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SUMMARY OF RESULTS .

Thié summary of results consists ohly of thosevresearch items
(a. reactivity of aryl carbonium ions, b. éingle heme group reductioﬁ
in human methemoglobin) which are iﬁ a reasonably advanced state of
progress, but which are not yet sufficiently complete as to have been.
submitted for publication. Those research topics on.which publications
have appeared during the past contract year (a. the'solvated electron,
b. reactivity of aryl carbanions) afe not reviewed in'fhis summary
sincé detai;s are available in'the accompanying reprints. Four such
reprints are enclosedj one papef is in presé and two more are in pre-
paration. The following is a summary of the highlighté of the work on
carbonium ions and on methémoglobin. ‘

I. Reactivity of Aryl Carbonium Ions in Solution.

Having generated and observed the benzyl‘cation, CSHSCHZ+ [Jones_
and Dorfman, J. Am. Chem. Soc., 96, 5715 (1974)] in dichloroethane by
pulse radiolysis‘with various benzyl compounds, we have gone'on‘to
‘study the reactivity of benzhydryl cation (CSH5)20H+, and of trityl
cation, (C6H5)30+, as well. Absoiute rate constants for electrophilic.
reactions of these carbonium ions with various aliphatié amines and
with aliphatic alcohols, have been determined. "Although not all the
systematic kinetic constants for these various nucleophiles we are
sfudying have been determined, the following. results for the reactivity
of benzyl cation and of benzhydryl cation with triethylamine, tripropyl-

amine and tributylamine are of interest.



Rate Constants for the Reaction of Aryl
‘Carbonium Tons with Amines in Dichloroethane at 2500.

(Constant is given in units of M lsec 1)

Benzyl Cation  Benzhydryl Cation

triethylamine ' 2.0 x 10° 1.2 x 10°

. : . B 9 - 8
tri-n-propylamine 1-4 x 10 . T-T x 10
tri-n-butylamine - 1.0 x 10° 5.3 x 10°

.Thé reactivity ratio for benzyl/benzhydryl aﬁpears to be 1-8. Effects in
the amine series are likely steric effects. Determination of trityl cation
reactivityiis in progress. |

Reactivity of the foregoing aryl carbonium ions with methanol, ethanol
and 2-§ropanol is considerably lower with the alcohol monomer, the‘fate con-
stants falling in the range 2 x-10° to 9 x 10°. The kinetics are complex,
indicating a higher reactivity With alcohol dimer in solution than with
monomer.

The reactivity of the aryl carbonium ions with bromide and iodide
ion in DCE is éonsiderab;y higher with rate constants of approximately
5 x 10°°, very likely the diffusion-controlled limit. A manuscript is
in the initial stage of preparation.

II. Single Heme Reduction in Human Methemoglobin. (Jointly with Professor

'M. Klapper)

Reduétion of the iron in human aquomethemoglobin A has beeﬁ investi-
:gated by the pulse radiolysis method under concentration conditions such '
'that only a single heme group is reduced. Theoreactiyity of the hydrated
electron with methemoglobin was determined by direct observation of~

this species. The separate reactions of OH-radical and of H-atom, as well
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as of e;q, were sﬁudied by observing'gbsorption changes in the hémogldbin
over the wavelength range 290 to 600 nm, with appropriate scavengers
(N20, CHz0H) in solution.

| In unbuffefed aqueous solutions at pH 6-2, in 0-1 M NaCl solution

at 2500, the rate constants for the‘disappearance of e;q, and for the
reduction of heme iron aé measured by the absorbance-incéease at 435 nm,
were fou%d to be the same, namely L-2 x 10*° M'lsec;l. It was also found
that 55% Lf the hydrated electrons formed were effective in reducing the
heme ircn. This equivalence of rate constants together with the incomplete
material balance in e;q can be understood simply in terms of concurrent
competing reactions éf e;q by more than one‘pathway; it does not call for
" a model involving a rate-determining activated complex in the reduction

mechanism, as proposed by Wilting, et al. The rate constants for the

reaction of e;q with cyanomethemoglobin, with azidomethemoglobin and

with deoxyhemoglobin are being determined.

The hydroxyl radical does not cdntribute to the fast heme-redu;tion
process, which is produced by the hydrated electron. On a time scale of
lOO.usecs and longer, however, spectral observations in NzO-saturated
solutions reveal that about one-tenth of the hy@roxyl radicals (a strong
oxidizing species) results in reduction ofAthe heme group. This suggests
that OH produces a radical intermediate in the methemoglobin, capable of
reducing the heme iron of the protein. A manuscript is in the final stages

of preparation.
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