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The reduction of pyridind&l-oxides by 1-hydroxy-1-methylethyl radicat§Me,OH, is acid-dependent, in accord

with the greater reducibility of protonated pyridifeoxides. The respective rate constants for the unprotonated
(kro) and protonatedkgy) pyridine N-oxides have the following values (L mdls™): 8.1 x 107 and 2.8x 10°

(X =4-CN), 7.5x 10f and 3.7x 1(® (4-Cl), 7.8 x 1(° and 8.4x 10’ (H), and 1.7x 1Cf and 4.1x 10’ (4-Me).

The reduction of the Co(lll) complexes (NJHCo(X-pyOF" by *CMe,OH is rapid k = 10/—10° L mol~1 s71)

and acid-independent. On the basis of linear free energy relationships it is concluded that the reduction of the
Co(lll) complexes takes place by a chemical mechanism, whex@ble,OH reduces the coordinated X-pyO
followed by an intramolecular electron transfer to the cobalt center.

Introduction tives; its continued use for this series as well will enable
Reductions of aromatic nitrogen heterocycles, particularly if COmparisons between the new results and those already obtained
they take place by an electron-transfer mechanism, pose anWwithout the need to compensate for another variation. Another

intriguing question as to the nature of the orbital interactions "€@son for the selection 68Me,OH has to do with a particular
in the transition state. The substances we have in mind are,klnetlc technique that allows the quantitative determination of
for example, pyridines, imidazoles, and (in this work) pyridine rate constants over a range muph wider than thqse qcces&ble
N-oxides (hereafter X-pyO, where X is a ring substituent). In by teghnlques of flash photoly§|s and pulse radiolysis. The
each case we need to consider protonated forms as well as théech”'qufse&"ge have employed is the method of “stored free
free bases, since the reactions were investigated in acidicfadicals™ ;’Xh":h employs the organometallic cation,(®)s-
solutions over a range of pH. Kinetic studies have proved CT—CM&OH®", a species that reversibly releases the free
helpful in clarifying the operative mechanisms in certain of these "adical. A steady state is set up, and the kinetics of the
instances, particularly with the inclusion of substituents that can COMPetitive reaction with the substrate of interest, here the
probe the electron demand of these reagents toward a Sing|eoyr|d|ne l_\l-o>_<|de or its derivative, can be determined from the
electron donor. overall kinetics.

Single-electron reduction of aromatic compounds yields In these studies we report kinetic data for reduction of the
transient free radicals. Such an electron-transfer event requiredrée base and protonated forms of several pyridikexides
a powerful electron donor, which is one reason certain reducing @nd for a series of co?l?flt(lll) complexes having the g+eneral form
aliphatic radicals have proved advantageous. In this researchNH3)sCo—ONCsH.X3*, hereafter (NH)sCo(X-pyOP*. The
we have again utilized the 1-hydroxy-1-methylethyl radical as coPalt complexes pose an additional question: does electron
the electron donor. This choice offers the advantage of attack occur at the heterocyclic ring, as it obviously does in the
providing sufficient driving force for heterocycle reduction, since absence of the metal center, or at the cobalt? Irrespective of
E° ~ —1.2 V for the half-reaction MECO + H* + e~ = *CMey- the mechanism, Gg* would be the final product.
OH.! In addition, a donor of this constitution presumably will ~ Linear free-energy relationships have proved useful in earlier
not interact or associate with the heterocyclic compound, as awork. The application of such treatments as the Hammett
transition-metal electron donor might. This feature allows a relationship to reactions of pyridindl-oxides may be less

reliable comparison within and among the different families of Straightforward, however; for example, resonance effects enter
heterocycles. here in ways that did not encumber the same treatment for

Of the donor radicals that one might choose for this task, Pyridines and imidazoles. Parameters other than the Hammett
one advantage ofcMe,OH is that it has been used in earlier ¢ constant can be used instead. Th&' of the protonated

work for related studies of pyridid@ and imidazoléS deriva- ~ cations might serve, as might the standard reduction potential
of the one-electron couple X-pyO/X-pyQ%10 In the absence

t Dedicated to Radovan Marcec, our recently deceased colleague andOf reliable potentials in aqueous solution, however, photoelec-

friend. tron spectroscopy was used to determine an alternative param-
*lowa State University. eter
§ Rudjer Boskovicnstitute. )
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Reduction of PyridineN-Oxides

Table 1. UV—Visible Spectral Data for [(Ng)sCo(ONGH4X)] 3t
Complexes

X Adnm e/lLmolfcmt  Ainm  €/10*L mol~tcm™t
4-CHO 520 118 297 1.29
4-CH; 520 104 281 1.26
522 113
3-CH; 518 99 280 255 1.1, 1.65
H 523 105 272 1.33
5212 1012

aReference 142 Shoulder.

Experimental Section

Materials. Commercially available pyridind-oxides (unsubstituted,
4-CN, 4-CH, and 3-CH, Fluka; 4-CHO, Aldrich) were twice
recrystallized from ethanol before use. 4-Chloropyridiiexide was
synthesized from 4-nitropyridind-oxide (Fluka) and acetyl chloride
by a literature procedurg.

[(NH3)sCo(X-pyO)](CIQy); salts were prepared from [(NMCo-
(H20)](ClO4)3 and an excess of the corresponding X-pyO in DMF,
according to the literature procedure for the pyridine complékager
decomposition in HCIQ the complexes were analyzed for their colSalt
and X-pyO content by UV spectrophotometry. The spectroscopic

characteristics of the cobalt complexes are given in Table 1. After —
these complexes were first prepared, another group reported the

preparation of the pyO and 4-Me-pyO derivativés.

Warning! Metal perchlorates are potentially explosive and should
be handled with care.

Perchloric acid and hydrogen peroxide, both analytical grade Merck
were used without further purification. Lithium perchlorate was made
from lithium carbonate (p.A. Merck) and perchloric acid and recrystal-
lized three times from water. Isopropyl alcohol was redistilled weekly

and kept in the dark. Hexaaguachromium(ll) solutions were prepared

by zinc-amalgam reduction of [Crg®)s](ClO4)s in aqueous HCIQ
The water was doubly distilled and purified in a Milli-Q purification
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2. The model in egs 1 and 2 was first reported in 1982 and verified
by several subsequent tests.

In the absence of oxygen and other reagents, the homolysis step is
rapidly equilibrated Ky = 0.127 s%; ke = 5.1 x 10’ L mol~t st at
25°C), and the irreversible acidolysis leads to the slow decomposition
of the complex Ka/s™ = 3.31 x 1072 + (4.91 x 10°3)[H30"] at 25
°C). In the presence of a substrate that reacts with the aliphatic free
radical, however, the homolysis will be drawn toward completion. When
the substrate is X-pyO, the reaction will occur as written in eq 3. The
rate constankg is acid-dependent, as will be shown later.

*CMe,OH + X-pyO — Me,C=0 + X-pyO'~ + H"
v = kg[Me,C'OH][X-pyO]

@)

The extent of the partitioning of the aliphatic radical between
reactions 2 and 3 in a given experiment can be controlled by the
adjustment of the (relative) concentrations of X-pyO and addegi'Cr
With these two concentrations in considerable excess over that of the
organochromium cation, the rate law for the overall loss of Cr&Me
OH?*, after the steady-state approximation is made fGMe,OH],
becomes

d[CrCMe,OH*"]
dt

[kA+

==

kyke[X-pyO]
Ke[X-pyO] + ke [Crof

n ][CrCMeZOH2+] (4)

" The term in braces is a pseudo-first-order rate constant that we represent

by kobs. In effect, the acidolysis pathway provides a minor correction,
and the differencekqsps — Ka, is the quantity to be correlated with the
concentration variables. Rearrangement of the expressiork.for
provides a form in which the data can be linearized. As the resulting
expression in eq 5 indicates, a plot of the inverse of the corrected rate
constant is expected to be a linear function of the concentration ratio.

system. Kinetic solutions were handled by glass syringes and platinum

needles under an argon atmosphere. Commercial argon was passed o

over a copper catalyst and scrubbed through & €olution. 1 _1 + & [Craq
Photoelectron Spectroscopy.lonization potentials were determined Kobsa— Ko Ky Kgky [X-pyO]

in the gas phase by use of a Vacuum Generators UVG3 instrument,
which was calibrated with small amounts of Ar and Xe. The potentially interfering reactions between Gh>+ and pyridine
The reduction potential for CsHsNO in agqueous solution was  N-oxideg® and some (NR)sCo(X-pyOy+ specie$' are slow and did
determined by differential pulse polarography (Polarographic Analyzer not interfere with our kinetic study.
Model 174 A) on a hanging-mercury-drop electrode. At pH E5;
—1.03 V vs Ag/AgCI (0.81 V vs NHE) was obtained.
Kinetics. The source of th&€Me,OH radical was the organometallic
cation (HO)sCrCMeOH?*, which was prepared by the modified Fenton
reaction, as given in Scheme 1. This complex decomposes to nonradica

(5)

Results

All of the kinetic runs were performed with the concentrations
pf Cr(H0)6** and X-pyO or (NH)sCo(X-pyOF* high enough
compared to the concentration of B)sCrCMe;OH?" to ensure
pseudo-first-order kinetics with respect to this species, the
disappearance of which was followed at 311 nm by a Cary 219
spectrophotometer. The ratios of the two reagents competing
for *CMe,OH were systematically varied.

The rate constants obtaindd,s were analyzed graphically
according to eq 5. The rates of all of the pyridiNeoxide
reactions were found to be acid-dependent, as illustrated in

products in a heterolytic process, referred to as acidolysis (eq 1), andFigure 1. ,
to the desired free radical by reversible homolysigl{Sshown in eq The literature values of pifor X—pyOH* aréet

Scheme 1
Cr(H,0)6>" + H,0, — (H,0)sCr—OH*" + HO" + H,0
HO" + H—CMe,OH — H,0 + "CMe,OH
Cr(H,0)s"" + "CMe,0H — (H,0),Cr—CMe,OH*" + H,0

4-CN  4-Cl H 3-CH 4CHs 4-CHO
Cr—CMe,0H*" + H,0" — Cr,>" + Me,CHOH @
- N -117 036 079 1.08  1.29 2.05
v = Ka[Cr—CMe,0OH""]; ky, =k + K[H;07]
The least basic compound, 4-CN-pyO, is protonated only to a
_ 2+ — 2+ | . . ’ ’
Cr=CMe,OH™ = Cryq + 'CMe,OH @ maximum of 8% over the pH range used, and the measured

vy = ky[Cr—CMe,OH*"] — kCr[Cfaq2+]['CMezOH] rate constant is a linear function of {H The extent of

(15) Kirker, G. W.; Bakac, A.; Espenson, J. Bl.Am. Chem. S0d.982
104, 1249.

(16) Zipp, A. P.; Ragsdale, R. Q. Chem. Soc., Dalton Tran£976 2452.

(17) Nelson, J. H.; Carney, R. G.; Ragsdale, RJOHeterocycl. Chem.
1967, 4, 591.

(11) Ochiai, E.J. Org. Chem1953 18, 534.

(12) Nordmeyer, F.; Taube, H. Am. Chem. S0d.968 80, 1162.
(13) Kitson, R. F.Anal. Chem1959 22, 664.

(14) Purcell, W. L.Inorg. Chem.1989 28, 2312.
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30 As expected, no reduction of X-pyO took place. Moreover,
4-CNC5HyNO the rate of acidolysis (0.6411.0 M HCIO,) and the U\~ visible
spectrum of (HO)sCrCH,OH?* were both unchanged in the
presence of 2 mM 4-Me-pyO, showing that 4-Me-pyO does not
coordinate to (HO)sCrCH,OH2". On the basis of this result it
seems safe to assume that pyridi@xides used in this work
do not coordinate to (}0)sCrCMeOH?" either.

The reduction of (NH)sCo(X-pyOF* by *CMe,OH was
straightforward and showed no acid dependence in the range
0.01-1.0 M HCIOy. The results are summarized in Table 3.
The total amount of liberated X-pyO was alwaysl0% of
[(NH3)sCo(X-pyO)F*]o, and there was no interference from the
reaction of free X-pyO/X-pyOH and*CMe,OH.

20 “74-CIC5H4NO

—
[=]

C5H5NO

107k /M1

N

Discussion

The radical *CMeOH readily reduces all the pyridine
4-CH3C5HyNO N-oxides examined in this work. We presume that in each case

X-pyH™ is the final product, formed in the reaction between
NOC5H4NO

X-pyO'~ and excess G&£" (eq 8), although this has not been
e ——) verified experimentally. Facile reduction of coordinated X-pyO

01 03 05 07 09 by Cr.#" has been proposed earlier as a rapid step in the

reduction of pyO by Gg?*.16

HY/M

Figure 1. Dependence of the rate constants or][Fbr the reactions _ O 2+ + oy, + 3+
of pyridine N-oxides with"CMe,OH at 25.0°C. Conditions: [(HO)s- X-pyO™ +Cryq + 3H X-pyH" + Cryg +H0 8)
CrCMe0OH?"] = (2-5) x 1075 M, [Cr(H-0)?'] = (2—29) x 1074

M, [X-pyO] = (1.5—20) x 10*M, and [Cr(HO)s?>"/[X-pyO] = 0.2— Consistent with the presence of tReoxide function, the rate

5.4. constants are several orders of magnitude larger than those for

. . o 5
Table 2. Second-Order Rate Constants for the Reduction of the reduction of pyridines and imidazofés> The observed

Substituted X-pyO, X-pyOH, and X-pyH" with acid deperjd_ence is _readily explained by the@biabe_equilibria
1-Hydroxy-1-methylethyl Radicals at Z& and 1.0 M lonic (Ky) of pyridineN-oxides. As expected, the inductive effect of
Strength the proton increases the reactivity of X-pyOHtelative to
X-pyo X-pyOH" X-pyH* xpyo. .
X kedLmol"2s!  ke/Lmolls? KLmolls? In addition to thekgro and kg; terms, the two most basic
4-CN 81x 107 2 8% 10° (=6 x 10 pyridine N—omdes (4-Me and 4-MeQ) show an a_lpparent third
4-Cl 7 5% 10F 37% 108 26% 10 term at high [H], such that the reaction rate first increases and
H 7.8x% 10° 8.4x 107 9.6x 10° then decreases with acidity. No such term was observed for
4-CHs 1.7x 10° 4.1x 10 7.3x 10 4-CN-pyO, the unsubstituted pyO, or any of the X-pyO

a Extrapolated to the diffusion-controlled limit from the Hammett Comp!exes of cobalt(lll). We ansidered a possibility that the
relationship in ref 2. coordination of X-pyO to the radical precursor {®)sCrCMe-

OHZ2") is responsible for this behavior, but this is unlikely in

protonation of 4-Cl-pyO reaches-70%, and that of the e\ 'of the complete lack of interaction between 4-Me-pyO
unsubstituted pyO is-85%. The acid dependence of these .4 (FO)sCrCHOH2* .

compou_nds levels off at high acidities, as th_e protor_lation nears Similarly, the second protonation of pyridiné-oxides (to
compl+et|on. We assume that the terms which are |ndependentx_pyo(H)22+) might slow down the reduction, but there is no
of [H, ] and proportional to [H] are due to the respectlve. experimental or literature evidence for such protonation. In what
reactions of the unprotonated and oxygen-protonated Speciesg, oy the discussion of the 4-Me and 4-MeO data will be
as shownin eq 6. After allowance is made for the proportioning |imited to the low acidity range, where the two-term rate law
of the reactant betvyeen a.CIdIC and basic forms, the Ilneanzedapp”es_
expression in eq 7 is obtained. In our earlier work on the reduction of pyridines and their
v = ke X-pyO]['CMe,OH] = metal complexes byCMe,OH, we h_aye rgligd heavily on the
e ammett p values as a mechanistic indicatsr. For the
{Kro[X-pyO] + kg;[X-pyOH]}['CMe,OH] (6) reduction of the chromium complexes £B)sCr(X-py)3t, the
value of p (7.2) is similar to that for free X-pyHions (6.6),
Kra.. .+ suggesting a chemical mechanism for the reduction gDk
=Kgo T Pa H'] (7 Cr(X-py)3*. The reaction is initiated by the reduction of the
@ pyridine ligand, followed by intramolecular electron transfer to
The most basic derivatives, 4-Gldnd 4-CHO, show a real the metal. The cobalt series (MCo(X-py)y*" showed much
or apparent third term in their acidity dependence. We return less sensitivity to the substituent on the pyridipe=f 1.1),
to this unanticipated finding later, but for now the rate constants consistent with the direct reduction of the Co(lll) center.
for the 4-CH, derivative are given only at low [H, where the In the present work, the reactions of pyridiNeoxides and
two-parameter treatment remains valid. Table 2 lists the valuestheir cobalt complexes were subjected to the same analysis
of kro and krs. The rate constants for the corresponding (Figure 2). Thep values for the reduction of X-pyNO,
pyridinium iong are also given. X-pyNOH*, and (NH)sCo(X-pyOF+ are all~2 (1.8, 2.2, and
In several experiments the radical precursof@HCrCMe,- 2.2, respectively). The much smaller value for pyridine
OH?* was replaced by the non-homolyzing,(B)sCrCH,OH?*. N-oxides compared to pyridines is consistent with the involve-

H]+K,
K

a
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Table 3. Kinetic Data for the Reduction of (NgkCo(X-pyOF* by 1-Hydroxy-1-methylethyl Radicals

X of (NH3)sCo(X-pyOF* [Cr(H0)e*"]/10* M [(NH 3)sCo(X-pyO¥*]/10* M [CrzH)/[Co(lN)] kr/10" L molts™t
H 2.6-12.2 2.354 0.99-3.8 7.7
3-CH; 3.8-11 3.4-4.6 0.96-34 7.6
4-CHs 5.9-12 3.8-6.0 0.99-2.8 4.0
4-CHO 4.2-84 2454 1.0-24 2.0

aConditions: 25°C, [H*] = 0.01-1.0 M, ionic strength 1.0 M (HCIQ+ LiClO,), X-pyO = X-CsH4NO.

10.0 T T T T

log k

68300 02 04 06

Figure 2. Plots of logk vs Hammetto values for the reaction of
*CMe;OH with X-pyO (filled circles) and X-pyOF (open circles).
Kinetic data are from Table 2 angvalues from ref 23.

Chart 1

x x
()—-[)—-[ )~
N N N
| I I
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N N
| |
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ment of different resonance structures foxides (Chart 1)
and the known doneracceptor interaction between tNeoxide
oxygen and polar solvent8. Both of these effects modify the
electron density at the reaction center.

The value ofp for the protonated pyridind&l-oxides has to
be considered the lower limit, given that the rate constants for
the most reactive derivatives approach the diffusion-controlled
limit. The linearity of the Hammett plot through all the points
indicates, however, that the true valuepdf not much greater
than 2.

The data strongly indicate that pyrididéoxides and their
cobalt complexes react by the same, chemical, mechanism: th
attack by*CMe,OH at X-pyO, followed by an intramolecular
electron transfer to the cobalt center of (N§Co(X-pyOy+.

An analogous mechanism operates in the reduction of some

other Co(lll) complexes. For example, an intermediate contain-
ing the one-electron-reducqenitrobenzoate ligand was ob-
served directly in the study of the reduction of (JsCo(O,-
CGCH4NOZ)?" by *CMe;OH .10

Further support for the chemical mechanism in the present

work comes from the value for the reduction of (NgJsCo-
(X-pyO)®* being greater than that for (NMCo(X-py)*", despite
the smallerp value for the free X-pyO compared to the free

(18) Abramovitch, R. A.; Smith, E. MPyridine and its Deratives
Wiley: New York, 1974; Supplement Part Two, pp-261.
(19) Hoffman, M. Z.; Simic, M.J. Am. Chem. S0d.972,94, 1757.

Table 4. First lonization Potentials and Spectroscopic Data for
Pyridine N-Oxides and Pyridinium lons and Kinetic Data for the
Reactions with 1-Hydroxy-1-methylethyl Radicals

X of

X-pyO logkro logkr:i E/eV® Amadnm E,—/eV  AE/eVP

4-CHs 6.23 7.61 8.08 255 4.86 3.22

H 6.88 7.92 8.38 255 4.86 3.52

4-Cl 6.89 8.57 8.43 264 4.69 3.73

4-CN 7.91 9.44 9.02 282 4.39 4.63

X of

X-CsH4NH* ¢  logkr: E/eV  Ama/nm  E,—/eV  AE/eV
4-CHs 4.86 9.41 263 471 4.70
H 5.98 9.66 255 4.85 4.81
4-Cl 6.41 10.01 257 4.81 5.19
3-Cl 7.87 9.83 271 4.57 5.25

2 |onization potentials are from refs 2@2.° See definition in eq
9. ¢data from refs 4 and 5.

pyridines. The following rate constants (L mék™?) illustrate
the different reactivity patterns in the pyridine and pyridine
N-oxide systems:

A5CO_ONC6H53+ ON(:5H5 +HONC5H5 A5CO_NC5H53+ +HNC5H5

7.7 % 107 7.8x 106 8.4x 10 1.2x 10 9.6x 10°

The reduction of the free pyridinium ion is too slow for the
cobalt to utilize an intramolecular path, and the cobalt center
reacts by direct outer-sphere electron transfer from the radical.
PyridineN-oxide, which is reduced more easily than pyridinium
ion, makes a chemical mechanism feasible, and the metal center
is reduced in a secondary, intramolecular step. As noted by a
reviewer, however, a direct attack at cobalt is always an
available pathway.

Probably the best way to confirm the electron-transfer nature
of a series of related reactions would be a correlation between
the rate constants and the reduction potentials, Unfortu-
nately, theE;;, values for le reduction of a series of X-pyO
compounds are available only in DMF as solvénthe rate
constants for the reduction of both free and cobalt-complexed
pyridine N-oxides by*CMe,OH (in water) are indeed linearly
related to thesds;, values (in DMF). The meaning of the
relationship is questionable, however, because the potentials for
X-pyO must be very different (more positive) in,@& than in

DMF (E1p= —1.4t0—2.1V for the compounds in this work);

otherwise, the reduction b€ Me,OH (E ~ —1.2 V) would not
be feasible. The expectation of the more posite in H,O
is also consistent with the stabilization of X-pyNOby
protonation and hydrogen bondi#g. Indeed, the half-wave
potential determined in this work for unsubstituted p¥Ed, =
—0.81 V vs NHE at pH 2.5, is in full agreement with these
expectations. The linearity of the plots of legin H,O) against

Ei2 (in DMF) suggests that the relative orderings of the poten-

tials for the various X-pyO’s are comparable in DMF angCH

Electrochemical data for pyridin&l-oxides in water are
available for the 2e process¥sbut a correlation with these
has not been sought. Instead, we examined the redox reactivity
of pyridine N-oxides and their complexes as a function of a
parameter related to electron affinity. We have utilized this
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8.0r X-pyO x k
|
7.0+ g
Y/ X
%D 6.0 X B
L]
5.0- o XpyH"
a0 ©
2.0 3.0 4.0 5.0 6.0
AE/eV

Figure 3. Plot of log k vs AE for the reaction ofCMe,OH with
pyridine N-oxides (X-pyO, circles), pyridinium ions (X-pyH crosses),
and imidazolium ions (X-imH, diamonds). For the definition ckE
see eq 9 and Table 4. Data for X-pytdnd imH" are from refs 4 and
5.

approach earlier in our work on imidazotes.We were further
encouraged in this attempt by a refooh linear correlation
between the energy of the LUMO (from MO calculations) and
the half-wave reduction potentials in DMF for pyridiNeoxides.

A measure of the electron affinity, denoted AE in Table
4, was determined for pyriding-oxides from the first ionization
potentialsE2°22 for X-PyO and the energy of their lowest
energy absorption maximg,—,+ (€q 9). The energy difference
AE is taken as an estimate of the electron affinity of the
orbital.

AE=E—-E_. 9)

As shown in Figure 3, there is a good correlation between

log k andAE for the reaction of X-PyO withCMe,OH, as well

(20) Scholz, M.; Goetze, R.; Kluge, G.; Klasinc, L.; NovakZL. Phys.
Chem.1981, 262, 897.

(21) Klasinc, L.; Novak, I.; Kluge, G.; Scholz, MZ. Naturforsch.198Q
352 640.

(22) Kovag B. Private communication.

(23) Shorter, J. Correlation Analysis of Organic Reactivity; Research Studies
Press: Chichester, U.K., 1982; p 30.
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Figure 4. Plot of AE for X-pyO (eq 9) vs Hammett substituent
constantsy.

0.8

as for the corresponding reactions of pyridines and imidazoles
published previously. This result provides additional support
for the electron-transfer nature of all three series of reactions
and of the reduction of (NgJsCo(X-pyOy+ by *CMe,OH.

The reduction of X-pyO is less sensitive to the change in
AE than are the reductions of X-pyHand imH", just as the
Hammettp value is smaller for X-pyO than for X-pyH This
result increases our confidenceAft as a measure of the relative
electron affinity within a series of related compounds. In fact,
we find that there is a good linear correlation betwadhand
o (Figure 4). This is especially encouraging in view of the
reported correlation between the HMO-calculated energies of
the LUMO and Hammett's values®

Acknowledgment. This research was supported by the U.S.
Department of Energy, Office of Basic Energy Sciences,
Division of Chemical Sciences, under Contract No. W-7405-
Eng-82 and by the Croatian Ministry of Science. We are
grateful to Dr. Branka Kovador disclosing to us the unpub-
lished value of the ionization potential for 4-CNpyO and to Dr.
Sonja Kozar for the determination of the reduction potential of

1C960111S



