2732 J. Phys. Chem. A997,101,2732-2734
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Pulse radiolysis experiments were carried out with neutral aqueous solutions of cyclopropenyl cations
C3(NRy)st, (R, = Et,, CsHj) also containing bromide, iodide, or azide, to study possible one-electron transfer
rates and equilibria involving £NR;)3?t/C3(NR,)s™ couples. By~ oxidized G(NR,)s™ completely to the
corresponding radical dication with rate constants of2.10° (R, = Et;) and 7.4x 1* L mol™*s™* (R, =

CsH10), whereas no reaction was detected betweenaBid G(NRy)s2*. In contrast, the §NRy)s?* radical

was found to oxidize, although no reaction was observed betweerdnd G(NRy)s™. With azide, however,

the system reached equilibriumg'N- C3(NRy)s™ == N3~ + C3(NRy)s*?". From the equilibrium constant§

= 90 (R = Eb) andK = 280 (R, = CsH10) and the known redox potenti&(N3s/N3~) = 1.35 V, we calculate
E(C3(NR2)3?"/C3(NRy)s™) = 1.23+ 0.04 (R = Et) and 1.204+ 0.03 V (R, = CsHjg) versus NHE.

Introduction Experimental Section

The chemistry of the cyclopropenyl group has received All the materials were analytical grade reagents of the highest

considerable attention. The structure and reactivity of this PUrity commercially available. Chloride salts of the tris-
highly strained ring system are suited to theoretical as well as (dialkylamino)cyclopropenylium cations were prepared by an
experimental investigatiohs In addition to their fundamental established methad.Pulse radiolysis experiments were carried

appeal, the unusual vibronic properties predicted for cyclo- OUt ‘1"ith 0'2#5 pullges of 4 MeVv electrors from a linear
propenyl radicals have stimulated interest in their potential for accelerator that de Ivers doses of 8 Gy/ puise. Water was
use as molecular electronic deviée<Cyclopropenyl species _punﬂed by a Millipore M'""Q system. Solutions were prepared_
are normally isolated as monocations in which the parent cationlUSt bgfore eac_h experiment and were qleoxygenated by bubbling
[CsHs]* is the first memberr( = 0) of the Huckel (2+ 4n)z with nitrous oxide, which also reacts with the hydrated electron
aromatic series. Studies of the synthesis and reactivity of 1o increase the yield of OHadicals. The oxidizing inorganic

. . . I radicals were produced by rapid scavenging of the dicals
cyclopropenyl radicals by reduction of their cationic counterparts - - .
. . o : . - and used to oxidize the substrate molecules (S) to their radical
illustrate the inherent difficulty associated with adding an

electron to a closed-shell aromatic syster8imilarly, oxidation cations (S°):

of a cyclopropenyl cation is expected to be energetically H.Ow—ge . H.OH H.O.. H.. H.O"
disfavored. Tris(dialkylamino)cyclopropenylium ions are re- 2 e
markable exceptions to this rule. These electron-rich, readily
oxidizable species give monoradical dicatiohsdf unusually
high stability? Charge delocalization involving the heteroatoms

€ ot NO+H,0—OH + OH +N, 1)

OH 4+ X (N;) — OH™ + X'(N;) )
T i X X=X, 3)
® X, (Ng) +S— S+ 2X (Ny) @)
RaN - The formation and reaction kinetics of the radicals were

monitored at their absorption maxima: ,Br, 360 nm; p*~, 380

I nm; Ng*, 275 nm; G(NEt)s"?", 480 nm; G(NCsH10)s*?", 529

nm. Kinetic parameters were obtained by curve fitting using

no doubt contributes to their stabilization. Tris(dialkylamino)- the Marquardt alogirithm for nonlinear least squares. Time-
cyclopropenyl radical dications have been prepared by chemicalresolved spectra of the radical species are presented as the
and electrochemical means and characterized in some #&tail. product of the radiation chemical yiel@G{«mol J-1) and change
Salts of these deep-red cations are easily handled and displayn extinction coefficient relative to the absorbance of the
interesting properties!® We now report the generation of tris-  nonoxidized parent compound¢, L mol~t cm™2).
(dialkylamino)-substituted cyclopropenyl radical dications by
pulse radiolysis and describe how this technique was used toResults and Discussion

determine the redox potentials 0§(@IR;)s"*/Cs(NR)s" couples The spectra andmay values for the cyclopropenyl radical
for the first time. dications produced by oxidation with Br and Ny are shown
in Figure 1 and are consistent with those presented before in
® Abstract published irAdvance ACS Abstractdarch 1, 1997. less detaif
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Figure 1. UV spectra of G(NCsH10)s*" (H) and G(NEbL)s" (@)
produced by pulse radiolysis of ;8-saturated solutions of the
cyclopropenyl chlorides (0.001 molt) and potassium bromide (0.1
mol LY.

The redox potentials of the pairs;X/2X~ (X = Br or )
and N/N3~ have been estimated or determined by a number
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effects. Competition for the OHtadicals caused a decrease in
the initial Ns* radical concentration produced by the pulse, and
additionally, the decay of N radicals became much faster in
the presence of NRy)s" but still followed pseudo-first-order
kinetics. The first experiment indicated that;*Noxidizes
C3(NRy)s with a rate constant on the order of810 mol~!
s~1. When the concentration of3N was adjusted to 0.2 mol
L1 and that of G(NRy)3™ to 1 mmol L%, it became apparent
that Ns* does not decrease to zero in the initial first-order
process. Instead, a plateau value remains that then decays much
more slowly, probably by a second-order process. A similar
plateau value, less than the initial absorption maximum, is seen
when monitoring the formation and decay of(8R)z%".
These plateau levels and the kinetics leading to them depend
on the concentrations of bothsNand G(NR)s* as expected
for the equilibrium reaction 9

Ng' + C4(NRy);" == N3~ + C4(NRy)s ™" 9)

The value ofKg for this reaction was found by establishing
the concentrations of all species involved in the equilibrium
relative to the absorption characteristic of each species on its
own. Data were collected at either 480 nm, (R Etp) or 529
nm (R, = CsHj() for a range of GNRy)s™ and N~ concentra-
tions. Ny does not absorb light at these wavelengths, and
therefore, its contribution to the absorption was always equal

of groups using several different methods and collated into a 0 2€ro. Averages of a series of experiments yieldlge= 90

fairly consistent set of values by Wardm&rE(l,*~/217) = 1.03
V, E(Bry7/2Br-) = 1.63 V, and E(Ns/N3s~) = 1.35 V.
Preliminary investigations suggested thB([C3(NRy)z]*?t/
[C3(NR2)3] ™) might fall within this range of redox potentials,
and therefore, we examined the possible reactiong(@ff})s"2"
or C3(NRy)s+ with these anions and radicals.

I~ 4+ C3(NRy)s+ System Addition of increasing concentra-
tions of G(NRy)s* to solutions containing potassium iodide (0.1
mol L™1) caused competition for the OHadicals but had no
effect on the rate of decay of the'1 absorption at 380 nm,
showing that there is no reaction betwegmn Bnd G(NRy)s™.
Conversely, the characteristic absorption ef Iwas also
observed when was added to a solution containing excess
C3(NRy)s*, the rate of formation of ~ in this case being
exponential and proportional to- Iconcentration. This is
consistent with the reaction 5 followed by reaction 6, which is
known to be much fast&r(ca. 16°M~1s71), so that the overall
reaction is reaction 7:

Cs(NRy);Z" +17— C4(NRy)," + I' (5)
I+ 1" =1 (6)
Co(NRy); ™" + 21" — C4(NRy); " + 1,7~ ©)

Br— + C3(NRy)st System In contrast to the iodide system,
Br~ reacted completely with £NRy)s™ to give the radical
dication whose rate of formation was exponential and first-order
in C3(NRy)s™. Second-order rate constantskof (2.1 + 0.2)

x 108 L mol™t s1 (R, = Ety) andk = (7.4 £ 0.7) x 1B L
mol~1 s71 (R, = CsHyg) are consistent with the reaction 8:

®)

There was no evidence fors(MRy)s2" oxidizing Br-, i.e., no
evidence for a redox equilibrium.
N3~ + C3(NR2)3+ System Addition of C3(NR2)§L to

Br,” + C4(NR,); " — 2Br + C4(NRy);>"

+ 50 (R = Ety) and 280+ 10 (R, = CsHyg). These values
give AE = —(RT/F)In K = 0.12+ 0.02 and 0.146t 0.001 V
for differences in redox potentials between the azide and
cyclopropenyl systems. Fror&(N3s*/N3™) = 1.35 V2 we
calculate E(C3(NEt)32"/C3(NEt)s™) = 1.23 + 0.04 V and
E(Cg(NC5H10)3'2+/C3(NC5H10)+) = 1.20+ 0.03 V vs NHE.
1,3,5-Tris(dialkylamino)benzene is a species akin to the tris-
(dialkylamino)-substituted cyclopropenylium ion. Each is com-
prised of an aromatic carbocycle symmetrically substituted by
excellentr electron donors. Furthermore, the nitrogens of both
systems are fully alkylated, which precludes the possibility of
their existing in nonbenzenenoid tautomeric forms. Huckel
molecular orbital calculations predict that the HOMO of the
tris(dialkylamino)cyclopropenylium cation should fall in the
same energy range as the degenerate HOMOs of neutral 1,3,5-
tris(dialkylamino)benzenésyhich notoriously behave as electron-
rich and readily oxidizable compoun#s.On this basis, it might
be expected that the values of the one-electron oxidation
potential would be similar for the two systems. Oxidation half-
wave potentials of several tris(dialkylamino)-substituted ben-
zenes have been measured using the polarographic méthod.
The values were determined in acetonitrile against a siver
silver ion (102 mol L) reference electrode, which is 0.51
V 14 relative to the NHE. Referenced against the NHE, half-
wave one-electron oxidation potential values of 1,3,5-tris-
(dialkylamino)benzenes range from 0.52 to 0.86 V, somewhat
less than for the kindred cyclopropenylium ions. 1,3,5-
Tripiperidino-substituted benzene is a close analogue of the tris-
(piperidino)cyclopropenylium ion, and the difference of these
couples is about 0.5 V (1.20.69 = 0.51 V). Even when
allowance is made for the fact that the two couples were
determined in different solvents, this difference remains sig-
nificant.

Intuitively, a larger one-electron oxidation potential for the
cyclopropenylium system might be expected because an electron
is being removed from an already positively charged parent.
Our results confirm this and imply factors other than the energy
level of the HOMO from which the electron is lost are important,

solutions containing sodium azide was accompanied by two particularly in an aqueous environment.
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