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Dissociative Electron Transfer to Biologically will be feasible under physiological conditiofs. In such
Relevant Bicyclic Endoperoxides. Determination of circumstances, thermochemical cycles are often used to estimate
Thermochemical Parameters the standard reduction potenttal. Unlike acyclic peroxides,

- where thermochemical values are available for these calculations,
Mark S. Workentin* and Robert L. Donkers _ the necessary values are not generally available for endoperoxides
Department of Chemistry, The Ueirsity of Western Ontario  due to the complexities of their reactions, making assignment of
London, ON Canada N6A 5B7  activation parameters ambiguos.

Receied December 11, 1997 In this paper, we report previously unavailable values of the

Endoperoxides are important chemical intermediates in the Standard reduction potential&“sJ for two bicyclic endoper-
activity of a number of biologically significant substandes. ©Xides, ascaridoleASC) and dihydroascaridoleDASC), in

Examples include prostaglandin endoperoxitl important in aprotic media. These were de_termined by examining th_e kinetics
the biosynthesis of a variety of prostanotdand the potent of thg homogengo.us reduction of these endoperomdes. as a
antimalarial compound artemisinig)(and its derivatived* A function of the driving force of ET using a number of radical

key step in the mechanism of action in the antimalarial endop- @nion electron donorsASC andDASC were chosen as conve-

eroxides is likely an electron transfer leading to cleavage of the Niént models of the bridged bicyclic endoperoxides found in
endoperoxide bond generating oxygen-centered radical intermedi-SyStéms such asand2. Data analysis allows estimates of other

ates® This has also been suggested to be an important step inthermochemical quantities, including bond dissociation free
energies. Furthermore, these endoperoxides provide interesting

cases for studying and testing novel aspects of the theory of
dissociative ET>*2 since unlike previous examples the leaving
anion remains in the same molecule leading to an unconventional
(distonicd®) radical anion.

p Direct voltammetric reductiofi of ASC and DASC! in
0 acetonitrile (MeCN) and,N-dimethylformamide (DMF) exhibits
ASC DASC a single broad, irreversible cathodic wave. Peak potentig)s (
in MeCN are —1.85 and—1.90 V vs SCE at 0.1 V g,
the prostaglandin endoperoxide bioconversioRroper consid-  'espectively® Irreversible anodic peaks, due to products of the

eration of the role of an electron transfer (ET) in the possible feduction, are also observed-af.32 and—0.41 V. Addition of
modes of action in these systems requires knowledge of the?@ nonnucleophilic acid dpes not effect either the peak current or
driving force for ET between the donor and endoperoxide, which the shape of the cathodic wave but causes the anodic peaks to
itself requires accurate values of the reduction potentials of the disappear suggesting that they are due to the alkoxides or other
latter. Reduction of the ©0 bond is expected to be dissociative, €lectrogenerated bases. Upon increasing the potential scan rate,
where bond fragmentation is concerted with electron uptdke. V» theE; shifts toward more negative values and broadens. From
The standard potential for the dissociative reduction is not the experimental B/d log v plots the value of the transfer
determined easily using simple electrochemical methods since thecoefficient,a, was calculated to be 0.23.The transfer coefficient
direct reduction is subject to a large overpotential due to a slow (Of Symmetry factor)q, reflects how the free energy of activation
heterogeneous E12 As a result, reduction potentials measured ©Of ET (eq 1) responds to the driving force and is def'neﬁm@*/

from cyclic voltammetry are not themselves an accurate indication 9AG’er, whereAG* is the free energy of activation ansiG’er

of the standard potential and cannot be used directly with the iS the free energy of reaction. Similar values cofwere also

oxidation potential of donors to decide whether a particular ET Obtained from the peak widthAE;.);**% for example, o is

independent of solvent and determined to be 0.27 and 0.24 at 0.1
(1) (a) Clennan, E. L.; Foote, C. S. @rganic PeroxidesAndo, W., Ed.; and 1 V/s, for bothASC and DASC, suggesting a potential
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Figure 1. Plot showing the variation in loggr) for the homogeneous
electron-transfer reaction of a variety of radical anion donors)(i
DASC versus the standard reduction potential of the doBtyp--. Data
shown is that foDASC in 0.1 M TEAP and DMF M) and MeCN@®).

2-electron process according to eqs 1 arfd 2.

TN
R-O-O-R +&= ———» *(Q.R-R-O- o
*O-R-R-O-+&¢ —» -(O.R-R-O- 1))

The reduction of the endoperoxides by outer sphere homoge-
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respectively. A value oft = 0.5 corresponds to the dissociative
reduction potential&° s therefore, using the above equations
values of—1.29 and—1.28 V are obtained for the dissociative
reduction potential 0ASC andDASC, respectively. Thé&®giss
values agree with those determined independently by convolution
analysis»?728 These values indicate that bo##8C and DASC
were reduced heterogeneously with overpotentials of at least 0.5
V. Therefore, any thermodynamic significance linked to the
obsewved direct reduction potential for estimating thedrig force

for a homogeneous ET would #& in fact, been underestimated
by at least 12 kcal/mol The line shown in Figure 1 was obtained
by fitting the data to the general expression for an adiabatic
electron transfer (egs 5 and 6 whe¥&*, is the intrinsic barrier)
using the value oE°gss determined above in the determination
of AG°er and the typical value of 3x 10" st for the
preexponential terrd.

ker = Z exp(—AG'/RT) (5)
, AG* = AG*O(ll + AG°L/AG")? (6)
With the E°yiss values determined, the homogeneous rate
data can be plotted as a functionB°er (AG°er = 23.06E°pip-
— E°is9) and directly compared to the rate constants obtained
for reduction of the acyclic diert-butyl peroxide DTBP).2 For

ET values of similar driving forcesASC andDASC are found
to react 2 orders of magnitude more rapidly tHanBP. This

neous electron-transfer mediators was studied using an extensivesalue is expected if one considers a steric effect to EDTiBP

series of electrogenerated donor radical aniors)(xccording

to eq 3. The experiments involved using both the method of
homogeneous redox cataly®isind other homogeneous kinetic
methods to extend the studies to slower reactiéris.the former,

TN o
R-O-O-R + D —— *O-R-RO- + D 3)

the catalytic increase in current for the reduction of the donors
(they are regenerated in the ET) in the presence of varying
concentrations 0ASC or DASC and at differenv was measured
and compared to that obtained by simulation to obtgir?* In
none of the cases is there evidence for any competing reaction
between the D and endoperoxides.

A plot of log(keT) versus the standard potential of the ET donors
(E°pip-) for reaction withDASC in both DMF and MeCN is
shown in Figure 2> The figure illustrates the parabolic activa-
tion—driving force relationship predictéti? for these dissociative
ETs?5 A similar plot was obtained foASC.

The resulting lodeT) vs E°pip- can be related to the transfer
coefficient using eq 4. Thus, derivatization of the curve obtained
by a quadratic fit to the data fokSC and DASC

o= —(2.30RT/F) d(logk)/dE 4)
gives the equationg = 1.58+ 0.834E andx = 1.25+ 0.585E,

(21) Bulk electrolyses were carried out under constant potential conditions
in a divided cell at both Hg pool and Pt mesh cathodes. In all cases, the
corresponding diols were obtained quantitatively.

(22) (a) Andrieux, C. P.; Blocman, C.; Dumas-Bouchiat, J. M.; M’'Halla,
F.; Savant, J.-M.Electroanal. Chem198Q 113 19-40. (b) Andrieux, C.

P.; Savant, J.-M.Electroanal. Chem1986 205, 43—58.

(23) Daasbjerg, K.; Pedersen, S. U.; Lund,Atta Chem. Scand.991,
45, 424-430.

(24) simulation of experimental curves for an overall 2-electron process
was performed using the Digisim 2.1 program by Bioanalytical Systems. For

S

due to the alkyl groups shielding the-@ o* orbital, where the
electron is transferretl. This aspect and other novel aspects of
our probes pertaining to the theory of dissociative ET developed
by Savant? is forthcoming?®

Using a simple thermochemical cycfethe E°yss vValues can
further be related to the respective bond dissociation free energies
(BDFE) of the endoperoxides. This requires estimates for the
reduction of the alkoxy radical like fragment formed in eq 1.
Using a reasonable approximation tfi&koro- is equal to the
standard potential of the tertiary alkoxy radi€-guot—suo-2°
then the BDFE of these two endoperoxides is estimated to be 24
=+ 2 kcal/mol. This value is only slightly smaller than the average
value derived for the acyclic peroxidé8. For the fragmentation
of the endoperoxides, where both fragments involved in the
reduction remain in the same molecule, we expect that the entropic
term (TAS) will be significantly lower than that for the acyclic
peroxides, wherd@ASis estimated to be-68 kcal/mol? There-
fore, analysis of our data suggests that the bond dissociation
enthalpy of these endoperoxides is smaller thaBP and related
peroxides by ca.-810 kcal mot?. This type of difference (al-
though not necessarily the magnitude) is expected due to the added
strain and eclipsing interactions of the lone pairs on the oxygen.

In summary, we have studied the dissociative reduction of two
bicyclic endoperoxides and have been able to determine for the
first time values for the standard potential of their reduction that
are essential in consideration of the role of ET in the biological
systems. These methods are being expanded to estimate the
thermochemical properties of other endoperoxides of biological
significance, including?, which also undergoes a dissociative
reduction®® This thermochemical data will allow judicious choice
of ET agents to study the activity of these endoperoxides in the
biological environments.
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listing the donors used and the resulting kinetic data is provided as Supporting

Information.

(25) Average of at least two independent experiments. Data corresponding
to the slowest reactions that are important in defining the parabolic shape of

the plot have been performed more often and with a variety of donors with
similar E° to verify the value of the rate constant with donors at that potential.
(26) It has been suggested that such keg(vs E° relationships may be
linear. (For example, see: (a) Lund, H.; Daasbjerg, K.; Lund, T.; Pedersen,
S. U.Acc. Chem. Re4.995 28, 313-319. (b) Grimshaw, J.; Langan, J. R.;
Salmon, G. AJ. Chem. Soc., Chem. Comm@888 1115. (c) Grimshaw, J.;
Langan, J. R.; Salmon, G. A. Chem Soc. Faraday Trank994 90, 75—81.
(d) Reference 23.) However, in our case, a linear fit of the data is [poer (
0.971) with the residuals of this fit suggesting a parabolic relationship.
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