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The one- electron reductlon of lumazme (LHy_) in agueous solutlons was brought about usmg B

_(CHg)gCOH radicals as the reducing agents. The fast-reaction technique of pulse radiolysis:and. kinetic ab

.. iserption spectrophotometry was used to monitor and determine the spectral charaeteristics and aci

~properties of the free-radical intermediates produced. The reaction rate constants of euq™ and. (CH3)2C

" radicals with the neutral and ionic forms LHp, LH™, and L2~ of lumazine were determined. The reactiv

* toward €., is 2-3 X 10 M~1sec™1. At pH 5.2, the reaction of e,q~ or (CHa):COH with LH2 glves

“-an-initial transient (Ty) which changes with time to another transient species (T2). H. is shown:that proto
dénors lead to the change Ty — Ta. The rate constants for the reaction of Ty with HyO+, LHy :and: HQP

are 1.6 1010, 2.7 X 108, and 3.6 X 108 M~ sec™, respectively. The —-N3H in lumazine is suggested: {

;" the proton donor for thls reaction. Based on the transient spectra and ionization constants of the fresrai

cals formed at pH 0.8, 5.2, 10.2, and 14.0, a tentative scheme of reactions is suggested for the forma

- the LH.4 . (LHg) ,LHz-,LH;-",and LH- 2~ radlcals

Lumazme (I) is-a substltuted pteridine (II) and forms - water has been studled The results obtamed are presen

- part of the skelet()n of flavins, such as riboflavin (III). below
s f\] N\(O /N. Nﬁ HyC N /N\KO o ..HN N
\N ol N oo H,C 0)\N +N :
b g | H o o H
i N UH (pK, 73)  Pelly* (pK, 105)  QxHy' (9K
The molecules can be readlly reduced ‘and the lntermedl- _ N N. N_ 0
e freeradicals. formed are considered to play a role in bio- - - hE \( o
: -chemical ‘redox réactions. Various aspects of the physico- ' ' SRS NH -
_ 'fchemlcal propeérties of these free radicals, ncluding acid- o . o H o
* base properties,” are under study. The one-electron reduc- . S N 0 _
“ijon of lumazine has been ekamined in CF3COOMH by ESR.3 L o " RbH- (pKa83) S

A radical cation has been observed, ~with the odd electron
lo_cahz »d on the pyrazine ring. -
. The radicals produced from the reduction by €aq of the The pulse radiolysis EXDEf imental SEt'UP “used s
it (U) and the pyrazme5 (Pz) rings in lumazme have described.®? Single pulses of 2.3-MeV eléctrons
' nsec duration (Febetron 705 machine) were used:
5 qu1noxahne5 Qx), and riboflavin®7 (Rb). The Slte of The radiolysis of Water produces eﬂq , Hy and OH rac
fé:;n ‘;11;(1 the pKa values of the radicals produced vary O —> o, (2 &), H (0 6), and on (2 8}
' ork appears to have been carrled out to determme cals, where the numbers in parentheses are ‘the. G
(number of free radicals formed per 100 eV of ener,
sorbed). One-electron reduction of lumazme (LHz) b
was carried out in solutions containing ~1.0. M.
alcohol (to scavenge the OH radicals) and saturat
radiecals in argon. One-electron reductlon by (CHg)gCOH radlcai

Expenmental Section

.;mazm b e'aq_, (CH3)2COH and (CHg)QCO
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f :ntermedtates produced from the one-
Iumazme (2.6 X 107% M) in water by (a)
iPrOH).at pH 0.8, A, and by e,y (in
pecies, M, read at ~0.5 usec after the

5 usec): Insert shows change in ab-
A(b)-eay” at pH 10.2, @, and pH 14.0,
sorbance at 450 nm with pH for tran-- -
dose ~5--10 krads/pulse. The spectra - -
f the solute

. pulse;: T2 species,
.. sorbance at:360 n
-+ 0! Insért'shows chang
i s;ent specses i and_:T2

1038 ‘g0 X (BL=-10)%

nd Eastman Chemim- i
_rchiorlc acnd potasm-- .

o e 04 R 06 8- S 10
{LUMAZ:NE} X |03M

FIQI.II'E 2 Dependence of the rate of protonatlon of the transient .-
species T and T produced from the reduction of lumazinie by 8y~
upon the concentration’of (a). lumazine, O {b) HY, ‘®; and (c) ;
HoPO,4~, ©O. The differences in-the mtercept values are due to:
changes in the  initial concentrat:ons of Eumazme, HY, or HoPO,—: -
used in each case. . e ;

(CHS)QCOH +LH, — LH3 + CH3COCH3 ERNVE

' constants for reaction 4. The Values for k4 were determmed
by monitoring the formation kinetics of the lumazine rad
cals produced at the appropriate wavelength (see below):

" The efficiencies’ wers derived by comparison with the'a

" sorbance of the lumazine radicals' produced: dlrectly

. reaction with ¢ eaq” (t-BuOH system} under otherWISe ides

tlcal expetimental coriditions. - S

" 'The. redox potentlal of 1umaz1ne does not séem 1o -have

o been *determined; The - kineti¢ ™ potent13112 of the

el (CHg)ECOH rad' al s Ekm =" 20.82: V. The efflmenc

_' e eIectron transfer to; LH2 18 }.OO% suggestmg that Em (LHg)
: : (

o that EOL (LH™) < —
SR L7, 6 V (ref 12) and’ smce only 85% transfer o for




' d from the One-Electron Reduction of Lumazme in Water

D "'e,_M:'_'i. em™ 2k, M sec™t* (radlcal)

o415 4,6 x 10° 1.7 % 10° 2,9
(T} 362; 450 7.8 % 10% 7.0 x 10 d e . (LH,
(T,) 360; 455 5.8 % 103; 1.7 x 10° 2.6 x 10° LH;
362; ~415 6.4 x 10% 1,2 x 10° 1.2 5 108 ~8.6 LH,
365; 450 6.1 x 103 1.2 x 10° 1.1 x 10° ~12.8 LEY

TABLE H1I: Rate Constants for Protonation of the
U e Radical Anion {T1 Species) by Proton
Donors in Water®

; A
Proton BT, — Ty),

donor HA M sec™™
0! 1.6 X109
Lurr_;azin'e, LH, . 2.1 X 108 .
LPO;T - 88X 10°
5 ~10% gec™

xt: b Intercept value in ;ﬂot of the multilinear regression
the kinetic data, assumed to represent protonation by

iffere ces in reacthlty

mation nf Free Radical Intermedlates

'he' intermediates produced from the reaction of €aq~
lumag_me in aquecus solution {in the presence of 1.0 M
at pH 5.2 aré shown in Figure 1a, The transient
y rptlon spectrum and extinction coefficient observed at
5 usec after the electron pulse {transient T;) changes
ime to give another transient species (T3} whose
um was read at ~5 usec after the pulse (Figure 1a
nd Table IT).

change from Ty to T2 was found to require a proton,
eaction 5. Various proton donors were found to bring

HA
T, > T, )

Ut this reaction, albeit at different rates. Figure 2 shows
he ependence of k5 upon the concentrations of HY luma-
zine, and HaPOy~ ions (used as buffer). The rate constants
for ‘protonation of the T radical intermediate by various
roton donors are given in Table ITL

Protonation of T1 by HaO% is very fast, & = 1.6 X 1010
L'sec™?, whereas lumazine and H.PO,~ protonate T1
th tate constant values of 2.7 X 10% and 3.6 X 108 M—1
ec™, respectively.

¢ Similar intermediate species T; and T were observed on
-electron reduction of various aromatic nitrogen hetero-
'cychc compounds, including pyrazine,>!® pterin,® folic

adical. produced by reaction with (CHa)zCOH 4 Radlcal produced by reactlon with ezq~. ¢ Transient species Ty and T2 observed a
H. 2 Ty decays by first-order kineties to give transient T (see text} 2T species has an apparent pK, ~ 7.9 (see text). ;

acid,® pyridoxin,’ and pyridoxal phosphate.l* In the case
of protonation of the pterin Ty species by pterin itself, it
was clearly shown® that the proton comes from the -NgH .. -
position since no protonation was observed from 3-meth--
ylpterin. Based on these results, it is suggested that the.
protonaticn of the T; species by lumazine may also be due
primarily to the -N3H group in lumazine. .

At pH 0.8, the reaction of (CHs)2COH radicals with LHy ©
produced a completely different transient spectrum with
Amex 415 nm, see Figure la. Although there is no way of
comparing this spectrum with that formed by reaction of
€aq~ with lumazine, the observed spectrum can neverthe-
less be attributed to such a species for the following rea-
sons: such an identity was established at pH 5, and neither
lumazine nor the acetone ketyl radical have a pK, in the
pH range 0.8-5.0. Since their redox potentials remain un-
changed, it is reasonable to assume that one-electron re-
duction of lumazine by (CH3)oCOH at pH 0.8 occurs via an
electron transfer mechanism. '

On pulse radiolysis of lumazine at pH 10.2 (ionic form
LH™), a different transient abhsorption spectrum is formed
{Figure 1b}. Only one intermediate was observed (i.e., there
is no change in the spectrum with time). Another transient
spectrum is formed when e,y reacts with L2~ at pH 14.0,
The changes in absorbance of the intermediates with pH at
fized wavelengths are shawn in the mserts to Flgure 1 (see
also Table IT).

Scheme I is tentative. Other conflguratmns for the radi-
cal intermediates are not presented: This scheme was cho-
sen for the following reasons: (a) die to its similarity to the
radicals identified®? from riboflavin, (b) the strong elec- .
tron affinity of the pyrazine ring and the great ease for pro-
tonation of pyrazinyl radicals,51315 and (c) similar mecha-
nisms have been suggested® for pterin and folic acid.

From ESR data, Ehrenberg et al.” inferred the formation
of the radical cation LHy - * produced from the one-elec-
tron reduction of lumazine in acid media, with the odd
electron localized on the pyrazine ring. The pK, = 2.9 for
this species (see Scheme I} appears reasonable, if one con-
siders the base weakening effect of the benzene ring. Thus
the pK, of the lumazine cation LH3% is ~3 as compared to
(.65 for the pyrazine cation PzH . *. On this basis one can
expect that the lumazine cation radical LH, - ¥ should have
a much lower pK, (observed value is ~2.9) than that of the
pyrazine cation radical PzHs - + (pK, = 10.5%).

The subsequent ionization constants of the lumazine
radicals are close encugh to those of lumazine itse. What
calls for comment is the assignment of the T; species. In
this connection it may be noted that although the transfor-
mation from T; to Ty is brought about by proten donors,
these two species are not related to each other as conjugate
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- pKa T95

T spéctrum at IpH 1().2 (at which
the deprotonated basm form)is

Yeighy versﬂ)le protonatmn reac- .
v Thls radlcal has d pKy ~ 8.6

agents They _were both able to reduce an-
6= dlsulfonate (AQ; E°1 = ~{.184 V) to the

- phenone
LHz <
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pparent
pK, ~ 79
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