strengt: £ ot melium,
cacngas in the concentretions of added aaxecyanocferrete(II )

118 not nove ey eifect

~

iorns, and the addition of salt

Q
4

9

0

ion

ct

thgsce reec

=

on the rates o©
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The presence 0
tac reote determining step o? the reacticn, Zac baen detactad
and caaracterized by ZSR spectroScopy.

The reaction potiway nes been :echorictically

visvelizzad as

procgeding via was Doroetion oF reodicesl
irtermediates in the reate deteraining step. The redicel
underwent further reaction, by way of dimorization, tn.
yiecld the products. Tac producis formed from the oxidation
of these anino escids werc the disulfide (from cysteins) and
the sulfoxide ( from methionine), wailch were eraracterized

by chemicel nethods,

4, XIMBTICS OF OXIDLDIION OF TY0SIITE AND TRYPTOTZAN

BY ALXALINT HEYLCVLNOFIRATE (II1).

The kinetics of oxidgtion of scie anino acids
(tyrosine and tryptophan) by potassiumm hexecyanoferrate(III),
in alkelire aediws, at congctent ioric strength, under o
nitrogen atoosepaere, has been studied.

Ths rates of tz reactions Were I5u-2 to he

reactert ( substratey, oxidant and alkali).
The effect of changes in temperature on tae rates
of the reections hes been studied, ard the activation

paraneters zeave been cviluatod,.
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Varietions in the ionic strength - the nediun,

cienges in the concentrations of adled neracyenoferrate(II)

3

ioms, eand the cddition of salts, 1id not 2ave eany aifect on

o]

the rates of thesa reactions.

[ &]
'—b
J
=
U
W
u
H
i»]

Thae precerce of redicel intermediates
the rete determining step 4% the reaction, as been

detected and cheracterized by 3SR spectroscony.

The reecticn pathway ezs bzen necreiiocticolily
vicgualizad as procecding vie the forwmation of redicel
interanedieates in the rets deteraining step. The readical
underwent further reectidn, by wey >f t.e iminy ecid, to
vigld the prcducts. The productec fLormed from thae oxidation
of taese asino ecids ware the respectivecxi-Zeto acids,

waici were craracterized by chewiccl aet:uds,.

5. XINBTICS OF OXRIDATI O OF SLUDVANIC ALCID AiTD 4AUPAITIC

&CID 3BY LLXALIVI ZR7LCZAIO T..4TT (TIL).

Thae kinetics oFf oxidastion of some amnino acids

(glutanic acid arnd aspartic acid) by potassgium hexacyano-

X

o

ferrate (IIL), in elxeline mediun, at constant ionic strength,

under a nitrogen at. osu.ere, 228 bean studled.

The rateg of itoe reactions were found ©o be

-

lepentent on the firct powers c¢f the coucdntratiorns o

=g

each

~

reactant ( substrate, owicdart arnd alkali )e
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mir ) O S LT Ay NN e A
The eiizct U3 Clegn0 1D TlLDsravire LIL v.le

rates of the reasctionc —ef Deoer otulizd, 2ol w22 echtivetion

Vericticis in the iomic strength of the meoaiun,

ions, and the esddition ¢f salts, did not aave any effzct

n tae retes of these reacti .
The presencs of redicel irtermedisizs, formad in

21

the retz deterzining step of the reectioci, hes Teen detecte
ard characterized by ISR spectrescounye.

The resaction pathwey 2es ©zer mecherniscically
visualized &5 procesedirg vie the formetiom ol radicel
irternediates in the rote datermining step. The redicel

urdarwent furtagr reaction, by wey of toe izinoe acid, to

walich wWere chaoracteorizad Dy creoicel methoio.

6, KINETICS OF JLIDAWION OF LVBIiTD, ARGIITILT AITD

FISPIDINE 37 ALZALINT H30ACZATOATARLT (III).

( lysine, argininz ané Ristidine) By potessi. ziecyano-

ferrate (III); ir alXalin- nodium, at coratent ioric stremgta,
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under 2 nitrogen atmospzaers, has ceen stuliced.

¢

Phz rates of tae reectionec Were fouzld to be
ot

dopendent on the first powers ¢©f the concentreations o

eaecr reactent (subgtrate, oxident ard alkali ).

The effect oi chenges in temporeture on tho
rates of the reactions has been stulied, and the activation
paranecters nave been eveluatad,

Vearietions in the ionic strangth -i tie medium,
chenges in tha concentrations of added hexecyancferrate (II)
ions, and the addition of salts, cid not have any effect
on the rates cf these reactions.

The presence of radical irtermedlatss, formed in
the rate deteruinin step J0f the reection, 2o beson dotacted

and chareacterized by BESR spectroscopye.

The reection pathwey hesS bepn macheanisticelly
visualizad a8 procceding via tho Farmetion of redical
internedietes in ths rate deteriiring step. The redical
undarwent further reection, by wey of the icizo acid, to
vield tiae products. The products fLoraed fruﬂ the oxidetion
of thesd acmino acids were the raspective {-kasto zcids,

waich Were cleracterized by chemiczl methods.
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