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A novel mode of reactivity between Lewis bases and alkyl halides
was recently described in solutiband on diamond surfacés,

wherein the halogen atom was replaced by the heteroatom of the

Lewis base via an unusual photoinduced substitution reaction,
shown in Scheme 1. In this reaction mechanism, an equilibrium
charge-transfer (donefacceptor) complex intermediatés formed,

by overlap of the lone pair of a Lewis base donor (amine, alcohol,
or thiol) with the carbor-halogen (R-X) ¢* orbital acceptor.
Irradiation at the charge-transfer band present in the ultra¥iolet
apparently induced electron transfer from an amine to the alkyl
halide, resulting in loss of the halide ion through a process
equivalent to dissociative electron attachnfetithis was followed

by rearrangement to form the alkyl-substituted base and hydrogen
halide. Inhibition experiments showed that free radicals were not
involved in the substitution reaction pathwalnstead, the unusual
intermediate?, formally a zwitterion diradical, was proposed. In
this communication, we report the direct observation2oby
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electron spin resonance (ESR) spectroscopy. We also present densitffigure 1. (Top) First-derivative X-band electron spin resonance spectrum

functional calculations of the physical and spin-electronic structures
of 1 and2.

of the photoinduced charge-transfer comp?eat 25 K. The points are the
experimental data; the line is a fit to the data. (Bottom) Deconvoluted
components of the fitted spectrum.

ESR spectra were obtained using a JEOL JES-TE100 spectrom-

eter operating at 9.2 GHz and equipped with a liquid helium-cooled,
variable-temperature cryostat and included a quartz window to
permit in situ ultraviolet irradiation of the sample. The output of a

1000 W Xe arc lamp was filtered (10 nm band-pass) by a 0.125-m

grating monochromator and focused onto the sample. Samples were x

degassed before use.

No ESR signal could be discerned for the liquid solution of
1-chloroadamantane atett-butylamine, regardless of illumination
wavelength. Unirradiated samples also had no ESR signal. In
irradiated solid solution, long-lived species with unpaired spins and
lifetimes of hours could be observed. Upon remelting, the ESR
signal disappeared within seconds. The same sample could be use
for numerous irradiations by allowing it to melt, then refreeze in
the dark. A small amount of precipitate (a mixture trt-
butylammonium chloride andN,N-tert-butyl-1-adamantylammo-
nium chloride} could be observed in the thawed sample tube after
illumination near the charge-transfer band, but this did not affect
the qualitative observations.

Figure 1 shows the first-derivative X-band electron spin reso-
nance spectrumof the photoinduced charge-transfer complex
intermediate2 during irradiation at 25 K of the 1:1 mixture at 255
nm, near the 258-nmnpax Of the donof-acceptor charge-transfer
complex 2.3 This assignment was made on the basis of the
correlation of the maximum intensity of this characteristic signal
with the reported maximum in the substitution-photoreactivity action
spectrum.
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Scheme 1. Photoinduced Electron-Transfer Substitution Reaction
between an Alkyl Halide and a Lewis Base (B) via a
Charge-Transfer Intermediate
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The approximately isotropic spectrum of this intermediate clearly
has several hyperfine spin components. The 1:1:1:1 chlorine
gduadruplet = 3/2 for35Cl and®"Cl, g = 2.0042,A = 2.232 mT)
and the 1:1:1 nitrogen triplet & 1 for *N, g = 2.00043,A =
2.097 mT with unresolved superhyperfine coupling of ca. 0.22 mT
to the amine'H) are apparerit A 2C-coupled singletl(= 0,g =
2.0051) and a broad, unresolved 1:2:1 triplet, resulting from
coupling to the two amine hydrogens= 1/2,g = 2.0063,A =
0.018 mT), were required to account for the remaining spectral
curvature and intensity distribution. We did not obserueMs =
2 triplet signal near half-field.Presumably this is due to weak
exchange between the N-centered and C-centered rafidaéch-
anisms for diradical exchange include through-space and through-
bond coupling. The former is likely to be limited in this system
given the long &N distance (5.691 A, vide infra). The latter is
also negligible, since there is no-® orbital overlap and the €ClI
bond has been broken.

When the mixture was irradiated at wavelengths significantly
shorter than théna, 0of complexl (e.g., 210 nm), the spin resonance
signal of the mixture was essentially identical to that of the pure
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with minor density contributions from the N(2s) and the other two
N(2p) componentsThe 'H superhyperfine coupling to the SOMO

is therefore weak because the Fermi contact is primarily transmitted
through s-orbital components that have appreciable nuclear penetra-
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1

(2)

tion. The'H hyperfine coupling by the two amine hydrogens likely
originates from spin-transfer to the orthogonal H(1s)-containing
bonding orbitals of the NHfunctionality; these are composed of
N(2s) and N(2p, m= £1) but negligible N(2p, m= 0).

The direct observation of intermediagrovides experimental

verification of the photoinduced electron-transfer substitution
reaction given in Scheme 1. Similar photosubstitutions have been
carried out for a range of Lewis bases, including other amines,
alcohols, and thiol$2 On the basis of the measured action spectra,

they appear to proceed as shown in Scheme 1 and involve

Figure 2. Calculated structures for the ground-state charge-transfer complex
1 and the photogenerated zwitterionic diradical intermeda(€-dark gray,
N-blue, H-light gray, Cl-green; non-amine hydrogens have been omitted
for clarity.). The dimensions shown refer to the-8I and C-C bond
lengths and the NCI—C and bridgehead-©C—C bond angles. Also shown

is the calculated false-color spin-density maj2stiperimposed on its total

intermediates analogous
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