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The criteria for characterising conjugation and delocalisation effects
have been extensively discussed in tneoretical chemistry, It was suggested
that the reactivity of two distant atomic groups cam be mutualy influenced
even wien the optical spectra, dipole moments and bond lengths show no de-
viation from additivity, because the energy involved in these weak interac-
tions is several order less than that of the chemical bond (1), However,
these interactions are detectable by radiospectroscopic methods, sensitive
to such low energetic "dynamic" conjugation, The stable iminoxyl biradicals
(2) may provide an appropriate model for studying these weak interactions,
The identity of the two free monoradical groups ensures weak spin exchange
with an energy only slightly exceeding that of hyperfine interaction, The
spin exchange results in the appearance of com ponents adaitional to the
basic triplet BESR spectrum of a monoradical iminoxyl, It has been shown
however that in most cases the exchange interaction in these compounds, if
observed, was time-modulated by the conformational motion of the connecting
chain, providing direct overlap of unpaired electron orbitals,., Time wodula-
tion results in alternation of the hyperfine linewidths, and this can be
used for exchange energy evaluation, These phenomena usually reveal consi-
detable and characteristic temperature and solvent dependence (2), There
are also some indications that spin exchange may be realized through the
connecting cunain, but to our knowledge, in the iminoxyl biradicals for which
this "indirect" exchange was assumea bthe exchanging free radical fraguents
were quite close to each other (2), or were counected by a highly conjugated

chain (3), or the chain was not rigid enough completely to prevent direct
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contact of monoradical fraxments. A new species (I)
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exhibiting unusual exchange properties will be described here, The structu-
re of the connecting chain evidently rules out conformational motion with
direct contact between exchanging monoradicals, I was obtained by condensa-
tion of triscetonamine with diacetylene in THF in the presence of solid
KDH(-ISO). followed by dehydration of the butadiyne-glycol with 65% h2§04
and Na2W04 - catalyzed oxidation with H202. Orange crystals, w,p. 208° , The
sample contained 12.1.023 spin/mol,

The ESR spectra of I in dilute solutions showed 5 hyperfine lines, cor-
responding to the 5 allowed values ol nitrogen nuclear spin progjection onto
the magnetic field direction (fig,.l). This is typical of radicals in which
the energy of the exchange interaction 1is comparable with that of the hyper-
fine interaction, But in contrast to the ESR spectra of other known iminoxyl
biradicals, the parameters ot excuange (e,g, the ratio I+2/I+l of H£SR line
amplitudes (fig,l,3), are nearly independent of teuperature (~120 - +160°)
and of the solvent (06H6, UHCla, 05H12’ CHBGOOH. bZHSOH). This is consistent
only with the intramolecular indirect oxchange and spin deasity propagation
through the bond system not conjugated in the stationary, but conjugated in
the dinsmic sense (to see (1)), Fig.2,3 and Table 1 show for comparisoa typi-
cal temperabure and solvent dependence for II, This species (orange crystals.
m.p. 110° ‘) was obtained by the same procedure of oxidation of bis-

(2,2,6,6-tetramethyl-4—piperidyl) outane.
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The closest analogue of IT synthesized hitherto the biradical
1,4-bis(2,2,6,6-tetramethyl-l-oxyd-4=piperidyl)butadiyne (III) (3) suowed
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a triplet ESR spectra in polar solvents at room temperature but decomposed
on heating,

The very slight differences in the rate of exchange in I which can
still be observed with solvent and temperature variations (though these can
hardly be seen in table I) are not surprising, The coincidence of energy
levels of electrons in both paramagnetic sites is kmown to be a strict
requirement for spin exchange (both "direct™ and "indirect"), The energy
levels are but slightly affected by solvation, and hence by teuperature
variations, However these effects are not predictable at the present state
of knowledge,

The rigid structure of I results in a lower rate or (anud) a greater
anigsotropy of molecular tumbling, as compared with otuer iminoxyl bi- and
monoradicals with flexible chains in nonviscous medie such as hydrocarbous,
This feature is clearly seen from couparison of the anisotropy of ESR sig-
nals (ratio I, ,/I_,) for I or I /I ; for II (fig.3). Thus biradical I is
believed to be an appropriate spin-probe (2) of molecular motion in nonvis~

cous matrices in which other iminoxyls show isotropic ESR spectra,
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Table I, I+2/I+l and I+2/I_2 for I and IT in different solvents (210).

I II
Teo/1sy Loflo | Tiofly  Teofloo

Pentane 0,83 1.08 2.59 1,00
Ethanol 0.76 1.16

Bensene 0.84 1.10 5.25 1.00
Acetic ecid 0.76 1,16 triplet 1.00

(T49/1_p)
Chloroform 0.73 1,14 signal 1.00
References

1, L.A.,Blumenfeld, V.,1.Goldanskii, u,I,Podgoretzkii, U,S.Pcherunavskii,
Zbur Strukt, Khim, 8, 854 (1967).

2. E.G.Rozantzev, PPree uitroxyl Radicals, Plenum Press, iew-York, 1970,
3. A R.forrester, R,Ramasseul, Chewm, omaun, 1970, 394,

%, E.G.Rozantzev, leor, Exsp, Khim, 2, 415 (1966),

5. A.B.Shapiro, tf,G.Goldfield, E.G.Rozantzev, Zaur, Organ, Khim, 8, 2263
(1972).

* Satbisfactory analytical data, and counsisteat I ,R, ana mass—-spectra were

obtained for these compouuus,



